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S U 1l J( s a r, ,

Jlu1t1~f'feot, natural oirculation ev&lloratora are wide11' used
for concentrating weak liquortl during the production of cOlllllodiUell IIUCh
as !lUgar, 10011111.100 paste, meat extraot, and more recent1T fish llIeal. In-­
the latter case the 1I011ds content of' certain fish juices (termed stick­
wster) hu to be increased t'r0lR rough11' &,( to 50;(, aa a prerequillite to
their commercial utilization.

Of all problema connected with the del1gn and Oll8ration ot con- ­
ftnUona! stickwater con08ntratore, that of' low heat transter appears to
haft receiftd least attention. A studT ot the IlUbjeot apll8ared particu­
larlJ" promising, in Ti_ of' the scarci\7 of relevant int'orlllation in
re8ll8ot of siailar equipment used b7 other processing industries.

1. laboratClr7-sised r8ll11ca or a typioal industrial un1t was con­
structed, and equipped for the measurement ot all relevant procesll1ng
variables. Using cOIIllIlereial stick1fater at praotical ranges or tfllllPllratures
and so11ds concentrationll it was f'ound that the heat transter rates in the
tirBti, second and third ettects were rough11' in the ratios ot 41211. Even'
with clean tubes, the onralA U value in the third etfect occasional11'
dropped below 50 BTU/sq.rt. '1' hr. Data on the p~8ical properties ot
sticklrater and i 108 concentra.te Is presented which suggests that the 101f
heat transfer rates are associated with ex08ssive11' high llroduct visco­
eities.

lJeing the _ apparatus, fin alternaUft IIII!Ithods tor improving
the heat transfer in existing plant nre tested. It was found that I

(a) Reverll8 - instead at torward - feeding _s on11' moderate11' prolliBing.

(b) Reducing the 'decont,- o-t the product by en~ treatment reBUlted
in a rip ot evaporative capacitT bT fro. 3% to 31'1>. .

(c) Forced oirculation caused the heat transfer rates to rise, providecl
the oirculation 1I'&S acoelerated baTond about 6 rt. per seoond.

(d) .Acceleration of the natural circulation rates bT injection trOll 2.0
to 4.0 11tres of air per minute into the 101lllr end of the third etteot
tube oaused the capacit,- ot the plant as a whole to rise b7 trom 17%
to 47%.

(e) Throttling the natural oirculation by _ans at a metering PUlllP
caused an 1IlIproVBlllent in heat transfer in an ind1Tidual ef'f'ect of
f'roa 2~ to 84~ depending on the BOUcls ooncentration ot the
working f'luid.

To acoount ter some of the Memingl7 inconsistent rellU1h of'
thell8 "ate a theo:q b prcpoeecl which quantitative11' applies the concept
ot the establishment of' distinct boiling and non-boiling sonea for liquid..-'
f'lOlring upwards in _rtical heated tube.. The ana11'd. is extended to
include the 0&118 when 'ihe working fluid 18 80 viscous that (in the absence­
of' vapour generation) laminar f'l01f IllU8t be expected to preT&11 in the non­
boiling section of' the tube.

llumerical e%alllples are provided to illustrate hOlf the change
troll turbulent to laminar tlow in the non-boiling tube Mction protOUDd11' ,
affeots the heat tranater llIechanism, and IIlIT lead to a reversal of the
trends asscoiated nth variables such as villoodV and circulation
ft1ooit,-.

The exper~ntal results are re-examined in the liebt of' this
theorT, and reasonable 8%pIanations are aaTanced f'or the obsernd
phenomena.

The work 1s ooncluded with a critical eXlllllination of' the role
or heat transter wi thin the eoonClllic structure at sticklrater uUlisation.

S 'IJ 111 111 A 11 Y. , 
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CRAl'TBR I

INTRODUCTION

~or/

The inoreasing importanoe o~ ~ish as a source o~ nourishment ~or

the vorld'. population is amp17 dOCUlllented (1). The total ~ish oatch

bT the major tishing nations has increased ~roll 20 million tons in

1938 to 55 million tons in 1961.

Up to about 50 ,.ears ago the bulk ot the catch was direot17

utilised tor hWDan oonsumption. The balanoe, in the ~orm of pro­

oessing oftal vas general17 disoarded, or used as manure. In recent

Tears it has been recognised that practical17 aD7 kind or tish or

tish or~al can be turned into fish meal, whioh in its orude torm is

a valuable souroe o~ protein in 1Ilan;r animal rations.

The d_and tor tish nal has increased as rapid17 as the growth

of the Fishing Industry as a whole; while on!7 656,000 tons were pro­

duced in 1938, the tigure tor 1960 had risen to 1,669,000 tons~1\

The latest development in the utilisation at tish meal has been

the per:rection ot a process' (2) to refine the crude product and ren­

der it :rit ~or human conll1.lmption direct17, instead o~ via the a.n1.mal

organism. Serious eftorts are present17 beinB made on an inter­

national le.,el to make adequate BUplllies ot th1a so-called "fish

tlour" available to millions at the vorld's population who sutter 1"rom

a chronic dietar,r protein deficiency. If these ettort. succeed, it

is estimated that the demand tor 1"ish meal will further inorease 117
eeveral milliOl1s 01" tons per annum.

The spectacular upsurge of 1"ish meal oon8Ulllption is expected to

continue as long as its price remains competitive with other - e.g.

vegetable - sources ot similar nutrients.

Fish meal production has great17 bene:rited from mechanisation

and teohnological progress. The 1"low sheet 1"or a t,ypical modern

tish reduction plant is shown in Fig. 1. The approximate composi­

tion 01" the terminal and intel'lllediate produots ie illustrated b;r

meana o~ Fig. 2.

The Whole Fish Storage must be adequate to balance tish landings

agaiDat plant capacity. It' landings are regular am. plant capac1t,.

oversiBed (as nth the menhaden industry in the U.S.A.) holding tanks

IUq virtuaI17 be dispensed with. It landings are intermittent and

p18l1t oapacity l1lllited (as with the Norwegian winter herring industry)
<2.}

each faotory IIIIQ' have to store up to 6,000 tons 01" raw 1"1ah at a time.

The Steam Cookers were original17 scr_ ocnV870ra .1"itted with

jets for injecting live steam into the moving mase 01" raw fish. :But
(1) --- . -. .

2,036,000 tons in 1961•.
-_. ~--"-"-~

-(2) --. - .-: .....---- --- .
In South Mrioa the capaciV 01" the fish pits allows tor
approrl-aw17 48 hours production.
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RAW FISH I 100 lbe.

IL I 8 lba.

be

~~
lfA'l'XR : 10 lbe. 0

SOLIDS: 22 1

COOKER

J~s

PRESS LIQUOR 61 lbe

OIL I 6 Ibe

SOLIDS I 5 lbe

WATER I 20
lbe

39 Ibll

OIL I 2 Ibe"

So11d. : 11 lb.

CEITRIFUGES

I 55 lbe

VATER I 50 Ib

CONCDTRATOR

SOLIDS I; b.

"SOLUBLE It I 10 lb.

WATER I

5 lbe

SOLIDS:

............ 5 lb.

DRIER

KEAL: 21 lbe
i"- ~- i"I- ~
OIL. 2 lb•.

SOLIDS: 22 lb.

WATER. 3 Iba

PIa. 2 I JU.TERIAL BnAHCE 01' PISH .lUI. PRODUCTION

:BASED ON AVERAGE VALUES

OIL I 6 lbs
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~or aUokWater recover,r the 11_ stltlllll condenBate imposes an

addiUonal, Ul1I1ecesBar,r burden on the conCBntrator, and jacketed

cockers nth hollow, heated nlghts are now Btandard.

The Screw PreeBes serve to separate the eoUd and the Uquid

phase. ot' the cooked ~i8h. 'rba pr1IIar,r pu1"pOee of pressing 18 the

recovery ot the bod7 011, which 10 the case of SOllIe speoies, such

as herring and pll0har4, oOl1lltltlltes a _jor souroe of revenue.

(When handl1Dg speoies o~ low 011 content, COIIUIIOnl,T re~erred to as

ttWhUe t'lsh", pressing ls generally 41spelUJed with).

The products leav1n& the presses are known as pressoake and

press-llguor re8peoU_17. '1'he tormer - the "solid" phase - sUll

contains appreciable quantiUes o~ lIIOlsture and oil, while the latter ­

the "Uquid" phase - contail1ll the bulk ot the free 011 orlg1na117

present ln the raw ~l.h, as .ell &8 a tair peroentage ot suspended

and dissolved prot8111l1ceous _tter. (See Fig. 2).

'l'h. Driers reduoe the lI018ture content o~ the pressoake to a

level Where l' oan eatBly be stored nthout danger of bacterial

degradation. Continuous rotar,r driers are standard, nth the heat

l!lUpp11e4 eUher by atealll generated ln a separate boUer plant, or

by int~ oU burners, or by the nUB gaUB trom the boUer plant

whioh generateB the .te8111 required ~or oooking and stloklrater con­

centratlon.

The Centri!uees reconr the hoe. 011 ln the preBs-Uquor. The

oU-t'rea underflow ~roJa the centr11"uges is known as SUcklrater, and

1I'a. former17 run to 1I'a8te, as the value of 1'B d1Bsolved and suspended

cOI1llUtllents Vas not appreoiated (and vater pollution vas not ;ret a

,~~blltll). Research hal' shown, however, that b7 using IIIU1U-etfect

evaporators the concentration ot the etlcnater soUds could be

achieved at a profit. As a result, sUcltvater recover,r has be_e

an integral part o~ the ~ish _al proces., particularly when process­

1Dg oily flsh.

'1'he SUck1rater Plant generall;r takes the tom ot a IIIU1U-eff.ct,

natural oiroulation eYaporator, capable ot ra1e1Dg the BOUds content

o~ the product to between 50 and 60 per oent. The sUoklrater concen­

trate 1s usually mixed 11'1th the preBecake just befors the latter enters

the drier. The fiBh aeal thus prod.~ed 1s temed "full" meal, lUll

41stinot ~rom "0rd1na.r7" Ileal produced vi thout the ad41Uon ot sUck­

vater ooncentrate. The concentrate ma;r aleo be marketed ae a separate

product called "solubles", ~or which purpose 1t 18 e1ther dnn dried

to a molsture content or less than 2.5;(, or chemically preserved and

soU as a liquid.

Stickvater recover,y has taken the IndUBt%7 a big step ~ol"Ward.

The anrage ;rield o~ fish ...al per ton of ray ~bh has been lncreased

b;r/
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by 25%) a conep1cuoua ecurce o~ harbour vater pollution has been

eliminated, and protUa have bene1'iteel hanclsOIIIeq.

Sticlt1rater ccnoentration ia, howeTer, not vithout 1ts prob18lllsJ
I

since the cost ct the stickvater plant mq eaaiq aIIIount to 12.2'loct

the cost 01' the 1'ish Ileal plant as a whole, the Inclustr,y is keenl7
aware o~ the eco_Ic aspsct. The perteotion 01' au1table equiplllent

has, hOVllYer, been halllp8red b;y a lack 01' 1n1'orlDaUon to guiele both

the manu1'acturers and the operators.

In 1959 the '1'eohJlIoal C_ittee 01' the Fieh1ng Industr,y\~)
\2.}

initiated an investigation into the aaeperating habit or llaaaba.nker

concentrate to ohoke the tubes in the 1'insl e1'1'ects ot the evapora­

tors solld1T withont warning to the operator.

The reason tor this vas natura1q sought in the high ..-1sooei1:.7

ot the concentrate, (see Appendix X), and ear17 experiments were

elesigned to render this lIaterial 1I0ra fluid, either b;y raverse

reeding or b;y the action ot proteol7tic ems;ymee.

It scon beC&llle apparent that tsOaled-dcvn laborator,y tests vere

not a reliable means ot estimating the .rteotiveness or either

8ntlylll8 treatment cr reverse teeding. It _eel that the phenomenon

of tube 'blcckage vas critioal17 aff'ected b;y the ~ioal dlllensions

and operating concl1tions- ot the evaporator oonoerned.

AuthoriV vae theretore giTen f'or the construction of a replioa

ot a typical triple ettect cOlllllleroial ooncentrator, comprising a

sUlgle tube 01' standard d1IIlenslona per cala.ndr1a.

The earlleat testa with thia apparatus, when operating under

conditions ot temperature and product concentration all app17 in

praotice, revealed aurpriaIng17 lOY rates of heat tranaf'er, partiou­

lar17 in the tinal effeot. A tw checke confirmed that these

exper1llental heat transter coet1'1cients vere indeeel representative

ot those ooourring in COIIIIeroial plants.

The centre ot interest thereupon shifted t1'Olll the searoh tor

a ecluticn to a speoific, and not VfIr7 copon, operating probl811

to the s~ of heat transfer in stiokvater concentrators generall,..

The purpose of this stud;r vas I

a) the estimation 01' heat transfer coeffioients in commeroial

sticlt1rater conoentrators tor a tulq representative range of

operating CClnditionS)

b) the identU'ication ot the tactors vhich are responsible tor

the abnorlDal17 low heat trans1'er rates prevailing in the

later effects; anel

c) the evaluation 01' the effectiveness and pro1'itabllIv 01'

certain llIeasures designed to improve the heat transfer rates

in existing plant.

The results 01' the tests which vere carrIeel out in 1'ultilment

(1) An adv1sor7or-;.n~i ths Fish1Dg- Ii2dustr.T Res8arOh--Institute,·
Univerait;r ot Caps Town, Rcndebosoh. South A1'rioa.

__(2) TRA:CHuaUS _~H~~1J~. , or/. _
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lar17 in the tinal effect. A. f'ev checka conf'irllled that these 

e:z:porimental heat transter coefficient II vere indeed repressn1;ative 

ot thoee occurring in coalllercial plante. 

The oentre ot interest thereupon lllhifted from the searoh tor 

a eclut10n to a lIIp8oiflc, and not 11'fl':1 cOllllllon, operating prcbln 

to the etud7 of heat transter in IItickvater ocncentratorlll generall7. 

The purpose of' th1B etud;r vu I 

a) the eatilllation of heat tranBf'ar coeffioient. in oommercial 

etiCkvater oonoentratorll tor a tullY reprallentative range of 

operating condi tiona, 

b) the identifioation of the factors vhioh are reeponsibla for 

the abnormallY lev heat transfer rates prevailing in the 

later effects, and 

c) the evaluation of the effeoU'III'IInellle and prof1tablliv of 

certain measures designed to improve the heat transfer rate. 

in .xisting plant. 

The relll1lts of' the tests 'llhioh vere carried cut in fulfilment 

(ll An adv1scr.roJ:>l,;m ~i the Fil.!h1Dg I~d1l8tr.r Researoh~"Z-t1tute,­
Un1vereit,:r of' Cape Town, Rondeooacb:. South Afrioa. 

(2) 'llUCHllRUS 'l'llACHllRUS. 
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ot this tallk. could. not be interpreted without an understanding ot
the principle.. under171ng the fUnctioning ot natural circulation

enporatore. A thorough search of the 11tera-wre rena1ed. a

remarkable pauci't7 ot bado into%'lllaUon regarding the performance

ot this tnJe ot plant, particular17 when applied. to the conoentration

ot rlsoous tluid.s. AJ:lhough the c11rl81on ot the heated tube into a

bo11ing and a non-boil1ng aeotion had been postulated and conti1'llled

a;per1lllental17, DO erld.enoe was tound ot an attempt to tormulate

precise17 the 1mpl1caUona ot this conoept. Beither vas mention

tound ot a c11stinotion betveen laminar and turbulent floll' oond1t1ons

in the non-boil1ng tube seotion.

In order to tind & saUefaotoX7 explanation tor 80IIe ot the

apparent17 contradictor;y results of the experiments Y1th ationater,

BOlle ot the tests were repeated nth working tluid.. with 1I0re clear17

detined ("lfevtOnian") physical properties. Final17, a theo17 V&l!J

proposed to account ter the appa.rent17 inconsistent changes in heat

traneter coetficients when the visoosi't7 ot the working fluid exceeds

a oertain limit.

In eo far all the latter part ot this investigation hall been

divoroed troll the physioal properties ot a particular working tluid,

it is poesible that the results JAa;f be protitabq appl1ed to pro­

ceases whioh require the ooncentration ot liquora other than stick­

wa.ter.
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CRAPl'ER II'

The purpOse of stiakvater recover:r is two-foldI U is intended

to increase the protits earned trom the processing ot tish to meal

and 011, and to reduce the pollution ot the riparian and coastal

waters b.1 the factor:r etnuents. It the taotor:r 1s situated in a

well populated area, and part1cular~ It the pollute! vaters tend

to be stagnant, the Publl0 Health authoriUee will generally not

permit the return of st1ckvater to the sea under &IV' oirCUMStanoes.

Irrespective of the IIIOtive for stiokwater reoover:r, sound

business sense dellanda that the plant chosen for the purpose shall

part01'lll Ita function In the IIIOst eoonomioal llIlUU1er. In other words,

it lllUst peld a product of lII8.T
'_

market value at 1I1n1lllu111 produotion

cost.

'rhe saleable constituents in raw stickvater total only about su

to twelve par cent of U. welght. Regardless ot the t01'lll In which

they are ult1llate17 marketed (as Solubles, &8 rolle:r-dried powder, or

incorporated with the ;res' e' the llI8al), the first step in their

recover,y calls for the evaporation of vatJt amounts of water. For

Instance, referring to Fig. 2, it will be 118en that tor a plant of

sq twentT tOntl raw fish capaciv per hour to conoentrate Its stlok­

water to a 5W' solids content, requires about nine tons or water to

be e...poraled per hour. (Note. methods other than evaporation to

conoentrate the key constituents of etickwater are as 7et ot cnly

academlc interest)•
. -amongst

Evaporators are"the most widel,y used un!ta ot process engineer-

ing, and lIIa!lT e%cellent te%t books have been devoted to their deslgn.

But, as with other specUic oOl:llllodities, the concentration ot stiok­

vater Is governed by praotioa1 as well as theoretioal considerations.

Among the ph3'sloal, chemloal and nutritional properties ot the

product whioh restriot the choice of an evaporator tor sUckwater

proces8illB, the most important are.

a) the heat sensit1v1V ot its constituent amino acids, vUamins

and other - as 78t unidentified - ..growth tactors". '!'he

1mpa1rIllent of' the nutrltive valus ot atiakwe.ter b.1 heat ls a

~pltl:lt llUbject. It has most clear17 been demonltrated in

the case o~ Vitamin B12• The Norwegian Herring Industr,y

Reeearch Institute has reported tor 1natance (3) that b.1
. c'

maintaining herring st1.ckVater at 150 C tor two hours its

Vitamin B12 content YUI reduced frolll 0.75 .r!S. dr1 lIa.tter

in the unheated control to O.50cr!g. dr.T _tter, whereas

at/
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lng, and ~ excellent text books have been devoted to their deaign. 
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at./ 
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at 100°0 1t was onl7 reduced to 0.66Y/8* 4r7 matter.

!'rldence ot th18 nature, ooupled vith the I1ngering

uncertainv regarding the degref.t or heat se1181tinv
ot the other stlckwater canst!tu.enta, have caused the

IndusU7 totavour }tlan" operat1ng at temperature. not

exceeding about 2800p in the ~1rstt and 1500p in the .

final effeots.

b) the remarbbJ3r rapid ~iBe at the apparent v1ecoalt7 ot

the product nth soU4. concentrations (desoribed in

detail h Append1% I). This calla tor conser'l'8:t1"

est1:a:tea ot heat trans:t"er coet'f"lclents, and. practically

rules out forced oirculation as &1'1 aid to heat transterl1)

c) the corrosiveness of' the liquid a.nd. ;its distilled. npours.

!hi. may require lIpecial materials 01' oonstruotion, or

chemioa1 treatment of' the -corroslY8 media,

a) the touling ~ heating surte.oea b;r organio a8 ve11 as

inorgaD:lc matter (looaeq te1'lDed "acale"). All heating

nrtacge Jn18t, theretore, be accessible, and muIIt not

require elaborate oleaning methods. A construotion

that permits clel!L!l1ng at" indiridual heating units 1n

rotation .0 as not to lnte1"1'UPt produot1on, 18 all10

hlghq desirable•

.Apa.rt from these t'undsmental limitations 1IIIp0sed by' the properties

or the product, a number or pertinent practical CODsiderations also

aftect tile cho:lce of plant.

When an eneting f'actol'7 decides 'to recover ita iltlckwater, it
must 1'aoe not on17 the coat or the evaporator, but aleo the expense

ot integrating 1t with the rest or the plant. This m~ 11'JV01,", the

replacement o-r cUreot b,y iM1reot cookers, the e%tension or the boiler

plant and the j.nat&1latlon ot large"dr1erth

In Tift of' the diy.raity of' ta.otora which had to be taken lnw

accOUDt, It is not surprising that the ear17 dqa of' stick1rater

1"800Y8%7 nre notable 'tor the large J1UIIber ot .i4el7 41ffering

processes ofi'e:red, and 'the - 8011leUmea extr&ft.gan:t - claime that

were made tor 'them.

Thi. ia 11luatrated b7 two 41uetrica1q opposed Q8tems which

were dewlope4 aDd wsted cluring thi. period. !hq are I

a) the SharplsB-Lass8ft process. '1'h1s In'YOITftd. the acidification

or the s'tick1rater to & pH ot 4.' and 1ts llUbaequent olarif'ica­

tiOD b7 means ot cenb'if"uging. '!'be clarified l1quor was then

ooncentrated in a mult1-etf'ect tnaporator of ac1d-proot COD-

..h'l1ction. lftI.. concentrate thus p~uc.d vas auttlclent17

stable 'to be marlteted d1rectlT, .i:thout further preservative

treatment/

( 1 )For economic reasons as discussed. on Page 56.
__0 __• '.--
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trea~nt, or it could be neutralised and added to the pre....

cake to preduoe hIl llIeal. This process aobieved a tolerabq

low operating ooat - b7 Yirtue of empl07ing llIU1t1-effeot eva­

poration - bllti the oapital oost ot the equipment, notabl;r the

8Jl8Oia1 oentir11'uge., na high,

b) the ~soeund prooe.e. In this process the unooncentrated ray

sUolarater vas 1IU:ed with a porUon ot the t1eh llIeal, which

traa then reo1rcul.ated through the drier. The onl;r plant

IIIOd1tioatio!UI required vere an enlarged ch71ng oapaol\)-, whlch

called tor the logical lIi"'_ ot oapital expenditure. As,

h0Y8T8r, the evaporaUon or a pound of vater in a rotar,r drler

requires the equivalent or about 1.5 pounds of ste&lll, whereas

a V&OUUIlI ocncentrator cOlllprising Bq two effects requiree onlT

abou't 0.65 pound., the eperating oost ot 'this process VlUl 80

high that lt oould not be oonsidered except in the presence ot

abnormalq low fuel prloes. The OOIIIpBrison ls even llIore

unfavourable in the case of a triple effeot plant, which

aoh1eve. a Iltsalll econOlllT ot l'OUBhl.)- 0.4 pounds per pound

naporaUcn.

In South Africa a single faotOl'7 on the West Coast installed a

Sha1'ple"'~8en plant in 1950. As this fa.oto17 1& si'tuated on a river

estua1'7, the deolsion to reoover lte stiok.1rater was prompted IlIOre b;r

the neoessl\)- to preY8nt watar pollution than b;r the· profit IIOtiT8.

'!'he Sharplee-La.sen p1"OOess vas chosen because a IIIlU'ket tor acldified

solubles alre~ eXi.ted in the U. S. A., whereas the production of full

llIeal va. still olouded 117 unoer'tainv regarding It. 8tabil1t;r, nutritive

valus and preduotlon oost.

In 1953, when the profltabillV of st1cklrater rec0T817 had a1read,y

been established OT8rseas, a .ub-oomm'ttee ot the S. A. Food Canners'

Counoil was formed, COIIIpria1!lB the teohnical leader. of the Flshing

Indust17, headed b;r the Director ot the Fishing Iadustr,r nesearch

IIlBUtI1te. '1'"lI1s cOllllll1Uee vas to stuq and to report on the msrits of

different typee ot st1clarater plant which wera on otter at the tillis,

and on the desirabillV or brine1n8 one or JDOre or these pllot lnstal­

lations to South Atrica.

It Ya.8 through the 8uidanoe prorlded b7 'this 00Il1IlI1ttee ths.t the

IadusU7 traa largeq epered the ex:pense or axper1lllentaUon with plant and

processelJ vhiob BUbHlluentq proved uneconomical or lnherentq unsu1table•

.bona other things, a draft specification vas drawn up vhich contained a

cspaoi\)- olause .tating that the rated evaporation had to be maintained

tor 8ix~ conUnuousq without cleaning, lUld that the total .olids .

oontant ot the product was to be Ela1ntained at 50J' or beUer.

'1!he/
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difterent types of stiok1mter pl_t which were 01'1 offer at the t1me, 
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for lib: daire cont1nuoual,y without cleaning, and that the total aolids 

content of the preduo", WIUI 1:0 be mdnta1ned at 50J' or better. 

Thel 
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The F1shi~ Industr,y Research InsU'tU"te iaaued lts ProgrelllS

Report Jfo. 15 enUUedJ "'l'he adaptation or existing f'iah reduction

plants f'or the manutaoture of whole lIe!tJ.lt , which oriUca117 anal,yaed

the advantages and disadvantages of nrioua c01llbinatiOl18 of' ewporatora

and modifications 01' e:s18tinS tish meal plants.

The repor1 rejeots outright the ~o8und pro08SS on aoooant o't lta

high fUel coat. It alao Yarns of' the possible heat damage to the pro-
r4') '" c..

duc" in the case of' pne we of' plant cpl071nB high t8lllP8rature8 (28417
f).'l,"

In the firllt and 26217 in the f'inal etfect), although the r8-'Uae of' the

high prea_ T&poura 111 the fish cookers and d1'1srs reMe1'S this com­

bination eoonomlca117 attraotlTe.

lihile the report does not single OU" a partie-ollar plant as being

the 1II0st au1table, it subsoribes in prinoiple to the choias of double

or b-iple eftect, natural circulation vaauum concentrators. It eo

happens '\hat this has beCOCle the pattern for mo\\ern st1.okJrater eoncett­

tratore not onq in South Af'rica but throughout the world.

As an example, the f'ollC'lf1ng specifica.tion for a st1c1tlrater ooncett­

traUng plant of II tne which 1& ourrentJ,y in favour in South Africa

vas k1nd13' supplied ~ Xesara. nook Engineering Worke (pv.) Ltd. 01'

Parow, Cape ProvinceJ

:!'.D!!.I Four _parate effect. (or "stages"), each COllpris1ng

bo calandria, are conneoted to individual Tertica1

separatin6 drums. The calan<!r1.a are _rUcal and

fitted nth leose top and bottOlll covers for eas;y

cleaning. 'rhe four stsgell are so interlinked that

~ three can be operated together a8 a triple effect

evaporator, thus releasing the tourth stage for

clean1Dg. 1'1 " " . S f.

Capacitll When operated &8 II triple etfect unitl 38~000 pOunds

evaporation per hour, 888Ul11ing a feed. temperature of
176Op. ~o c.

Forward feed, i.e. product and distillate pass th.r0u8h

successive e1'fects in the Balle order.
::rAltf", 413 ,r;,

The first eftect receives live steam at 35 to 60 pal

gauge pressure. AI.l later erfecu are heated b7
distillate frcIII the prerlous effects.

16,000 pcunda per hcur. Hence the speoific eonaump-

iolon equals ~tggg . 0.42 PCl1llda 01' 8t88111 per pound
of evaporation. o. " '.,

Feed. )(8thcli I

Ste8!ll Con­
sumption

S1;8_ SUPPl;r1

Temperatures I

Firat efteot

.Seconli et.teot

'1'h1rd etteot

Calandria "Separator" (i.e•.
liguid reoeiver)

298<7 lon'c 271°F ';C' j' c

27l°'F I'~· t'e 227C1.p "1 ~ 'C

2270J' '0. ~': 1150]' Jb'\'C

Number/
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IrUllber at
Tubea

Tube JUlien­
s10ns

I

I

230 per oalandria, 1.e. 460 per .Ueo",

LeDglhl 10 1'-" 2 1ns., D1_ttlrl 35 IIlIlI I.D.,

38 .. O.D.

Grade 316 Stainless S'teel.

1,750 sq. tt. per et't'ect

I B,y "IIono" PUIIp, ra'ted at 1,900 gala. per hour aga1nat

a head 01' 150 teet, requ1r1ng a 10 H.P. motor.

I Sulser, rated at 110 otm aga1na", 27 1na. VaCUUlll,

requir1ng a 15 R.P. DOtor. Ii . \'\ \C.j
_~._-e>

SL 1 Pump, rated at 56,000 pIs. per hour against

a head 01' 45 teet, requ1r1ng a 20 H.P. metor.

I Barometr1c' aprilif' i7.Pe
I Indioa"'iM 1naU1aen~ are supplled tor ca]snd r1a

pr881l1U'e, d%'UIlI preslJU1'9 (or n.cuma) and druIIl

tellIpera'ture tor each stteot.

I AU vesssls wo1'k1ng under pressure ClOIIIP17 rith the

Ilritish Standard Specification tor preasure veaaela.

I (subjeot 'to Ill1nor adjustlllents). R58,OOO ex Yorks.

I 'rile plan", 18 gua.n.ntsed B£&1nst detects in IIderial.

and workmansh1p in the usual _.

Vaar.tUIB Pump

Cool1ng lia'ter I

PJep

CondsMor

Instruments

Fabrication

J(der1a1 at
Re/d1ng Tubesl

Rea't1M Surt'a081

Concentrate
R8lIIOVa1

Coat-
Guarantee

An asallllb17 dralfing ot' the plant 1a shown in Fig. 3.

A. remarkable feature about .oat speoifioations tor aUolarater plant ­

inoluding the one above - 1s that no reterence is made to the product, aDd

110s final solids concentration in particular 1s not apecified.\ Thi. 1s
indicative ot the uncertaint;r surrounding the physical properties 01'

atickYater concentr~te,.and its behaviour in evaporatora.
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'lhe probleu to be dealt wUh 1ft this chapter concern plant con­

sU'uoUon snd operation. 'lhe economics c4 stick1rater reoove17 are

dealt with 1ft Chapter IX.

Until recently the BIOst disturbill& prob18lll ot stick1rater concen­

tration was oorroa1on. The average lite ot the b~ ot a conoentrator

constructed in 1lI11d steel is six to awn ,.eara. 'lhe average lite ot
.~ . .

lI11d steel tubes (21 IlIlll wall thickness) is onJ..r three to tour ;years,

i.e. one shell will gGmral1y outlast two seta ot tubes.

'lhe oorrosiveness c4 stiokwater, stiokwater concentrate and its

distilled vapours hu been thorough17 1!mIstigated and reported on 'b7
FIRI (4). 11; appears that the tubes corrode not 01117 on their 1fta1des

(partioularly at their inlets and outlets), but even IIOre sewrely on

their outsides. Corrosion seems to be worst near the lower ends, and

on the ste/llll side, c4 the tubes 1ft the calandria tollow11l& the tiret

ettoot.

St1ckwatar vapour and stio'!!:.vater distillate are the obiet corro8i_

agante. n was tound that whl1e the plI ot di8t111ate at room tempera­

ture i8. 9.0, U drops to about 6.8 at 175<7, and even lower at higher

t_peratur8s. 'lhe attack 'b7 the distillate i8 1II0st severe 1ft the

presence ot o:r;ygen, traces ot which are present 1ft the vapours at all

lltagea ot atick1rater concentration.

In a 1;nlical test the veight 108s o_r 96 hourll ot,a strip ot

annoaled mild steel with a BUrtaoe or 3 sq. ina., 1mmmed in distillate

at 175°?, IllllOUI\ted 100110 IIlg under aerobio, and 65 IIlg under anaerobio

oonditions.

A straightforward. solution to the corrosion prob18lll 18 the use ot
stainless steel tubes (and possibly a stainless steel bod,y, although the

cost of wch a plant ma;r renaer it uneconcrdc). Stainless steel tubes

are 1I'1de17 used 1ft South Ahio&, but their oost remains high. 'lhe price

of a plsnt equipped with AIS! 316 stainle8s steel tubes i8 general17 6~

above that ot a similar plant with lIIild 8teel tubes.

Less 8%pensive grades ot stainless steel are availabls, snd tests

are plsnned to dete1'llline their corroll1on resiatsnce as compared with grade

316. But the IIIn1mUIII 1Ill.v11l& that could thus be achieTed would hardly be

expeoted to exceed l~ of the installed plsnt cost.

Another promising pos8ibili\7 is the chemical treatDent ot the corro­

sive liquids and vapours 1ft order to neutralise them. '!'his hae also been

1ftvestigated bT FIRI (5), and the recolDlllended treatment oonsists ot injeot­

ing a 10:' aolution ot caustic BOda into the ..-apour space of the entra1nlllent

separator/
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The problems to be deal.'1i nth in this chapter concern plant COb­

st;rQctiou and operation. The economics of' stic:kwatar reoove17 are 

dealt nth u Chapter IX. 

Until recentl;r the lIlIOat disturbing problem of' stiok1rater concen­

tration 11'&111 oorrosion. The average lUe 1Of' the bod;y of' a conoentrator 

conet;rQc1;ed in mId IIItoe1 is SU: to seven 7ears. The ave:ra.ge lite ot .'" . , 

l1111d steel 'tubes (21 _ wall thickness) 1s onl.f thrllle to tour ;years, 

i .. e. one eh»ll nIl gemrall;r outl_t .0 sete of' tube •• 

The corrosiveness of' stiokwater, st1CkWater concentrate and its 

distilled vapoure hu been thoroughl;r uvestigated and reported on by 

FIRI (4}. 11; a~ that the tubes oorro/1" not onl7 on their 1na14tts 

(pa.rUoula.rl;r at their 1I11"t8 Md outlsts), but evel1 IIIIOre sewrel;r on 

thsir outsides.. Corrosion seellIs to be worst Dear th" lover ends, and 

011 the stsan side, of' the tubes in the oala.ndria tollOll1ng the f'1rat 

ef'f'ect. 

St1ckw&tsr vapour and st10kvater d1sti11de a.re the oh1.f' corrosive 

agente. It wu f'ound that vhile the ;pa: of' distillate at ro01lll tempera­

'W.re lilt 9.0, U drops to about 6.8 at 175<7, and even lower a.t higher 

t_:peraturea. The attack by the cUsti11ats 1s 1II08t severe in the 

prese_ of' oqgen, tra08I11 of' whiob are present In the vapour. at all 

stages o~ 8tiCkva~er concentration. 

In a i;nIioal test the veight. loss over 96 hout's of' a strip of 

!1IlII1ealed mild steel with a aurrace of' 3 sq. ins., immersed in d1st111ate 

at 175°1", UIOUIlted to110 mg under aerobio, and 65 mg undar anurobio 

oonl11tions. 

A stra1ghttorward soluticn to the corrosion problem is the use of' 

ata1nle.s 8tsllll tubes (and polIlJ1bl;r a stainless steel bcd.T, although the 

cost ot wch a plMt ma;r render U UIleoonomic). Stainless steel tube. 

are 1ddel;r Wled in South A1'rica, but their coat l"eillaina high. '.!'he price 

of' a plant equipped Y1 th .uSI 316 Illtalnl88111 IIIteel tubes is generall;r 6~ 

above that of a similar plant with m11d steel tubes. 

Less 8%p8naive grades of stainles. steel are available, and tellts 

are planned to detemine their oorrosicn res1st!1lllce a8 compared 11'1 th srade 

316. But the ",,..,.1mUIII lIlI.v1ng that could thus be achiend would b&r/1l;r be 

expeoted to exceed 1"" of' ths installed plant cost. 

Anothsr prom1sing poasibll1V 1s ths chemical treatuent of the oorro­

sive l1quids and vapourlll in order to neutralll11e them. 'this has also been 

inveetiga ted bT FIill (.5), Mil. the recolII!IIsnded treatlilent ocnsists of injeot-

1ng a 1"" 1II01utiol1 of' cautio acda into the vapour space of' ths entra.1nlllent 

separatorl 
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separator of each oalandra to maintain a pH of 9.0 at all operaUIl6
1'------" .,

\1IIIIperatures. Sorubb11l6 o~ tile -.apoQrs rather' than' direct addiUon-
t

o~ caustio aoda has oertain 'theoretioal ad'YmlUges, bu\ II1gh\

;be -r:-,.. dUflouU _ to app17 in pracUse. .,:, ,1;' ..• In3ecUon

ot lJaOli also prouots the vapour passages in &dUUon to 'the 41s\111ate

and oondensa\e 11nes.

Th1s treau.nt 1. be1ll6 8UCcessf'ul17 appUed b7 _ral Soutil Afrlcan

taotories" but 1" ls 110" ,.e\ cer'la1n 'tha" its sreat.r econOlV enUre17

ouwe1ghe all the adYlU1Uge. ot s"ainless s\eel.

Chemleal trea-tment ot the oorroslve lIeUa, and "he 118e ot .tainle••

• \e.l have reduced the urgen07 'ot the corro.lon probl_, bu" 110 eaUe­

taoto1';Y 8Olutlon has ,.et been tound tor another o~ sUeltwaur's dlstrese­

lng propertles - lts proneM•• to .oale torlllation.

'!'he oppor\unlV was taken durlng 'the usu report.d 1ft Chaptera V

and VI to esU_te 'the rate ot .cale formaUon under IIOrmal operating

condltiOJl8. In altoge'ther welve c.... the tlCale removed atter runs

ot known duration If.. drled and welghed. '!'h. thlckness ot the lqer

ot tICale deposited per sq•.tt. during 24 hours was estimated b7 ••BUllIlng

a epeolt1o graviV ot 2 (a reasonable average ~or 1I0st aoale-torm1ftg

salt.). A8UIIIII&l7 ot thes. tlgures 18 eh01l'l1 in Table I.

From the.e da\a the lIe x1 1!!W11 , .1n1IIum and average rates ot eeale

deposltion tor eaoh of 'the 'three effeots has been calculaud .. follows.

R111imetres .cale deposlted during 24 hours

lat Effeot 2nd Mrect 3rd Effeot
JlarI_

Ilin1J1Ul1

Average ,

0.12

0.02

0.06

0.08
Xeg11gible

0.02

As1lUlling a thel'lDa1' conductiv1V ot thie scale ot 1.3 B'l'tJ ft./sq.tt.

"F. hr. (6), and wlth a typlcal overall coeffloient tor a ~lrst effect

etarting with clean tubes ot 250 BTU/aq.tt. OF. hr., the ,average reduc­

tlon during the tiret 24 hours ot IIOl'IDa1 operation will be given bT
1 . I I (11.-+

u(24 bra.) 250 25.4 xo~i x 1.3

From 'th18 U(24 hrs.) • 235 BTU/sq.tt. Cp. hr., i.e. a reduction ot 6 per

cent. 1lh11et this mq IIOt appear seriow, calculation ehon that atur

an un1Jlterrupted run or sq five da,ys (as 1'requent17 occura 1ft practice),

'the onr'"all U value will have been ree1ueed to 190 B'l'tJ/sq.~t. Cp. hr., which

18 24~ lower than tor olean tubee.

All 1ftterest1ll6 tiMing, and one 'that cont11'IIIe reporte~ 'the fao­

toriee, le 'that 1lI0st scale 18 tormed 1ft 'the tiret et~eot. '.t'h18 18 probablJr

due to a higher liquid temperature, which coupled with an 1Irnrted 801_

b111V CUf i. tor the 'ma30r eeale OOIIpOI1ente _e. their IIOre rapid

depoeltton/
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separator of each oalandr1a 1:0 maintain a pH ot 9.0 at; all opera1:1ng 
1·---- .. -. -

'temperature •• , Sol!"l.1bbing of the ~s .ra.ther· tIum direc't addi tion-' 
j 

ot cauatio soda baa certain theoretioal ad~tages, but might 

;be IIIOr,.,., diffiou1t. to appl,T in prao1:1se. ,.:,.1;', _. In3eotion 

of lJaOH aleo proteots the _pour passages in adU tiOI'1 to the distillate 

and oODdenaate 11nes. 

Thilll treatment illi being lllUoceaa1"u.ll,T applied b,- _ral South Afrlcan 

faotories, . but 11; 18 not ;ret; certain that i 108 ,greater eooll.OIIQ' IIIn1:1rel,T 

outweighs all 'the ad~tage. 01' s'te1nl •• s steal. 

Chll!l!lllcal treatment ot 'the corroai_ lIeUa, I!I.Ild the uae of .tainless 

s1;eel haYIll reduced 'the urgenc;r 'ot the oorrosion problll!l!ll, but no S&1:1 .... 

taotor" solutlon has Tet been tound for ano'ther of atickwater's distres .... 

lng propertle8 - its proneness to 80ale tormation. 

The opportunitr was taken during the teate reported 11'1 Chapters V 

and VI to estilllate the rate of scale t01"lllation under nomal operating 

oon41tiona. In altoge'ther twelve OIUlIllS 'the 1IICale removed atter runs 

of known duration WIUI drled _d welghed. The thickn.ss 01' 'the lBi1er 

01' ecale depoa1 te4 per sq •. ft. during 24 hours was est1!lated b;r III.lIIsumlllB 

a epecltio graYitr of 2 (a rea_bIe awrage for IIOst scu .... toming 

salts). A summar,J ot theae figurss is shown in Table I. 

From 'theBe data 'th. "'SD1!!WII, 1I1:n1l1mm I!I.Ild awrage rate. ot Bcale 

4epolllition for each of the three .1'feots has been calculated lUI 1'011_.8 

Xlllimetres scale depoelted during 24 hours 

let Effect 2nd Effeot 3r4 Effeot 

0.2) 

0.05 
0.1 

0.12 

0.02 

0.06 

0.08 
Jlegllgible 

0.02 

MsumlllB a thermal" oonductiv1 tr of thie scale of 1.3 EN tt./sq.tt .. 

~. hr. (6), an4 with III trJIlcal overall coefficient tor III first efteot 

starting with c1ll_ tubes of 250 ETU/aq.ft. 0p. hr., 'theaveragw reduc­

tion during 'the tiret 24 hours of DOl'!IIal operation will be giwn bT 
1 ,1 1 (I) 

.. -+ 
U(24 bra .. ) 250 25.4 xo:~ x 1.3 

From thls U(24 hrs.) .. 235 EN/sq.tt .. Cpo. hr., 1 .... Ii reduotion ot 6 per 

cent.. 1Ih1lat this mq not appear eerloui, calculation MO'IIII that after 

_ uninterrupted run of sq ti_ dil,;ra (as 1'reqWBntl;r ooours in praoUoe), 

the ove:all U vslue will haw been reduced to 190 lI'l'lJ/sq.ft. Cpo. hr .. , which 

18 24~ lonr 'than for olean tube •• 

M interesting timhl6, I!I.Ild one that oonf'irm. report. f'roII the tao­

torie., 18 that 1II0Bt scale 18 fomed in the firet eftect.; '1'h1a 1a probab17 

due to lit. higher liquid temperature, vhioh COt1pled wi'th an 1nwrted Il101_ 

bili tr 0II.rV8 for the '-3or scale OOIIIpOnents _e. their IIOre rapid 

deposl tion/ 
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TABLE I

RECORD OF SCALE mOVED FROM INDIVIDUAL EFFECTS AFTER RUNS OF KNOWN DURATION

Run No DRY WEIGHT OF SCALE TOTAL OPERATING DRY WEIGHT SCALE PER SQ.. FT. CALCULATED SCALE THICKNESS
- grams - WEIGHT TIKE PER 24 HOURS OPERATION millimetres/24 hours.

grams hours - I'!rams -
1st 2nd 3rd (approx) 1st 2nd 3rd Total 1st 2nd 3rd

Effeot Effect Effeot Effeot Effect Effeot Effect Effeot Effeot

1, 2 & 3 29.7 6.3 neg. 36.0 • 12 22.0 4.7 neg. 26.7 0.12 0.025 neg.

~ &'5 10.1 5.2 0.9 16.2 8 11.3 5·9 1.5 18.7 0.06 0.03 0.008

6 & 7 13.6 6.4 3.4 23.4 8 15.0 7.1 3.8 25.9 0.08 0.038 0.02

8.& 9 30.1 24.4 neg. 54.5 10 26.8 21.7 neg. 48.5 0:142 0.'115 neg.

10, 11 28.1 25.3 7.7 61.1 12 20.8 18.7 5.7 42.2 0.11 0.10 0.034
~ 12
13, 14 12.5 5.0 6.8 24.3 10 11.2 4.4 6.0 21.6 0.06 0.024 0.032
&: is
16, 17 17.1 10.4 9.4 36.9 10 15.2 9.2 8.4 32.8 0.08 0.049 0.045
&: 18

19 24.1 6.7'" neg. 30.8 5 43.0 12.0 neg. 55. 0 0.228 0.063 neg.

20,21,22, 13.1 14.9 20.0!l 48.0 12 9.7 11.0 14.8 35.5 0.052 0.059 0.08
2~ 24 2<;
26, 27 14.4 7.1 0.7 22.2 8 16.0 8.0 0.8 24.8 0.085 0.043 0.004&: 28 .' ~

29 &30 26.7 19.9 neg. 46.6 8 29.7 22.1 neg. 51.8 0.157 0.117 neg.

Odd 15.7 5.1 6.0'" 26.8 10 13·9 4.6 5.3 23.8 0.074 0.025 0.028
Test

• ·Soal. very dark - presumably due to presenoe of oonoentrate.
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depoaitiolh, It 18 probabq l!2!. due to l1III1taUona 11'1 the amounta ot
acale-fona1llg _ter1a1 present in the st1ckvater, ae there ia no

ditference in the pattern ot acale, format1on between torward and

reyerse teed operation.

It 1a 1Dl)loriant to note that theae esU-'tea appq oD17 'to sta1n­

le.s steel tubea. 1I'&oto1'7 manag81'8 haft often 1'8ported that the rate '

of aoaling ot lI11d steel tubes 1s IIOre serious, and thia is con!1naed

117 aDOther series of testa carried out 117 FIU in llalvi. llq (7).
The tirat effect ca1andria of a low temperatura conoentrator

operat1llg at 21SC7 Y&8 aper1llentalq flt1;ed with four sta1nleea steel

tubes, which yere thus BIlbjeot to the identioal conditione &8 the

remai ni ng, mild ateel tubea.

UteI' 55 houra of operation - durirJg ¥hich per10cl both set. ot
tube. had been oleaned, and the scale troIIl each tube weighed nine

taes - U was found. that on thea~ about 1.1 t1llle. &8 IlIUCh

aoale had been rlllllcmtd troll the 1I11d steel tubea &8 troll the stainleaa

.teel tube••

There appears to be a tend.n07 tor the eoale tonaed inside stain­

le..a .teel tube. to partialq t1aIte ott before 11; hae attained a BIll>­

8tant1&1 thicknea.. This i. lIoat .tr:lldngl7 illustrated 117 a co1'Ol­

larT to the abon teat. '!'he plant Y&8 this t1.IIIe operated for extend­

ed periocla before oleaning. Attar running tor 48 hOurs, the avarage

weight of seale per single tube reaoved f1'OIII tour atainlea. ateel and

a1% adjacent II1ld steal tubes yas 1.24 8IIS. and 4.31 6IIa. reapectiveq.

Uter another run ot 60 hours without cleaning, the.a tigurea had ris8l1

to 3.0 6118. and 27.0 gillS. reapeoUveq.

Sta1nlea. steel tubes not oD17 appear to foul lea. rap1dq, but are

al.o reported to be eu1er to clean. Laborator,y 'teata at FIRI 1ndicate

that the adhes10n of BOale to the 'tube surface depends largelT on Us

IllIcothneaa. '1'his partlT a:pla1ns Y~ seale in atainleas, ateel tube.,

which do not BUttaI' f1'OIII l5U1'tace roughaning due to corroaion, cOllle.

awa::r 11'1 tlall:••, instead ot haYing to be drilled or acraped out, down

to the bare metal. It followa troll thi. obaervation, tha~ tube. with

a h'gh17 ;polished internal eurtace .hould be particularlT elUl7 to clean.

Teata at FIRI have confil'llled thi. (8) and f4Oto1'7 t ••ts are planned.

It will have to be .een to what extent the high aurfac. tinish can be

aa1ntained under Dorlla1 operating Cond1UODS.

The UIIe 01' .'ta1nle•• ateel 1. not expected 'to stop tube. fouling

altogether, and reaa1ns expena1.,.. "'roua a.ttellpts' have, therefore,

been lllade to reduce the rate of seale depo81t1on b7 cheaical traatllent

ot the at1ck1rater. 'l'o evaluate different coapounda, the coapoait1on

of the acale IIUSt be knoYD.

Few/

depos1 tiO%1o, It 18 proba.bq .!!21 due to liIlI1 tat101U1 in the BIIIOUilta of 

lllcale-forld.:ng _terial pr8l11umt in the IIIt1cklrater, as there 1e 110 

difference in the pattern of IIIcale, formation between forward and 

reyeras feed operation. 

It 18 impor\arlt to no1;e 1;hat theae .e't1lila1;IIIa appq oDl7 1;0 atain-

11111118 ateel 1oubell. Faowr,r IllllllDagere haft often reported that the rate 

of IIcal1ng of l1111d llteel 10ubea 111 lIIOre Illl111riOWll. and this 18 oonf1me4 

b7 another aerielll of 1;elli:lll ca:rr1ed out b7 :nl!I in Walvi8 lIq (7). 
'l'he first effect calanilr1a. of a. low temperature ooncentrator 

opera;Ung at 2160, was e:r;pe:!:'aentalq t1 "ed 11'1 th four llltainlee. IIItH1 

1oubea, which W8:!:'8 thUB subjeo1; to the 14ent10al conditione 8111 the 

remaining, 111114 ateal tubee. 

Atta:!:' 55 houra ot operation - during ¥hlch per104 both _t. of 

1;ubea had been oleaned, and the .0&1. troIIl each tube welshed nine 

taea - 11; 'II'a8 tound that on the I!I.ftr~ about 1.7 t1.lll811 U much 

lII_le had been :!:' __ d troIIl the 1II11d ateel tubell lUI trom the stainless 

ateel tubell. 

'1'bere appears to be a tenden07 tor the Bcale tomed inalde .ta1n­

les. steel tubes to,pertlalq flake ott before 1t hu attained a sub­

lIItant1al thicknelllll. '1'h1a 1111 1I0et at:riJl:1ng13 l11netrated 117 ill. corol­

liU7 1;0 the abern 'te.t. 'l'he pllll:ll:1; 11'&l1li thill 1;1I&e operated for extend­

ed per104. befo:!:'e oleaning. uter running tor 48 hOUH, the average 

weight 01' scale per B1ngl.. 10ube rtIlIIoved troIIl foUl' atainlellll ateel and 

Bill: edjacent lIIIUd ateel 10ubea 11'8111 1.24 8111111. and 4.)1 gllllII. relllpllcU ftl,y. 

I.t'ter another run 01' 60 hours 11'1 thout olelll:lling, thaSII t;l.guree had r1aen 

1:0 3.0 gIU. and 27.0 81111111. relllpllotiveq. 

Stainle.s 11110 .. 1 tubea not oDl7 appear to foul les. rap1d13, but are 

aillo reported to be 881111s1' to clean. Labo1'atcr,r t8.1;e at FIRI 1ndicate 

that the adhe.10n ot lIIOale to the nbs lIIln'faoe depend. large1;r on Us 

8IIlcothneu. '1'b18 par1;q ea::plB1n. wl!;r scale in .tainless ·lItee1 tubes, 

1I'hich do not sutter fl'OIII aurf'ace roughening dUB to corrosion, come. 

a1l'll;7' in flake., instead ot having w be dr111ed or aora.ped out, down 

to the ba.re lIIetal. It followB troa thllll obsern.Uol'l, tha~ tube. nth 

a hishq pcl1ehed lnta:t'l'lal 8ur1'ace should be parUoularq eUQ" to clean. 

Tes1;11 at FIR! have oont1med thilll (8) and f'aotor,r tn1:. are pl&1111e4. 

It 11'111 have to be .eell to what ex'tent the high surface t1n1eh can be 

lIIIa1nta.1ned under Ilorlll&l opel:'aUng con41Uona. 

~e use of ata1nleBs ateel 111 not expectea to atop tubea fouling 

altogether, and reaa1na expenalft. Jiaeroua attelilpta have, therefore, 

been lllade to reduce the rate ot acale depolll1Uon 117 chlllllical 1;reaaent 

of the sUcktra 1;8r.. "1'0 evaJ.ua te d1tferel'lt OCIIPOl.ll'lU, 1ihe 00lIIP01lii UOIl 

ot the aeale mud be k:nolIIu. 

Fewl 
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P'_ complete anal7ae. of' seale _pIe. have been made, b\rt~ trOla

a INlIiber of' approxiwate anal7se. carried out apectrograph1calq by the

l'h7B1o. Deparwent of' the UniversiV of' Cape 'l'ow (9), the f'oIlowing

appear w be its chief' conetituentsl

Substance

.lab

Pat

Organic JJ1tragen

Phoephorus Pentox1de

Silica Dioxide

)(agn..1U11

Calc1.

Iron

Content on drz basisl per cent

57 -70
3.2 - 2.5
2.4 - 4.5
20 - 24

trace. - 1

14 - 20

trace. - 3
0.4 - 10:

Among the cations, llIagIlesiUll 11&. inYariab~ the main constituent. The

anionio traction vas mainq phosphate, and it is lUI_d that -U1e inorganic

parts of' the ecale are ""gnes1Ul1 phosphate and some 1..-on.

It would thus appear that the 1II0at ;proa1a1ng .eale 1Jlh1bUors 1rOuld

be eequeatering agents. It has in 1"8Ot been reported that the onlT

ohemical treatment which has &'ll3' benef'1c1al ef'f'eot cowet. of' the

addition to the raw .Uckllater of' about 30 ppIlI of' a COllIllIero1allT avail­

able product, wh1ch cowatlt lergelT of' sodium hexa-metaphosphate. 'lh1.

treatment 1e said to re8l1U 1n the f'OX'lIlation 01" a sotter and leaa t_

cious 'Qpe of' 80ale, although the total TOl.e ill appuent~ unchanged.

The .earch f'or other treatments 1a complioa1ed b,y the f'act thd all

COIIIpOunds 10 be considered lIUa1 be non-tox1c and IlU8t be tul~ acceptable

10 the ultilllate user of' the f'iBh Mal or solubles. AIIIonget the sub­

.tanoes wh1ch ha_ been tested without _oeS8 are terrio chloride and

various types of' coBBUlat1D,g and precipitating agents.

Ph;raical treatllent of' the .Uckvater 10 reduoe scaling baa alao been

considered. Prelillliuav usts at P'IRI indioated that b7tlocoulaUng

and 01ar1ty1ng the raw .Uokwater (b;r heating and decanting) the qwmUV

of' seale depc.Ued could be 81Bn1f1eant~ red.uced.

Until such a Ulle as scale f'craation can be prevented .altoLtBther,

the f'aotGrie. will ha_ to~onteD4with the cleaning problem. '1'ha lIIOat

1aportant advanoe in cle&l11ng techn1que hai been the provi.ion of' one

extra - or Itfloatill&"--etfeet per stic1tlrster plant. The effects are 80

interconnected that ea.ch OM of them can be 1801atced in proper rotcat1on

f'or cleaning. In a triple effect plant equipped with one floaUng

effect, the ohaJJ8e-over 1lJ made 1'CU8hlT at 12 hour intenala, each

calandr1& thus be1118 cleaned e-r:r 35 hours.

?or routine clean'ng (i.e. while the rest of the plant i. CP81'&ting)

the tubes are drilled i)Ut with rotar,r cutten. U tab. two 11811 up to
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11'_ CClIIplete ~elll ot' acala _plea have be8n illla4e, but. ~ :I.'roIa 

III IINlIIber ot' IIIpproxiaaw 8.I'IAl7ae. carried 01.1.\ epeotrograph1cal17 by the 

Ph7a1o. Depa.rtzaent 91' the Uhiversi V of Cape '1'01111 (9), the t'ollovine: 

appear 1:0 be it. chi.l' COMU tu..ntlu 

SubsUnoe Content on 4rY beaial 'D8Z' cent 

Aah 57 -70 
Pat 3.2 - 2.5 
Orprdc lIf1 trogen 2.4 - 4.5 
Phosphorus 'ento:d.da 20 - 24 

Silica D1o:d.4e t:!.>&ce. - 1 

~.1'Q111 14 - 20 
CalaiUIII t:£.>&oe. - 3 
Iron 0.4 - 10 

Amell&' the cat:!.ou, lIIIagrIesiUIII Rill inTariab17 the Ilm1n consUtuent. The 

anionio :t"r&.oUon lIII'lUJ ma11'll7 phosphate, and it; 18 as_d thatUie inorganic 

parts of the IIIcale are "agnalliUIII phoephaw and lIIolH 1..-0'11.. 

It 'Would thUIII appear tha1l the 1II0lllt pl'Olllillling .cal. bllUbi1:ora lIII'Ould 

be Bequestering &pnt.. It hlUJ ill l'act been ~rt.d that the only 

chetdcal treatlllellt which hlUJ ~ benetidal et'!'ect cowst. of the 

addition to the raw BUc'!t!omter of about )0 PPI of' a ommeroial17 avail­

able prod:act, 1IdIJ.ch 00DS181'1011 l81'ge17 of sodi'QIII ha:a-metaphoaphate. 'lh1. 

treatDent i. said to result in the l'ormation ot' a 1II0t'wr and leaa tena­

cious t;rpe of .cale, although the total wl'Qllle 18 apparent17 uohanged .. 

Tha .earch for other treatmontlll 1111 complicated by the fact that all 

oompow:ld.s to be oould_d IllUlllt be n.on-tolfio and lIIUBt be tul17 acceptable 

to the ult1l'late WIer or the flsh lIIIIal or soluble.. MOl1glllt the 1llUb­

stanoes which have been teated 'Without BUOoea8 are ferrio Ohloride and 

'ftl"10W1 VPos of coa,gulatill&' and preCipitating agents. 

Pb;ralcal tJ;.'8a.ent. of' the aUclamter to reduce lllcalill&' has allIIO beeu 

considered. Prelim1na~ teata at FIR! indicated that b,J-flooClllat1ll&' 

and olarlf';r1Dg: the raw st1ckva.ter (by hest1ll&' and decanUne:) the quanUt7 

of seale dapcai ted could be s18n1f1eant17 red.uced. 

Until IIIUCh a tae lIUI ocale fO::"llll!l,ticm can be prevented .altopthel't 

the factoriee will have 1;0 ,!ontend vi th the oleaning problem. '1'ha Hat 

1lIIportant Mft.U31II In olelll1il1&' techlrlque h&i been tha prc1I1s1cm ot .one 

extra - or ":f'loaUll8"-ettect per .Ucklra.ter plant. The et'!'eote are Il1O 

lnteroom:1ll!lcted that each Cd of them oan be ll111Clated in proper rotation 

1'01' olea.n.1ng. In Ii triple effeot plant equipped with one floating 

et'!'eet, the c~r is made l.'OU.gb.17 at 12 hour lntl!lrftllll, each 

oalanllria thus beiDg cleaned ever:r 35 h.ours. 

1'01' rcuUue olean'lI&' (l.th while the rest of the plant i8 oper&tin8) 

the tube. are drilled <Illt with rot&r7 cutters.. It taktlls two san up to 

eight/ 
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.ight hours to dr111 out a calandrla with 450 tub... In splt. ot the

taot that saooth stainl... .t••l tub.. are eaal.r to cl.an than mild

st••l tUbes, the tactorles pret.r to adh.re to th.ir 12-hcur1.7 ol1an8&­
0....1' 07cl••

A.t ".ekl.7 to 3-w••k1.7 int.nab (d.pending on the t1Bh landinge),

the plant la stopped altogether and boiled cut 1!or 8 hours vlth a 1O]t

caustic BOde. soluticn. '1h1s 1. 1!ollow.d bt drl1ling of the tub•• in

the ordlnAr7 wq. The O&Wltic soda treatalent helps tc .oft.n and

part1.7 remo.... the organio inorustations which p.rm.at. the tru.,

1norgan1c aeal••

Th.re 1s anoth.r eh$lllioal treatm.nt whioh 1. known to loos.n or

sotten the hard soal. d.poaits. This coneists of expos1ng the tub••

for 3 to 4 hours to UJIh.at.d solutions of !qdroohlorio or aulphur10

aoid. Details ha.... been report.d b7 1"IRI (10). The relative

.ff.oti....n••• of a 2'f. sulphur10 aold ao1ution "as found to b. 1I11111lar

to that of a T1> ~ohlor10 acid .01ution. Elth.r a01d 18 onl.7

lIate to USII 1n the preseno. of an 1nhib1tor to protect tholle partll of

the ....aporator "hich are not oo....r.d b7 sca1.. During ua. and re-Wl.

the inhlbitor 1. COl18Wlled, and the inh1bited aold .....ntual1.7 r.aohes a

.tage vhen it oan again attack the .xpos.d metal. All no aatistaotol'T

ch.mioal 1I.tJ!.od 1!or deteotion 01! the inhibitor appears to .xist, ita

preaenc. can on1.7 be ch.cked bt ob••l'Y1ng the action of the .01ution

on bare JIl8ta1 sp.ollll.n.. The lingering uno.rtainV about the (acoi­

d.ntal) attaok on the evaporator. b:r ineuttioientlT inhibited oleaning

solutions has impeded the general acc.ptance cf th1a treatal.nt b7 the

1!actorl•••

Th. point to note 1. that no oombination o-t tub. mater1a1 and

ohe.ioal de-soaling has ;ret cOllp1.t.lT .11lllinat.d the nece.dV tcr

r.gular ol.aning 'b7 m.ohanical methods.

R.terenoe IlIU8t alllo be made to a probl811 "hich a fev ,..ar. ago

was a aouro. of con.tant &nn01ano. to man.r taeto1'7 managers, and in

taot 1n1tlated thie invest1gatlon into heat trsns1!er in stickWater

concentrato1'8.

At,th. tae, the lan"'ngs of lI&&ebanker in South Afr10a "ere oon­

siderable (130,000 tons in 1954 compared nth 19,000 tons in 1959).

Wh.n conoentrating st1ckwater d.r1ved from this speci.s, operators

tr.quent1.7 had the .xp.rienoe that the evaporator ,0.&8ed to funotion

audd.nl.7 and "ithout apparent rtJason. Wh.n the calandrla vel'. open.d

up, the tub•• of the 1!lnal .ftect ".1'. found to b••011dl.7 b10ck.d

with a t.naoloUB, rubbe1'7 uu, whioh oould onl.7 b. dislodged bT
rep.at.d drilling, scraping and boillng nth cawltiO soela aolutions.

Th. 01.ar1116 ot a oalandria thus toul.d took seftral da;ya and 7.t the

same br.akdown was U:able to oocur again, aft.r onl.7 a ffl'll hours'

operation.

Sample./

- 14-

eight hou:re to drill out II. clI.1a.ndrlll. with 450 tubellh In epUe at the 

taot that saooth IIItainl... IIIteal tubes are .1I.81er to clean than mild 

IIIteel tubelll, th. 1'lI.Otorl •• preter to adhare to their 12-hou:r17 ~ 

o"er 0701 •• 

A'll veekl7 to )-veek17 intern.1III (depending on the f1lllh 1andin8lll), 

th. plant 111 stopped ali08lllther and bo1184 out for 8 hours vl th a 10:' 

oauilltic soda 1II01uUon. 'lb1s is 1'ollow.d b:r d:rill1l'lg 1'11' the tubell in 

the 0:r4ina,r,r 'IIflII.7. The caWlUo lIIoda treatment help. to .otten and 

part17 ::_0'II'1II the organio inoruetaUonlll whioh permeate the true, 

inorganl0 scale. 

There 18 another eh_ioal trea~ent which 1. known to loo.en 01' 

.01' ten the hard 8011.1. depo.itll. Thls conall11ts of 8Xp01l11'lg the tube. 

tor 3 to 4 hou:rlll to unheated solutions of' ~d:roohlorl0 or 8Ulphu:rl0 

ao1d. Detail. have been reported b;r :rIRI (10). The relaUve 

etfeotl'11'111nelll. of a ~ aulphu:rl0 aold aolutlon vas found to be .imilar 

to that 01' & ~ hrd:roohlor10 aold .olutlon. Elther aold 1111 onlT 

Bate to W!le 1n the presenoe 01' an 1nh1b1 tor to proteot tholle partll of 

the lIIVaporator which are not oovered b;r scale. During W!le and re-Wle 

the inhibitor 1. COM'Wlled, and 1:he inhlblted aold eventual17 reaohes III> 

.taga vhen 111 oan agaln attaok the expo.ed metal. Alii no &atiataotor"T 

chem10al .1~04 for deteotion of the inhibitor appears to exist, its 

pre.lnce OM on17 be checked b:r observing the acUen of the lIIolution 

on bare _tal epeoimllln8.. The lin8lllring unoertaint7 about the (acci­

denial) attaok on the evaporator. '117 1nauttlc1ent17 inhlb1ted c1eanlng 

JIIoluUona has impeded the general aooeptance of' th1. treatment b7 the 

1'aotori ••• 

The point to note i. that no oomblnation of tube material and 

ohem1oal de-sca11l'lg ha. 78t 00lllplet817 el11111nat8d the neoelllsiv for 

regular oiea.n1ng b:r llIeohanical mlilihodll. 

Reference llIust 1.1.11110 be made to a. problem whlch a few ;:reara ago 

1I'1UI a aou:roe of' oonltant &nI107anoe to llIl!.I'Q'" faotor;, _gera, and in 

1'11.010 init1ated thill lnve.tlgatlon into heat transfer in st1ckYater 

ccncentrator •• 

At"th. time, the IMd'np of' IIIl!I.II.lIIblmker ln South Afr10a vere con­

IUerable (130,000 tons in 1954 compared nth 19,000 tona in 1959). 

When conoentratlng .tickvater der1ved fro. th1. &pllcle., operators 

frequent1:1 had the experience that the svaporator ,ce&lll8d to funotlon 

auddenlT and vl thout apparent r')lUIOl'h When the cabndria were opened 

up, the tube. of the f1nal effeot vere found to be 8011417 blocked 

"Uh a tenac10W!l, rubber;, IMII.f 1I'hloh oould 01'11:1 be dblodged b:r 
repeated drilling, scraping and 'boiling nth O&WIIIt10 lIoila 1II01ution8. 

The olearil'lg of a calMdr1a thua fouled took .everal dqa and 7et t.he 

lame breakdown vall liable to occu:r again, atter onlT a few hou:r.· 

operation. 

Samples; 
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Sample. ot the rubbe1'7 III&tter rtIIIIOTed from blocked tube. yere

a.nal78ed at FIRI (11). '!'heir aoat str11dng teature vas their gelatine

content ot 'about 6.5", baaed on a 7fYf. 1II01eture oontent. '!'he high

Tiaco.iV (preeumablT due to the higher gelatine content) ot aaaabanker

aUckvatel' lUI cOlllpa%'ed Y1th pilchard aUckwater yas wbsequentlT contu­

ed bT d1reot meaaurel!ftt. (Appendlx I).

What appeared to happen in praotice va. that the 1lI000lllent ot the

concentrate in the tubes ot the third effeot becue progresB1velT aore

elugg1eh, untl1 1t oeased altogether, causing the ...terial in the tube.

to be TaCUUlll dried. Thls TillY yag uupported bT the absence ot signi­

ficant quanUties ot true, inorganlc ecale-t01'llllng cOlllpounda in the

specimens eubmltted for an&lTels.

'The obT1oua solution ot this problem va. to reduce the TiecoslV
ot the concentrate, thus maintaining the oirculation and torestalling

tube blockage.

There are three knoYn y~s ot reduoing the TiscoslV of stickwater

concentrate. It can be eubjeote4 to heat, ¥blch results in a breakdown

ot the large protein molecules lnto smaller, more soluble fractions.

'!'he llorvegian Herrlng Industr,y Research Institute (12) delllonstratea tbat

b7 keep1JlB 8&I:Iples ot herring solubles ot ~ '1'.S. at 1500C, the Tiscosi1;;1

dropped .t1'Clll 84 centipoises to 79.1Centipolses after one hour, to 58 op

atter two hcurs and to 19 cp atter tour hours. Thia treatment ls

hovever not favoured oY1ng to the risk ot 1mpairm.nt ot the nutrl'Uve

qual11;,- ot the product.

Durlng the course ot thls investigation (12) lt YlUldi8covered that

the insoluble (as opposed to the soluble) III&tter in the ~o~centrat. oon-
. " _, :',il.

trlbuted Te1'7 aubstantlal1T to Us Tiscoslty. It "as ooncluded that

an 11'1S01uble III&tte1' content ot JlIOre than 15~ ot the total so11ds vould

c&use the (herrlng) soluble8 to b. too thick to hanUe bT conventional

methods. Although olarlfioation or.tl1tration ot the .tlckwater Yould

a180 reduce the rate ot scale tOrlllatlon, the taotories .eelll reluctant

to applT this knowledge.(l)

The third method ot reduoing the Tisoosl1;;1 ot .Uckvater conoentrate

Tia. bT subjecting 1t to the aot10n ot oertaln proteol1tlc en.,.•• bas

come into eenera1 use. Particular. of thl. treatlaent 1. given in

Appendlx IV.

Th. us, ot enl,7llles to reduoe the Ti.cosi1;;1 ot lIa&.banlter .Ucll:water

hall T1rtua1JT el1mlnat.d the rlsk ot tube blockages. '1'o~ther Y1th the

d.cUne 1n lI&&abanker landings in recent ,.ears, thls haa tor practical

purpose. caused the prob18lll to disappear.

But thi. cazmot be said ot the t1na1 problem 1n thi. eerlesl the loY

plant capacity due to'poor heat tranaf'er rates. It 1a unfortunate that

both the evaporative ettlc1ene7 (ae pounds ot evaporation per .q. ft. of

(l}POSSiblY beoause the pr~ctioal implio~t10ns o:f the.
process have not yet been :fully explored.

- 15-

Sample. of the rubber" .atter removed fro. blocked tubes vere 

anal7lile4 d FIRI (11). !heir 1II0lllt sU11d.ng feature vas their gelatine 

oontent otabwt 6.5~, baaed on II. 70:' 1II0ietU"l.'1ll oontent. !he h1gb 

viIllCOIll1\:r (pro_blT due to the h1gher gelatine content) of lIIMlllbllll'lker 

IIItickwater as co~d Ylth pilchard stickvater was gub.equentlT conftr.­

I.Id b7 direct llIeaSw:'lll!llllllts (.lppendl% I). 

What appeared to happen in pracUce vas that the movement of the 

concentrate in the tubes of the th1rd et:teot became progrella1velT 80ro 

sluggish, un't1l 1t caued altogether, oaue1ng the .ater1al 1n the tubelll 

to be vaOU1llll dried. '.!'his view Valli eupported b;y the absence of' signi­

flcant quantities cf uue, inorganic 8cale-fol'lling compOUtlds in the 

specimens aubmltted for analT81s. 

''.!'he obvloua sclution of this problem was to reduce the viIlCOs:!. \:r 

of the concentrate, thue maintaining the circulation and fcrostalling 

tube blockage. 

'.!'here are three kru:nIn WIliTIIII of reduoing the viscos! ty of etickwater 

concentrate. It oan be aubjected to heat, Whioh result. in III breakdown 

of the large protein molecules into smaller, more soluble fractions. 

!he 1'lo:nregian Herring Induatr,}' Rel!earab. Institute (12) de1llonstratei!l. that 

b.r keepine samples 01' herring solubles 01' 5~ T.S. at 150°0, the viscosity 

dropped,trom 84 centipoises to 79,~entipoisee after one hour, to 58 cp 

after two hours and to 19 cp after tour hours. Thill treatment is 

however not tavoured oYing to the riBk of impairment 01' the nutri Un 

Q,U!l.11 ty of the product. 

During the oourse 01' th1ll innstigation (12) it wudieocnreil that 

the insoluble (ae opposed to the lIolubls) matter in tha ~o~centrll.ta con-
. _. ~ 

tributed Tar" substantiallr to itll viscosity. It was concluded that 

an insoluble matter oontent of more than 15~ of the total solidllll vwld 

cause the (herring) solubles to be too thick to handle by conventioruU 

methode. Although olaritication or,filtration of the etickwater would 

aleo reduoe the rate of soal. formation, the faotories .... reluotant 

to applT thirlJl:.nowledgfl. (l) 

The thtrd method ot reduoing the Ti800sity of etickwater conoentrate 

via. by subjeoting 1t to the aotion of oertain proteo17tic enlJmes has 

oome into gene1"lll. use. Partiou1are of m. treatlllent ill given in 

Appendu IV. 

Th. use 01' enlJmes to reduce the Tiscoeit;r of lIullib&:llker sUcklrater 

has virtU!l.ll,y elimindeil the risk of tube blockages. '1'o~ther Yl th the 

decline in l.IIl!aabanker landlnga in recent :years, thls has for practioal 

purpose. caUBIII' the prob1sm to disappear. 

1Iut th1a oannot be said o~ 'the final problem in this .er1esl the low 

plant capacity due to-poor heat transter rate.. It ia unfortunate that 

both the e1'll.porative efficienc7 (u pounds of evaporation per sq. ft. of 

(l)POSSiblY because the pr~ctical implic~tione of the 
process ha.ve not yet been ful17 explored. 
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Samples ot the ru.bber;r utter %'eIIIoyed trOIll blocked tubes were

anal7sed at FIRI (11). 'l'I:leir 1II0et 8trildng teature vas their gelatine

content of 'about 6.5", baBed 01'1 • 7~ 1I018ture oontent. '!'he hip

Tiscoe1V (prel!lUlllab17 due to the higher gelatine oentent) of aaaebanker

sticltYater a8 compared with pilchard stickWder vas lIUbsequent17 contirlt­

ed 117 direct meaaur.ente (Appendix I).

What appeared to happen in practice Y&8 that the 1II000000ent ot the

concentrate in the tubes of the third efteot becue progressive17 aore

sluggish, until it ceased altogether, causing the material in the tubes

to be vaCUUlll dried. This villY vas supported by the absence of signi­

ficant quantities ot true, inorganio 8cale-toraing compounds in the

speoilllen8 su'bmitted tor ana17e1s.

'!'he obvious solution ot this problem vas to reduce the viscosity

ot the concentrate, thue maintaining the oirculation and torestalling

tube blockage.

'l'I:lere are three known v~s ot reduoing the TiscosiV ot stiCkwater

ccncentrate. It can be lIUbjected to heat, Which results in a breakdown

ot the large protein molecules into smaller, more scluble tractions.

'rile !forvegian Herring 1%Iduetr;r Research Institute (12) delllonstrated that

117 keeping samples ot herring solubles or ~ '1'.3. at l500C, the TiscosiV

dropped ,trom 84 centipoises to 791Centipoises atter one hour, to 58 cp

atter two hours and to 19 cp atter tour hours. 'rIlia treatment is

however not tavoured owing to the rillk ot 1mpa1rIIIent ot the nutritive

qual1ty ot the product.

During the course ot this investigrt.t1on (12) it was, discovered that

the insoluble (as oppos.d to the soluble) utter in the ~oncentrate con-
...• _. - .:;.

tributed verT substantiallT to its viscosity. It was conoluded that

an insoluble utter oontent ot 1lI0re than l5:t ot the total so11ds would

cause the (herring) solubles to be too thick to hanUe by oonventional

methode. Althougb clarifioation or,tiltration ot the st1ckwater vould

also reduce the rate ot seale toraation, the factories s_ reluctant

to app17 this knevledge.1ll

'!'he '\hird I118thod ot reducing the TisccsiV ot sUckWater ooncentrate

Tia. tv lIUbjecting it to '\he action ot oertain proteo17t1o enll7lles has

come into general uee. Particulars or thle treatment 18 given in

Appendix IV.

'!'he use ot enJl1'me. to reduce the viscosiV ot IUl&8banker stick1rater

baa virtuall7 eliminated the risk ot tube blockages. '1'ogether with '\he

decline in maaabanker land1n8a in reoent 7ears, this h&ll tor practical

purpOS88 caueed the problelll to disappear.

llut this cannot be said ot the tinal problem in this series' the lev

plant capaciv due to-poor heat tranater rates. It 18 unfortunate that

both the evaporaU.,. efticlenc7 (as p0un4s ot en.poraUon per sq. ft. ot

(l)poesiblY because the pr~ctical implic~tions of the
process have not yet been fullY explored.
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Samples of the rubber" =atter removed trom blooked tubes were 

l!I.IlIUTsed at FIRI (11). The1r 11101110 st;rildng feature was their gela:U.ne 

oontllnt of'about 6.5~, based OD a 7~ moisture oontent. The hiBb 

Tiscolll1V (pre8Ulllab17 dM to the highllr gelatine content) of __ banker 

st1ckwater &S oomp&l"lld with pllchard atlckwater was subseqMnt17 confirm­

ed b7 direot measure_ ta (Appendix I). 

What appeared to happen in praotioe vas that the lIIOVlIl!Ient of the 

concentrate in the tubes ot' the third effeot became progreaBiv817 lIIIore 

sluggish, until it ceased altogether, causing the material in the tubea 

to be vacuum dried. '1'I:Iis view vas 8Opported b,y the absence ot' 8igni­

ficant quantiti8S of' true, inorganic acale-tol'1ld.ng compounds in tha 

speoimena 80beitted for ana17eis. 

, The ObviOWI solution of this probl8!ll wa. to redl108 the viacoal V 

ot the concentrate, thus maintaining the oirculation aM torestall1ng 

tube blockage. 

There ue three known wa,;ya of reduoing the v1acosiv ot' 1IIt1ckn.ter 

concentrate. It can be subjected to heat, Whloh results 1n a breakdown 

of the large protein molecules into lIIlIaller, lIIore soluble f'ractioDS. 

The JOr'llegian Herring lndnstr,r 1leeeuM Institute (12) dEllllonstrated that 

b7 keeplng samples ot' herring Bolubles or 5~ T.S. at 1500C, the v1soos1~ 

dropped,from 84 oentlpoises to 191OentipolsBS after one hour, to 58 cp 

&tier wo hours a.ru1 to 19 cp &tter four hours. Th18 treatment is 

however not tavoured owing to the rililk of 1mpa.1:tment ot the wtrl Uve 

quallty of' the product. 

During the oourse ot thia investige.t1on (12) it vaa,dlscovered that 

the insoluble (as opposed to the soluble) matter in the ~oncentrate con-
. --,;; 

trlbuted ver.y substantially to its viscosity. It wall concluded that 

an insoluble matter oontent of' lIIore than 15~ of' the total solids would 

caWile the (herring) lIolubles to be too thick to hanUe b,y conventional 

methods. Although 01arlt'ioat10n or,f'lltrat10n of' the Btickvater would 

alllO reduce the rate of' soale foraatlon, the factories seem reluctant 

to app17 this knowledge. III 
The third .ethod ot reducing the visoosity ot stickvatsr oonoentrate 

Tis. b,y subjeoting 1t to the aotion ot' certain proteo17Uo enB;fllles has 

oome into generul use. PUtioulUII of' th3.s treatlileni: 18 given in 

Appendix IV. 

The Wile of enltmes to reduoe the viecosl~ ot maaabanker stiokwater 

has virtua,1l7 eliminated the r1111k of tube blockage., Together 'ri th the 

decline 1n 1IlIU.!lbaIlker land1Dgs in recent :fears, thls hu tor pracUoal 

purpos .. cause! the problem to disappear. 

1Iut this cannot be IIId! of the final problem in thi. lIIer1elill the low 

plant oap&Ci~ due to·poor heat transfer rates. It 18 unfortunate that 

both the evaporative efficlenC7 {a. pounds of evaporation per 11141. t't. of 

(l)POBSiblY because the pr~ctical implications of the 
procese have not yet been fUlly explored. 
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heati!lg 8U1'tace), and the the1'lllal effioiency (u pounds ot atealll

required to evaporate one pound ot yater) are considered ot aecondar7

importance 117 faoto17 personnel. Deficiencies in either of theae

WO categoriee are too euilT alIIel10ratedJ 117 installi!lg larger plant

it the capao!tl i8 too IIllla1l, or 'b7 order1!lg an extra boiler it there

1a & shnrtage ot atealll.

In e1ther cue llIOl1q 18 apent that could be lIIore uaetu.1lT 8D1plO1ed

ele81rhereJ and 1"aotc%7 managers are beoomi!lg reoonoiled to cond1 tiona

which would not be acoepted without query by other induatries.

'FIRI hall oco&elona1lT been called upon to tellt the pert01'lllal1oe ot
ooncentrators whioh were reported to be operating below their rated

capaoit;r. At one factory the Orosa U Value wu estimated as

40 llTl1/eq.ft. OF hr.J at another it wa.a onlT 30 J3TU/sq.tt. OF hr•

.'lbe Gross U Value 18 detined as I

Total Heat at Evaporation

'lbe/
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'l'be .·md'aeW1'en rddBJItq have DO 111U81orJl1 about ~e ttTaporaU....

effio1BJ107 or their plant am4 are aware ~ the rae' ~t the 1Dd1Y1dual

coeffio1ente ~r the~ erreot. are ro~ 1n the nUo 4 I 2 I 1.

n 18 remarkable how the 4eUgll8nI .. _11 as the users appear to have

resigned th_1Y81t to thi. a1tuaUon without~ into it. _e..
ll~l.lJlJ, U 6ppe&1'1l ahort-e!8htecl wpretend ~t ~. problea 4oe.

DOt en.' ..req because the ractorielt 0&1l eUll afford to ignore it.

..
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'!'he "''1mif'aatl.tnn 1IIT14ntq lIa.va DO 1l1u1cmlll about 'the Sft])m'll.Uft 

efflolnCl,J' of' their :plaid: and. a:re _ of' 'the faat that the 1a41'11'1401 

coet1'101nte f'or the three effect. are ro~ 1n the ntl0 4 I 2 I 1. 

n 1111 ~b10 :0- 'the 4ea1£1l'111"8 M _11 d the 'WIers appear to haft 

relli/Pled ttl_Iftllll to this e1 twl.UOI'l wi thout; ~ lnto Ita _ea" 

l'l~lelll., it Qppeu1!I lIhort.-lll18ht84 'Co pretend that 'the preble", 4oe. 

not exist lIII8req beo_ the f'actorie. can sUll d'foN to Ignore 1 t .. 

... 
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CllAP'rER IV

The purpose of the e%per1ments was•

• )to determine the ranp ot heat transter coetficients tor t,nl1cal

ccmaeroial st1ctwater plant,

b) to teat the ertecUTeness ot certain changes In operating technique

which on practical and theoretical grounlia p1'Clllised to illlprove the

heat transrer coettic1ents in existing plant, and

0) to cont1ra • proposed the01'1' tor the operaUngprlnciplea ot
natural circulation evaporators, particularq when ccncentrating

tluida ot h1gh viscosities.

APPARATUS

The 1Il0S' convincing re8Ulta would be expeoted trOlll tests on ful1-acale .

oommercial plant. In practioe it is virtual17 impossible to dontall an

experiment call1ng tor eDet control an4 lleaeurellent 1nto the routine pro-

duction actiT1q of a t'actor;r. Furthllrmore, the 1nst1'Wllentatiol1 of COlllller-

clal plant 18 genllral17 1nadequate, and t1nal17 U is illlpracUcal to use an

industrial sUck1rater concentrator tor testa with other working fluids.

It was therefore unavoidable tor the teats to be performed. 1n the laOOra1:o1'1'.

ll'ortunate17, studies 1n heat transfer can rea41q be llIade 1f1th appara­

tus compr1sing on17 the euenti&l elelllents or the larger cOlllllerci!Ll unita.

11here multi-tube calandria are il1TOlved it is otten BUff'icient to construct

the experimental equipment round one sinBle tube ot 1:J'pical dimel18ione.

This expedient was adopted in the present Dase.

'l'he apparatus that vall used ooni1sted ot a triple ef'teot n.porator,

nth each etfect based on a alngle hea.ted. tube. The !L8l1e111b17 or hea.ted

tubes, return tubes, liqu1d. reoeivers, condel18ers, eto;, ill diagrSllllllatical17

shown in ng. 4. Where single etfeot tests haa to be pertorllleli, "he

appropriate section 1r!L8 1selated anli operated aa requ1r8d..,

As the scope and the P\U"POse or these teats rideneil, it becpe neces8&17

troll time to t1lae to 1mp~.... the constru.cUon ot certain cOIIlponenta.

S1Jllllar17, the experience pined dur1ng the-. tour 78ar8 devoted to th1e

uve8t1pUon llade U possible to s1Jllpllt'7 sDIIle of the earlier methqda.

Such llodit1oations trequentq l1eoes81tated "calibrations and the revislon

of correot1ll« factors, but the;y were never autt'iclentl3' draatic to destl'C)'

the value ot earlier rewlts. All ohangee lIIade. as well !L8 their 1Ill1lUoa-

Uons, are ful17 discusseli under the appropriate heaUngs.

The heated tube. used for all teste were of' Ii tJ'pe wMoh 1e popular

nth plfU1t .lI&I1utacture~8. 'l'h87 were !lade of 8011d I1raWftt wtpOlished grade

AISI )16 stainleee steel. 'l'heh length YalI 8 f't., internal diameter 35 a.,
and wall thickne.a li _.

Although!
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CRA1"r1l:R IV 

The P1.U'POse of the e:z:per1mentlll Walll 

.)100 determine the ranc:e of heat tr!!l1l1lfer ooetficients tor t;rpical 

cOIllllle%'o1al sticll:nter plantJ 

b) to teat the ettecUveness ot certain oh~1II in opeHting technique 

which on prll.oUoa1 and theoretical grounds pl'O!IIised to impro_ the 

heat transfer ooeffioient. in exiating plant, and 
0) to cont1rla iii. proposed 1;heor,r tor the operatingprinciplea ct 

natural ciroulaticn eYaporatorlll, partioularl;r when conoentrating 

tluids of high visQo.ities. 

APPARATUS 

'l'he 1110.' convincing rero ts wculd be e%peoted trCIII testll on tull-soale . 

oommerc:l.al plant. In pracUce it ill virtuAl17 lmposa1ble to do_tall an 

iIIxperiment calling tor euot oontrol and mea8W!'elllent into the routine pro-

duction actin t7 cf a taotor,'. Furthermore, the :l.l1stl"lllll.entaUol'1 of oOlll1ller-

0:1.&1 plant 1111 8$ne1"&117 inadaqua1;s, and t:l.llAl17 it 1e impraotioal to u.e an 

industrial stiOkwater conoentrator tor teets with cther working flu1da. 

It "IUII thentcr. UIlAvoidable for the teate to be performed. in the labora1:.or,r. 

Fortunatel;r, etudies 1n hea.t trans far (lim rea41l;r be mde with appara­

tus comprising on17 the eelent1al ele.ent. of the larger oommercial unita. 

Where mulU-tube oaludr1a are 111:1V01ve4 it is o:l"ten 1IIU.1"f'1cient to construat 

the experimental equiplilant round One single tube at typical dilllllllUllons. 

This expedient was adopted in the llreaent cI.\ee. 

'!'he apparatus that 'lfalll used ocnil1eted of' a. triple 81':I"ect en.poratcl', 

nth eaoh etraot based on II!. e1ngle heated. tube.. '!.'he aaanbl;r of he!l.ted 

tubes, return tubes, 11Q.uid. reoe1verll, condelUlers, etc", 1111 diagrllJUllII.tical17 

shom 1n Fig, 4. Where lingle eftect te.t. haa to be pertcn'ulld, the 

appropria:!:e eeotion 11'&8 i.olded I!II1d operated &8 requir64 .. 

" As the scope anI1 the ;purpose of 1ohe.e te.t. widened, 1t becue necesll&r,1 

troll t1me to t1llle to impl:'C'ft the construction of certain coqOl'1entlh 

S:l.mlla:r17, the experienoe pined during th .. four ;:rear. devoted tc thiB 

investigation !&&de it; poea1ble to simpllt,r sOllIe ot the earlier methqb. 

Such lIod1f1caUon. trequentl;r neoud tated recal.:lbretiol'l.lll u4 the revie:lon 

01' cOrrlllot1n& faotorlll, but the::r weI'. never su!'f1chnt17 dralltio to deatr07 

the value of earlier reaultl. All Ol:um.gelll 1I11~d..t IILII 1f611 !I.II theu 1IIIIpU_ 

tiO!ll!l, l!U"e M17 disCW!Ised under the appropriate hea.:i1Il88 .. 

'!.'he heated tulH9. Wiled 1'01' all teetlll were of a 't7Pe 'lfldch is popular 

nth plant .lIW1u!'acture~s. 

AlSI )16 stainle.. ateel. 

&lid wall 'thickn... li _. 

'l'he::r willre made of solid drawn, W'JpOl1.hed gra4e 

'!.'hen length 1fII.IIII 8 ft., internal 4i86ter 35 1IIlII. t 
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AlthoUBh tubes matte at mild steel are aleo used in practice, staintess

steel tubes Were preterred as the corrosion ct the mild steol (partiou­

lar17 on the inaccessible outside ot tubes heated qy distilled vapours)

would have led to undesirable complications.

The source of heat was steam, supplied to a jaCket ooncentrioal17

surrounUng tbe hsated tube. As orig1nal17 constructed, the jaCket

covered 7 ft. 6 in. of the heated tube, and the ends were designed to

faoilitate the substitution of different tTPes ot heated tubes, as

shown in Fig. 5. At that stage it was intended to test the ettect ot
different tube materials and surface tinishes on the blookages caused

qy _banker concentrate, &s desoribed in the previous chapter. ihen

interest was subsequent17 tocussed on the more fundamental aspects cf

heat transfer, the improved oonstruotion shown in Fig. 6 was adopted.

This had the advantage of utilising the full length ot the heated tube,

and 7et providing a clear break between heated and unheated tube seotione.

With the earlier construo'Uon, the e:mot length ot the heated tube sec­

tion was BOIIewhere between 7 ft. 6 in. and 8 ft., giving rise to a.
maximum pcssible error ot 6 x 100 or s~ 7 per cent.

96
The return tube diameter ot 47.5 lIllll. I.D. represents a oolllprolllise

between the desire to concentrate the pressure drop ot the lIystem in the

heated tube and the requirements for llIeasuring the liquid velooity qy

the methods desoribed in Appsndix II.

'1'0 oompare the preSlJUl'fl drops in the heated and the unheated s80tions

ot the oircuit, take the length of the straight portion of the return tube

as 8 ft. 6 in. and. &SBUlle the Ught return bend to be equivalent to 60

tube diameters (14). Rsnoe the total equivalent length'ot the unheated.

lIeotlon 111 18 ft. Take the overall length ot the heated lIeotlon as
8 tt. 6 in. Also 8.11_e that the oontraotion ooeff101ent at the 1nlet

to the return tube ls 0.5, the oontraction ooeffloient at the inlet to

the heated tube is 0.28, and the dischargG ooeffioient trom the heated. tube

is 1.0 (15). ,The ratio ot the pre8sure drops in the two secUontl oan then

be expressed aSI

4 x 18 8 T 2
0.156 x tl + 0.5 + 0.2 x 1

:t x 8.5 _ t + 1 0 _ 2
0.115 .. 2· '2 .

(where f l, t2' and Tl' 11'2 reter to the triotion taotors and liquid. veloc1­

t1es in the unheated. and heated 8eotions respeot1vely).

On s1mpl1tioat1on thi. beOOllleSI 460t1 + 0.78 x 0.295
295t2 + 1.0

The ratio at the Re;ynolda Number for the flow in the unheated. and the

heatea/
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AlthoUBh tubes mde of mild steel are alao used 1n practioe, stainless 
steel tubes vere preferrad as the corrosion of the mild steol (partiou­
larl7 on the inaccessible outside of tubes beated b7 distilled vapours) 
would have led to undesirable oomplioations. 

The source of beat was steam, supplied to a 3aCket oonoentrioallY 
surrounding the beated tube. As originally constructed, the jaCket 
covered 7 ft. 6 in. of the heated tube, and the ends vere designed to 
faoilitate the substitution of different ~es of heated tubes, ss 
sbawn in Fig. 5. At that stage it was intended to test the effeot of 
d1fterent tube materials and surface fin1shes on the blookages caused 
b;y _banker ooncentra.te, as deaoribed in the :previo\lll ohap,\er. ihen 
interest vas subsequentlY focussed on the more fundamental aspects of 

heat transfer, the improved oonstruotion shown in Fig. 6 was adopted. 
'l'h1B had the advantage of utilising the full length of tbe heated tube, 
and yet providing a clear break between heated and unheated tube 8eot10n •• 

With the earlier conetrllo1;ion, the exact lens;th of the heated tube seo­

tion was sGm"here between 7 ft. 6 in. and 8 ft., givins; :dse to a. 
maximum possible error ot G x 100 or s~ 7 per cent. 

96 
The return tube diameter of 47.5 rom. I.D. represents a oompromiae 

between the desire to concentrate the pressure drop of the system in the 

heated tube and the requirements for measuring the liquid velooi1i7 b;y 

the me\hods described in Ap:pendix II. 
To oompare the pressure dropa in the heated and the unheated seotlons 

of \he oircuit, take the length ot the straight portion of the return tube 

as 8 tt. G in. and. a.SSUIIIS the Ugh' return ben:! to be equivalent to 60 

'ube d.iameters (14). Renee \he total equivalent lengtb'of the unheated 
section is 18 ft. Take tbe overall length ot the heated seotion as 
8 ft. 6 in. Also assume that the oontracticn ooeffioient at the inlet 

to the return tube is 0.5, the contraction coefficient at the inlet to 
the heated tube is 0.28, and \he d.i.charga coeffioient trOD the beated tube 

is 1.0 (15). ,The ratio of the pressure drape in the no sections oan then 

be ~re8.ed as. 

4 x 18 8 
0.156 x fl + 0.5 + 0.2 

4 % 8.5 
0.115 % t:: + 1.0 

% 

,,2 
1 

..,2 :: . 

(where t l , t2' and "1' v2 reter to the friotion faotors and liquid velooi­
tlee in the unheated and heated. seotions reepectivel1). 

On simplIfIcation thi. become.. 460fl + 0.18 % 0.295 
2951'2 + 1.0 

The ratio of the Re;ynolds Number for the :flow In the unheated and the 
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hlated e.ct10ne 1. the lnverse ot the ratio ot the tube di~.tere 1.e.

0.115 or 0.74
0.156

A tnieal r - Re curve ror tubes with 8lIIooth surtace. (16) ehcnr.

that the ratio ot the tIIo pressure drop. tor full)- turbulent oondition.

in the heated tube (Ie. 8&7 100,000) will be appro:dllate1:r

460 x 0.0041 + O·ZS % 0.295
295 x 0.0044 + 1.0

.~

The corresponding ratio tor ful17 developed lu1nar flcnr (ae • e&7

100) will 811l11larl)- be approxillate1:r

460 x 0.294 + 0·Z8 x 0.295
295 x 0.15 + 1.0

• 0.6-Although the h10Uon preesure drop in ths unheated .eotion 16 not

negligible tor single phase f'lov, it pra.cUoall)- beoOllles eo when b01ling

oo_nc•• in the heated seotion. It 18 shown 1n Appendix IV that even

wUh quite soderate vapoural1quid ratios the tvo-phaae frlotion pressure

drop 18 se.....ral t1llles aa high as the corresponding B1ngle phaee pre.sure

drop. It ie theretore reasonable to aaBUH that in this apparatus the

tlow red.tance ottered b7 the non-hea.ted portion ot the o1rcu1t 41d not

elgn1tlcantq ohange the rlow pattern in the heated (boiling) .eotion.

'l'hat ailllllar oonditione probabl)- app17 in praotice appears from a

cOlllpar1eon with a Wleal calan4ria descrlbed previoua17. The ealan4r1a

OOlllprises 176 tube., 35 lIlII. 1.d. and 10 tt. 2 in. long. '!'he equivalent

length or the unheated Ileotion ot the oircuit 1a approx1lllate1J' 15 tt.,

and the diameter of the return tube 18 10 in. '!'he ratio "of' the l1quid

Telocitles 1n the return tube and in 'the heated tubes 18hereforea

1Z6 x O.Ol1Z • 2.97
0.694

'!'he ratio of the Re,ynolds Numbers ln the unheated seotlon and in one of

the heated tubes is the ratio ot the tube d1amaters multiplied b;r the

Telooi~ ratl0 1.e.
10 x 25.4 x 2.97. 2"

3j • s:

Taldng & wioal ca.e of turbulent flov nth a Re7Dolde I!iuIIber in the

heated tube ot Sa::! 20,000, the oorre8J)OIIding frlction taotor 18 0.0062.

The ae7llOlda Nwaber in the return tube rill- be 460,000, and the frlotion

fao'tor • 0.0032. Hence, 19noring the expansion and contraction losse. ­

which tend to oanoel each other - the ratio of' pressure drops under non­

bolling oonditiona will be approx1lllatel)-

0.00)2 x 15 x 0.108 ~ (2.97)2 • 0.8
0.0062 x O.S34 % lO.~

117 the lame reasoning as betore, it would appear that the tlow pattern in

the tubes ot the calandrla ot thi. oOllllllerclal plant is not .lriOual)­

arteoted b;r the tlcnr throu&h the return tube.

{llfYlE/

heatld Ilctions is thl inverse of the ratio of the tube 41~etera 1.e. 

0.115 
0.156 or 0.14 

A t.fp1cal 1! - He curve tor tubes with _ootl1 lIIu:rt'a.oell (16) showill 

that the ratio ot the two pressure drop. for tull1 turbulent oonditlons 

in the heated tube (Re •• ~ 100,000) will be approxlmatell 

460 x 0.0041 + 0.76 % 0.295 
295 x 0.0044 + 1.0 

.. ~ 
'1'h1 correspon41ng ratio 1!or full1 developed luinar flow (Re .. e~ 

100) will l11mlla.rl1 be approxaatel,z 

460 x 0.204 + 0.78 % 0.295 
295 X 0.15 + 1.0 

.. 0.6 -Although the friotlon preseure drop in the unheated •• otion 1e not 

negllgible for 811:181e phaae flow, It pra.ctioall1 beoomes 80 when bo1l1ng 

oo_enoe. in thlll heated 11180Uon. It 18 shOWll ln Appellld1x IV that even 

with quite lIIoderate vapourallquid ratlol11 the two-phase friotion pre.aure 

drop 18 .e,"ral t1mes as h18h as the correapon41l'lS' slngle phase praSaure 

drop. It 1111 theretore reasonable to asWIIIS that in thi. apparatus the 

tlow reei.tanoe ottered ~ the non-heated portlon ot the o1rou1t dld not 

81gn1tlcantq ohange the flow paUel'll in the heated (boiling) seotion. 

That similar oonditlons probabl1 appq in praot10e appears from a 

oomparllon wlth a t.fploal oalandrla desorlbed prev1ousl1. Th. calandrla 

OOlllpriSIIS 176 tubes, 35 _. 1.4. and 10 ft. 2 in. long. '1'h& equivalent 

lel'lS'th of the unheated seotlon ot the 01rcu1~ ie approxtmatel1 15 ft., 

a.od the 41ame ter of the return tube is 10 in. The 1'& tio ,of' the liquid 

".1001111elll in the return tube and in the heated tubes lIItheretores 

176 :II: 0.0117 .. 2."1 
0.694 ;> 

The ratio of the R.,uolds Numbers 1n the unheated seot10n and in one of 

the heated tubes ls the ratio of the tube diameters multiplled b7 the 

veloolV ratio 1.e. 
10 x 25.4 x 2.97 

l~ 
.. 2Z 

Taking a t7Ploal oa.e of turbulent flow with a R&7Ilo1ds lumber in the 

heated ~be of s~ 20,000, the oorres.pond1ng friotion faotor 1. 0.0062. 
'1'ho Re1llOlds N'uIIIber ln the return tube wil1- be 460,000, and. the friotion 

taotor .. 0.00)2. Uence, ignoring the expansion and oontraction 10Bse8 -

which tend to olmoel each other - the ratio 01' pressure drops under non­

bolling oon41 tions 'lfl11 be apprcxtmate17 

0.OO~2 x 15 x 0.108 ~ (2.97)2 .. 0.8 
0.00 2 x 0.834 x lO.~ 

1I;r the lame reasoning alii beforlll, 1t would appear that the flow pattern in 

the tubes of the oalandrla ot thi. 0_er01&1 plant 111 not lIerlous17 

affected 'b7 the tloy throush the return tube. 

(Iro'l'R/ 
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(!fOTE that the ca•• tor laminar flow in both the heated and unheated

tubes is unreaUstic owing to the large ditterenoe in the appropriate

Re;ynolds llwIber. It such h;rpothetioal con!itiona are aB8UlIled to b.
possibl., the ratio ot pressure drops would be.

15 x 2.91 % 0.0111 0.01)
10.2 0.694·

Th. l1quid receiver"&8 ot simple design, with a 1'8llo-n.bl. cover to

taoilitate de-ecaling ot the heated tube. The entra1nlllent .eparator,
whioh proved to be aurpri81ng17 etteotin, vas titt.d insUe the liquid

reoeiTer, to mil11mi.e ra41atiol1lo•••••
The con!enll8r col1dsted ot a apec1al17 strengthened IIIOtor car

radiator ln1SPen!ed inaide a tanlc ot rwming vater.

The d1etillat. trom the tirst etteot jacket was colleoted in an open
T ••••I after di,charge trom & "Saroo" thermoet&Uc sham trap. The

41.tillate tram the .eCOlld effeot va. reccmtred in a sill11ar m&lSl'1er,

exoept "hen the pr••sure in the jacket ,," aub-atmoepherio. In the latter

oa•• it ft. tOUl1d atter eome e%peraentation, that the distillate oould

best be colleot.d in a graduated 1 lUre eeparating f'uDnel, which wae

perlo41oa1lJ- drained 111to an encuatea 5 litre Er1el2lle.Yer tlask. lion­

condensable gas" vere purged troll the qatem at the end ot eabh distil­

late oollection (or ,rOl1ghl:r at 5-minute 111tervalB). '!'he distillate troll

the third .tteot jacket wae oolleoted in a cOl1Tertlld, dieu.sed gas C7Under

ot 30 litres capaoity, tiUed wUh a g&U&e glu8 and oonneoted to the

1aborato17 vaOUUJI 87stelll. When the oondensate ft. oolleoted 111 open

....s.e1', these ••re pe1'10410&117 .eighed, and the readings are aocurat.

to Yith111 !1:'. When oolleoted ill graduated ErleM.,.er tluke, the

readings are acourate to :!:5". Rea"'lngs talcen vUh the £rebated gas
_c;rlincl.r are aocurat. to :!:l~.

'l" 'rile following pump. "ere used tor the purpose. indicated,

1) a f in. Xono Pump, Type IlX 11, tor teeding the tirst etteot

during triple ett.ot teah.

2) • i 111. "l.baoo" nexrotor pump, Xedel 584, driYel1 via ••et

ot cone pull.,.s £1T1ng 12 oombination. tor • llIaximwa and

IlI1n1mum 4e11Te%'1 or 6 and 17 gals/min. reepeoUve17, was used
tor toroed circulation. and

3) .a i in. Cear Pump, made b7 American J!achine Product., wae used

tor "reYerse feeUI18" and "throttled 1'low" te.ts.
Thue pumps pert'orm.d ••tistaotori17 when the discharge vas above

atlllo.8rio pre8eu.re. ht with eu.ctlon aIld discharge both at sub­

atmosph.rio preseu.re, &I when reYe,ne-teed1ng tro. the third to the

.econd .trect, cr tor toroed. or throttled circulation under TaOUUll, 1t

proved ertrltllle17 ditficult to eU-1na t e the air leaks which persisted,

particularlJ- through the "haft seals and .tut1"i!1g boxes. It appears

111 reuoepect, that tor 'eu.oh W1118U&1 purposes pusp. titted with magnetio

ccuplinga/
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(lfOTE that the Clllle for laminar flow in both the heated aM. unheated 

1;ubea 1s unreal1etic owing to the ll!U"ge differenoe in the appropriate 

possible, the raUo of pressure drop. 'ltoul4 bel 

15 x 2.91 :It 0.0111 0.07) 
10.2 0.694" 

The li9uid reeel,",r 'II'U ot e1lll:ple deaip, with a reIIIO"I'&ble _ell' to 

faoilitate de-scalins ot tile heated tab.. '!'he entra:l.mlent IIIl11plU'atOll', 

yMCA proved 1;0 be l!IUl'Priaingly etreerl:i'99, vas 1':1. tted inaUe the l:lql1id 

reoei"r, to minimi.1II radiation los.e •• 
The oondenser eonlisted ot a speCially strengthened motor car 

radiator euspended 1nside a tank of' running vater. 

The dbUllate trom the 1'11'et effeot jacket was oollect.d in !Ill open 

Te •• el after d:l.lchl!U"ge troll! & "S&1'Oo" thermostaUc sham trap. 'rhe 

4:1st111at. troll the lI!u!lcond effect yaa reOC'l'ereil in a 1!1111dlar IlIlU'lfter, 

exoep1i vhen the pre.lI_ in the ~acket "81 aub-atllolllPheric. In the latter 

oalle it was found lIII.1'ter sOllIe exper1!lentaUon, that tile 41sUllate oould 

beet be colleot.d 1n a r;ra4uateil 1 lUre eeparat1!lg :t'urln.l, 'III'hloh wa. 

perlo41oall:r drained into an eTacuated 5 litre ErleMll!li1er flaK. lion­

oondensable pili •• vere purged frolll the qat!!llll at the en4 of eabh 418U1-

late collectiott (or roughly at 5-mirmte intervallll). '!'he 41et111ate from 

the third erteot jaoket 1I'U coUected in Ii. converted. di81lsed gu crUn4er 

of )0 lUre8 capao1 ty, fUted 'III'Uh 1'1. gauge glull and conneo1ied to the 

1aborator,y vaOU1llll B;1lStem. When the oondensate wall colleoted in open 

.,essels, tIleee were pel'iod.ioally weighed, and 1:;he readlnss are accurate 

to 'III'1thln .!l:'. When eeUected in graduahd Erlenm..,er fluke, the 

readlnp are lI.eCUl"lLte to !5%. Readings taken vUh the £H.!luated gae 

_ C711ndtr are accurate to :1:'. 

\"-- 'nit following pumpe "ere Wled for the purpose. 1ndicated; 

1) III. f in. Kono l'wlrp, we BX 11, for feeding the first effeot 

dur1ng tr1ple effoct te.te, 

2) II. i 1n. "Jabaoo" J'lexrotor PUllIp, Xodel 584, drlV11l1 via. a set 

of oone J:!ull878 pring 12 oom.binations for a max1mull and. 

lII1.rdmum delivery of 6 and 17 gals/min. reapecti'99ly, 'III'as UI!Ied 

for foroed. circulation, and 

3) _a i in. Cear l'uInp, lIIade by American ~chine Products, 'III'as used 

for "reftrae feed1118" and "throttled 1"loY" tlllltlll. 

Theil PUllIPI psrt'ormea ilia 1;1ltactor1ly when the discharge ft. abon 

a_espheric lIreBlIIUre.. l!u.1; n 1;h wo1;10n ana dilcharge both at sub­

atmospheric prelllllUre, all when nftrllle-:teld:!.ng frail the th1l'4 to tile 

.1I00nd IlIffeot, 01' for torced or throttled circulation Ullder vaOUUllll, 1t 

proved. otrellle~ 41:tficu1 t to .lta' na te the air leaks which perebted, 

J:!art1oular~ through the llhaf't Hal. and. lltuffing boxel,* It lil.pJ:!lIars 

in retrospect, that :tor IIIUOh W'1WII1Ial JIUl.'POlille JlWlpIL fitted'lll'ith lIagnetic 

c01:\Plinesl 
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ooupl1nge or similar speoial seals would haTe well justified their

extra oost.

XEASURElrnNT3. COll'l'ROLS MID INSTRUMEN'l'A'l'ION

Bea.t transfer coefficients vere calculated trom ths f'unduental

relsUonllhip q. Ua % A uTo or q. ha:lt 4 %A'1'

where q ia the rate 01' heat tranamission to the heated

11quid ••• BTU/hr.

Ua 18 the average overall heat transter coefti-

oient trolll the oondensing stem to the

bulk 01' the liquid •• ,

ha 18 the average coefflo1ent 01' heat tranater

bewllen the tube vall and the bulk 01' the

liquid , ••

A is the wall area 01' the tube •••

L> '1'0 is tha temparature d1tterenoe between the

oondensing stem and the lr.illc 01' the

liquid •••

L> T 1e the temperature differenoe betwsen the

tube wall and the bulk 01' the liquid degrees P,

While the meaning of these ps.rallleters is clear, their exaot detinition

and aocurate datf!tl'll1nation is a difficult task, and the alra~ tomidable

allIount 01' litaraturtt on thi. SUbject 1e groving steadily. There 1e no

1111l11l to the ingenuity, the t1ma and the Illoney that can be expended on

increasing the number and the accurac,y of observations tor a single

exper1lllent. llut the oraving tor perfecUon IlIU8t necessarily be bridled

by the sober ~eratand1ng01' the purpose of the vork in hand.

In the present instanoe the scope 01' the expar1raenta vas 11mitad by

the 1lI0re immediate needs of the Industry. This mea.nt that tha annen

to the proble1ll8 that vera ;posed ha.d to be given in tems whioh oould be

translated into practice. Unless stated otherwise, the conventional

tel'llinolol!7 used in evaporator desi8!1 has, therefore, been adhered to.

The heat tra.nster rate, q, was based on the "eight of condensate

drained from the rsspective stealll jackets, and correoted tor ~tlaahing~

and radiation loeaes.

The overall heat transfer ooeffioient, It\ va.s obtainsd 1:i)- diT1d1ng

q by the produot of A a.ndATo '

A '1'0 vu tsken lUI the d1~terenee beween the average telllperatu:re

measured in the steam jaoket a.nd the temperature 01' the liquid entering

the heated tube. It sta.nds to reason, and it ha.s been ehown I"g. by

Boarts et al (11) that the temperature 01' liquids tlortng upv&rds in

Tertica.l, heated tubes is not constant. However, the true liquid

temperaturas at different tube levels are difficult to aetel'll1n", a.nd

are not required tor oo~roial plant speclt'ioation8.

The;
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ooupl1nga or a1ml1ar special aeala 1I'Ould han well juatified thelr 
enra oost. 
XEAStIREXEN'l'S. COIl'1'ROLS A.?tD INSTR1JMEN'1'A'l'IOlf 

Beat transfer coefficients were oalculated from the fundamental 

re1aUonllhlp q .. Ua % A u'l'o or Ii" ha % A %A'1' 

where Ii ls ths rate of heat transmission to the heated 
liquid ... llTU/hr. 

U. i8 the average overall heat trensfer coeffi­
olent troa the oondelleins steam t'O the 
bulk of the liquid .u lITU/sq.ft. Cpo hr. 

he is the average ooeffiolent of heat transfer 
between the tiUba wall a:M the bulk 01' the 
liquid ... lITU/sq.ft. OJ' hr • 

••• 
.6 '1''0 11!1 the temperature dlffereMe beween the 

condensin8 stsam and the ~~ of the 
liquid ... de8%'eell F • 

.6 'l' 18 the tbparature difference beween the 
tube wall and the bulk of the Uquid degree. P. 

lihUe the 1IIII1II.I'11n8 or thelle pa.r!llllleterll Is cle&1', their exaot defWt10n 

and aocurate dehminaUon is a diftiou1t task, and the alreattr fOl'lllldab1e 
amount 'Of literature 'On thi. subjeot ls growing steadi17. There 1. nc 
11111i'1i tc the ingenuity, the Ullle and the 1II0ney that can ba expended on 
inoreasing the number and the aoourac,y of cbservaticns tor a single 
experiment. But the oraving tor perfectlon must neoessarll1 be bridled 

b7 the 801)&1' un:ierstand11l8 ct the :purpose 'Of" the work in hl.llld. 
In the present instanoe the scope 'Of the experiments was limited b7 

the mcre wediate needs 'Of the Industr;r. This lIIel.lllt that the anne1'll 
to the pro'JleBs that wers pollutd b.a.d tc be IJiven 1n tems whioh oould be 
translated into practioe. Unless stated otherw1ee, the oonventional 

teminolcgr used in evaporator desi/P1 has, therefore, been adhered to. 
The heat trl.lllster rate, q, vas based on the weight of" oondensate 

draillli!ld. from the respeotive ateM jackets, and oorrsote4 tor Ittluh:l.nglt 
and radiation 10ss8s. 

The overall hut t1'l.lllllfer ocetficient, li:.t 'll'a8 obtained by 41vid1D8 
q b7 ths produot of J. andATo' 

A!o VaA taken a. the difference between the average temperature 
measured in the steam jaoket and the temperature of the liquid enteriD8 
the heated ~be. It stl.llld.s to reason, I.Illd it has been ehown e.g. b7 
llca.rts et al (17) that the t8lllperaiure 01' liquids tlowing 'I.!.plf&rds in 
vertical, heated ~bea 111 no'!; ool1atl.lllt. However, the true liquid 

temperatures a1; difterent ~be levels are di~tioult to detem1n~t and 
are not required for cCmm&ro1al plant speoificaticns. 

Thel 
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The error that, can arise bT asl!lUlling the bulk liquid temperature 1rl

the heated tube to be conste.nt can be estimated by' appl71ng the appropriate

dimena10nless relationships, as discWlse4 in Chapter VII.

It 18 largest in the t'inal ettecta, aa the liquid saturation tempera­

ture curve rises Illcst steOPlT at lcy vapour pressures.

Assuming an overall temperature difference between the condensing

steam and the bulk ot the l1quid ot 8tq loo°1l', and a liquid bulk tll1lpera­

ture ot sq' 120<7, the m$dmUlll temperature rise ot the liquid, &lIsUllling

it haa a viscosi t1' ot' stq 500 cp, would b8 about 20°11'.

The maT1l!lUl1 temperature vould be reached nsar the tube outlet, henoe

the true average temperature dit't'erence between the steam and the bulk ot
the liquid would be about 100 - ~o _ 90°.,. instead ot 100<7.

The error is theretore not negligible (although it is Illll!lller at

higher liquid temperatures and lower viscosities), but it i8 oonsistent

and teM8 to cancel in comparative t8StS. Furthermore, the ta.V~Ulls

that are calculated when thi. error il ignored are too low rather than

too high, whioh is an 'adTlUltage tor llractical purpose••

'!'he area ot the heated tube secUon, A, was based on the internal

tube diameter, as is usual in cases 1fhere the major thermal barrier is

the liquid tUm on the inner tube wall. '!'he results ot the t88ts which

indioated tilm coetticients tor stickwater ot the order ot 50 to 300

B'l't1/llq.tt. OF hr., as compared with estimated steamt'ilm and tube wall

coefficients ot' 1,000 and 2,000 :B'l'U/sq.t't. OF hr. rellPectivelT, contirmed

that this vas a reasonable aS8Ulllption. I The max1mUlll error that could

haTe arisen b;r basing the tube area on the internal diueter instead ot'

on the wall oenue diuetar is 36'S6:l5 x 100 • 47C.]

The thvalUllS oalculated in this anner are uaetul tor aeasuring and

QOIlpar1ng the performanoe ot indusuial plant. For a more t'undalllental

WlTsis ot the test tigures U 1e desirable to estimate ha, the tU.

ooet'fioient in tens ot' '1', the average temperature ditterenoe between

the irmer tube lIlU1'taoe and the bulk ot the liquid. In the oa.e ot the

earlier ezperlllen,s, when onl;y the steam jaCket't8llllerature vas .eaaured,

ha vas, where neoesBlU7, deriTed t'roa Us bT tha uae ot aSll\lllle~ .all- and

ateam-tilm coetticients. In later testa the temperature ot the tube

wall vas .easured bT UalUJ ot theraocouploa embedded therein, aa shovn

in Fig. 7. Thia was a comparat1ve~ simple retinelllen\, vhich also

aerved to cheok the aB8UlIHId atelllll tUlII coettioient.

Apart t'rom the measurements required to deteNine q.or ha, a 'nwaber

ot' 8eoODdar;r readinga vere alao taken to oOllllllate the pioture. When

operating Vi th atiolevater 01' solutions of sucrose cr corn e;rrup, the

8011d8 concentration was' cheCked at ha1t-hour~ intenalll bT retract_eter.

Whenever oonvenient, the' Circulation ,"looiV va8 lIeasured (a.. Appendix

II), and the barometer reading YU recorded at the end of' each run.

The/
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The :following instruments were used.

I'or 1l8lllperature measurements' A NesretU " Zambra quick-reading potentio­

meter, 10. 1-25111, range, 0 - 53 x. voUa. AltemativelJ', a Leeds"

lorll!u'u»p direot-reading potenUOll1eter, TJpe 8663-5, triple rang. inetru­

un..., the range used being 50 - 250<7. lloth potentiometers were used in

oonjunotion With etandard oopper-conatantan and iron-constantan wire ot
0.022 in. diueter, 11UpJ111ed b7 XesBra. B.I. Cables.

'l'herllooouplea were plaoed in the tollowing podtionsl

a) in the llquid ln the plenUII space,

b) in the liquid about 1.5 in. belO1l' the entrance to the heated tube,

0) in the .teu, 4 in. trom the top ot the jacket,

a) in the steu, 4 in. froll the bottom of the jacket, and

e) eY8nlJ' spaced at 30 in. interval embedded in the vall of the heated

1Ube.

'l'h" method in vhioh the 'tUbe vall theraocouples vere attached. 18

illustrated in Flg. 1. '!'he thermocouples vere connected. to the potentio­

lIeter via a selector BY1toh, as shown in lI'ig. 8. In some of the earller

tes1:8 a single pole seleotor switch vas used (S7stell "A"), and this had the

erfeot of oreating one complex couple out ot the tour indlvidual oouples ln

the tube vall. The indiVidual wall bmperatures determ1nsd durlng the

tests vere, therefore praoUoallJ' ldentioal, and represent in tact the avel'8f

temperature for the four poa:l:t1onll. AlthOUBh this 18 not a disadvantage

tor 1Ihe purpose of oaloulating the ooef'ficient ha, it createis the :lrapression

tha't the tube vall t8lllperatures were constant.

The slngle pole selector box was therefore replaced bT the double pole

..i'teh (Slstem "ll"), which oauses the 1n41'Y1dual couples to be completelJ'

bolated froll each other, and true instead of average vall temperature

readine;e w b. obtained. 'fhe effect is illustrated ln Appendix III.

Seoondar,y temperature rea41np vere ~en wlth laborator;y merour:r-1n­

gla•• t;hemOlBeters supp11ed by H.O. Zeal. All thenometers and thermo­

oouples .ere oa11brated ilBainst a set of' standard thermometere cer1i1ticated

bT 'the I.P.L. 'l'he overall aocura01 of' all temperature readings. vas not
I••• than;!: lOVe

'l'he circulation veloclV' Va. measured b7 the devices de.crlbed in

Appendix II.

'1'he airtlov required for air-lit1i ciroulaUon, vas meuured with orte.,
ot a .erie. of' rotaneter. IlUpp11ed b7 ll'egretU "Zambra. The inst~nt'll-,

were calibrated aga1nd the vater displaceraen1i 1'rOlll an 1nV&rted lIeuurlng

crU.nder before use. lihile in u.e the :floats of the inBtrumentB teDded

to hover around the aY1lrage poe1tion, aDd the accurac;r of the readings
n. about ;!:~

Pressure and YaCUUIII readinga were taken either b7 merour;y manometer,

01' b:r _aIlB o:t 00llllllerc1al, bourdon tub. presll\l1"e gauge., which were cali­

brated on a dead weight tester IUppl1ed b7 I(e.ar•• Ferr18 Product. of Cape

rrovn/

- 24-

The :tolle1f1ng 1nlltl"Wll.enta were Wled. 

reI' "1II.perature lIIealll1U"ementsl A liIegret'l;1 .. Zambra quick-reading potentio­

.eter, 10. E-25111, range, 0 - 53 II! .. yolte. Alte:ma:tiwl;r, a Leede " 

lforthrupp direot-reading patell:t1O!J1eter. Tne 8663-5, triple range 1netru­

_nt, thlll ranee Wlilld being 50 - 2500p0. llotb. potentiometers were und in 

conjunotion 111'1 til. etandard copper-consta.ntan and 1ron-conetantan 111'11'41 01' 

0.022 11'1. d11!.l111111ter, 1IUpJI11ed b;r "ears. :B. I. Ca.bles. 

'l'he:naooou.ple. were plaoe4 11'1 the :tollowing pad 1;:I.onlll 

a) in th. liquid in th. plenUII apaoe, 

b) 1n 'lib.. liquid about 1.5 111.. belov the entrance to the hel!l.ted tube, 

0) in the ate&lll, 4 111.. 1'rolll the top 01' til.. ja.oket, 

d) 111 the ete_, 4 111.. troa the bottom ot the jaoket, and 

e) eftnl;r &paoed at 30 in. lnbrY81 embedded 11'1 the vallot the heated 

'lrnbe. 

The I118thod in whioh the 'tUbe wall themocouple. were a.ttaohed is 

illWilitrated in Fig. 7. 'l'he thermooouples vere COMEloted to 'lihe potentio­

lIIeter ria a eeleotor II1II'1toh, alii lIIhown in F1g. B. In .011141 of the eulier 

teets a eingle pol. lI81eotor 8'II'1toh vas ueed (S;rate. "A"), and th1e had the 

effeot of oreating one oomplex oo~le ou"l; of the tov indiridual oouple. :l.n 

the tube vall. The indiVidual vall telllperatvea detarm1ned dv1ng the 

teats "ere, therefore praoUoa.ll;r 1dentioal, and repre.ent in :taot the lI.yerB,l 

1i$l!ipera.1rur. for the four paid. "lonlll. Althoush this 1111 not a disadvantage 

tor the purpose of oaloulat:l.~ the ooe:t1'ic1ent ha' 110 oreates the impre.sion 

that the tube vall tillllllperaiures vere oonstant. 

The a1ngle pale lIeleo"l;or box was therefore replaoed b7 the double pole 

0:1. toll (Slstem "B"), whioh oauses the 1nd1Y1dual oouplel!l to be oompletel;r 

bola.ted troll eaoh other, and tme instead of average wall tempera1iure 

rea4:1nge to b. obtained. The eneot 1111 111uetrated 1n Appendix III. 

Seoond&r,y te.perature read1ngl vere taken w1th laborator;r merour,r-in­

g1allllllll thermometer. l!I~pl1ed by H.O. Zeal. All thenollle"l;ere and thermo­

couples were oal1brated iiga.1JU11t a. aet of standard thermometere oerUf1ca1oed 

b7 'the I.P.L. The overall aoourao;r of all telllperature readings WIlIil not 
l.ellll than! 1 0}l'. 

The oirculation wloo11;7 Vae lIIeaaured b7 the derioes desoribed in 

App.ndb: II. 

'1'he airflow required tor a1r-l1:1.'t; o1roula"Uon, Wall lIIeuured with on.~ 

of III. eerille of' rotarletere INpplied b;r Begretti " ZaIIIbra... 
\ 

The inlllt~nn 
" "hr. calibrated. iiga.1118t; the water dieplacillllllent :trOll! an 1nYiIIrwd lIIeuurlng 

ql:1Dller beforet WIle. 1i1blle:in ulle the 1'loats 01' the inatl"Wll.8nts tended 

ill hover around thll anrags pOll1 t:l.on, and the aool11'&03" 01' the read higlll 

na about ! "'" 
PrEIIIIIllUl'8 and YaCIUUIII rea.di.nga were taken .1 ther b;r .erO\l.t7 manometer, 

or by l118anl!l of' CollllDlerclal, bou:rd.ol!. tube prssaure gauges, whioh vere cal1-

bra1;ed OIl a dead wll1gbt tester suppUed b;r .ea8rlll. Ferrill Productll 01' Cape 

rrovn/ 
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Tcnm.. Ifanoaeter readtnga were ac01U'ate to±o.5 _-ag~-ana.prelllliJre puge
readings to : 0.5 psi.

The refraoUve index (01' ;(Il.a.s.) ot the working tluidtl was lIeasured

either wUh a Zeisa Abbe retractolleter, 01' with a Bellingb·· " Stanlq

pocket retraotometer with a 8UOr08e 80ale up to 50:'. '1'.s.s. rea4inga

ot raw aUck1rater, SU01'Ose and oorn 871'UP were aOO1U'ate to : 0."<' At

high sol1d8 oonoentrations the stiotwater oe..ed to 61_ a olear line,

and the aoo\l1'&07 ot '1'.S.S. read1ll6s dropped to about :~

The riaoosiv ot the working tluid was raad troa naooaiv ve. ~.s.s.

ourt'8a, or elae eatillated all desoribed in AppendiX I.

The YaOUUIII in the laborato17 "t'&OUUII .,.stllll vaa aaintained b7 an

Ingaraoll Rand pump, t;rpe 30, model V244, 4r1yen b7 a 2 H.P. 1I0tor.

The tollowing Tariablea were oontrolled d\l1'ing indiridual rwulI

1) The jacket tllllperat\l1'e in the first effeot. This was done lIanual17

b7 regulating the li_ atelllll atop Tal_, the atelllll preasure haTing

previous17 been reduced troll boUer preS81.l1'e (75 pail to 20 pai.

A aearch vaa lI&4e tor a thenostaUo ateall regulator With a aenaing

element amall enough to tit inside the steam jacket, but such a

denoe oould not be suppUed ·lo(}~l)-I:. With manual opera-

tion, the ateam pressure vas controlled to : 2 pel when the preasure

was above atmospherio, and to : 1 psi when it was below atmospherio.

In 1I08t of' the single eUeot tests, .the jacket ouUet was open to

the auoaphere and control preaented no problem.

2) The VllO\Nll 111 'the final eUeot. A hOJl8-!"ade TaOUlltat adequate17

aerTed this purpose. It oonaisted of a platinum wire which oould

be raised or lowersd insids a lIIerOU17 aanOlleter to aake contaot at

a seleoted level. Closing the oircuit caused a re1.., to open a

aolenoid Tal_, whioh adlIUbd air to the Taouura line. lly regulat­

ing & throttling w.t.,. on the air l1lW, the on snd ott 0701.a of the

.,..tem oould be adj\1llted to be nearq equal, and the vaOUUII fluctua­

tions ine1de the liquid reoeiver were kept to 1••• than 2 1IlII. JIg.

3) The t_perature of the feed. Thi. vas oontrolled therllostatioal17,

,and general17 II&1ntained to within So,. of' the liquid taperat\l1'e in

the reoeiver. All but lIinor feed tellIperat\l1'e 'Y&r1aUons were

allowed tor 111 the Heat Balance.

4) The liquid le.,.l in the reoeiver. In 1II0St oasea thi. yas done

IIMual1J', and the level COIlld general1J' be held to within: 1 111.

ot the -.ark on the puse glass. When working with water, 01' other

working tlu14. up to a 80114. conoentration of about 25~, the 1..,.1

could be III&1ntaine4 autoll&tical17 b7 Ileana of' a deno'; .1II11ar to
the T&CU8tat described under 2). But at higher conoentrations the.

liquid. Invar1ab1J' 'becae too 8tiok;r, and the make and break of the

contaot with the 1e_l control wire beoame erratio.

S) The/
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Town. lII'4nolIe'er rea.4.1np wlilre &cOU!'ate ~10.5 _-ug~;-an.d. pnasi.u'e .;u;;' 

readings to ! 0., psl • 

. Thill rlilhaoUVIII indlllX. (or ~.S.S.) of the yorld.rJB fluids wall lIIeliUllU'tld 

el ther vith III Za1lll. Abbe r.r%'&CtGllleter, or with a Bell1usi!!'l!! a. Stanlli7 

pocket rerrectOllleter with a INCro.e .oale tqI ~ 5CJIIC. T. S. S. readings 

of rev .Uckva'er, Acrose 8J:Id coru IIJrIlP were ao_'e to ! 0."'" ,11; 

hlgh sollds oonoentratloDlil the stlokwlllter oe ... ed to give a olear 11ne, 

and the ao01.ll'&07 of' '1'.S.S. read1llg11 dropped to about !~ 

The rilllcosiv or thlll working fluid VIILIII read tl'Oll rillcosiv VIII. ~.s.s. 

ourVlIIII, or .lIIe e.t_te4 alii dellcrlbed in AppendiX I. 

Th. YaOUUlIII in th. laborato17 vaOUUll 1171111;_ wall lII&1utainllld b;r an 

bgerllOll Ran4 puzp, tJ»e 30, IIIIOdel V244, driTGn b;r a 2 H.P. 1II0tor. 

The following varlabl •• vlllre oontrolled d1.ll'ing indiridWl.l rwIJIl 

1) 'l'he jacket t_perat1.ll'e in thll fUllt effeot. '1'h1e Valli doue lIIanualllr 

b;r regu1aUug the l1va .telllllll .top valva, the .telllllll pre.sure haTiug 

preriou.llr been reduclild from bol1er pr •• lII1.Il'e (75 pel) to 20 pel. 

A eearoh vaa lllade for III the:raoetatic atlllllllll regula1;or with III .enlllng 

element lIIIIIIall enough to fit iDIIIide the IIt.am jacket, but INCh a 

derice could not 'be III1pp11e4100alllrl:. With 'IlIanWl.l Opll~ 

tlon, the IIIteam preaBUre Valli controlled to ! 2 p.l vhen the prealllUre 

waa above atllloapberic, IIII1d to ! 1 psi when it was blillow a_osphlilrio. 

In IIIIOst of' the Single etflilct teat., .the jacket cutlet waa open to 
thlll atBoaphers and control pre8ented no problem. 

a) 'l'he "IllOll\UI in the final eUnt. A hOl!l~ade vaOllstat adlllqWl.tellr 

.erved thl. purpo.e. It oon.lsted of a platinum wire which oould 

be ral.ed or lowered ineide a .ereur.r .anometer to .ake oontaot at 

a .eleoted 1evIIIl. Cloliling the oircuit caused a rel~ to open a 

lIIolenoid valve, whioh adlIIltbd air to the vaOUUIII line. By replat­

:Lng a throttling 'ri.1V111 on the air l1l'l111, the on 11114 of'f 01018111 of 'thlll 

...,lIIItem oould be adjWllted to be nelll1'l7 eqUAl, and the vaOUUIII f1uctUll.­

tiODlil inside the liquid reoeiver VBre kept to IS8lll thllll1 2 M. Kg. 

3) The t8'lllpsrature of the teed. 'l'h1ll wae controlled thell.'lllostaUoal17, 

,and gsneralllr .aintained to wi thin 5°,. of the liquid t8'lllplllra1;1.ll'e in 

the reoeiver. All but .inor feed t8'lllperatu:re variatioDlil .. ere 

allowed for in the Heat Balance. 

4) 'l'he liquid Il11nl in the reoelver. In IIIOllt oallle. this wae done 

I111lIII1llal17, and thB 1eval 001114 .neralllr be held to within! 1 in. 

of the mark on the gause ,gla8s. ¥hen working with vater, or othlllr 

woriting flu14111 up ~ a 8011011 oonoentration of about 25~, the 1.".1 

oould be l!I&1ntained &1'Ito_1;1cal17 b,r lIIeaDa ot a devioe 81111111111' to 
the V&OWItat described under 2). But at hiper conoentration the. 

l1quidl :lmrariabllr beca8 too 8t1ok;r, anil the llIake 8J:Id break of the 

contaot with the 1eftl control w1l"e 'beoae erratio. 



- 26-

5) 'l'he .011da oonoentration of the ..orldng nuid. Du1"ing the tdple

eneot te.t. thi....as aa1ntained at the t&1"g8t le_l b7 opening and

clo.ing of the f.ed and d1"ain Tal"... on the leet .ffeot. The '1'.S.S.

cf the liquid in the fir.t and second .ff4l0b ie dete1"llined bT the

_paration ratee, and the"1"ore bl!l7Ond oOl1trol. The eolia. oon-
. + +.

omtraUon nuotuated b7 about - ~ in the 1"irat, and - ~ in the

.econd and third eUeota. When operating a .ingle .tfeot on17, the

'1'.S.S. ot the liquid "&8 kept to within ;t 0.5" b7 1"eed1!lg vater to

the liquid reoeiver 'at the ••• rate at ..hioh di.tillate ..a. being

ool1eoted.

EXPERIlIENTAL .z: -~.=

The te.t...ere dirtded into groupa of trom two to 1"1_ runa. For

one or more l'lUla withiil each group, the apparatus YU al..qs operated with

natural 01:rou1ation, tOl'Ward teed and with untreated stickwater or one .of

the other ..orking tluid.. The etrect ot chane1ng the 'Ya1"1able ..hich

charaoter1Bed each te.t couldthua be uawred against Us appropriate con­

trol. '1'h1s procedure n. adhered to (al~OU8h it invol_s a oertain

MOultt of dupl1cation), .s it prortded a rwming oheck on the proper

funotioning of the apparatus.

The duration c1" each run, 1"roID the tift ..hen all '_perature. and

pressure. gaTe .teaq rI!Iadinge, ..ee in1tial17 lt hour. ('1'e.'. 1 - )8, 41­
42, 45 - 53, 64 - 67, 71 - 76, 107 - 110). Later, when the operating

teohnique had been improved, thie UIDe va. reduced to j-hour (Tests 39 ­

40, 43 - 44, 54 - 63, 68 - 70, 77 - 106, 111 - lbl).

Four .eta of readill88 ..ere 'taken during each run, at 3Cl-minute

inteZ"Yals for the lcnger and at lCl-minute inteZ"Yal. for the shorter rune.

Freak readinga ..ere ooneidered on their lRerU., ..hen traoed to an in.tru­

lIent error the7 .ere inoluded at the aTerage value of the remaining read­

ings. If a treak reading oould not be reaeonab17 explained and adjuated,

or it the readi'ngB coUeotiTe17 Rowed a trend awq trOlll the initial .teM7
state, th8r.sitit. ;eft _rined b7 repeating the runs.

-...-~.-. .- _._--.~,._--..-- ~-._-- ...-_.- - ----- "" ..- . _.-
At the end of each group of run. with .UoltVater the tubes ..ere d_

soaled, in .oae oa.e. the Boale nB oollected to provide 1nt01"llation about

the rate ot soale formation in commeroial plant, as disoussed in Chapter

III. An experi.ent .... oonduoted to e.timate the efteot of soaling on

heat transfer in the apparatus. The results are ahown in Table II. It

..all concluded that, tor the limited operating time required to complete

each group ot runs, the error due to eaaling vas not like17 to o:o.ed rtf..
For all rune (No•• 1 - 19, 26 - 30, 45 - 49, and 64 - 67) in vhich

the apparatus vas operated as a triple eUeat unit, the working fluid·....

raw .UaltVa.ter obtained froll one ot the taotorie. at Bout llq. Run.

20 - 25 and 71 - 76 (triple eUeot), and all Bingle efteat runs with

aUokvat.r/
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5) The .011d. oonoentratlon of the vorking fluid. During the triple 

eneot te.t. ru.WIU lIIIIdntd..ned at the ta.r88t le_1 b7 opening and 

clo.lng ot the te.d and drain Ta1_s on the l .. t efteot. The T.S.S. 

ot the liquid in the flr.t and .econd .ft.eta ia detel'lllined b7 the 

eYaporaUon rate., and therefore blQ'ond oontrol. '1'.I1e Il10114. oon-
. + •. 

ollmb.Uon fluotuated b7 about - 1" in the tmt, and - ~ ln the 

.eoond and third eUeot.. When operating a .ingle ettect on17, the 

'1'.S.S. ot th. liquid 1I'U kept to withln ! 0.5" b7 f.el!1ng water to 

the liquid recel "rat the •• e rate at 1I'hioh d1llU11a'e va. being 

collected. 
EltPERDml'ITAL .£. -.': 

'1'.I1e te.t •• ere dlnded lnto group. ot frolll two to fi_ 1'WUI. For 

one or more run. 1I'1th1D each grouPt the appuatus vu al1l'lQ's operated with 

natural 01roulation, tonrard feed and nth untreated sUckwater or one .of 

the other working fluids. The etf.ct of ohanging the variable which 

charaoterilted eaoh t .. t oouldthWl be lIIel!UJlJred agd.JlIIIt its appropriate COD­

trol. This proo.d.ure ftll adhered to (altho\l8t1 it 1JI:'fol_1I a oertain 

&IIount ot dupl1oaUon), •• 1 t prortded a runnlng oh.ok on the Jlroper 

funotloning ot the apparatus. 

'1'.I1e duration of each run, troll! til. t1M vh.n all t_ptlratoree and 

pre.suree pTe eteaq readinge, 11'&8 lDitW17 Ii hoUl'S (Tests 1 - lS; 41-

42, 45 - 53, 64 - 67, 11 - 76, 107 - 110). Later, when the operating 

teohnique had been illlprOTed, th18 tbla valli reduced to i-hOUl' (Testlll 39 -

40. 43 - 44, 54 - 63, 68 - 70, 71 - 106, 111 - 1&1). 

Four set. ot readings vere taken durlng eaoh run, at 3G-minute 

intervale tor the longer and at 1G-mlnute lntervals for the shorter runs. 

Freak readlnge .era oonlllidered on their eer1ta, vhan traced to an inatru­

lIIent error the7 vere mc1uiled at the a:varage value 01' the remaining read­

inge. If a freak reading oould not be reaaonab17 e%plaiDed and ad.1uebd, 

or lt the reaLU:ngs colleotive17 lIhowed a trand. aVIIT trom 'Che lnitia1 sMadT 

state. tlie-Niftitia .pre "rUled b7 Hpeating the runa. 
- . ...-~.-- ... -.-----.~>----- .. ,.~.-. -.-¥~~, ----- - -""-.,,,-~ ~ ~-~-

At the end of each group of runlll nth 8UckYater the tubee vere 4_ 

ecaled, ln some case. the eoale 1I'II>e oolleoted to provide informatlon about 

the rat. 01' soale f01'lllll>tion in commerclal plant, aa diBcueeed in Chapter 

III. An e%peri.ant 11'11>8 conduoted to estimate the etfeot of lIIoallng on 

heat tr&l'1s1:'e1' in the apparatus. The relllUlte are .hovn 1n Table II. It 

1I'alll concluded that, tor the lll111t&4 operating tlme required to ocmplete 

each group ot runlll, the error due to soaling vas not 11ke17 to exoeed ~ 

1'01' all runs (:lfo •• 1 - 191 26 - 30, 45 - 491 and 64 - 61) ln which 

the apparatus valli operateCl. alii a triple eUect unlt, thlll workiDg fluU.-vlI>8 

rav etlokYater obtained from one ot the faotorle. at Bout BaT. Rune 

20 - 25 and 11 - 16 (triple etfeot), and all slngle ettllct run. with 

aUckYater/ 
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RUB TEIPBllA'1'UllEI "U" VAL"D OR.UQ:a
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Un I II UI I II III "U" VALUB
8ta&lll Uquid Liquid Liquid Btteot Itteot Btteot OllOSS

, ,
·31· 277 234 186 115 478 328 22' 324 00lltro1 Jhm II&da vitil watal' and

ol.an tub••

32 274 225 180 115 375 325 231 301 -7% thm ad. vith wa'.r, but
" tub.. not oleaned attel'

" l'Oush17 10 houra OJeration
1I'1th .Uon.tel'

COBOLUSIOIf. The duraUon ot each teat run .... about 2 hOlU'e - inoluding atutins up t1llle.
. The e.Uu:ted er1'Or due to .0a11ns 11 thenton ..., ~ lIer run. TAil 11
leee than the anUoipated espe1'1IIIental enor.
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.t1okwater "ere made rith COncentrate thinned down to the average ao1ida

content (~- 10;() o~ .Uclarater. .l1thoUBh no 1l1gn1ncallt 41~~erenoe

va. detected bet"een the p~eioal propert1e. o~ raw .t1ckvater aIld the

tluid reoolUl'1 tuted troll ccncentrate, the testa to dete1'lll1ne the pertor­

IIIlU1ce or oOlllllleroial pllUlt, which are dealt nth 1ft Chapter V, "ere all

JDade rith Uftprepared sUokWater.

CALOULA'1'IOliS

The fir.t atep 1n calculat1ftg the required heat tranlfer coefficientl

"al to it~ile the heat sources aIld 10eles. In all tr1ple errect teata

a heat balallce yaa estabUshed b;r esUIlIAUng both the total heat suppUed

to, and the total heat delivered b;r each 1nd1v1dual e~fect. In a fe"

oaae. Where these tigures tailed to tal~, the particular rUftS "ere 1'_

peated. Owing to the amaller nUliber of variables inYOlved, and the

better control that oculd thus be achieTed,in the s1ftgle ef~eot 1'W18, it

"as tOUftd that it vas unneceSIJal7 to establish a heat ballUloe, aIld the

heat trlU1ster ooett101ents "ere oaloul&ted direot~ trom the heat deliver­

ed b7 the apparatus.

In e1 ther oase the major 1t .."-,,&8 the latent heat given up b;r the

oondensate colleoted from the steam jackets ot the individual etteots,

or from the "ater-cooled condenser. The follo"illg heat sources and

losses vere, honver, also taken into aooOUftt,

the .en,ible heat ot ,the oondensate.

the "tlash" heat released bT 41soharsill8 the jacket

condensate to a lover pres8Ure'

the sensible heat in the liquid teed aIld disoharge

tro. each etfeot.

the radiation loss frOll the bodT ot each effeot,' aIld

the rad1ation loss trOll the steam jackets and 11nes.

The coetr1cients U and h "era calculated b;r dividill8 the nett figurea a '
tor the heat trallslIIitted b;r the e~teotive area ot the heated-tube aIld b7
the nominal temperature ditterence.

Speclllen aets of' readill88 and oalculations are given 1ft Appendix III.

In oertain oases supple.entar,r calculations "ere made to estimate

Re1Dolds, Prandtl and lfuaselt lfu:aberB, to determ1fte the Oroas U Values

(detined b;r I Total Heat '!'ran.terred )
Total Temperature Drop x Hea~1ng Surface per Errect

and to CClIpUte the power required to aoh1eve given rates ot foroed circu­

la'1on and air injeotion. These calculations are ru.l~ d1scuaaed in

Chapter vm·
TRIAL mms

Apart trom prel1Jl1nar7 tests to Check the tunoUon1ng ot the var101.l11

component., a I1WlIber ot ,tr1al run. ri~h "ater were .ade to dete1'lll1fte the

reprodu01b1l1V ot the ra8\llta obtained rith the apparaw.. Partioulars

ot th... ~eata are .11m 1n Table. III and IV.

fable/
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.tlckWater yere made with concentrate thinned. down to the sverage eol1de 

content (.5)t - 10;() 01' IIUcJarater. Although no 81p1:t'loant 41tf.renoe 

wall detected between the p~eloal propertle. ot raw .tlckvater and the 

thud reCOMti tuted trelll ooncentrate, the teste to 4etemlne the perfol'­

mance of' commerelal plant, whloh are d.ealt ldth in Chapter 'It', ware all 

.ade with unprepared et1cJarater. 

C ALCllLA'l'IOlIfS 

The tir.' etep 1n calculatinB the required heat transter coetf1oient. 

waa to itemise the heat eouroea and 10.e8s. In all triple ettect t.ets 

a heat balanoe was establishea ~ eBt1matin~ both the total hest supplied 

to, and the total heat deUvered ~ each 1nd1v1dU!l.l at1'eot. In a tew 

oalle. where the.e f'lgure. f'&11e4 to tal17, the partlcular l'W.lS Yllre 1'_ 

peated. Owing to the uallar n_bar of va:r1ablell involved, and. tha 

beUer control that could thus be aohleved,in the single et1'eot runs, it 
YU toWld that :1.11 'IfU unne0ll8.ar,r to establ1sh a heat balanoe, and the 

heat transfer ooetfl01entll were caloul&ied direotlT from the heai deliTSr­

ad 137 the apparatus. 

In either ca.e the major item,wu the latent heat PTSIl up b,r the 

condenaate oollected from the ateam jackets of the individual etteots, 

or from the water-cooled condenaer. The following heat source. and 

1088e. were, however, also taken Into accounts 

the lIIena1bllI heat ot .the oondSl'lllate, 

the "flash" heat ralea8ed b;r 4180harpng the jacket 

oondensate to a lover pressura, 

the .enslbl. heat in the Uquid feed and diaoharge 

from eaoh ettect, 

the rMiatlon 10sIII frOlil the bodT ct eaoh eftect,· and 

the radlatioll lo.s from the ateam jackeb and lines. 

The coefficiente U and h were calculated ~ div1ding the nlltt figure a a . 
tor the heat tranemltted ~ the efteoUTS area ot the heated-tube and. 137 
the Dominal tSlilperature difterence. 

ape01llllen .et. of read1l18!11 and oalculations are pnn in Append1x III. 

III oertain case. supplelllentar,r oalculations vere made to elltimate 

Re1ll0l!ia, Prand.tl and lfu.aae11; lfu.1lIbarlll, to determine the Gross U Value. 

(denned ~ I Total Reat 'l'raneterred ) 
Total Temperature Drop : Bea~1nB Surface per Effeot 

and. to OO!I!pl1te thll ponr required to aohieve given rates ct forced circu­

lation and air injeoUon. '.!'he.e oalculations are fUl17 41I10118l1ed in 

Chapter vm· 
TRIAL RlJlfS 

Apart from prelim1nar7 tests to oheck the functloning of' the varlous 

components, a I'Wlllber of' .trial rtmllll with water were lIIIade to determine the 

reprodu01bllU;r ot the results obtainea, with the apparatwl. Partioular. 

of the •• tastlll are IIIhown in '1'able. In and IV. 

fable/ 



TABLE III

REPRODUCI»ILI~Y ~»s~s

TRIPLE EFFECT

RtIB OPERAnOB 'fEJIPERATURES LIQUID, j[ELOCITT \lU" VALUE
NO. ~F FT. SEC. BTU/stI.tt.OF.Hr.

LIVlli I
LI~~ID LIIIID I II III I II III onossSTlilAll LIQUID EB'F'lt'OT ElI'JI"F,c'r Ell'FRCT EFFECT ElJ'II'ECT EP'P'EC'l'

33 259 225 195 155 2.1 1.7 1.4' 324 277 190 2,S.
·34 S 258 224 193 161 2.3 1.S 1.4 304 25S 229 264 VABUTIOlf 51'

35 ... B 258 223 189 150 2.2 1.95 1.6 325 268 225 270

36 Ig~ 264 223 178 102 2.9 2.35 1.1 456 342 208 308
VmUTIOR: 1~

37 o~5 258 221 171 99 2.9 2.0 1.2 500 297 210 305

38 ; 0 278 235 184 112 2.9 1.95 1.2 448 301 222 306
VABUTIOI 6~

31 • 277 234 186- 115 lfot lIIaaaured 478 328 225 324

r
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fable III relates to the earlier use ot the apparatus in triple

etrect, wh1lat fable IV relate. to the later .ingle etreot teata. It

1a evident that in the ear11er te.ta the oontrol ot the liTe steam and

'the oonttenser t8lllperaturea "ere ta1r17 erratio, and it 1s oh1et17 tor thb

reason that 'the reproduoib111V was no be11"er than about~. It Il11Bt be

re.elllbered, hoveTer, that the chiet purpoae ot the apparatus a" that a~

waa to demonstrate the oaus•• and 'the preTen't1on or tube blockagea. Yet

the results obtained 1n those teata "ere sutric1ent17 acourate to aupp17

aome hitherto unobtainable data on the performanoe ot t7Pical oommeroial

plant.

The better reprod1101b111t7 (about ~) retleoted.1n fable IV 18 dus

not onl7 to better control but also to single etteot aa oppo.ed to triple

etrect operation. The heat gain and loas oorreoUona 10 be lIIade 1n the

toner case are 8IlI&1ler 111 nUlllber and a1snit1canoe, and 1t 1a tor th1a

reaaon '\hat the 1II0at or1t10al testa ot a1r-11t" and 'thro"tled o1roulat10n

were pertorllled 1n a1ngle etreo".

NOTE. All runs nre or1g1l1&l:b' 1dentit1ed by oode DUIIIbera and leUera

relating to the purpose ot the tesb. For the sake of 01ar1"T, theT

have been re-nUlllbered oon.ecuUve17 1n the order in whioh the;r are

reterre! to 111 the te:d.

-,
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fable III relate. to the earlier use ot the apparatus 1n triple 
efteet, whilat fable IV relates to the later single etreot te.ta. It 
i. evident that in the earli.r te.t. the oontrol of the live ateam and 

the condenser temperatures were ta1rlr erratI0. and 1t is ohietlr for thi. 
reason that the reproduolbl11t.T was no better than about~. It must be 
remembered, however, that the chiet purpose of the apparatus at that stage 
was to demonstrate the cauae. and the prevention ot tube blookages, Yet 
the results obtained 1n tho.8 t8.t. were suftlolentlr aoourate to aupp17 

80m. hitherto unobtainable data on the performanoe of i1Pioal oommercial 
plru:rli. 

'!'he baner reproduolbil1V (about ~) refleobd 1n Table IV 1IIJ dua 
not onIT to better control but also to sIngle efteot as oppo.ed to triple 
etteot operation. '!'he heat gain and 101118 oorreotiona to be lIIade in the 
tormer caee lU"e 8llIl'I.ller in I1Ul11ber and s1sniticanoe, and 1 t :!.s tor this 
reASOn that the most or1tioal 1ests of a:!.r-llft and throttled olroulatlon 
were performed In single etteot. 
NOTE. All l'Ul1lII tmre orlg1nallT ident:!.tled by oode I1UJIIIbUII and leUerll 
relA11n~ to the purpose of the teste. For the sake ot olarltT, theT 
have been re-nUlllbered oonsecutively 1n the order in wh:!.oh th~ are 
reterred to in the tG%t. 



TADLR IV
RHPRODUCZHZLITT ~HsTs

SINGLE EFFEOT

RUII 10. OPERATION '1'EIIPERATURBS LIQUID haOF VELOOITY
LIVE TUBE LIQUID DI". . PT./szo. ll'1'l1/~Q. l"'l'.

S'l'R.IJC wALL 'l'UB1Il F. HR.
WALL -

LIQ,UID

39 214 208 175 )3 Not 418

ilB
VARU'fIOlf l~

40 214 209 174 J, -ea.-eel 414

41 21' - 160 " 1.13 3sfl V.lIIA'1'IOlf 1". 10"·
• Q I ~ 386-

Th'II. an 11 nluu, W h
42 221 • 165 56 1.90 .alut., a. vall telllpera- a

tune not llIea.ured in
earlier teete.

43

15 e§1~
213 210 120 90 No' 102

44 213 209 119 90 Ktall'l1rtd 103 VARIA'1'IOlf 1"
l:} ..... 11'-

~ R ~ ..

." :
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CllAPTER v

1:S'I'lJU.'1'ED HEAT 'l'!tA!fSFER COJl:F'1l'ICIEN'l'S IN COJOOmCIAL~

As upla1ned 1n Chapter IV, all tests oone1Bted of a _ber o~ rune,
at least one ot which W&8 a _trol 1"IU1. Partlcu1ara for all oontrol

runs lUde with und1lubd, untreated stlckVater, and operating the taperi­

mental plant in triple effect an4 with na1;ural clrcu1atlon have been

.oollated 1n Table V. 'l'he relevant data tor a further gJ:'O\Zl) of" control

tune in which the apparatus was operated 111 e1ngle etrect have been

recorded 1n '!'able VI. As the apparatus had purpose17 been deaiped

along the liMB ot a ruU_cale plant, and as the operating oontit10ne

are representative or those found in practioe, the data presented 111 the

two tables 0811 wi th reasonable oerta1nv be accepted as applicable to lIOat

OOIII!II8roial ooncentrators.

An 1nspeotion of the experimental Ua valUlla auggeste a comparison

nth tigures quoted 1n the literature. l:t appeuo8 however that little

haa been published about the pertors&nce ~ natural oirculation evapora-

. tore, and v1%'tual17 nothing about their _e tor concentrating viscous

liquors. !he on17 working fluids that have been 1;est8d to ~ extent

are euga.r solutions, but even the,r have not been used at ooncentratione

at which laminar tlew oondUiona are l1ke17 to hs.ve becOllle e.tabl1shea. 1n

the non-boiling .eotions ot the heated tubes.

'!'he situation 1e best _d up 1n the YCrdtI ot 011'98r !<rIel "'!'here

18 a great jungle ot Iporanoe regarding heat transi"er that,_ bad17 needs

explaining. 11; i8 1lIIportant tllat heat transter ra1;e tigures obtained

on one pllUlt and on one material should not be used to foretell the heat

transter rate on another plant and/or on another material". (19)

In spite ~ thea. reservations a .....'1'7 haa been made, 11.8 sh01Fl1 1n

'rable VII, ot overall heat transter ooetflo1ents dete1'll11ned or recollllllended

by dltferent investigators under coIldlUona which - in the most general

va:r - might be coneidsrea applioable to stlolarat.r ooncentrators. 'lIls

lIIO.t str11dng tea1;ure ot th1. oroe_eotion or upert opinion- 18 the ten­

told increase trolll th8 lowest to the highest recorded 11 values.. -
()yI,ra11 hea1: transi"er ccetfic1enta quoted tor all VPe8 ot hea1;

excllazl8era are 1I1variably tlenble, but the maxims and II1n1ma ruoely

approach the ten to one sprea.d observed tor natural o1rcul&tion 8TlI.porators.

'lIle reallon tor this is ths.t heat tranai"er In ~s VPe or plant depends

on an interrelation ot naooeiv, bulk temperatures, temperature grad18nts,

etc., which is more complex that in other ccnvent1on&l heat eXchangers.

Th1a aspect 18 t'u117 418Cusse:l in Chapt8r VII.

When oompar1ng'rables V and VI Yith Table VII. it is eY1dent that

aticklfater/
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As u;pla1_4 1n Chaptar IV, all tests 01:1I:111111111:.e4 at a _bel:' of' rIiIllIII, 

at leut one of' wh10h was a _trol:r:'W'1. Partlculara tor all oontrol 

1"1.In1l l!I!.W.e with undiluted, untreated at1cklmtlll:', and opEIlmting the e:%pllrl.­

mlllntal plant in 'triple ef':teot and rith natural circulation haTe been 

.oolla1;ed 1n Table V. '!'he :rele'Vlmt data. t'or & turther erou.p ot control 

tUM in 1IIhloh the apparatus wu operated :In lIIill81e effec1:. haTe been 

:recordea. 1n '!'able VI. As the apparatus had. p1.U']loselT been 4ell1811ed 

along the liM. of II. rull_cale plant, and as the OJ)erating oondi t:'l.onII 

are represent.dive or these found :in practIoe, the data presented :In the 

two ta.blee can wi th reasonable oerta1:!lt;, be acoepted I!IIIi appl1ca.ble to lIIOet 

_rolal oonoentrators. 

An inspecrt;1on ot the u;per1lllental Ua. valuae suggests a comparison 

nth f'1gur-&1I quoted 1n the literature. :It appearl!l hOll'eTer that 11ttle 

hall been published about tile perf'orsanoe of' natural ciroulation .vapora-

. tore, and v1rtua.llT no1;h1ng abou1; their WI. t'or ooncentrating villOOWl 

liquors.. fhlll onl7 11'0rk1ng flu1dllll tha1; have been tOllllted to M7 e:r;1;ent 

are IIIU&U' .clutions, but STell thq have not been used at oonoentratio%llll 

at which l_lnar now oondJ:Uons a.re Uke17 'to h&_ becOllle established 1n 

the non-boiling •• ot1011lll o~ 'the heated tubes. 

'!'he s1tuaUon 18 best _4 up 1n ths 1fOrdlil ot' 011Ter !(rIIII "'!'heN 

1s a great jungle ot 18110ranoe regarding heat t:ranst'er tha1l, b!.W.17 needs 

e:rpla:hdng. It 1s ilIIportent tlla1; heat transfer rate f1gure. obtained 

on one plant and on one _terl.u should no't be used 'to foretell 'the heat 

1;ranstel" rate on another plant ud/or on lImo'thel' 1IIIs,'terlal". (19) 

In spite of' these rsservaUOI1lll a ........ ar:r hu been made, as sh01m in 

Table VII, of' OVGrall hea't transfer coefficients de'tel'lll1ned or recommended 

by d1f'ferent invesUgators under coIldlUons vhioh - in the mOI!l1; general 

Va;r' - lIIight be oonsidered appl1oabl. to etlobrater oonoentlm'tor8. '!'he 

!!lOst str1k1ng f'eature o~ this oros_eotion of expert opinion- 1111 the ten-

1'oId increase from 'the lowee'l; w the highest recorded 11 va.lUillla • . 
Overall heat VMst'er coeffioients quo1led for all Vpes of heat 

e:r;~rs are :lnva.r1ab17 tle:d.ble, but the lI!arlma and 1II1n1llla :n.relJr 

approach 'the ten to one spread observed. tor natural oiroul.ation eva.poratorlil. 

'!'he nason :tor this is that hea.'t tranaf'er in thi8 Vpe of plant depeD4a 

on an :interrelation of nsoosit;" bulk: tel!lperatures, tillilllp8ratur. gradients, 

e'l;o., vhich is more COllIplex that in o'ther oonv .. ntioruU heat IIIxellllngerlil. 

'1'h1111 !lJ!lP'ltot b hllT 41si:rwmed in Chapter VII. 

When oomparing '.!'ables V and VI Yith Table m, it is evident tha1; 



flA.:BLE V

TEST stOOURT I COllTROL RlmS I S'l'ICDATER CONCENTRATE

(concentrated at laborawu l'roJl\ raw at1clarater)

RunlJo. Effect Ttmr,pe!'ature8 TSs5C pi tJ UaOF (Retrao- a
(p in

AT .IiJacket Liquid A ~o 'toaeter) Ibs/aq. BTtT6;q.
f't. • 0

1n\ hr.

45 let 263 231 32 18 4.6 215 1.46

2nd 229 180 49 29 2.8 - 71 0.52
3.rd 179 108 71 47 1.1 46 . 0.59

9 1st 273 232 41 16 4.6 210 1.11

2nd 232 176 56 25 2.1 98 0.65

Jrd 116 91 85 46 0.85 67 0.93
..

46. let 275 242 33 13 5.1 318 1.89
2nd 242 190 52 21 3.1 123 0.16
)rod 190 94 96 46 0.9 66 0.76

4 18t 213 233 40 14 4.7 250 1.31
2nd 2)2 180 52 25 2.8 126 0.87
3rd 180 89 91 48 0.8 12 0.99

6 1st 213 235 )8 11 4.8 266 1.46
2nd 234 185 49 18 2.9 139 0.98
3rd 18) 88 95 45 0.8 74 0.97

10' 1st 270 233 37 13 4.1 :: 256 1.41
2nd 232 184 48 24 2.9 122 0.88

3rd 18) 91 92 46 0.8; 59 0.75

13 lat %11 244 33 13 5.2 324 1.69
2nd 244 194 50 16 3,2 .146 0.91

, )rd 194 99 95 46 0.95 76 · 0.84

47 lat 277 236 41 15 4.8 256 1.)0

2Dd 236 194 42 22 3.2 164 · 1.22

3rd 194 106 88 46 1.1 68 0.10.
48· 1st 212 233 39 8 4.7 326 1.78

2nd 233 196 31 13 3.) 229 1.88

3rd 196 9T 99 31 0.9 8) 0.23
· , ""...

238 8
...

49 Ist 272 U 4.9 372 2.23

2nd 238 200 J8 14 3.4 217 1.68

lTd 200 95 10) 31 0.9 72 0.76

16 .lit 270 230 40 13 4.6 236 1.28

2nd 228 174 54 22 2.6 111 0.79
)rd 174 87 tr1 46

,
0.8 69 0.99

.



'fABLE VI

'rEST SUJOtART • CONTROL RmJS I STIClOl'A.~ COlfCmrrRA'l'E

(eoncentrate ex Faowrlea)

SIlftlLl: -EP'FEC'f

Run !WIperatuna TSS~ pt u l1
(Retrao- (p in a a

• 0. ~ l)'ltJ/aq• .A 'to.prtometer) Ibs/sq.
.Tacket Liquid

A "'0 in.) ~t. of.
hr.

50 186 100 86 46 1.0 13 0.8;

51 179 107 72 37 1.1 65 0.82

52 181 108 73 37 1.1 59 0.74
53 180 105 15 45 1.1 78 0.95
54 213 124 89 51 1.4 77 0.62

.55 213 121 92 41 1.3 129 1.08
56 213 120 93 40 1.3 118 0.98
57 213 121 92 50 1.3 139 1.16

58 211 122 91 61 1.3 131 1.15

59 213 118 95 60 1.3 -135 1.09
60 213 118 95 63 1.3 ·122 0.99
61 213 124 59 42 1.4 119 0.95
62 213 124 B9 40 1.4 118 0.95
6) 213 118 95 60 1.3 128 1.04

'\



TABLE VII

OVERALL BEAT 'l'lWISFEn COEFFICIENT • AS .REl'OR'l'ED IIr THE LITERATU1UIl

FOn lU'l'URAL CIRCULATION EVAlORATORS

lfOlUCIlfO nUXD 'l'EJlPERATllRE 'l'bPEnATURE U
OIl' OLIQUID DIPrmtENOB BTg/SQ.1'l"• SOURCI,. S'l'EAK;LIQUID F.Im.

P'

Water 140 20 205 :Bade-I''' Sheppard. Studie. 1n BTapora-
Vater 167 20 320 tor Des18ft. Part I. 'lTan.. All. In.t.

ChI•• Eng•• 1920.~ 139
Water 212 20 440

nuld. ot low Tiloo.1t7 - - 100 - 300 Walttr Arnold. tiller 1pparatebou".
P'luUe 'ot h1gh Yhees1t7 - - 60 - 160 Oarl Hau.er Verlag. 1959. p. 10

Vater and d1lute liquor. "PrISIlU1'8" ... 500 O. Io'll. Efti011nt \&8e ot St....
"VaoUUll" - 300 p. 296. (neterenol 19)

Sugar Solut10n••l.t Ittect 215 10 630 R. ROJd•• Heat Tranlllll1aa10n 1n ]l011-
2nd " 204 11 450 er.. Conaen••r. and BTaporatorl. Oon-

stabla &Co. Ltd., London, 1921.
31'4 " 162 41 200 p. 269

Des. ]lE1A
, SIIIU Solution. 0 160 32 410 R. R07da. Ib1d. p. 270

20 156 38 368
30 150 49 310

65-70 144 61 175

Vat.r 212 . ,. ;
36 570 B. X1r8ohbaUll. ChlIIlI1., Ine-nieur:

Vat.r 122 36 290 T.ohn1k. Karch 1962. JJ.. p. 18)

S\I6&r 801u\1on' 5~ v/V 212 36 210

Sugar Solution' 5~ v/V 122 36 145

.~'." .



• 550 BTU/aq.tt. Or hr.
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etick1ratftr beha••• in & a1m11ar manner ~o lIOa' other fluidal 1.e. U

Taluea increa.e with bulk ~rature and 'temperature gra.d1ent. and
deere... with Tiaeo.itT. Rov.Ter, there does not aD8&r to be ~

81apl. correlation. The important d1:t'~arence 1. that the tJ value.

for at1ckn.ter C18Vq tend towards the lover end of the range 11sted

in Table VII tor other working flu14a.

!h. 1'r1no1pal d1ff1ou1V about 1nterpretlng the clata in '!'ables V

and VI 18 tha't the f1gurea for dltterent 1"W18 caa onl7 be compared 1ft

a' general, masat1st'a.ctoZ7, lIaiT. In particular, the role ot the 1I0at

1Jl}'lorta:1'\ varlable, '"Ii.conV.. cumot be clear17 d1at1ngu1sbed from that

01' the othen, 1.41. bulk temperature and temperature gracUent. !hi.
d1fflett1V can be o..,..rcome to a 11mlted anent by' grouping the tvo VPe8
of Y&r1ables together, and preaent1Dg their corrttlation graph1cal1,y.

Xirachbaum (20) and maDT other inTest1ga.tor8 have shown that tor

l1qu1d8 nth viscositi" up to about 4 cp the liquid fila heat trander

co.ttloient ha 18 l'rimariq a fWlO"tlon ot the bulk temperature (or

sa.turation pres8Ure), the visco.1V B.D.! the tuperature gradient, aDd

CaD W1.thout gra.. error be vritten a h .
. h c< P x AT where' Ii' 'b ~aDd-c'a.re~ con.tants.

a )f' ._.-~-. ~-------. ~- h_·_._-_~

JIlhis f'act cannot d1rect17 be app11ed to the current elata, because U.

values were determined instead of JL Yal'L18s. and ~Cs.wte the true via-a
coaiv of the liquid could soaroe17 b. defined, much lea8 measured (See

Appendix I). Bu't both parameters mq be det1ned in a lI8JlI1er 1I'h1ch has

& theoretical basia ,.., ot1.1'1•• the needs ot til. deslg!1er and. operator.

fl'he error introduced bJr ,apl¢D6 11& valu.s instead ot: ha values

assumes major proportioDB onl7 at the higher lenla. AsBU!ll1nlJ, tor

instance) an average BU_ 1'1111 coefficient of 2000 ~TtJ/eq.t'_ Op hr., and

& conductance throuBh tho tube vall of' 1000 Bro/aq.tt. Opt hr~l; the h.

value correspoDding to a Ua value 01' 300 lJT[J/aq.tt. Opt hr. viII be given 'b;yl

l' .

'50 - 300 til
an error 01' 550 • 45~

S1m11ar17, for a ~a .uue of aq 60 lmJ/.q.tt. 0,. hr., the ha value

vill b. 66 :B1'U/sq.tt. F br., and. error ~ ~ llhUst tile error intro­

duced b7 U81Dg U value. instead 01' h Ya1~. 1. b,y DO .earut IMg11g1ble,a a
1t 18 coD81.tent, and hel'lOe aore l1ke a correoUng f'actor, the .1gn1tlcanoe

of wh1ch dbd,Diahes With decreasing tJa Ta11»8.

The IlOst logical aef'in1:t1on of' nacoalty in urmB or known ••aau:reaent.

1. in tero of' the total. aollde content. It haa been shown (21) that an

exponential rom of" cor~lation of'ten exists between the 8011d. concentra­

tlon aDc1 the naoo.1V of' a colloidal aoluUon. Data pre.ented 1n Appendix

I just1.t)" the &lJtlWllPtlon that onr 'lhe range o~· values covered b7 the••

r·!arks L.S., "J.Iechanical Engineers Handbook"
U~cg:ro.lI'-iIi.ll, nell York 1951.
~~~OD ~~~ G~~ ~7~

'teat.1
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whera ~. a2 and &3 are constanta.
'rS _ '!'ota! solids content•

e>( - (T5)

."XTS
•

11
log a

p~~"t.a3

r-
or U.Lex::.

Frotl this

teet•• the apparent visco.tv or the concentrate 1. more dependent OD

it. 801ida CODOentration than on ita tnperatura. All an appro%1matioD

we can theref'ore wriw.

~ zTS
•

B:r trial and error the beat llWllerioal va.lue. tor the coefficients

("2) and (a» ••re tound W be ro~ i and. 1. The term

Ua vas calculated tor all 1."1m8 listed 1a '!'abIes V and VI, and

pi. A T. plotted u llho1rn in :Fig. 9. 'lb.. correspondins t'~. f'or

a number ot runs made 1r1th water (TS - a,C) were obtained for 'the salte or
comparison, am are shown in '1'a01e nIl and inoluded in J"lg. 9.

When allowance 18 made ror the ..eeping approx1.D&tlona - parUoular17

1Jl relation to riacoaiv - a correlation can be reid into the curve ot
Ua va. ('1'S) up to a !'S Yalue or about 3~. Be70nd that the pointe

pi 'b "t. are 8C&ttered in & seem.1D8l7 randOlll tuhiOD between the

ordinate value. ot 0.5 and 1.2

TAft taot that the best cruve tha,t can be drawn through the points

beWe&n .ero and 3~ TS deviates from a straight lin. at lOll TS values,

Call be ascribed to the iftoreasing weight or the steam-film ~Ad tube wall

ooeffioients "hich are lncludsd 1ft the overall U values. The scatter
U aa .

1D the ....y .......--- values tor pure water are »robab17 due to variations nth
P1Z"b T

a temperature ot ••coDdar7 parameters such as dens1t7, sur-

f'ace tension, ew.

n. aos" intereatina tea.ture of ll'1g. 9 1., that \he correlation wh1ch

..... to hold tor thin Uquor breaks dOlm when a oertain viscoa1V 1.

exceeded. It 111 remarkable that it the correlation did in taot extend into

\be regions of' high TS - as ebon dotted in Fig. 9 - the corresponding U .a
Yalu.a would. become 80 low that eva»oratlon would 'pra.ct1cal17 cease. It

aPPears thAt 1:\ is onq b7 v1.rtlw ot ~ 'break in the accepted correlaUon

or U aDd neooaiV that commercial conc&n'tra'Uon8 can aucceasf'ul17 producea .
concentrate u;p to ~ TS. :It 1. significant that at the cr1Uca1 solids

concentratlcm ot 301t. the now pattern 1ft the non-boiling secUon ot the

aes'ted toube would be expected to change troa turbulent to laminar.

Thill can 'be 111ustftt..d by the tollov1ng example. Referring to J'1g.,41(,Y

in Appendix r, and 'labl~I&. in Chapter VI, It can b. assumed that the

average/
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i'ABLB VIIX

'1'ES1' StJJOllR!' I CONTROLS • VATER

lbm Btt- !eaperaturea pi v. Va
Ro. .at OJ' .(p in

B'lUllJq· AT .,t-
~ , lbe/aq.

. 3acket Liquid b 1'0 1ft.) tt. F.hr. .. 0

31 bt 2TI 234 43 4.1 478 2.31
bd 234- 186 48 3.0 )28 2.28

)rcl 18G 115 71·'- .- l.a 225 2.64

33 tat 259 225 34 4.) 324 2.22
2nd 225 195 30 ).2 271 2.88

3r4 195 155 40 2.1 190 2.26

34 1a" 258 224 34 4.) 304 2.08
2Dd 224 193 31 ).2, 258 2.60

3rd 193 161 32 2.2 229 3.25

35 1a1; 258 223 35 4.3 325 2.16
2nd 223 189 34 3.0 268 2.63
3rt! 189 15° 39 2.5 225 2.30

,.



- 32-

a....rage'ri.lBCOsitT or concentrate at 3~ 'l'S 18 about 10 cp, and the l1quid

velocity 11:1 the heated w'be 1Iould be or the order or 1.0 fi/sec. M8UIII!Dg

the density to be 65 Ib./cubic rt
=', R - 0.115 x 1 x 65 x 104

e • 10 x 6.12 - 1.100

'!'he extr_:Q' rapid rise or viaeos1t;r with solids oonoentraUon 1IOul4

be paralleled b:r an even sharper drop 11:1 the corze8POl1d1ng ReJ'noU. lfwaber,

owing to the lI1lllultan_ slowing down or the oirculation rate.

In spite or the aeatter or about :.t~ or the experiraental rigure.

a1"01UJd the averap value. wi thin the~ or .ero to 30:' TS, and the

absence or & recognisable correlation at hiBher 'l'S valuea, :P'iS. 9 auoo••_

tul:Q' cOlllbin.. all the data. oontained 11:1 'labl.s V, VI and VIII. It alae

serve. to indicate the range or Ua values that IUi1 be expeoted under all

practical opera'Ung "'01\111 tiona.

-,

\
\,,
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average'l'1scoaiv of concentrate at 3"" TS is about 10 CPo _d the liquid 

voloeiv in the heated. tube voult! be of the order 01' 1.0 n/see. Mm.aing 

the densiV to b& 65 Ibs/oub:lo ft 
""'" .. - 0.115:1: 1 x 65 x 104 

~e - 10 x 6.12 - 1.100 

'!'be extrelUl;:r rapid :rise of viBOot!1t;:r 'ldth BOlide OO11.OentraUOI'1 voulil 

be paralleled b;r on even sharper drop in the coluaponding lteJ'nolda lfulIIber. 

o'Idng to the tWmltaneO'W!l alo'1dng dnn of the o:lronlatiOl'1 rate. 

In epite of the BOldt_ of' about ± 2a;& of the «lI:p4IIrimental figure. 

I!Il"OUI'ld the av.rap values 'Id thin the ~ of .ero to 300:.' 'rS, l!mI'I. the 

absence of' III reoosn1aable correlation at higher ors val_III, PiS. 9 lJIIOe •• _ 

f'I:Ill;:r oOlllb:lne. all the data oontained in Table. V, VI l!mI'I. VIII. It allilO 

lIIerve. to indicate the ra.ngII 01' Ua "'11\1'11015 that IUi1 be n;peoted under all 

prBOtieal operat1ng coniU tiOl'1I11. 

\ 
, , 
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CJIA.!'IT'ml VI

It 1. w14el.7 be14, e.g" ~:c,-r !rle (29). that the ctrop in tJle heat

trsut_ coett1c1ezat. ihat eamaorl17 occara in the later e.t:teot. o~

natural o1rou1aUoa rn.paratora 18 caused tv the .tttep riM or 'the

viaooa1V ~ the proc1uot 1d.th 4eoreu1Ds temperature aDd 1Jlcreaaing

80114a CODCeJltn.t10Jl. It ia beUew4 that the inoreaae 10 rt80081f\r

Z'e4ucu the c1rca1&t1on rate, em 1dl1ch ch1etl.T depeD4a the rate o't
Ileat VaIlater. !h1a rqIIOD'.....t. that it' either the T1aooa1t7

~ the~ sa sutt1clell~ .re4uced~ or 11' • reaaonable c1rculaUOIl

%'ate can be ma1nta1fte4 1D aplte or 10 Jds;h nscoa1t7. better he.t
t.ramJ'fer coeN'101aDu rin be ach1end.

!he appUoat1oa or tu. &r&UJltRl'l to es:1at1.Ds aUoJarater qonoentra-

to%'II 1"UUlte4 111 the ~ol101r1DBaltamatln. belDB ••I.oW ~or t ••t1D&'
(.) Benne 'f"tl1.

(b) ....,.. treatment or the 8tlcJtnt81"

(0') 7oroe4 01rcu1aUOIl

Ca} A1r-Uft o1rca1aUoa.

.&. fifth 81unat1ft which appeared prord.~ .. & renlt of the

.tuq ~ the nrk1Dg »r1D.c1pln o~ the aPJNlfttwl outlined. 111 Cha»ter VII,

aDd 1Ih1oll ... bated attu the JI&1D aper1llelltal work Jlacl been OOJ1clu4e4,.... '..
<e}· !hrottled o1rcu1atiem.

i'lda chal'ter aUlta1na d.etaU. ~ all the U»8.ri1lental appl1cat10Jl

of al\eraat1..8 Ca) to Ce), and brie:r auuar1.~ of the remlta. A f'u11

U8OUll1oa or the a1g!lUl0aD0e or the nMinp Ie 41t't1Ctl1t without aD

lUIdera'-"41ng or the operatiag ..challl.. ot the apparatua, and 18 there­

~ore deterred to Chapwr vnI•

. . (a) layer.. f'ee41Dg(1D8tead of t0rn:r4 t"'1ng~.

'ale llfll114 line. or the three effects ~ the apparatus are reo­
OOJUl8Cte4 to peN1t r.- atlc1arater 10 be 4ra1m into the th11'd. erteot,

8D4 llqu14 b-oa .e th1:rd. effect to be pape4 1nto the HOOn4, and

boa the IIeOODd into the t1rIat .neet reapect!ve1T. !he ate_ 11M.

were DOt c!UUIg_d., ao that the fONd DOW entered at thtt 0014 end, aDd

the COIlC8Iltrate l~t at the hot end of' the p1ut.

It wu aplcte4 that the hlo.reau ira the Va ftlu 1D the ~1Da1

eftoot (ow1Dg to the lower aol14a oonceotnticm ~ the l1qu14) would

aore/

- -

..... '. 
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aore t!laD on..t tiI.e deo:reaee ~ tile Va roue in the 1'1rat et1'eot

(ow1aB to 'the Mper aoUda CODWrl'l 01' the oonoentrate).

'DIe rewlta, sholrD 111 \'able IX. lIVe 41lJaPl'01IIUng. !he etreet

of'","rae he41rJB'~rroa lID 1Dcn'eUe 01'. W to a d8C1'tla8tt ~ '"

1a the Qro_ 11 ft1ue as 00IlIpIred with the respective oontrol rau. !1fh11e _._-
- ... -. .. -' .. - - - - ~

:reyerft f'••diDg IU,7 han possibilities UDder certain operating cOJldit1on.,

it di.cll1Ot appear the mo.t proII1siug solution aDd was not turther.in.,..ti-
.-- - . -- . --- -- . . . Igated•.

(b) hlI,YlI8 1'reatael:lt 01' SUcklraUr. '.~ -- -

Iznereat 111 the un ~ fttii\Y1d8 'to FOlIOte heat tranater UDder
DOrmal' operat1Dg oondlUona. WlUS &1'Ot1lNd 4ur1ng tile 1nveaUgaUon ~

tube blookagea, desor1bed 1n Chapter:III. !he _ 01' 8DII,VIII.. 011 a

:rouUDe basie~ parUoularlT ..~Uve J.D"dew of' the posaibUiV

~ \1111 DB lla8Cerated p11ohaz'd "f'1scera as the eource of fIIUIJ'lIIGs.
A tul1 4ellOZ'1pUoD ~ .. t,nl1ca1 wat nth ewpe-tre&te4 stlokwater.

1Do11d1Dg ..11 :reaa1ll68 and calculations, 1l1ll be fOW2d 111 Append1:c mea).
It 18 fJV1deDt f'.1"OII '!'able X thd ~e trea10lltent of the sUclarater with

eu,ymea reSd1ted.in an iftOrla.. of' the gross t1 value (1'or triple ethot

operation) ~ t1'CIIlI 31' to 3'r,C. Both 'the high..t and the lonat iDoreaae.
were ob1a1ned 'lith~ pUchu'd gut. .In view of' Ua 1no0l181_

t8ZlC7 &I a ~irm'DB aeent (see J.ppomd
'x

IV) it o''''not be relied upon to

ir.wla.. p111lZlt capaoj.'t,y 117 a fWd amOUllt. Howerez,'1n o1roullustlmce.

where 1IlIllPl2.- of' pl1cha1'd BUt are a-s.lable .'l 101f ooet, e.g. 1n the

D8iBhbou%h004 or pilchard canneri.., 1d1ere the 41apoaal 01' the cut 8ll_
tiMs }l1'lIsen~s a FOb1_. the WIe 01' thl8 _ter1a1 tor troat1ng st1ckn.ter

mq be a 41atiJsct ad'r.&D~. " ,

(0) Forced 1DeUad or ktura1 C1roulation.

OUftX' %qI. (30) state. "TU a1IIt cd £OOC1 dsdp iD • pall or rraporator
ahould be O1rOtI1aUOJ1; 01roulaUOI1 an4 eUll IIOr8 c1rculaUon". ~a,

ADd e1a11ar .tateenta exb'aote4 troll '6he literature, eaggeated that a

RbetaDUal blpxo'&NIl~ 1n heat t1'aDa1'er could be apeoted 117 the &1l1IU­

caUOD or 1'orced o1roalatioD to the~ ettsot, 1Ih1oh ..Red to be the

bottleneck 1ft the per1'01".IlI&DCS ~ 0~1al plaDt. .

It _ sathered boa the Utel'lI;tl~ (31) 'that the 10118at practical

Uqu14 w1oci.V ill toroed 01rou1aUOD enporatare 1a about 6 tt./880••
aDd with II new to restrioUrlg plJIlIp1Dg OOlite to • lOinb"., We was the

V8100iV elllp1o;yed 111 the triple ettect teata.

!!.'he reea1t. aho1m 1n l'ab1s XI 1nd1.oatl that 1'oroed c1rou1atiOD

1'88l11te4 in an 1Ilcreue 01' about 17.,-;( h tile Oro.. 11 YalUt.. J.:.81gnUloant

feature of'the tr1p1e .neet teata 18, that the &JIPUoatiOD or torced

c1rcu1aUon -to the th1r4 etrect ga-fll riBe to cona14erable ohaDpa iD the

heat tranater ooettio~u of the f'1rIn aD! "OOM effeots. 1'ha causee

=ore thaD oft_t tbe d~ of tM Va NU8 in the f;lrat effect 
(od.JIB 1;0 -t;he hipar eollda conWri'l of the oonoantl'ate) .. 

'DIe .rellmlu, ~ :la ~le IX. 'IIIftIt Uaap,po:laUrag.. '.I.'.I1e effect 

of re-nl:'ft: 1'ee4.1ng~ f'1"OII aD ~ of' 1» to a. decrease of !1JC 
1D the Gro_ U 1':iIl.ue lUI 00IIlpIil'tId 1d th the rellllJilGOUve control 1"ImIIJ. [lihUe ---

.... ___ .._ .. _. ___ __ 1 

1'III'1111"S8 teeding IIIIq ha:n 1)0881111111;18l1li lIlIdllr certain operat1ll!g co!1d1t1cnlll, 

. 1\ 41d 1101; aJIPIIlll' the lIIoaji pl'Clll1s1ug lIIoluUo!'l and was not turther_inwst1-
.. - - - ..- -.- -- - . . i gatlld. 

(b) ~ '1'reaUMllt of SUe.kn.1v. .-~ -

lDte;reat in the- UIIIIG of et'IlII)'lMlJ 100 :pl'OIIIOte hut tramd'er tmder 

ftOl'IUJ. -operat1ng 0G!'ld.1 Uons. WlUI ~d 4urinS 'the infttsupUcn of 

tube bloab,gea, deaoribed :la Chapter XII. The \188 of' el:Ul;Vl'lleaon a 

:rouUDlltml!dllll ~ l/U'Uoularl;y &~U_ J.a Yi .... of the polilaibUiV 

of ~ lIIIaSClII1"lI.wd p11ohl!lrd T.I..ecer& as the ~ of e:t:IlII,J!lI6s" 

A tull. 4ellCl:'1ption of • t:Fp1ca1 teat wUh eJ1Q'Ille-t.re.ted et1aknter, 

1nol'lll!'11ng al11W41nsu IIIInd calcu1aUons, 11111 be found :la Append1x mea). 
It ill l1n'1dat :rr- '!'able X thai; ~. trea1;ment of the atlolaratllr 1fi th 

~a reau1W.in I'.I:n :laore&M of t1w s;t'OIIIII tJ vall.lll (for triplo effeot 

o;p4tration) of frcm ~ to 3r,(. lloth 1;he hJ.e;he.t and the lowea" inorlllU •• 

_re cibta1ned nth ho:IIIogeu1l!led :p1lch.a.l:'4 gut. -In vi .... of u. 1nooui_ 

~ U a i;bimi"B asent (see J.ppm.,,: lV) it o .. ""Ot be re11ed ~ 1;0 

1rlorea8I! pll!llZlt capao1V b;r a tWtt a'!1ItOtlllllt. Rowe'ft, in o~tancellll 

.re 1llUPP11.- of pllchaJ:'d eut are aVldla.'ble •• 117lr 00111., e.g" in the 

_1~ of pUch!u'd canner! .. , wen the d18poaal of' the pt _ 

U.s ]!1'III!IIe.I:'l't1ll Il FObl_, the un of -th1111 _te:rial f'G%" treating stickn.ter 

IIIIIt;,T be a UIIIJ't1nct ad..-aDtae-.· . 

(0) li'ol'Oed:lae'tead of lITabral C:lrou1aUCIIJl. 

OUYft' %q1. (lO) 81:at •• ~ a1III of' SODd. dIIIalp in a ;pa!l or rrs.porator 

should be o1.rOlIlaUQI'l, o1rou1aUQI'l awl still iIIOZ'8 o1l'Oul.atlon".. ~., 

&D4 a1a11ar lIIIItataenbl extraoted troa 'the Uterature, ~ate4 Qat a 

IllUbetanUal b»l:".-.n.1I :la uat traut.%' _uld be a;peoted 117 the app11-

caUQI'l of :torced 01rcmlaUOIl to the -tJUrd etreot, 1ih1ch _8IHd to be the 

botUeneok 1ft the perl'O%'.IIIlImDe of c~1al plant.. . 

It _ satl:l.ered :t:roa the lltllra1:u::i:'1lt hi) that the lovest praot1oal 

liquid .,.loci-V in t01"OH cirtlulation tn"&pOrat0%'8 18 about 6 ft./IMO., 
&D4 1fifoh II new to re.-b'1cttng ~ COlllta to a lrinbmlll, this 1IIU the 

.,.loci V elllp10J'l1d in t1w triple effect tllllti. 

!!'he refll:Llta fIIlaIrrl in !!.'able XI 1I'.:IlUoato that foroed c1rcalaUon 

:relllllted in an iDcre_ ot about 17.5" :In tl!& a:rou U Yallle.. ,,;.slgnU'lcant 

t .. tu:re 01' the tnple effect wat.18 111 'that the IIJI.Pl1oation of toroed 

c:lreulatiOlS to tl!& th1r4 e:tf'80t £11ft :ri.8e to cOl:UI14erable oha!lges in the 

farl 



'l'A'BLE IX

ElP1"EO'l' OF REVERSE FEEDING ON nAT TnAIVSll'ER .RA.'1'E

..

(TRIPLE EFFECT TESTS) (:FIRST. SECOND AND THIRD EP'li¥QTS DEl'l'OTJD BY I, I:J: an4..U!)

Run Kede TBS 'b7 lletraotouter '1'elllperatw:oe ,OF Clroulatlng V.1001~ Ua 'U ORDGE IIf
No, of '/. Ft. pe1" Seoond Q

U 4U1 'toBTtT!sq,tt. <T.Rr BTtTOper.... aaw G aeVeraetive I II III Sq.tlI,OjI.HrUon SUole- I II III Stell.\ll L1qu1d Liqu1d L1qu1d I II III I II III reell1ng
y.ter

{4' Forw. l 12 18 29 47 263 231 180 108 1,7' 0,8 <1,5 215 71 46 sa Oontrol
1--- ---- ---- --- --- --- --- f---- --_. -_.. f----- --- f---- ----- _.. --- ------ ---., ..

64 aev. 12 46 24 16 214 222 174 98 not Idatur~d' 126 110 43 84 - 5"
26 n•.,. 7 47 14 8 288 225 154 110 1.7 1.35 1.2 161 137 161 148 + 1%r,:' _ • ---- --_.. .. -- ~ --. --- --- 1---- - - - to

_.. -
~-_ .. ---- 1---- ----- --- --- ------ 1._----

~ 27 1I'0n, 7 11 16 49 298 262 204 110 2,4 1,4 0,4 )'0 139 77 147 00ntro1--- ---- ---- --- -.'. --- --- r-.--- --_... --- ~---- --- 1---- ----- --- --- ------ ------
28 Rev, 7 47 16 9 287 224 152 110 1,' 1.3 0.9 179 197 198 166 + 13"

{29 bv. 9 48 ·18 12 286 230 1;8 102 1.8 0,9 0.6 179 122 115 130 - 3"
--'!' ---- ---- --- ~ -_. --- --- ~--- --- --- ---i- --- ~--- ----- --- _.. ------- -.----
30 1"on. 9 12 21 SO 287 242 191 108 no 1,3 0.4 238 144 82 134- 00nt1'01

lIIea-
auret!.

." ~



TA'BL'E IX

JlPFEO'l' OF' REVERSE FEEDING ON BEAT T1l.A1'I'SP'ER lUTE

, ,

(TRIPLE El'FECT TESTS) (FIRS'!'. SECOND AND THIRD !I!'F:EQTS DElI'O'l'El):BY I. II and III)

Run Mod. TSS 'b.7 :aetraotOlll8ter Temperature kOF Clrculatlns V.1oo1~ U. 'tJ Clt.ANQP: II
No. ot "/. Ft. pel' Seoond Q

11 4ue 'to
Opera- Raw BTU'/IQ..t...CT.Rr :BTU' Q R•..,er.eL1ve I II III SQ..tt.6jI.IirUon Stiok- I II III StelUll Uqu1d Llqu1d Llqu1d I II III I II III FeeUng

water

{4S P'01"W. ' 12 16 29 47 263 231 180 108 1.75 0.8 <?, 215 71 46 88 00ntro1
1--- ---- ---- --- --- --- --- ~--- --_. --- ~---- --- f----- ----- --- --- ----~- _.. ---

64 Re". 12 46 24 16 274 222 174 98 ' not lll...aw:~d' 126 110 43 84 - S~

26 Re..,. 7 47 14 8 288 225 154 110 1.7 1.35 1.2 167 137 167 148 + 11'=-- . _-- ---- --- 10 - ... --- -_.. 1---- _.. _. --- ~---- --- ~--- ----- -_. --.. ------ -----
~ 27 Fon. 7 11 16 49 298 262 204 110 2.4 1.4 0.4 350 139 77 147 00ntro1., ... --_. .. _.. ---- -_. --- .. -- ~---

--_.. -..-~-_ .. ---- 1---- .---- -_. --- -----. ------
28 ne..,. 7 41 16 9 281 224 152 110 1., 1.3 0.9 179 191 196 166 + 13"

{29 ae..,. 9 46 ·18 12 286 230 158 102 1.8 0.9 0.6 119 122 115 130 - 3"--- --.- ---- --- -_. --- -- -~-_ .. --_.. --- ---t- oo __

~--- ----- --- _.... ------ -.----
30 ' Fon. 9 12 21 SO 281 242 191 108 no 1.3 0.4 238 144 82 134 ,. Controlme....

vured.
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EFF.EO'l' 01l' ENZYME TREATMENT ON WMT TRANSFER RATE

(First Seoond and Tbi£d Effeots denoted bY I II and III)(TRIPLE EFFr.CT TBSTS)., , • ,,

RWl
'l'REATUEN'l'(l )

'l'SS by Ref~aotollle'Oer 'l'elJlllJlra'Our. Apparent Visoosity U.. 11
0IlTU

change
lifo. F by U-Tube Vi&ooIllU,l' BTU/.q.t'O.o'.Iir. in U

Raw Live I II III CsnUe'Ook.& sq;tt.OF.Iir.I due qo
Stiok- I II III St.am Liquid Liq.uid Liq,uid. I II III: I II III

,. EnQ'llle
'II'.tor . Treat-

ment

{4 Untreated 9 14 25 48 273 233 180 89 not me.aurad 250 126 72 126 Control
control, 1~ PUohard 8I1t 9 13 19 47 272 233 187 93 not meaaured 282 167 17 144 + 14"

{ 6 ~ntr. Control 8 11 18 45 273 235 185 88 0.55 1.6 .82 266 139 74 127 Control

7 ~O}C Pilchard gilt 9 11 18 45 273 235 190 88 0.5 0.75 20 289 171 77 142 +l~

10 Untr. Oontrol 8 13 24 46 270 232 184 91 not meaeured 256 122 59 116 Oontrol

11 ,,c Pilohard gilt 8 12 20 46 272 230 191 94 not lII.asured 281 216 82 1,6 + 34"

12 ~~ Pi10hard BUt 11 12 20 41 272 233 203 101 not lIleaaured 295 259 75 159 + 37"

13 .Untr. Control 9 13 18 46 277 244 194 99 0.6 1.3 105 334 146 76 143 Oontrol

1 14 o.~ 00aeroi.1 11 13 21 47 274 238 199 103 0.5 1.0 46 316 196 74 1'3 +'N'En...".._ '\)1'6'1\.

15 ," Pilohard 811'0 9 13 17 48 274 234 203 99 0.; 0.8 70 330 280 79 170 +1515'

L1qui~/~:;OO1tytt 0

47 Untr. Oontrol 8 1; 22 46 277 236 194 lOG 1.95 1.7 0.6 256 164 68 137 Control

6; 0.3" 0011. EnQ'm. 8 12 20 47 213 234 197 99 1.7 1.4 1.2 324 244 88 113 + 26"

t
66 ," Pilohard Out a 13 22 47 273 234 188 99 2.05 1.4 1.25 280 158 73 141 + 3"

'"I·..
'J,-

(1) '01' de.oription ot treat••nt ••• Appendix IV.



lilFnlOT OF' FOROED CIRCULATION, IN· THIRD 'EFFJWl'. ON HEAT TRANSFER RATE i,;

(TRIPLR Ermc'!' TESTS) (Firat Sacond and Third :mrteota denoted by I II and III), , • ,

fSS b;r ne~raotometer 0 , Apparent Vieooaily \la Uo Clump lnRun Mode ot Temperature•. F
~ U-Tube Viacometer BTU/all'n.of.II: 11Q due toNo. aperation Ra. Live 1 11 III Cen'Ustokl9S llTtT Fcro.! Oir-3q.tt.Opt,HrStiok- I II III Steam Liqll1d. Liq,uU Liq.1l14 J; II III ! 11 III I~~&t~:~,;n....ter Et eo

{8 FoZ'Oe~/~iro.:I:n: 10 l' 24 46 274 234 179 98 0.9 2.1 130 261 115 76 129 + lSiC6 1'1: Beo

9 Control - natural 10 16 25 46 273 232 176 91 0.9 2.2 150 210 98 67 109 Oontroloiro.
46 Control - natural 9 13 21 46 275 242 190' 94 0.66 1.3 76 318 123 66 128 Controlciro. I

61 Fo~oe~ I~~ro. III 9 U 19 47 274 230 189 96 0.66 .1.3 74 211 182 79 15° + 17"til eo . ,

EFFECT OF 'FOROED CIRCULATION ON ImAT TRANSFER RATF: (SINGLE F.ll'FEO'!' 'l'F.STS)

nun Ciroulating Ve10- TSS b;r Refraotometer Tem_ra1u_ OF U. ChanSl' ln 11a
1110. olt1' tt./aeo. " Live Tube Liquid W~r- BTtT!sq.tt.op.Hr due to forold.

StellJll Wall Licuid. circulation

51 Control - naturt.l • 50 213 209 121 aa 139 Control
011'0.

68 1., 50 213 209 123 86 118 - 15%

69 3.0 50 213 209 123 86 122 -10';<

10 4.0 50 213 209 122 87 126 - 7%,

'.'
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for t!l1a an UI1081'~ ~ are prolla'blT related to the. uutabl. _18110.

of Va val,.., ~ture~ and aollda conoentrat10Dlt which:1a

t,rplca1 ot IllU1t1-et.tect apparatus, am! wh1c:h :1a lar&e17 'be;rond the ocmtZ'o1

of~ ifX1>&r1llente:1".
':he contention that 1cnr 01rou1aUOIl rates are 1netteot1.... 1IU

OODf1:rmed 1:17 the king). eftect tefta Co) IIho1m ill Table XI. ItllU

tOlDld \bat t. o1rw1at1cm :rate. within •• I'aIJ88 of 1.5 ~t/_. to
4.0 «lao. the U.. ftlue. obta1M4witla ~oroe4 oUcnl1at1cm Wfte~

~ to 15" 10nr thaD hJf the COIlU'01 (natural 01rcu1atiOll), 'Inn abond

.. tendeD,. to n. wit.h the 11tJ:Q14 ~oolV.

(d) AU-l1n C:l1'cu1ation.

It was diaCOV81'ed that U.. and Us Nun could be ll1gD1f'loant17

1ncnue4 'b7 iDJeoth!g cull quantitie. of air into the 11q:a1d enteriDg

the be&ted tube. .l rough prelbinar,r ••U-ta iDdic.ted that the

Upro'eaenta in beat transter .ebi.....d in thi. !IlI.l1Q81" prolla'bq 1ttwo1-,ed

a COU14fn'a.b17 lonr r"'IP'ng coat thaull8ChaDica1 foroed oUculat1on.

.Ie the appl1oat101l of a1z-lU't c1rcu1aUOIl to evaporat1on appeued not

te haft been 1:ml8t1gated before, the ta8ta nre extended to CO'IIt1" a

hh'17 wid. field. '1'r1;ple effect te.ts wi tla a1J-l1:tt o1roulatiOll

appUed to the thUd effect ft%'8 carried out both 111th riick1rater and

wi'h l'UN ftter. .l aft1•• or a1nBle effect taats with water. u wen
•

... ltickwate:r conomrate were per.:t01'llled to e.t1Data 'he benefit 4er1'91td

f1'OII 41fferent rate. of air ~eotion. A III&1l nmaber fd t ••ta were

ftDa117 made U81!t6 a Iftton1aD fi1l1d fd hip Y18C01dV (eolutlOl2ll fd 00rD

1Q'1'U1l) to cont11'IlI the faT/lCl1'll.b18 1'8eult. obta1fte4 1I1th .Uclarater oonoas­

trate_

Spec1llen uta of rea41np and caloulaUone 1d.U be fOWld 1D AppeAdix

m (11) aDd. (0), &D4 the :fewt. fd all the lI1r-lU't tnts ue lIUIIlIIa1'iaed

1D »1•• XlI to XV.

YUh bOIl 2.0 to 4.0 litre. fd air aeaB'ared at u'bient t_perature

and prB8IN1'e 'bebB 1Djeotea. 1Dto the ban fd the heated tube ot the third

effect, -the crrera11 1iIJi:to'8IN!It ill heat tranater wheD operaUDg 1n triple

effect raztBed fftlII 1't< to 47'f.. '1'JIe .....~t of the 8t':t.0t1~... ot

ab-Utt1ng 1n Viple et':teot teD'. 1.a OOIlI1'lloa'ed 1:17 the f'aoi that ..

oha.'a&e 121 '\he U. -nJ._1J fd one (••g••he tlalrd) \iffect br1n,p &boat •

oha.'a&e 121 the taaperatu:re pMlents, the aolidJl OOU08ntratiOJlll aDd the U.

'ft1.1 ill the other effect••
. .

!he B1n6le effeot teet. 111th et10larater oonoentrate n1'8 lJU1'1lO8817

perfcmae4 at tat»emturea anI1 BOlide OOIlO8IltratiOftll 0C1IllII0Ill7 f'0UDd in the

f'1JIa1 eUee. of 0 lro1a1 plazlt.

'1'be ~ta ~ the. 'e8ta. (Tabl. un) d1epllQ- 110M 'f'eatare. which

u:rl
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far t!d.a an ~taSn, but are pro'bab13 related to the< uutable 'b8llllMe 

of Va valUlltlllt ~:rature ~u and eol148 COllCent:ratioms 1Ih1ch 18 

'Qplcal of IImlU-effect appa:ratws .. am. 1Ih1c:h 18 lI.rp17 'b8,ycmd the OOl'1Uol 

ot~~ .. 

'1'he oontent1olt1 that 1,. o11'cu1aUOIl ratell are 1ftef'feoUY8 1I'UI 

oonf1rme4 1Ir' the irlng'l.e effect tnUI Co) .. om 1ft fable XI.. It __ 

tGmld tllAt tOll' ouou1a:t1ilm :ft.tea 1II1thln t:he %"lIID£8 of 1.5 tt/_ .. to 
4.0 n./_. the V .. ft].UIIU.I o'b\a1ml4 lIitla fOrM4 ohoulaUcm 1I81:'e f'J."OIlII 

~ to 1'" 10nr tbIm tOlII' thG oon1:ro1 (aturat ohoulaUon), but abond 
a ~ to ri_ 1I1t:h 1iM llq:u14 't'el.oo1V. 

(4) Ah-l1tt C:l.rculaUolt1 .. 

It 1Il.UI 4is~ that Va 1m!! '116 'Falun oou14 'be II1gD:1.tlolllnt17 

mor.&nd 1q 1DJeothlg aall qwmUU •• of air into tho 11qa1d ent~ 

the beatod tube.. .l %'CIl.'I8h prel"'!'!"""" elllUJate iMloated tilat tho 

1IIp.l:o,_ents 1u beat 1;:ramIter aohiewd 1It1 rus ~r probab17 1.trwo1Y84 

a COI'lII1kn.b17 lon:-~ coat 'tb11 lII8Ohen1Ca! forcea. ohcu1&Ucn. 

As the applicaUon of .ild.z-llft o1rm11at:i.on to eva:po:rat:i.cn appeU'llld not 

to haTe been 1It1Y8eUpte4 before. the te8tll 1hIre errlended to OOY8%' a. 
f'aUo17 ria. 1'le14. 'h1:ple eff'ect teats n t:h dJ-11ft choulat:l.Oit1 

!ll§Ue4 to the th1rd eneet ftl:'tI carried out both 111 th aUclr.::1rate Im!l 

nth ;pu:nJ nile.. .l aar:l.f.la of iIId:lB1e effect teats nth water. &II all 
• 

&II aUc'Ir.1rater conoeJrt:rata are per.fC'l'!l!ed to lll11tilJa.te the benetit 4er:1.'\1'84 

freq 41f':l'nent ra.tea of d.r 1zI.111OUon.. .l aall lIUlJibe of tlllstli 'IIlIt%'Ii 

t:I.Dal17 made ~ a. lrfttonlu fluid of high YiIlOOldV (isolutiOZlll of oom 

1III:f.1'V,p) to ccm1'11'III the taTOlU'l!l.ble :rewltlll ob'ta1lle4 1II1th .Uck.n.wr OOll:'liM!l­

vat. .. 

S;pec1lm1 _t. of ~p and calculat10ne w1ll 'be t0u.n4 in Appendlll: 

m (b) and Co}, IIm4 the "IIII2lt. of' all thG III1l:-llft tnt. are 8IlIIlIII!I.rised 

1D 'i'a.'blelll XII to XV .. 

tUh from 2 .. 0 to 4.0 UtrH ot !dr _UI.1:I:'ed at Ulbient t8ilipe:rature 

and prealllU'tl 'be1rc 5,nJeotea. l8to the 'bue of tile heatea. tube ot the tMr4 

effect, ~. ~111it.i4o'lIIlMnt 1D heat tramltu 1I'h8I'1 o.peraUDg 18 tripl. 

ettec" ~ fNIa l~ w 4n'. '1'lIe unllJUlent of' the en .. oti'flme .. 01' 

ab-lU't1D& in tr:I.ple effect wat; • .le COiJIIlIUcatea. 111 the ;taot that; a 

~ in the Va 'Values of' OM ( .... I''' "he tldrd) effect b:r1D.p a.'boa.t III. 

~ in 'the tempe1'1l/.ture BJ'II41l11.1ltllll, thG 110110 CIOlI08I1:'1t:raUmlB aDd the '11. val._ in 'the othn- eft_t ... 

The id:ft6le ettllOt ted. 111 th .Uolcn.ter OOllOllnvate 'II11II" pmpo.nl.T 

perl'ome4 at Wape:raturalll aM Il10114. oonca1:ra.t:l.ons 0C!IIl!I0Dl.T tOU1l4 1D thG 

t1Ml att__ of CK1IIIIIIIIero1a1 pl.!m1; .. 

'1'he 1'dUlta o.t' th •• t •• t. ('labl. un) dUphv' !110M 'teature. 1ItI1oh 

wq/ 



TAnLR XXI
1!J1"P'EOT 01" AIR-LIFT IN THIRD !FFJJ:CT orr IllU.'l' TRAI.'l'SP'ER RA'l'lil

(TRIPLE EFFEOT TRSTS) • • •
nun Air 'fSS b1!iet~aotom.tltr 'relll'Pera:ture OF • LlqUl~/Y'loOlt1 Ua . U Q Cha.np in UQ

Ko. adm111tel1
ll't SilO ... :B!!'U/"". ~~. Opt 1I1' due to Air-

LH"l'-e~.
aa" Live I .u; ~~.I I IX III J: IX III BTtJ L1tt

'''- SUok- l: XX Ul: Ste8lll L1q,u1d L1q,u1d L1q,u1d sq.n.o]!'.iii
wAter

{ 11 Control 9.' 12 18 46 269 237 206 134 not IIlltalured 271 184 69 144 Oontrol

72 3.0 9.5 13 19 45 267 238 180 131 .. .. ' 307 117 141 168 ... 17%0.4'§-ib..lhrl

73 3.'0 , a.5 12 21 46 260 226 163 108 .. .. 310 107 127 159 +291'

74 Control 9.0 12 20 46 257 231 188 107 II " 305 131 58 123 Control

75 Oontrol 9.0 14 23 45 261 2!6 laS 105 tt tI 3?S 100 58 1.14 Oontrol

76 4.0 dhl :i.O 11 19 47 261 22& 171 10' .. .. 324 134 120 168 ... 47%(0.6 lb. rl

20 Oontro1 9.0 14 24 49 265 241 197 103 .. .. 420 153 64 138 Control

21 2.0,lhr) 9.0 13 '21 51 265 233 185 118 II " 336 160 110 174 + 26"(0.'1 lb.

22 Control 9.0 13 24 50 274 246 192 97 2.5 1.4 - 390 117 71 129 Oontrol

23 2.0 9.0 13 23 52 274 246 192 106 2.0 1.5 1.1 435 152 98 165 + 28:'

24 Oontrol 9.0 15 23 48 274 251 200 127 1.3 1.3 0.5 )24 93 so 105 Oontrol
,

25 2.0 8.5 12 21 50 274 245 , 203 132 2.3 1.8 1.8 414 195 101 153 + 46",

I
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aq represent genuine t:rendII, but aq &1eo be due to treak1ah behav1cnu­

o~ the concentrate. It ... noted ~or 1natanoe that theaUckwater

saaplea _d for teat.... IUld ., appeared to be th1xotropio, .. thq

had to be T1goroua~ aUrred to :reD4er theB free fiov1Dg.

The relN1te of tift o~ the teate have been plotted in 1'1&. 10,

and a oODll1derable 41ffereDC. 18 mdent 1n the 8ha]le ot the 1n41'ridual

oune.. POl' oCllllpri8On the relN1te of te.t ]) ('!'abl. XV) with com

...,riljl ha_ been 1noluded in Pig. 10. JIote that the tube vall as well

.. trte/lll ~t temperature. were _uura4 in all 1"\ID8 hooIa Table XIII

omra.rb, but .. thaT are 010.. to and of l.a. 1II.t.reet tor comparative

JlW'pO••• thaD the U 'ftlUll8, the correapcmd1ng h ftluea have beena a,
ClIl1Ued. except in '!'able XIV. 1Ibere oaloulated, the ha 'ftl,.. are

&1wa;r. baaed on the averap ot the wmperaturea .eaaured 117 the tcnu­

therllOCouplea equ1d1.tant17 fIll40ed aloag the length ot the tube.

In apite ot 1nooDB1etqc1ea, the rellU1ta of the teate ahowec1 the

following treDc1aa

(1) JI1'O'rid.ed a wfficient wI_ ot air wall injected, the Va

'ftluea could al~ be n1eec1 b7 f1'OIII I~ to 139" above the

Va wIlla.....red. withOllt air injecUOIl'

(11) the wl_'of air required to rai.. a ghen Va value 1'7 a

giftJ1 _t 1noNaaea with the 80114. conbnt ot the OODC8D­

u-ate, e.g~ 1n te.t Q, W'iag CODOentrate of'~''l'SS, 1.1

11trea/1I1n were IlUf'tioient to inorease the Va Talue troll

119 MV/.q.~t. Cp. Hr. to 197 1l'1'l1/~.tt. 0,.. Br., whereas in

teet :S, W'1nB concentrate of 60.' 'MS, 10 11trea/llI1n. were

required to rai•• the Va wIue f1'OIII 137 B'l'U/.q.tt. Cp. Hr.

to 112 13'l'l1/aq.tt. Op. Hr.,
(111) with one exception (teat 7), the outt.a of Va TIl. air injection

all a:hibit one Or more chaDpa of alOJle at eo_ critioal air

injeotiOIl rate. aDd thia tenc1enCl7 ... aleo obeerwd 111.' the teeta

with com lO:tiljl aoluUOIl8. A fa1r~ a"ep initial ri.. 18

. gensral~ tollond b7 a region in which Va ri... e"ad1~ but

lea. Bharp~ with the air injection rate, unti~ in a tn oasea

the cum. lI8a1n ri88 mora .t.ep17 at injection rat•• in

exoe•• of about 10 11tre./Ilin.

Included in Tabl. XIII is a oolUllm headed "PlRp I.lI.P.". The oal­

cu1atiOll aDd tba a1p1t1cance of this Index ot poler OODaUIIIpUon will be

d.1acuned in Chapter VIII.

The relN1t. of the te.ta with vater (Tabl. XIV) tollow a olearer

treIld.. In orc1er to oorrelate them, the factor he

... oalculate4 tor all rune aDd plotted A'!' :It pi
&pinat the air 1njection 'nte as ahowD in Fig. 11. It 18 notewortlq'

that

(i) tlle 01I1'T8lI tor all "ete oOll'l'8rse tcnrarc1a a .ingle point at

sero/

.., re:Present s:muine 'lre1ldlIII. btlto II1II\7 al80 be d:w!o 'lo freddah behaviour 

of the concentrate.. It 11111.8 not&d for inetlll.l1Oe that thest1ckn.ter 

1IIBIIIIp1u _4 for teat. j. Qd. po appeared 'lo be th1zotrop10. ae t.he;r 

hal. to be ~llr atirred 'lo ren4er thea ~tlov1Dg. 

The relllUltllll of 1'1ft of the tellite haft been plotted. in 1'18 .. 10, 

8.I'lI1 a cOl'l81tlen.ble 41ffereMe 111 rddomt in the IIIh&pe of' the 1D41'ridual 

cum.. P'or oOlQlU'i80lIl. the reBldtllll of teet D ('!'able XV) with com 

...,:tUJil haft been 1Mluded 1n P'1g. 10.. lITote that the tube vall lUll 'fill 

.. atelllll ~t temperaturee 'fire 1lI8&l'lUl:'e4 in all lII'I.tIW 1'rGIII Table XIII 

0lIIIII!I.r4e, but _ the:r are 010 .. 'lo I!I.I1d of' lellll inteH.t tor OOIIIpal'at1w 

jlWpoaelll th!m the U ftl.UlIIII, the e_~:II. 'AlUlllIII haw been a .., 
CIIIl1t'kd. «r:OtIpt in Table XIV.. libere oalou1a'kd., the ha vall»e are 

aln;re baeed on the awrep of' the Wmperatln'tlll ~ b;r the tour 

therllllooouple. equ.1d1stant:q apaoed alODg the leagth 01' the tube. 

In epi te of' 1nooMilllt.noi.lII, the reBId t:a of the tslllU IIlIond the 

to11OldDg tre!lldsl 

(1) p:t'OV1ded a auf'fioi811t Y01_ 01' &11' __ in;!eoted, the Va 

ftl.l»e could alVlli,Te be :rd.eed b.V frOIII loo;:C to 139" abow the 

Viii. ftl.1»1II lIIInllllllre4 wi themt air in"eoticm, 

(11) the yol_of air required to rat_ a given Va _11» b.V a 

giwn __ t 1noHaUIII with the 80114e ooM:en'll of the oonoen­

trate, e.g~ in teet 0, U81Dg ooM811trate of'~'rSS, 1.1 

11 tre./ii1n 'fire wi'1'1oi811t to inoreaee the Va vallMl f':roIIII 

119 MlJ/aq.ft.. <7 .. Hr. 'lo 191 M'lJ/sq.n. <7 .. Br .. , 'Ii'.I:Iere_ in 

teet lII, U8ma: oOMomvats of ~ 'lSS, 10 11trell/min. aH 

required 'lo :rd..e the Va valU1lll t":roIII 137 M'IJ/.q.1't. <7. Hr. 

to 112 Jro/aq.tt. Op. Hr., 
(111) with one a:oeption (teat 1'), the oun ... 01' ti. _. air injection 

all iIICII:h1b:1.t one 0:1:' lIIore chlmPlIII of slope at 80_ critioal. air 

injeotiOIl :rate, 8.I'lI1 thia teDdene;r 1flUI al.eo observed in' the te.te 

with 00l'l1 ...,rlll' lIIoluUcms. JI. fairllr steep WUal riee 1& 

. a;eneralllr followed l:iI7 .. repon 1n which tie. :l:'1ee •• teadillr but 

laallll aha:tpllr with the air injection :rate, unti~ in a. few Caselli 

the C'!.i:t"r1t1ll aa;a..1n riBe _1'6 stellpllr at injection :rate. 1n 

axle •• 01' about 10 11tre./III1n..-
Inoluded in Table XIII 1& a oolmm headed "l'wtp I.ll.P.... The oal.­

et.UaUcm am. 10be 1I1p1t101!lD08 01' th1II Inda: of' power OOWIUIIIpUon rill 'be 

4111C1M111ed in Chapter VIII. 

'!'he HIlUUS 01' the teate wi" Wllter (Table XIV) fol101ll' Ii olearer 

t:reD4.. In order to oorrelate th_, the factor hili. 

1flUI oalcula.ted for all nmtI a:a4 plotted A'1' x pi 

a,pinat the air 1njeotion ':rate sa tIIlI.OIm 1n P'1g. 11. It 111 notewort,b;r 

'lihat 

(1) 



TAJ,lLE XIU

EFP'EOT OF AIR-LIFT ON REAT TRANSII'1!lR nATE (SINGLE EFFECT TESTS)

Run 10. Air TaS b;r Te"""l'aturA of u. Ch&DP in U. Pump I.H.P.
al!lllUt4Icl aetrao- Live 'rube Liqll1d ..

Litl'.~j~ll'1. tomAt81' 0/" 3telllll Wall BTU/aq.tt.oF. Hr. clue to Air-Litt

54 Control 57 213 212 124 77 Control -
77 0.53 59 213 212 124 61 .. 21" 0.0015

78 1.0 .- 61 214 212 124 60 . .. 22" 0.0027

79 3.55 61., 213 211 123 8) + 8" 0.0098
~ -80 10.0 57.5 213 201 123 184 + 13~ 0.0267·

81 ,.1 57.5 213 209 122 178 + 131" 0.oU8

82 ).8 58.5 213 210 124 121 + 57" 0.0102

83 2.05 59.5 213 211 125 89 + 16" 0.0054

55 Control 41 213 210 121 129 Control ..
84 2.0 40, 213 204 121 189 + 52" 0.0054
85 ' 3.88 42 212 203 124 207 + 67" 0.0104

l~ 86 1.0 42 213 208 122 171 + 38" 0.0027

87 0.' 40 213 207 120 163 + 31" 0.0015

56 Control 40 213 209 120 118 Control ..
88 5.3 68 213 212 126 48 + 14" 0.0144

~
8~ 10.0 68 21) 212 124 47 + 12" 0.0271
90 19·0 66 213 212 120 84 + 100?' 0.0525

91 Control 66 213 213 123 42 Control ..

Q

(oontinued)
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'. ..
Run No. Air 'l'SS .bT ." Temtl8ratUH oF' T1• Ch&nge in U. J'ualp I.K.P.

T.admU~~~ft Ret'raoto- Live Tube
r....... meter St.... Wall L1.qu11l BTtT/lI... tt.Opo.Hr. 4ue to A1r-L1tt

-
'1 Control 5° 213. 209 121 .139. Control -
92 ,.0 50 113 208 124 189 + 36" 0.0129

93 10.0 '0 212 205 123 202 + 45" 0.0261.
94 19.0 SO 213 204 127 222 +60:' 0.0473 .

58 Control 61 . 213 209 122 137 Control ..
" '.0 61

,
213 + 17"

,
209 122 159 0.0148

"

96 10.0 59 21J 208 122 172 + 26" 0.0218
~ .... 97' .. ...".. .,.."'...-.0>., s"o~~_., ....... . .. •..•- 5'1 ...... - _'__4"~ \3'-- '-'" :l.o(,,-'·- -'\2.~-- .. -I-<\{, - ---_'..+-4.Jj.b/lJ - -'-'0 '0·-440..... ----..'-·..........

. ~l) .. ,.u OU 212 207 ll~ 164 + 211& 0.0154

59 Control 60 213 209 118 13' . Control -
99 1.1 60 21) 208 116 148 + 9:' 0.0036

100 '.0 63 213 209 117 131 + 7'1> 0.0163
• .

60 ' , Control 63 213 210 118 122 Control ..
101 19.0 63 213 209 122 149 +2~ 0.0542

102 '.0 42 212 201 122 234 +9~ 0.01)1

103 2.0 42 213 205·' US 203 +7afo 0.0056

61 •. Control 42 213 209 124 119 Control ..
104 1.1 42 213 207 126 191 + 65" 0.0029

lOS 1.1 40 213 206 124 200 +6~ 0.0029

62 Control 40 213 209 124 118 Control _f

(oontinued)



Te)l! XIII (oontinued)

Run. lfo. AJ.:!.' TSB br '1'8111_1'''t.tl' .. OF u. OhlU1gt1 1n Ua Pump I.U.P.
ad/d ~':~ft R.tl'.ot~ Lift Tube

Litre.., m8ter Btl!l&lll W..ll L1qu1d :BTt1I..".tt.OF.Hr. due to Air-L1ft
106 5.0 62., ' 213 208 116 169 + 32% 0.0131

1

63 Control 62., < 213 210 118 128 00ntro1 ..
107 , 1.0 47 182 - 99 104 + 42% 0.00)&

•
50 Oontrol 46 186 - 100 73 Oontrol -

108 1.2; )8 180 .. 108 145 + 123% 0.0044
1

51 00ntro1 37 179 .. 107 65 Control ..

{ ;2 Control 37 181 - 108 59 Control -
109 1.25 38 180 - 110 128 + 117:' 0.0042

110 ' 1.25 46 180 - 106 93 +20}( 0.0049
'~

53 00ntro1 45 180 - 105 78 00ntro1 ..



'l'ABIJ: XIV

EFFEC'l' OF AIR-LI1l'1' Oll JDU'l' TRANSFER RA'rJJ (SDlGLE EFFECT 'l'ES'l'S) VA'l'EB

lUl Air ~a merature 0, Liquid ha pi he.
r>. a4Ddtted 'lube Ve1oo1t7

Litre. Wall Liquid AT :rt/aeo B'N/aq.~t.°p.lIr. s: '1' z: it
/m1n

1 Control 207 151 50 1.15 410 2.1 3.9

~ Control 207 151 50 1.15 390 2.1 3.1

3 0.,36 208 158 50 2.05 500 2.1 4.8

4 0.96 209 155 54 2.15 540 2.1 4.8

5 0.34 lOS 96 9 2.28 400 0.9 49.5

6 COIlU'ol ,105 92 13 O.Z{l) 41 0.85 4.25

7 0.53 '106 96 10 2.51 440 0.9 49

8 0.33 105 91 8 2.22 310 0.95 48.5

9 0.985 lOS 91 8 2.90 440 0.95 56

P 0.11 106 91 9 1.88 330 0.95 )8.5

~ 0.94 123 104 19 3.12 490 1.05 24.5

~ 0.29 123 103 20 2.35 480 1.0 24

0.57 124 104 20 2.685 510 1.05 24.5

Control 122 101 21 ?{2} 80 1.0 3.8

0.11 123 104 19 1.885 370 " 1.OS 18.5

1·0.28 123 103 20 2.31 460 1.0 23

0.105 153 III 42 1.415 390 1.15 8.1

0.955 153 119 34 2.9 550 1.3 12.5

0.555 153 120 33 2.53 560 1.3 13

0.31 153 120 33 2.07 510 1.3 12

0.10 153 120 33 1.12 430 1.3 10

Control 152 120 32 0.94 210 1.3 5.0

1)
,

hUmated

~)
'1'00 1011' to be meuured

.

?:b



,

•

'lABLE XIV

EFJl'EOtt OF .uR-LXn' OR !mAT 'l'lWfSFEIl RAft (SIrroLE EnECT TESTS) WA'l'ER

t .'

Run Air ~.nrD.r.tUrt of Liquid h.. pi haNo. admitted 'l'ube Velooit7
Litre. Wall L:t.qu1d AT Ft/••o llru/sq.tt.oF. llr . s: T z Pi

1m,1n
~

1.75 410 2.1 3.9111 Con~1 207 157 50

112 Control 207 157 50 1.75 390 2.1 3.1
~

113 0.36 208 158 50 2.05 500 2.1 4.8

114 0.96 209 1.55 54 2.15 540 2.1 4.8

r 115 0.34 ~ 105 96 9 2.28 400 0.9 49.5

116 Control "lOS 92 13 0.2(1) 47 0.8, 4.2.5

117 0.'3 "106 96 10 2.57 440 , 0.9 49
~ 118 0.33 105 97 8 2.22 370 0.95 48.,

119 0.g8; 105 91 8 2.90 440 0.95 ,58

120 0.11 106 97 9 1.88 330 0.95 38.5
121 0.94 123 104 19 3.12 490 1.0S 24.'

122 0.29 123 103 20 2.35 480 1.0 24

123 0.57 124 104 20 2.685 510 1.05 24.;
<

124 Control 122 101 ,(2) 80 1.0 3.821

125 0.11 123 104 19 1.885 370 1.05 18.5

\ 126 l.0.28 123 103 20 2.31 460 1.0 23

127 0.105 153 111 42 1.415 390 1.15 8,1

128 0.955 153 119 34 2.9 550 1.3 12.5

129 0.555 153 120 33 2.53 560 I.) 13
<

130 0.31 153 120 33 2.07 510 1.3 12

131 0.10 153 120 33 1.12 430 1.3 10

132 Control 152 120 32 0.94 210 1.) 5.0

'1'00 low to be measured



TABLE XV

EFrnO'l' OF AIR-LIFT ON HEAT TRANSFER Rm. . (SINOLll EFFECT TESTS) OOnN SYRUP

RWl No. Air TSS b:r TOlD!leratUN of u. OhuS- 1I'l Ua Appronmatl nloo-
aclm1ttla. Retraoto- Live Tubl LiquU !Tt1/eq..tt~°F.Hr•. 4uo to Air-Litt a11:7 b;y l1-'rIlbl

LUr../mln mUir (,,) SteM . W.ll Vieoomltlr.
Olnt18toklll

43 Oontrol 75 213 210 120 99 00ntro1 250 ",

133 1.2 77 212 208 120 135 + 36,& 400

134 5.0 79 212 207 120 142 + 5111' 75°

135 Control 79 212 209 119 94 00ntro1 750 /,

136 1.2 80 213 210 120 100 + 6" 1000

137 Oontrol 66.5 213 210 . 118 84 . 00ntr91 45

138 1.0 66., 213 209 118 147 + 71:' 45
1

139 00ntro1 66., 213 209 117 88 00ntro1 45

140 0.' 67.' • 213 208 119 119 + 30" "44 00ntro1 75.' 213 209 119 99 Oontrol 270

141 1.0 76.0 213 205 118 127 + 28~ 310,
+49¢142 5.0 75.' 213 207 120 147 , 270

143 10.0 76.0 213 206 121 " 161 + 63" 310



TABLE XV

EFF'EC'!' OF AIR-LIF'!' ON HEAT TRANSFER RATE- (SINGLE EFFECT TESTS) CORS SYRUP

Run No. Air Tag lI7 rrem"lltrAt",.. OF u. OhMS- 1n Ua .lppro:cilll&tl Vlloo-
admittld Retraoto- Live Tubl lit1 b7 tT-Tubl

L1trll/lllin Illltir (~) Steam Wall Liquid
:BTU'/.q.tt~°F.Hr•. due to Air-Litt

V1.o~:~lr.
01 I-"okl.

43 Oontrol 75 213 210 120 99 00ntro1 250 .• "

133 1.2 77 212 208 120 135 + 36" 400

134 ,'.0 79 212 207 120 142 + 51" 750
~ 135 00ntro1 79 212 209 119 94 Oontrol 75° .i,

136 1.2 80 213 210 120 100 + 67' 1000

137 00ntro1 66., 213 210 118 84 . Control 45

138 1.0 66., 213 209 118 147 + 71~ 45

139 ' 00ntro1 66., 213 209 117 88 Control 45

140 , 0.5 67.' 213 208 119 119 + 38" '5
44 00ntro1 75.' 21) 209 119 99 00ntro1 270

141 1.0 76.0 213 205 118 127 + 28" 310
•

+4~142 5.0 75.' 213 207 120 147 , 270

143 10.0 76.0 213 206 121 161 + 63~ 310



•

NOTE: Stickwater was used for all tests except

one with Corn Syrup for comparison
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TA13LJ'i: XVI

EFFEOT OF FLOW THROTTLING ON ImAT TRANSFER RATE (SINGLE EFFECT TESTS)

RI.U:\ Working 'l'3S b7 Estimated 'I'em,ulra1:ur. Opt > Approxima1ie U.. Chans. in U n)
]So. .Fluid Retraato- Liquid Live TUbe Liquid V1800sit7 due to ..

meter (~) Ve~~~U7 Steam Vall Cent1atokes ~Tu/.q.tt.Or.Hr. Throttling
Ft/lloa

144 S 46 0.42 213 209 116 Ii F 159 + 21"

145 T 46 213 209 118 0 0 134 Control

146 I 46 0.22 213 209 119 T 11 174 + 33"

147 0 0 46 0.11 213 210 111 . 169 + 29"

148 JC 0 46.5 0.35 213 210 119 S 159 + 21"

149 V If 41 213 208 119 '1' 128 Oontro1

150 A C 60 213 209 120 K I 139 Control

151 T E 60 0.20 213 210 119 E C 137 + 5"

152 E N 60 213 209 121 A X 130 . Control

153 R T 60 0.)2 213 209 120 s li' 156 +2o,c
<

154 It 60 0.42 214 210 120 U A 140 + 8"

155 A 60 0.38 213 209 120 It T 146 + 1~

156 '1' 60 0.27 213 210 120 E E 117 - 10"

157 E 60 213 210 120 D It 122 Control

(1) Ba.ed on ATerae- Control tIe. value in each te.t. (oontinued)



Table XVI (oontd.)

Run Working Pluid TSS b7 E.timated Temneratu • op Approxim&te Ua Change In U (1)
No. Retraoto- Llq,uid Live 'rube Liquid Visoosity due to a

m(~)r Ve~i:lt1 Steam Wall eent18tok•• »TU/aq.tt.o,.Ur. 'rlIrottllng
Ft eeo

158 StiokYater 20 213 213 176 not 67 Control
oonoentrate meaBured

~

159 - do- 20 0.1 ,214 213 173 - do - 123 + 84"

160 - do - 20 0.22 213 213 174 - do - 87 +30:'

39 Water 0 214 208 175 0.37 356 Oontro1

161 Water 0 0.1 214 208 174 0.37 451 + 26~

40 Water 0 214 209 174 0.37 362 Control

162 Sucro.e 65.5 213 208 120 25 83 Control

163 Sucrose 66.5 0.057 213 208 119 28 107 +2~

164 Suoro•• 67.5 . 0.113 213 205 119 34 147 + 77~

• ,
+ 100;(165 Suoro•• 67 0.23 213 208 117 32 166

166 Sucro.e 67.' 0.45 213 207 121 34 152 + 83:'

167 Sucro•• 67 0.68 213 207 116 32 128 + 54~

Ba.ed on Average Control Ua valUe 1n eaoh t ••t



•
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tollow1Dg treJdIJ ca:a be O'b8enedl

(1) un4.r~ Biven ..t otoperat1Dc conditione the increase in

tJa values achiewd bT throttl1Jlg passea tbrot1&h a peak at
__ intmaed1ata l1qId.4 ..,.loo1~. '1'h1a 18 brought OIlt

olea.r17 in test X uaiDg a 65_5-61.~ INO%'088 solution. The

teata nth at1cklrater COZlCentrate suffer traaa the hab1tual

1rregular1t1' in the behaviOlU' ot ·th. lIOrJdDg fiuld.

(u) the 1llJIT1!1lU1!1 1m»ro.ementa 1n Ua "Ialues obaened in the tests

nth st1cJarater &Icreaae nth solids contenta lUld range f'rolll

84~ (tor COl2Ct!fttrata at 20JC TSS) W 2o,C (tor OOl1oentrate ot
60J'TSS).

cCiIIIpanla with accelerated o1rcu1ation (e1ther bT aeohanJoal 0:1:' b7
a1r-l1tt pumping) t throttl1DB appears W have UO a4'Yan~8·'

(a) it oan be aP'Rl1ed W all effects 1natead at onl7 W the t1nal

effect as iLU-lltUna aD!

(b) theoret1ca117 1t acta _ a liOU1'Ce rather than a COlUIUIIIlIr at

IIeOhanioal:l'.' energ_

• 

-38 -

tollw1Dg ~ oa:a be Obtierndl 

(1) under &rQ' given "t o:toperaUnc oond1UoDII the incrn.n in 

Us. values achilllwd bT throttUng pas.a ~ a peak at 

some interaediata l1qtd.d .... loolt;:pr.. 'l'M1il i_ brOl1gh" 011" 

olea:r17 in wn :a WIling a 65.5-61.'" INOl'.'OD solut1on. 'lhe 
te.ts "ith _t1.cklrater concentrate au.f':ter 1'raII the habl~ 

lrregularl. t;r in the behaviour o:t . the wo:tid!lg :t1u14J 

(11) the mm!l!!Ull! impro'lIIlHftts in 11a 'nlues obaernd in the te.te 

'II1th aUck1nri;er ~ 'II1th solids contents and range i'rom 

84]': (:tor ooncen:trate of' 2o;t: TSS) to ~ (:tor OOl'loentrate o:t 

60J'TSS). 

COIIIJjIare:l with acoalerated oiroulaUo (either bT aeohlmioal or b7 
a1r-l1:tt ~) t throttllnc appea:re to ha .... i;IIO ~tap8 i 

Ca) it om be applied to all effects instead of' 0I'll:.T to the :t1nal 

ettoot alii air-litUna am 
(b) theoreUoa1:b' it acta alii a. lIIOUrOe rather thm a. 000WIII8l." of' 

_hm1oa1~'.' Gn8rgJ_ 
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'l'RE JmCRAl'lImt OJ' m:AT 'l!lAlI'SlPlm

:m lU'l'URAL CIRctlLA.TIOlf EVAPORA'rORS

Iatural circulation eYaporators are amongst tile lIIOs1: usetul elemenu

o~ procea tlIlginee=ing. Requ1r1ng no circulating pUlllpS or ~c1a1 con­
trels, the7 represent tile BIOst eoonDnl1cal lD8&'2lI ot evaporaUDg large

volUlllea ot vater 1'J:'o1ll a vide range or motiler liquids. ln1t vhUe their

stud,T covera an extremely ndG field, all published intormaUon appears

to be largely 8!11P1r1oal, or related to apec1!'lo products.

A aearoh1Dg 1nvus'l:1gdion into the heat tranater to liquids fiowing

upwards in vertical tubes was carried out by Il.L. llad,.<>er and colla.borators

(17; 18; 22). ~e mrrtence ot two tunrlamentally different types of

hGs.'l: trans!'er sones waG auggeste1; v:iz. a "non-boiling" lOYElr, end So

"belling" upper tube region. Empirical upreseiona tor heat tranater

coeffioients applying to el!'.Oh or the two regions were derived experi­

mentally, but no IlI&tho:1 n.s auggBsted for est1mating an Clftrall or

aver8.68 coefficient for tile tube as a whole.

A IlIOre recent and qat_aUo atud,T vaa made by E. K1rachba.um and

collaboratore (20) of the most import:mt raotors which control heat

transfer in natural c1rou1ation evaporatore. ~e variable. which were

investigated in detail vere I

the temperature gradient between tuOe wall and bulk or liquid,

the bulk temperature of the liquid;

the "head", or apparent liquid level in the heated tube,

the tube length and diameter; and

the viscosity of the vorJdng fiuid.

~e outstanllng achievement at this programme 1FlUJ the evolution or
a dilIIensionless correlation linking the a~ tube vall heat transfer

coet:riclent and the llIOat 1IIlportant properties of tile vorldng fiuid and

operatiDg colld1tiona I

If _ a % R x sit x z!l
v - v

,,: 11.4 xO" ..0.'1' x C ~~i
0'(' - a :.It x 1... X

k x P - x: 1 lfa
where ha• Liquid fillll coeffioient of Reat 'l'ransfer

0- • SU'I:'i'ace tension

P • Pressure in plemm

J\. • Laten, lIea'

k • 'l'hel'lUl conduotiv:it;r of work1zlg fiuid

f.~ . Dena1V of Liquid

f& • nen.lV of Vapour

i w • Viscosit;r or Vater,

;: • ViDcosiV or llork1D& Fluid

C • Speoifio heat of llork1Jll: Fluid

A or. Temperature gradtent 'between 'rube wall and Liquid

a/

CllJ.P'r]:ll vn 

'l'lIE JIF..clIAl'Ulm OJ" m:A1' '.mAJ'Sl1'lm 

:m llATtmAL CIRCULA'l!IOlf lNAPOR1'rORS 

lfatural circulation e"l'&.pCiratOl'llll a.l'I!I IIlIIOngst 'the 1IIOlIt WIIe:f\ll el8lllents 

01" p,t'Ocell8 IlIlg1lleel:'ing. Requ1rhlg nc c1rcullll:l:1ng pu::rplil or apec1al con­

trole, the7 represent ~e 11108'1; Gcol'lClll1cal i11111118.'1111 of evaporatiDg large 

volumes ot water f':rolli II. vide ra.Il.p or mo'ther liquids. 'But wh.1le 'theu 

atuq CO\I'el"ll IIIl extrcmel;r nde tial4 lt all published information appears 

to be largol;r emp1l:'ioal, or :related to apeo1f'io products. 

A. search1n,g 1nvIIstiga:U.on into 1:b.a heat tl:'a!I.lJfer to liqnidlil flowing 

u;p1II'ardlil in ve1.'tioa.l tubes 1II'aliI oa.rried ont by V.L. l3ad..."'ft' and. oolla.bo1.'aton 

(11, 18J 22). 'rhe erlatence of two fundamental17 different t:rpe8 of 

he&t tr!l.Dll'f'er sones 1I'alll lIIugggete1; ns. a "non-boiling" loyer, end a 

"beiling" upper tube region. Empirical a:prelleiOM tor heat tra!l.lJfer 

coefficients app17ina \0 each of' 'the two regions 1I'ere derived a:peri­

IlIGfltal17 t but nc _tho:!. lII'lIUiI au.ggusted f'or eat1maUng an anrall or 

average coefficient for the tube sa a. 1I'hole. 

A. lIIOn recent and IIIJ"liItematio studT 1I'a8 made b7 R. Kirachbaum and 

colla.boraton (20) of' the most importllllt factors which cOtltrol heat 

transfer in natura.l circul.atlon evaporaton. The variable. whioh 1I'ere 

investigated in 4et&il were I 

the tmapuatu:re gradient bew.1I!1 tu'be 11'&11 and bulk of' liquid, 

the bulk temperatura of the liquid, 

'the "head", or apPl1M!1t liquid level in tho heated tuboJ 

the tube length and diameter; and 

the visaoBi t;y of' the 1II'Orking fluid. 

'.!'he ontstanUDg achievoment ot this p,t'Ogramme 1fU the evolution 0:1' 

a. dimensionless correllll.tion 11nldng the !l.ve~ tube vall h8a.1: tranater 

coefficient and the 1II0llt ilIIpol:"tant properties ot 'the wrlr:ing fluid and 

P ... Presl!Nl:'tl in ple_ 

A .. La10ent Beat 

Ii: .. '.!'hel'lUl oonduotint;y of' 1II'Ork:iDs f'lu1d 

f;-. .. Denei t;y ot" Liquid 

fr;, .. DenlDi t;y of' Vapour 

i VI .. Vlli1cos1 t;y of' liater , 

;: .. Viecos1t;y of'Vork1D& Fluicl 

c .. Speoifio hea.t ot Vorld.rlg Fluid 

A or .. !J.'empera.ture gre.d1ent between 'l\1be vall 8lIcl Liquid 

.. / 
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a _ a coeffic1ent determined b7 the apparent level o~.

the ·Uqu1d in the heated tube. The _erioal value

of a call onq be dete1"ll1Jled experilllent&ll;r.

- ''rhe correlation b.T thie expression o~ the reeuitti of a number o~ testa

with elistilled wder and aasar solutions, ueillg a tube with an internal

diaaeter o~ 40 _. and 4 II lQIlg, wu reasonabq good. The expresaion

don not refiecta distillotion between a boiling and no_boilillg seotion.

Its application to c1rouIIIatancea other than those ~or which 1t vas

developed call oJl4r be co~irlIIed b7 ~ther experillsnt, and referring to

the teata deacribed in Chapters V and VI, 1t ~a11s to uplain the trend

o~ heat transfer coefflc1ante at high viacosities.

In eliscu.aiag the perto%'ll&l1ce ot _ro1al plant (Chapter V), 1t

was noted that when the sticlarater exceeds~ JO)t TSS, the Ua values

appsar atraDgflq 1ruJensitive to further 1IlOreaaes in eoUda conosntration

even up 1;0 ~, &ftc1 IUiT even _ov 8 aUght 1'1". A ailll1lar phenoaenon

Y&8 obsened ill _e o~ the testa with corn II71"UPJ in run No. 44 (Table

D), tor inatmoe, the solution at a 'l'SS of' 75.5:' and an estimated

visoosiV of 270 centistokes gave a Ua value of 99 B'l'U/sq.tt. ~. Hr.,
vlUlst at a 'l'SS 01' 66.5" and an eatimated viscoaiv of 45 oentistokes

the Ua value vas onl:T 86 B'l'tJ/sq.tt. «7. Hr., a decrease ot 15:', Whereas

b7 XirachbaUII's tormula one wculd have expeoted an increase 01' at least

{t~)i .- 11 x 100 - 56%

The highest viacosiV of aD7 ot the wor!dDg fiuida tested b7 lCireoh­

b&Ulll vas about 4.0 cp. '!'he circulation velooiV wu·not measured in

1C1rschbaulll'a tests, but judging 117 the results of the testa raported in

Table XIV, a figure of aq 1.0 tt/seo. appears a conservative estillate.

Th. Be1nolda ](umber in the no_boUiIIg region o~ a tube ot 40 _

I.D. wculd tJma be of' the order ot 1 x 0.131 x 75 x 104 or Sa;T 3,600.
4 x 6.72

In view of' the unsettled oond , tiona in the no_bolling seotion, the tlow

would alIIIost ce:rtainl;r be 'turbulent. When, however, the world.Dg tluid

reaches a viscosiV of 270 centistokes .. in Run 1'0. 44, with corn qrup,

the tlow .;.;. 8ft1\ without allOYing tor a lonJ: circulating velooiV - can

onl;r be lam'nar. When workiag with a pseudo plastic and thixotropio

tluid like stick1ratar concentrate, laminar now (or 1ta rheological equi­

valent) la l1keq to be well estabUshed at much lover apparent viacoslties.

An _eiation appa!'8ntq exista between the incol:lll1ateilt trend ot U
a

values 8t hiah viacoaitiea and the development of' l_'m:r nov in the _.

boiling section ot the heated tube. It 18 poaaible to der1_ auoh corro.­

htion in tems o~ the FOVK and acoepted expressiona tor fiuid fiov and

heat tranater in tubes.

In the a1IIlplest fora ot natural c1roulatj,on evaporator, liquid nova

dOlm an unheated "return tube" and enterathe heated tube at approxtmateq

thel
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a .. a coett:l.c1ent 4etem1ned b7 the apparent level of'. 

the·11qu1d 1n the heated tube. 2be ftUmerioal valus 

at a can onlT be determined exper1menbll;r. 

- ·2be correlation 'b7 this lIIIlIl:p%'easion 0:1' the relllul:t8 01' .. ftUmber 01' tests 

with distilled _ter IIDd IJU8lU' lIIolution., uslJlg a tube with an internal 

diueter 0:1' 40 lIIIII. and 4 III IGDg, wae reasonabl:r good.. 'rhe mtpl'eellllion 

doe. not refiecta dietinoUoll between a bolling and no_boiling aecUon. 

Itll applicaticn to c1rcwutances ather than thoee tor which it 1U.II 

davalO,Ped oan o!!l;:r be oontinled b7 !'1.trther experiment, and referring to 

the teats described in Chapters V and VI t it f'&11111 to expld.n the trend 

of' heat traneter ooef't1oiente at high viscosities. 

In d1sOWldag the perf'oNAlloe of' _rcial plaDt (Chapter V), it 

1U.II noted that when the eticklrater u:ceeds roughl;:r 30;( '!'Ss, the Va. valuss 

appear aVMPl:r ineensiU_ to turther :l.t!Creuelll in 1II011da conoenvation 

even up to 60'.', and iIIlq _ MOW a eUpt ri8s.. A sidlar phenOlllenon 

1fa8 observad in sOllIe 01' the tasu with corn lIQ"rllPJ in run No. 44 (Table 

D), tor iustance, the 8clutioll at a 'l'SS of 75.':' and an est1lllated 

vieco.it;:r 01' 210 oentiatoke8 gave a Va valus ot 99 BTU/eq.tt. ~ .. Hr., 
whilet at a. 'l'SS of' 66.5:' and an a.U1III!'I.ted viecoait,}' of' 45 centistokes 

the 11& value yu onl;:r 86 Bl'U/aq.:I't. o.r. Hr., a a.ecrease at l~, wharellJll 

b7 XiraohbaUlll's 1'ormula one would have expected an increase of at least 

{t~yt - 11 x 100 .. 56:' 
The hisheat viscod t,y cf' ~ of' the work:.1ng fiuld. tested b7 Xireah-

b_ 1U.II about 4.0 cpo The circulation veloclt,y was· not lIIlIIlI.81.IJ:'ed in 

Xir8chbaulll"1II testlll, but jud.g1.ng b7 the reaults of' the teste reported in 

Table XIV, a figure 0:1' ~ 1.0 ft/seo. appears a conservative estimate. 

'rhe Re,ynolda lfnaber in the no_bolllJ1g ?egion of' a tube of' 40 lIIIII 

I.D. would thu be of' the order of 1 x 0.131 x 75 x 104 or IIIq 3,600. 
4 x 6.12 

In vi_ 01' the _eUled oondSticne in the ne_bolling lIIeoUon, the flow 

would aliIIII.cat certlldn],y be 'tttrbulent. When, honva1", the world.ng :l'luid 

reach •• a ullooslt;:r of' 210 centistokes as in Run 111'0. 44, with corn 8,Tl"lIIjjI, 

the tlow ..;. mil without allowing 1'01" II lonI'! oirculating veloclt;:r - C&I'1 

o!!l;:r be ]"",,1nar. Whel1workiag Yith a puev40 plntic and thi:mtrcpl0 

fluid lib st1ck1ra.1:er col1CG!ltrate, laminar now (or 1tll rheological equi­

Talent) 1. I1bq to be vell established at such lower a~t v1acolll1tielll .. 

.AD asaociaUon a:ppa.rentl;:r o:1e1;111 between the inCOnd.lltent 1;rend of 11 .. 

valus. at hip vi8codtie. and the ae""llClpllllnt of' laminar now in the _ 

bolling Beotion of the heated tube. It 18 pGsllllble to derive .II!Uch corre­

laticn in tams of the JI1'OV8d and acoepted 1IIIlIl:p%'81111110ns tor fiuid fiow and 

heat t:rensf'er in tubes. 

In the dmplest tom of' natural c1rculat:\Oll e_po.rII.tor, liquid nowlII 

dOllD anlU:lheated "?etum tube" and IIInterethe heated tube at apprm:i1lll!'l.tel:r 

the/ 
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tile .... temperature all tile bIillt 1n tile header drum. C1rcu1&t1on i. lIIa1D­

ta1Ded b7 the hTdraulio 1IIIbalance betnen the 11quid in the return tube aDd

til. l1qldd and vapour II1x'Nre in tile Mated tube.

Evaporation oazmot COIIIlI8_ at tile point at which tile 11quid entera

the heated tube, _ it _10 f1rat be heated to tile HtllraUon temperature

equiYa1en1i to the preaaure in the plenum 8paCe in the header drum plus tile

pressure due to the JlTd,raulio head 1n the heated tube. Aa the liquid

ri... in the heated tube, i1i. temperature riaea and the b;vdraulio head

d1lIin1ahe. UIlUl at a oer1ia1n level 'the appropriate aatllra1i1on 1iemperature

i. reached. Boi11ng COIlIIIeDO•• with the pracUcallT 1na1iantaneoua "flash­

ing" of par1i of 'the superheated liquid on entering a region of lower

presaure. 0n17 the upper par1i of the tube i. giwn 1;0 boi11Dg in Ua .

(11)

••••••••••

••••••••••

na.rrover -_n•••
n has been repor1iad b7 investigatore such aa Boart. et al (17) and

OroOthu18 and Relldal (23) that heat tranerer 1n the lower (DOD-boiling)

8801;1on of the heated tube followa the rela1i1oneh1pa for forced OOI1V8otionl
;l£

lIu • 0.027 Re°.8 x Pr°.4
llu • 2.0 (it) i

depending on whether the nov 1a turbulen1i or laminar.

Rea:t transfer in the upper (boiling) aeo1i1on has been lesa o1ear17

defined. R08t correlations for "Boiling On Submerged Surfacea" regard

the lIOVeIIIent ot the 11quid relative to the heated surfaoe as due 1io a
ooabination of free oO%l'l801;1on an4 the pumping acUon broupt abou1i b7
the f01'lll&Uon and the collapse of the nuoleate vapour bubble••

When boiling OOOUl'fl inside a ve1"Uca1 tube, the UIl1-direoUonal flow

of the l1qu1d-vapour II1x1iure provide. a third IlI1x1ng force, which lIlI7 oll­

,.cure the effec1i of the other bo. J.a a result, the quanUtaUve predic>­

tion of heat tranafe1" coefficients baa not ;:ret been perfeoted.

J'ortunateq, the preaent purpo.e requ11"e. no more thm a knovlel!ge of

the broad, qualitative oorrelatiODB which bave been cont1rlled by expert.

1n the field. It 18 generalq agreed that the heat ~er coeffioienta

to liquids boiling 1n tube. are I

a) conaiderab17 highl!l1" th!Ift the oorreeponUng non-boi11ng coefficients.

Handbooks such as Per:r,r'. (24) quote Ua Talues for condensing ateam

to 11qu148 o~ 50 to 200 llTU/sq.ft. 'T. Hr., but 300 to 800

:BTU/aq.tt. Or. Hr. for condensing 8t8a1l1 to boiling liquids,

b) no1: 1II111jeot to ra41cal change fl'Olll one level to the next within the.

bolling region. _ Thi. ia exemplified b7 K1rachba_ t s oorrelation

(B • a X R x- si x ZZ), which oonta1na no :factor Vbich would be
T - v

expected to chan&" b7 BOre than sa;,. 20;( be1iYeen tube inlet and

outlet, and

c) relativelT independent of viSC08i17. Ineinger and 1111•• (25)

:IE See Note (I) on p. 49
found/
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the _ temperatm.-e u the bullr:: in the he84er drum. C1:rw.lrdion 1111 DI!dn­

'ta1nad b7 the Iq'draull0 1mbalMCe betnen the liquid in the return tube and 

the liquid Mil vapour ~ 112 the hea.Ud tube. 

Evaporation C&nl:IOt CCIIDeDC8 at the point at which the liquid eDterlll 

the heated tube, &8 lt _to first be heaUd to the aattlraUon temperature 

equ1Yalen't to the prelllllllU'e in the pleI\UIII llpaCe in the he84er iI.:rmI plus the 

FelllllUrll due to the Iq'draull0 head in the heated tube. As the liquid 

riees in the heated tube, :1ts tllllllpel!'at'arlil riaes and the h7draulio head 

di.11lnilllhea until at Ii oer'ta1D level the appropriate u.ttlration temperature 

1111 reached.. 1I0il.iDs CCIID8Dce. nth the :practical17 1!UItantaneous "flaal.!.­

ins" of part of the II'I:Ii'PI!IrheaUd liqu1d on entering a region of lower 

pre.GUN. 0nl7 the 'I.IppI!I1' part of' the tube 18 gi'RD to boiling in U. ' 

nl!l.l:'l'01rOr '_Dille. 

n has bean repn-tad by investigatore !Mob alii lIoarts et al. (17) and 

OroOthui8 III.Dd Handa]. (23) thet hed t.ranIIfell:' in the lonr (noa-boiling) 

IIII8OU011 of the heated tube follows the relationships for foroed ootmIoti0111 
;IE 

l'II'u. .. 0 .. 021 lteO .. 8 Jt Pr°.4 •••••••••• ei} 

Bu .. 2.0 (it) i •••••••••• (11) 

depill!ld1ng _ whether the flO1l' b turbulent or laminar. 

Rea:1; t_fer in the upper (bo1lins:) seoti011 hu been les8 olearl7' 

defined. HOllt correlaUoDB for n:B01l:b!g On Su.bmsrged Surf'aces" regard 

the lIIO'II'ement of the liquid relaUve to the heated IN.rface 118 due to a 

COIlIo1n&\lon of free oOllVOoUon and the pumping acUon brcupt about by 

the forma;Uon an4 the collapse of tile nucleat. vapour bubbles .. 

Whel'l bolllDg oocwre inside a vel'."Uoal tube, the UD1-d1rectional flow 

of' the l1qu1d-vapou.r IIixtura prondes a th1riI. llIildng foroe, which 1II1i1,T obo-

.SCUH the .:rtect of' the other two.. J.a III. result, the qwwtltatin predic-

tion of heat tra:aaf'er coefficients hall not ;ret been perfeoted .. 

'ortunate17, the present :purpOIllIll Hqu1relll no 1II0re thm a knowle!!ge 101' 

the broad. qualitative correlations which have been confi1"lllet'i. by uperta 

in the fi.ld. It.is pneral17 agreed 1hst the heat tru.s:rer coetficients 

to liquids boll:b!g in tubes are I 

.) conaidllrabl7' higher thae the corrIII~ _bolling coeffici.ents. 

Randbcoka IIIIUch as Per1'7's (24) quote Ua Talue8 tor OOIlidenlll1ng IIIte_ 

to liquids ot ;0 tc 200 :Bro/sq.tt. <7. h. t but 300 tc 800 

B'l'IJ/sq.ft .. <T. h. tor condensing steam 1010 boll:b!g liquidsJ 

b} DOt lIIUbject to radical ch/.\1lg8 from lOne 1..,.1 to the next 1dth1n the. 

bolling region., Thi8 18 !l!lDllllplif1ed b7 Xlrsohbatllll"s correlation 

(B .. l!I X R lI:, 3i % zi). which contains no 1'&ctcr Which vould be ". - V • 
e:a:;pectad to .. benge by IIOre than flq' 20% between tube inlet and 

outlet, and 

0) relat1ve17 independent of villlcoslt;r.. winger end lIli8s (25) 

]I; See Note (I) on p. 49 
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tOUDll that bol1.1Dg OIl the outldde ~ tubes .. COIIplete17 UDattecte4

b7 YS.acoa1V. EnD. n.nchbawa·. Yi.coa1V correction ~t IU\T be

011 the high 814e, as 1t 1"8flec't8 the ef'tect t4 naco.itt DOt~ 011

bo11htg, but alao on the ftlaUYIt exte!lt or the bo1liag regions. .l

c ,~.~ oOllpl'Cftae appears to be (~O.125.

'lhere appeara ito be DO agreaaen't about the effeot ~ the liquid ~n­

ture and tite tal»erature grad.1ent on the heat transfer coe:tt1.oienu to
liquids boiling in 'tubes Cae opposed to "sD:bDerged lNrtaces-). ~ liquid

tompen.tare is otten~- 1I'r the correSJ'OZldillC __ ~~or
specific VA})OUl' wlume, and aocording 'to Kirschbaum (20) h c<.~ x/ vo

. V 0.1 a P \VL

1towewr, S"t1-oebe et al (22) suggest ha<e<. :0.13

(111)•••••

In industrial evaporators AT and Va tend 'to DlO'Y8 in the same d1reoUon,

1.e. largo 'temperature grad.1ents 1n tile tinal etrecta are geners.1q

aaaoaiated with lOW' plenum pressures or large specific volmaea. As !lOre-

.ewer Tar1ations of h or, Va and. P with1.n the prac'Uoal range are or a smaller

order thaD. va.r1atlon8 o~ 'thtt hea'b 'tranater coefficient in the boiling aeo­

Uon rill be tor the present purpose represented b7 I

(
oo.l\°.125

(a oonstant) % 'Ji J

An l\.yerage hea."t tra.nn:rer coett:i.c1i.lnt in -terms ot the 1nd1:ri.dual 00­

~fic1entB ~or the bo111ng and the non-boiling eect1ol18 18 def'1ned b7 •
~ x L + ~ (Lo - L)·

h • La 0

reachea/

-

f'\q 12
.J

where J ha • a.verage coefficient tor whole tube ftU/sq.tt. 0,.. 1Ir.

~ • coefticient tor non-boiling section 1mJ/sq.tt. Op. Hr.

'7 • ooetf'icient tor boiling secUon ·:BTU/sq.tt. ~. Hr.

14 • l.engt,h ~ non-boili.ng section teet

Lo • OTe.rall length o-r heated tube teet

In this esprealdOll onq L 18 UDr8lated to some raa111ar pattern or :tlow

or hea"t transfer, 78't under oon-

d1tiona mere hI and. ~ differ .
w1d.~, it 18 the ratio or L to Lo
which determines ha • Reference 1.

the~ore made to Fig. 12 vh1ch

illW1U'&tea ~tical17 the.,
tlrllp8rature rise and ~all 01' the fiuld

passing up the heated tube. The

1iDe A1! Npreaent. the ateaq heat­

1Dg ,o-r the liquid in the non-bo11hg

.eeoUOII unu'l 1t/

c

L

[
I

A Te,.'t"¥\ p.

-

) 

same d.1.reo1oJ 

co-

• 
••••• 

I l1li 

lIB 

II1II 

L III 

III 

L 

COD-
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(v)••••••••••

reaoh•• the appropriate eaturation Umperature at B - the point at which

"flu1!ing" occurs. :BO 18 'the aaturaUon Une corresponding to 'the diminish­

ing ~a.ul10 head on the Uquid-vapour Jd:.Uure rieing in the tube. '!'he

. shape of this curYe hae been oont1l'lMd exper1lllental17 'b7 Doans et al (17).

Calling III I 'the lleat 'tranarerred in 'the non-boiling s.oUon (BTU/sea)

II I 'the tube diameur (teet)

v I 'the average velocit,y of 'the liquid in 'the non-boiling .eoUon
(teet/s"o)

f>l-I' the clensit,y at the 11qu14 (lbe/cubio toot)

o I the JJ1llIc1tic heat of the liquid (lmJ/lb)

£. '1' I the average teDl1l8ratu.re difterenoe bebeEm the tube wall and
the bulk ot the liquid (large eno\18h to be considered oonstant
in relaUon to '1) (OP)

cS 'I I the- tem~~ture ri.e ot the Uquid paasing through L tee" ot
. tube (-~.)

then III • ~ XA'l' x L x II x Ii"'

'!'he heat ~ecl by the liquid in .passing through L teet ot tube

• v xirri Xfl..X C xb!, and thi. _t al.o equal Ilr
4

Solving tor ~ 71e14. ~. -rrli x v X.PL X C ~
. 4xLxDx x A T
'rh1s ma;r be expressed in c1blenaionleee t01'lll as I

D bT .
Ju. Be x Pr x 4L x6T .•••••••••• . (iv)

As the purpose of W. calculaUon 1. the cl.te1'lllina.t1on of L, Xu can be

el1a1naUd tro. (iv) by equating it wi'th the f'lmdlllllental heat traI1.rer rel_

Uana (i) or (11) (clepending on the VP8 of flov).
In the caee ot turbulent tlOlt thi. lead. tOI

02 L _"3 A'l'lie· _ 0.108 x D x Pr S xjij

(vi)

and tor laei n sr tlOlrI

'b ( L)2.. 'Z. A'llie .7.4 x -D3xPr-3xrm
c> :a,. • •••••••• ~

The problem 'thus resolve. itself into an 8.t1lllation ot Re. c ; " -.

"

'b7 deNn!Uon.

2
i.e. H • 4t k..

2gl) ••••••••••

where H • Loss ot head clue to friotion (teet)

I-~- ~-lI'.m;'iJ1g --MotlOii-iaotor.
For turbulent tiow wUhin-the range -~--;5-;OOOto200.000. and tor

8IIIOo'th pipe eurt'aclIS MeMams (27). ncollllllends the _beUtution of

t • 0.046
Re°·2

t _ 16
iG

'!'he nov in the uoe-boil1ng section lIIU8t also obeT the lavs ot fluid

triotion.

1l'h11a~ tor laminar tlow

ThUS/ .

- 4)-

reaoh.s tP appropriate u.tura.tion tempera'tl:l.r& 801; B - the point at which 

"flllJllh:1ng" OCfCU1'1ll. BC 1e the _turaUon Une oorrelllpond1lig 1:0 the d1m1nish-

ing 1:!;rdl'8l1l10 head on the Uquiil-vapour ~ rising in the tube. '!'hili 

, shape of this ClUTe has been oont1:rlHd exper1lllentall;r 'b7 Bouts at al (17). 

Calling III r the hea't t.ransrerrel1 in the non-boiling lIIeoUon (B'l'lJ/seo) 

J) I 'the tube i11U1eter (reet) 

v a 'the ave:t'llglll vel.ooit,y of' 'the liquid in the non-boiling .eotion 
(1'eet/s80) 

f>1-1 'the dens1t,y 01' the 11qu14 (lba/cubio f'001;) 

C ; the 1III]XII01:f'io heat of the liquid (B'l'U/lb) 

.6 T , the averag9 temperature i11f:!'erenoe be'heen the tube wall and 
the bulk of the liquid (large eno1l8h 1:0 be oonlll1dered oonlllltan't 
in relation 'to 'f) (OJ) 

cS 'l' J the- t.llI~o::ature riae of' the liquid puidng through L teet ot 
tube (-~,) 

then III .. ~ XA'l' x Lx]) X 11 

'l'he hlllat g:dned by the liquid inpaas1ng through L f'ee1; of tube 

.. v xTiri Xf,-X C xb'l', aM. thi. _t also equal iIlr 
4 

Solving 1'01' ~ 71814. ~ .. -rr-ff x v x,.o.. x c ~ 
, 4xLxDx X AT 

'!'his mq be expresn4 in dimlmJlionle8s form U I 
]) &'1' ' 

Ju .. He x Pr x 4L x.6"f .......... ' (iv) 

As the purpose of' thie oa,1au1aUon ie the determination of' L, Xu OIID be 

eliminated f'roll! (11') 1:0' equa:ting it with the fUndamental heat tranllfer rel_ 

UOM (i) or (ii) (ilepend1ng on the 'II1P6 of t'lov). 

In the oue of' turbulent now this leads tOI 

02 L _'3 A'!' 
Re· ... O.lOS x D x Pr S XJ"¥ 

•••••••••• (v) 

•.••..•.. ~ (vi) 

The problem thus resolves itself into an estimation of Re,. c:, ",'" 

'!'he nov in the 110l1l-boil1ng slIction _t also obey the la.ws of' fluid 

friotion. 

i.e. II .. 
2 

4f ~ 
2gll •••••••••• 

.. here II .. Loss of head due to friotion (feet) 

I '-~';"-l"amdDg "Mcl'tlOi--iaotor. 
For turbulent fl_ vi th1n the range He .. 

lII1lIooth pipe lIUl'f'aces JlcMalillII (21), ncommends the 

f' ... 0.046 
Re°·2 

to 200.000, and for 

wbsU tution of 

wlUlat for laminar flow 1' .. 16 
i9 b7 defini UOll. 
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Thus aolv1ng (vit) 1'or v 7ields

2 0.2 D R_ x gx
•• 0.092 x L •••••••••• (viii)

for turbulent flow,

and
H

x L •••••••••• (ix)
for J uinar 1'low.

Ve are lett with the probl8111 01' assigning & value to R. Under equil1­

br1U1a condiUona the pressure drops in both legs of the syst_ lIIuet balance.

In practioe the hydraulio head in the return tube is usually sOllIe oonatant

fraction "&1" of the Iftngth of the heated tubs. If the friotion loss in

the (larger diue1:er) unheated section i. ignored, the preuure at the baae

of ths return tu". oan theref'ore be vr:1tten

~ x Lo xPL ;IE

Ignoring also other minor 108se8 dUlJ to contraction, expana10n and tittings,

this pressure must equal the 8UIII of I

(a) the hydraulio pressure o-t the non-boiling seotion (. Lfl.)
(b) the 'friotion pressurlJ loss in the non-bol11J13 seotion (. I¥1.)
(0) the hydraulio pre.aura drop in the boiling section (sq PH)

(d) the fr1ction presaura loss in the bolling s,oUon (sa;y p...)
•

(e) the pressure requirsd to accelerate the l1quid-vapow: mixture in the

boil1Ds seotion (aa,y PA)

i.e. Lit .. Hli + PH + Pp + PA • "lLofL

or PH + PF + PA
R • ~Lo-L -

The -tollov1ng analysis of the pressure drop of galt-Uquid mixtures t1ov1ng

upvarda in verUcal tubes 1. due to Govier (28). The termB PH' PF and PA

(x)••••••••••

are defined by wnt1Ds the mechanical enerD balanc. tor each pha.e in the streaal

vL dVL
"L dt (VL dP + IlL.. g .. dBn) • 0

v d~

"a dt (Va dP + IlL + ag (J + 4Hro) • 0 ••••••••••

,,). • Plcnr rate of liquid (lbs/sec) _ .

va - Flcnr rats, of vapeur (lbs/sec)"L - Specifio volume of liquid (cublo teet/lb)

Va - Specifio volume 01' vapour (cubio feet/lb)
-dL _ Di'fterenUal length of tube

T L - Linur valoeiV 01' liquid (rt/Beo)

va - L1naar valocit.7 01' vapour (tt/sec)

dlfn. - Frictional Haad loss ~ liquid (teet liquid)

aBro - Frictions! Head lOBS of vapeur (-teet vapeur)
dt _ dUferenUal tilll8

dP _ Ditf'erent1al presaure drop .

(xt)

3E See Note (2) on p. 49
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ThWll solving (11'11) tor v ;yields 

b 0.2 D U ... e x lit x .. 
0.092 x L 

v2 .. RexgxD 
32 

11 
x t 

•••••••••• (viii) 
for turbulent flow, 

•••••••••• (ix) 
for l_lnlU' f'low. 

Ve =e lett nth the probl_ ot iIUIlllign:lng a value to R. Under equili­

brlU11 conditions the pN1I1II1ll:'e drops in both legs of the ayet_ lIIWllt balance. 

Iri. practioe the b,rdra.ulio head in the return tu.be is usually sOllIe oonetant 

fraction Hal" of the l~ngth of the heated iube. If the fr1ction 108s in 

the (larger diueter) unheated pction i. ignorsd, the preuure at the baae 

of the Nturn iu'IJe can thsNf'ore be vri '!:ten 

~ x Lo xPL !IE 

Ignor1ng also other minor 108.e. due to contraction, el!:pl!.l:lll1on ui!. fi ttinga. 

thi. PNIlBUret must equal the _ of I 

(a) the hydrllUlio prssaure 1Of' the non-boiling seotioll ( .. ¥l.) 
(b) the :tricUon pressure lose in the _boll1l'l8 section ( .. ¥l.) 
(0) the hydraulio pre.sure drop in the boiling section Caq PH) 

(d) the f'rlction prsssure 108e in the boiling 8!1ction (srq p .... ) 
• 

Ce) the pressure required to accelerate the liquid-vapcll1l; lI!i:riure in the 

bollins section (aq P A) 

i.e. L/1:.'" Hft .. PH ... Pp .. PA .. ~LofL 

or 

The f'ollc1dng anal;ysis of the prell81.U'8 drop of ga ..... liquid mU1;uree floving 

upwlU'dJi in vertioal tubes is due to Govier (28). The terms PH' P, and PA 

are denn.a. b;'r 1I1'1ting the lIIech!mical enerB7 balanoe for each phase in the streaml 

vI. 411'1. 
'it!. dt (VL dl' + ilL... « +!!lIn)" 0 •••••••••• 

Va d'll'a 
'ita dt (Va dl' + ilL... g + dl:tra) .. 0 •••••••••• 

'it). .. '10111" rate ot liquid elba/nc) _ . 

Vo .. !'l01ll" rate, of vapour elba/seo) 

VI. ... Spttcifl0 volume of liquid (cubio teet/lb) 

Va ... Specific volume 01' vapour (onb1c feet/lb) 

-dL ... Differential length 1Of' tube 

vL .. Linear '1781001107 cf' liquid (rt/8eo) 

va .. LiMa.r '1781001107 of'vapour (ft/sec) 

dlln. ... Friotional Hsad loss of' liquid (fpt l1q1l1d) 

~ ... Frictions! Head loes of vapour (1' .. 1: vapour) 

d1: ... d1tterenUal t1me 

dP ... Differential pressure drop 

3f See Note (2) on p. 49 

(x) 

(xi) 
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(xii)•••••

Va
1'ut~ (dII}FL • dlip.z, + iL % dB'w, and re-azorang1ng •

dP 1 + BI!I ]. r~) (VLdTL Va.TadVa\ 1
-VL dL· ]. + IiV + 1 + RVI.d'L PI. +, g +Wi: g-)t'i'""+iiJdi:

where RIll ... Vapour liquid __ rati.o -0

-t

RV .. Vapour liquid vol_ :ratio
Va Va
-%-
vL VL

'H :Rm IUl<l nv can be oonsidered COl1lI'tant anr a :t1ni1;e ].ength L, e:Ep1'tIss1on

(xU) beoOlUB •

bE. 1 + Rm ].. lb1!\ tthVL TahVaL.-
-VL ~ • ]. + RV + ]. + RV~IrrL + g + Rm g .~ ..... (%111)

.In ~1B expression -the three pro~ drops,PU' I'll' and PA are represented. b.T
]. + Rm ]. I~H\ tL~VL RmVGJ.Ta~

the 'terms ]. + RV' ]. + liV\fLJrn. and e + g~ reqeotiveq.

Owirig to _pour generation the ratios TIm and :av are not conatant along the

length or 'the boiling section 01" the heated tube, and vJi: can therefore

not be eTaJ.uated for the seotion as a whole. It is possible, honftr, -to

est1.llate~ II8g!I1tude of each of the three components at seleoted points

along the 1ength of 'the tube, 111101 to derift graphioalq an a"f91'86l' figure

:tor their 8UI1.

Full detana or this oalculation are giwn in Appendix V, and it is

BhOllD thd the tel'll

(zy)

(%Ti)

(ziv)•••••

•••••

Pn+Pp+PA
;>L

can be expreosed as a :traotion ..~n ~ a 001= of liquid equal to the leDg'th

of 'the boiling seoUett,
. H • ~ Lo - L - ~(Lo - L) .

.. (~ - a:z) Lo - (1 - ~) L

Ex:pt:'8ss1on (vUi):tor turbulent flow thus becomes

2 10°.2 % II; % ]) (~ - ~)Lo :. (l - II:l)L
....- .. 0.092 % L 2if.

To oo~ to a diaenaiOll1e.. rom lIlul:t1p17 both aides 'b.T /L 2 ' ¥heDOe,
on sep&l'&tJ.ng the gro\11lll, / .

1.8 P.JJ!.(~ - ~)Lo - (1 - ~}L
Re ..~ %,. L •••••

SiJUlal'l1 :tor 1a:D1Dar nOlf .

Re .. r:tlt % (~'- ~}Lo .. (1 - ~)L
321' L

B.r COllib'n'ng (XT) with (v) lIft4 (ZTi) with (Ti), 8.xpreuioaa are obtained
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1d"1 ng (:11:) a:mt (n) 
v b W W 11' "4,, 'II" 

V
L 

dP ... ilL... L L... .nL +....!!. % 'laD ... ....2. 4L ... ...!!.. a G ... ...!!...m..._ '" 0 
Ii: ~ wL 'III't 'II'L Ii: , 'III't -..a 

11'0 
hf;~ (dlt)FL" ~ "''iL% «!BFa. and ~ I 

1 (!Ill) (VLd'YL 11'0. "d1vaj 1 
... 1 ... RV\.dL PL +, g + ;;: g(l '" RV)dL ••••• (:11) 

P-m ... Vapour liquid _8 raido 11'0 
'III'L 

RV .. Vapour liquid YOl_ :ra.Uo 

(::till) 

,In 'th1a e.x.pression the three pre~ drops, PH" PI' and P A are repNllen~e4 b:r 
1 ... RIll 1 I~R\ l'Lt.VL RmVGATa~ 1 

,the tern ], + RV' 1 + F.v'fLhn. aM g'" g )1r(l~"'~RV::")!":dL':'" reapeoUnq. 

Oidng to _pour generation the ratios IlJlI and lIV are not coutant alol'l£ the 

length or 'the boiUng seotion of' the heated tube, and VLti: oan therefore 

not be eml:uated for the section as a. whole. I~ is possiblel> hon'N:t', 1;0 

e8'Ul11a.~. tile magnitude of each ot the three componenta at selected points 

along thII l.ength of 'the tube, a.nd to iteri'N grsphioalq a.n Ilwra.gG figure 

Full d.etane of' this calculation are giTen in AppendU: V, and 11; 1111 

shown that. ihlll tem 

can be exprecsed as a. f'raction .. ~ .. of' a 001= at liquid equal to the lell£th 

of' 'the boUing section, 
H .. L L - L - a...(L - L). , ~ c ~ 0 

.. (~ -~) Lo - (1 - ~) L ••••• (xiv) 

~sa1on (v:U.1) tor turbulent flow thua beoOll3llCII1 

:2 110°.2 x f'i % D (~ - ~)Lo :.. (l - B:2)L 
.- .. 0 .. 092 X L 2y)2 

'1.'0 ccmv" to a d1mensioalen f'01'll IIWltip17 bo'th aides 'Iv' /1 2 ' 'llheDOe. 

0lI. aeparafiiDB ihlll grGUJIIlII, / . 

1.8 ~JJ! (~ - lI:!)Lo - (l - B:z)L 
He .. ~ Z, L ........ 

Sbdlul;r 1'or la1l:!.a.r f'l01l' . 

ne ... trl{ x ("'l'- ~)Lo - (1 - ~)L 
32/, L 

lI.r CCIIIIlb1n1Dg (:1:'1') nth (v) ad ern) nth (vi), eatpl."IIinil'lD8 are o'btaiMd 

••••• (::tri) 
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which - giT811 the 41••nll1ona ot the beated tube and the plo'aical coutant.. ..
ot' the working tlu14 - permit L to 'be calculated tor turbulent &8 .el1 ..

ror lam1D&r flow. To complete the calculation L 1. 1Daerted. in (111) and

h 1. obb1ued.a .... 0

Worked lXample.

The ob3eot 18 to a..tem1lle the 'Variation o~ the average beat transter

coefficient Ii crnr a praot1.cal range of -necoa1ties. In a t,'p1oal sUck-
o a

vater concentrator 'the appareD-t naco8i'" oot the l1qa.id. aq ranae troa aq

1 cp in the fir.t to 500 cp 1ft the f'1Da1 .ttect. Compared with this order

o~ var1aUon, the othel" ~cal properties ~ the liquid mq be considered

constant.

• 0.9 (L -L)
. 0

• 0.1 (L -L)oand

Suppose the~ore that 'the (id.eal1nd) 'tluid has a densiv of 10 lba/cublc

t'ootl & specific heat of 0.5 1m1/1b, and a thermal conductiv1't7 ~ 0.2

f~. BTO/sq.tt.~.HrJ alllO that the heated tube 1e 8.0 1't. Ions, and haa an

et':teot1T8 diameter ot 35 mm (0.115 :tt~) As final-ettect cond1tiona are ot
partlcular hterest, &88WIltt that the bulk temperature or the liquid i8 120Op,

and that the nolll1nal t_:peratllre gradient between the tube vall and ill.

liquid 18 1000,. Let '\he boiling point eleY9.'Uon of the liquid at lenla

beloy the tube outlet tollow the 8&turatloll curve for a 7~ corn IJ7rup ao1u­

Uon, as a.teminea experiDlenta11.T (Append.1X I) and IllUStrated 1n Fig. 13.

Assume also tha't the plant 1. operated. (as i8 COJIIIlOD praoUce) 1I1th the.

liquid 1.".1 in the retum tube at the height of the upper tube plate :in the

calandr1a (constant ~ in {xiv} equal to mdt,y). Ao shown 111 AppencUx V,

the lIaX'JJlIUlIl and .1n1mum valuaa or the factor ..~" om be tUeD as 0.1 and 0.9,

and the I1m1ta tor 11 are therefore

Lo - L - O.l(Lo-L)

Iro - L - O.9(Lo-L)

(%'111)

(:m.u)••••••••••

••••••••••

H}O.555
x-L

It is pos81ble 0 to calculate the length ot the Don-boiling ..eotlon L

trOll thft d1lIenslonlea8 relatiolUJ (xv), (v). (xvi) and (vi). but it i. more

convenient 'to aelect a number of arbit.rar.r points on the saturation curve

(&T ft L) and to determine the corresponding values otf" "', ae and Pr and

hI' which b7 COIIbinatlO1'l w1th L and ~ leads ~o the unknown h••

In the can o~ turbulent flow 9 e%j)resslon (..,.) then becomes.

1 J£ (k )*" L AT15
..,. • (O. 00067r>2 -1fe· l OB

3,6000 • D • b'TJ
. i A (eq) .,

and (Til1) becomes

" • 1 rr-P.2 x Dl•2
% g

(O.OOO612,u)0.111~ 0.092
/ . .( :a (IIS!Q')----~I

(
A)O. 53

Henoe r · 1490 ii'

Alao/
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~ :lC L +~ (1.0 - L)

Lo

Details of the ca.lculationa are shown in Table XVII and the correspond­

ing CU1'Y88 han been plotted 1n Pig. 14.

'1'0 check that the dillOOl1t1nuiV 1n ihe II. -r relation occurs tm4er all

v¢'J:atiDg cor:r.d1tions encGlmtared in sticlaratar ooncentrators, a ai ..nar _t

of' calClllaU0D8 .. pertem.4 1I'1th the lte7 ~tera oha.nsed to rEIp1'ltBent

a t"piaa1 t1rIIt effect. . It vas asswaed that the liquid temperature 1IaII

240Op, the boll1ng point elnat10ll CUd_ (shown in Fig. 13) vas taken as

tor pure water, and the -t.:perature gradient was ...-d to be 300.,.

'lo caloulate ha , values ha'I'e to be amrl.gne4 to ~, the heat transter

coefficient in the boll1Dg seetieD.

'l'Jae IIigbMt heat tranarer coefficient obiMrved in D:DT o~ tho teats

with the uped_utal apparatus ftII aeaaured in run 161 (Table XVI, throttled

now with wa;ter), under oondUions in which bo1H n g IIlU8t have occurred alone;

practicallJ' 'the 'llhole lell£tQ o£ \he heated tube. It is a leg-iUlllate as8UllP""

UoD t!lat uadezo these cil.'culaBts.rwes hs. IIlUlSt have bean ver'3 near1;r equal to ~,

or in tlpree 502 ll'l'U/sq.tt.or.lb:. ~ balk tempe%'8.ture of' the water 1n

tide tnt 1Ia8 174°'" aDd its 'rl8cosifq 0.37 centistoke_ (OJ:' 0.35 op.)

APP1lin8 tho 'rlscos1V corrootion (P.42), ~ can tor practical ;pu:rpollee

be expressed atI 500 (.9.:lir125
_ r

1Ih1le this 18 no lIlore than an approximation, it will preBel1tq be IIhcnm

that tOJ:' the purpose o£ the argument the numerical value of ~ 1& not

cri.t1aa.l, since it does not affect the fundamental d1i"f'ennce between

t't1:l."bulent and ]am'mr now and heat transfor.

BaviDg 4erl.wd ~, ~ and L lUI described, the anne- heat tran8tor

coefficient f'or the whole tube can be calculated ~o:r: a. representatiV1l razJge

of' T1scos1Ue. troIll

ha -

Details/
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'11''' 4 • 1f 

11"11-f> 

~ .. 2.0 xt ~·~t (f)i 
'Zo oaloulatlt ha• values ha'nI to be _ig:l.'led to h::!' the heat ~er 

ooe:tt101ent in tile bo1llJ:1g section.. 

'l'Jae .igbnt heat; Uamlrter aoeft1cisl'l't obMrved in W"q of' tho teats 

w1toh the e:t;pe.rhlental appe.ratus WlUI meaaured in run 161 ('1'able XVI, throttled 

:!.'low nth _tor), under condUions in which boillng IllUSt haw 00C1.tl:Ted alone: 

praoticall.:r the whole length of \he heated tube.. It is & legit.blate &S8Ull!.P"'" 

t10D that Ulidel' tile. circwaJ.1~ ha _t have be9n ver"y neal'~ equal to h::!, 
or h tieares 502 JmJ/sq.tt; .. Oz:t .. Rr. '!'he balk temperature of the 'fttor h 

tbillll ten ftS 174°11', am its vi8Msit;r 0 .. 37 centistoke. (or 0 .. 35 op.) 

App111na' tho visoosi 1;1 correa non (p .. 42), h::! can tOl:' pra.ctiClill purPO_8 

be a:;preased u 500 (~)O.125 
_ r 

While th1Ji is no more than an approxirmtion, it fill preaelltq be 1IIh01l1'1 

ths.t :for the pur:po_ of the argument the m.I!II$r1cal value of' h:z 1s not 

or!:t1cal, since it 4oe8 not affect the t'u.nd.amental dif'f'erenoe betlrHn 

tl:l:rbulent and hmimr :now ani! hoat transf'or. 

Daving ilbn'iwd ~, h:z and L u described, the averaee heat tra.mrfer 

ooef'tlc1ent for the whole tuba can be oa.lculated for a. :representatiw ~ 

~ :r: L + ~ (1.0 - L) 

Lo 

DetaUs of the calculations a.re eh01l1'1 in Table XVII Mil the ooneapond-

1n& ou:rves have brMn plotted in Pi«, 14. 

'1'0 check that the 418COntmui1;r 1n the la .. -r relation occm:a tm4er all 

o;p6l:ating CCIIIlditlons ent.lO!mtered in stickn.ter ooncentratora, a ad .. n ...... _t 

of calClllatiODll 1188 perf'cm.4 with the ke.T pt.l"fIlIIIIItere cb&nged to reprel!leJlt 

a 1;)'plcal 1'1:r!n ef'teo1:. . It '111M UIlliWii&d that the liquid tOllpOratu:N 1Ia.II 

240Op, the bo1l.1l'l,g point el ....... tioa em; ,. (BhOWl'l in Fie. 13) 1Ia.II ta:kIm lUll 

tor pm:e -.ter, ani the -telqa:rai:ure gra,tient 1II'UI autllll84 1:0 be 30~ .. 



Final Effe0t Condition, I

( A) Ttm'BULJmT FLOW

XVII

VARI!TION OF AVERAGE FILM COF.FFICIENT ha WITH VISCOSITY

Saturation QUrve I A, tor 70% Corn SYrUp SO~H1i2D

.
R.ad ~T L II c, V n. Pr h1 ' ~ , ha "
Defn Opt tt tt tt/,ea :BTU!,,,.:!"t'.oF.HI' D'l'UJ.".tt.oF'.Hr' , l:ITU/.;.tt.oF. Rr '

M 15 6.4 0.16 3.96 2.48 7,500 ' 24 212 370 244'0
..:I 20 5.75 0.225 1.22 3.62 35,600 7.4 459 428 450..........

182• 25 '.0 0.30 0.41 ,.2 154,000 2.48 951 4900
......

0.855 56.2 28)i 10 1.05 9.3 5.' 7,100 332 290
..:10 15 6.4 1.44 2.08 9.0 52,000 12.6 768 400 694......
0\ 20 5.15 2.02 0.65 12.7 235,000 ).93 1610 462 1285~

(B) LAlUNAR FLOW

R.ad 6'1' L H v r n. hI ~ 11.
Dern Opo ft tt tt/·eo o.p. BTU/,o.tt.oF.Rr. BTU/,,,.i't.°ll'.Hr'. :BTU/sa. 1't °F.R-.

5 7.6 0.04 1.65 4.4 4,5°0 39 360 5',
281...... 10 1.05 0.095 0.536 34.1 185 21 57..:I

'0 15 6.4 0.16 0.265 130 24.5 22 239 65..:I...... 20 5.75 0.225 0.154 350 5.) 19.' 210 72....
•0 25 5.0 0.30 0.°96 860 1.34 17.5 18a 82

...... s 7.6 0.36 1.65 ' 39.6 " .. 50O 39 271 51
..:I 1.5 7.35 0.585 0.86, 128 81 3i.8 239 49'0..:I 10 7.05 0.855 0.536 312 20.6 27 214 49......
0\ 15 6.4 1.44 0.265 1,170 2.7 22 181 54....:



TABLF. XVIII
VAnIA1ION O~ AVmnAGE FILM COEFFIOIENT h. WITH VISCOSITf

First Et'f'80t Ooo41Uoo" '1'. UO°ll' I A '1' • 30°F. , Saturatioo oum • As tor Water
(1) TUnnULENT FLOW ,

React dT L n
~".

v h '
r/. ha . h.

0p 'tt/.eo
1

»ern tt tt ne PI' :BTU/.." tt.Opt.Ii... 11'l'l1 .".f't oF'.Hr.· _. llTU/o".tt,oF.H...
.......
..:I 2.0 6.0 0.2 26 2.41 1,100 157 61 339 143'0..:l 2.9 '.0 0.3 , 3.98 9,600 3°.2 .281 358 310.....
r-l

3.9 4.0 0.4 1.1 6.19 67,5°0 6.65 730 432 581•0
.......

2.0 6.0 1.8 13.75 8.53 7,450 83.1 344 315 336of
..:10 2.9 '.0 2.7 2.65 14.3 64,700 16.0 992 388 765.....
0\ 3.9 4.0 3.6 0.575 22.8 476,000 3.48 2,710 470 1,590
~

(13) lll.lIlUn FLOW .
•

bT
,

neact L ]I v
(n

ne hI
,

ha ha
De:rll OF :rt tt tt/s.o llTU/II... : ft °F.Hr :BTU/.~ ft. OF. Ifx-. BTU/s".l't.o,.Kr.

1 7.0 O.~ 2.78 7.1 4,700 47 340 84

2 6.0 0.2 0.84 55 183 34 266 92.......
of 2.9 ,.0 0.3 0.402 206 23.4 28 225 102
..:10

3.9 4.0 0.4 0.206 670 3.7 24 194 109.....
r-l• 4.8 3.0 0., 0.113 2,030 0.67 22

..
169 1140

....... 1 7.0 0.9 2.78 64 520 47 260 74of ..
..:10 2 6.0 1.8 0.84 493 20.' 34 218 80.....

1,850 2.6 28 171 820\ 2.9 5.0 2.7 0.402•0
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l>etaU. of tile ealcu1&t1one an shown h Table XVIII, and tile nleft.ll1;

curvea have bee heluded h Fig. 14.

Inapect:1on ot theae tlgures ra1.ae. the queatlon how h.. 1.

af'teo1;.d 117 f'orced - or ti1rctUed - ohoulat1on. The answer to th1.

111 largelT prOY1dad 117 the 1nt'ormaUon 1n '-'abIes xvn and xvxn.
U8ing the ....b'l' and L va1~a read boa the _turaUoD CU1"YO. (ng.

13) Be bef'ore, the correapoa41ng l1quid ftlo01V Yae, 113 the cue ot

turbul.nt f'lov, calcula1;ed, trca 8%,P1'8881on (rnl). 'lbe Ugh

l.empera~ operating oend!tiona were appl1ed, .. be1Jlg the lIIOra

appropriate. and ha vaa oalculated tor \'1soos1tl•• or 0.5 op, 2.0 op

aIl4 5.0 ope

For the I.ina r region, the values or v and ~ ('being :indepen­

dent of n80081v) nre enractad f'roII'l'able XVII tor the low

'-perature operating ool'ld1Uona. '1'he boiling sona coetfic1ent ~,

and h8!lClt ha , Yere calculated tor n.coslUea ot 20 op, 100 cp and

500 cp•

.All _1001V I ha f'lgure8 are S'!!Il!!!U'lsed :in ~able XIX and the

corraapond:lng CU1'Te8 have been plotted 1n 1':18. 15.

DISCUSSIOli

Seae of' the &alWD:pUoDll that han been lII&de :in oreler to 111118­

trate the dual-sone tileo17 haft necenU&ted onr-a1mpl1t:1caUon.

Doubts ex1at, tor 1nstance, about the sharpne8s ot the d:1v1a1on

between the bolUng and the non-bo.111ng regions, 81noe nuoleate

bolling can COWl" on sub-cooled lIlIrf'aoes. Furthe1'll101'B, D.r.chbaUIII

(20) baa elJ8gested that the 1nnsr 'tube lNrtace near the outlet IlIq

beoome b1al1keted nth vapour, thus presenUng a greater res1.tanoe

to the paaa~ ot heat; than the res1; ot the bolling lone.

It 1. also obv1OW1lT 1ncorrect; to .s8Wlle that the pJQ-B:1oal

propertie. ot the n\dd are 1naens:1Uft to changea 1n temperature

and eoUda oonoent1'aUon.

JlolrltTltr, the lhd.ts ot tB:llperature, riaoo.lV and propell1ng

head (n) he_ purpo.elT 'been chosen auttlo1entlT ride .apart to

_brace the 80at drastic cha:Iee. in the aeoondar,r variable. that

could naaonab17 be expected. :In vi. at th:l. genercua allc.anoe

tor error and uncerta1nV, the Irtab111v ot the pattern cf' ha
~t1on with v1scos117 18 rema.rkable.

The soundne•• of' the arguments that; have been adY&l1oed 1. con­

t1r'Jlled 117 a OOlIIp&1'1.on ot the theorsUca1 curves :in Fig. 14 with the

W1IIlBat7 of' the experiaental rune in Fig. 9. It; 18 noteworth7 that

the change :in the d:lrecUon ot 1;he CU1'ft of' Uapt ve. '1'otal
. A'l'z

3011<1. Concentration occurs roughq 111 the J)Os1Uon that; voulcl be

B%peCted f'rom an 1.napeotlOll ot 'the h Y8. V:1.coa1V wrTeS•. &
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lieulla <It 'the calcuJ.a.U_ a:re shown 1n T.ble XVIII, and 'the Hle"l8l11; 

0II:!:'VIt8 have bee holded 1n Fig. 14. 

Iiupect:lcm of theae flgtlHs ra.i.ees the quelltion how h. 1a 

affeoted ~ forced - or throttled - circulation. The answer to thi. 

is lergslJ' proyided ~ the int'CIl:'1I1BUcm 111 Tables XVII an4 XVIII. 

Using the ._eb T and L valUlilB Had froll the _tu:raUaD llllUr'lrelll (Fi8. 

ll) lUI before, ~ ocrrGapoQ41ng liquid ftloclV wu, ill the cue of 

turbul.ent 1"10'lIl', O&lO\llawd, froIII a:prell8icm (xvU).. The high 

'I._perature operat1Dg oondlUona 1III'er8 lto:ppl1ed, lUI beiDg the _1'e 

appropr.tate, and ha. __ oa.lcmhted for'll'1l11oos1Ues or 0., op, 2.0 op 

and 5.0 ope 

For ~ ]..,.1na r resien, the val.ue. of v and ~ (being indepen­

dent of viacoaU;r) ore axtracted :troJ1 '1'able XVII for the low 

temperature cpurat1.ng oondU1cl'l8. '1'he bo1ling lIIOIle ooet:N.ciel'lt ~, 

and b._c. hat .. ere calculated for 'ldscollllUea of' 20 c,p, 100 op and 

500 ope 

All _loolV I ha t1gure8 are S'l!l!!!!U'illed in '!a.ble XIX a:n4 the 

OO%"I'.'Gepond:1118 C\U'Ye1ll have been plotted 1n J':l8' 15. 

DISCUSSION 

Sea. of' the aalllWllpUollll that; haft been made in erder to 111wt­

trate the dtl.lll-aone 'theo1.7 Uft necellBitatea O'nl:'-lllhlpl11':loation. 

DoItbtlil o:1l11t, for 111111'bnoep IIIboo:1; the ehlU"PlOlllsIII of the dlv1lll1on 

between the boUiDg and the Mn:-bo.:lliDS repODlll, 8incil nucleate 

bol1:lDg can 00Wl' on BUb-oocled IIII1.D."f'lIIOee. Furthemcre, nrschbaum 

(20) baa IN8/:lIIIlIIted that the ilmer "tube lINrf'aoe nllar the ou1;18t u.:r 
become blanketed with vapow:, thus FllllmUI18 a 8"'AUr resistance 

to the plUl!I&BG of lIea1; than the reat of the boll:lDg 1I0!1.11I. 

It 18 slao obvl_1;:r inOOl'Nlo'l; to a._II that. the ~ioal 

properUes 101' the fluid are 1Il.enei. tift to oh!ll.llgtGs 111 temperature 

and 8011de conoeniraUon. 

HowlWltr, the 111.dtllll of tbpera.'ture, vill!oolliV and prO])ttlllrlg 

head. (H) ha_ put'pO.e1;:r been choaen 811tticlentlT wide .apu.rt to 

.. brace the 1I0llt drastic ohangsll .:In the III1CC:11.d.ar7 VIIIJ!"1able. thai; 

cculd Hason&blT be a::,pected. :In viR of 'thill pnerona allOll'lUIce 

for enol' and uncerta1nV, the IIIrtab111V ot the paturn ot ha 

'lI'U'iaUon 1d th 'II'11100a:l V 111 1'1Il!Ia.rkable. 

The lIIOl1lldnell. of the &rglJlllenta tha:1; ha_ been adYMced 1. oon:­

firmed ~ a oO!llpll1'1eon of' the theoretical CU'l.'ftS in Fig. 14 w1th the 

~ of the uper1Blenta.l1"Wl8 .:In F:l.g. 9. It le notewort1!7 that 
- U 

the ohange in the d:1reot1on of the CUl'ft of' aPi _. 'loul 
. ATz 

Sol1d8 Concentration ooeura rough17 in the pOllition thai: wou.l.4 be 

u:pected :from an 1napeotlcn cf the 11 vii. Vieooeiv !.IIU'1I"ee .. . a 



TU1lBULr.:lfr FLOW(A) ,

cS T L fA • 0.; op !". 2.0 op )II. • 5.0 op
oIl' n Pr. 3.025 h.., • 480 Pr • 12.1 h" • 400 Pl'··30.25 h... • 358., R. h1 h. ,v Be h1 hI. v n. hI h.

tt/.eo ttl••0 tt/••o
:I 6 64.2 154,000 2,590 2,032
2.9 5 25.7 154,000 1,800 1,275 4.0 9,600 282 310
3.9 4 , 30 720,000 3,540 2,010 1.88 11,300 223 312
4.8 3 2.52 60,500 489 484

(D) LA/miA'll FLOW L19914 Bul~ Temperatut' • 120°' S"tur"Uon ourve I As tor 70% corn Snup Solution

~ '1' L T h1 fA • ::10 0>1 JA • '00 0>1 # • 'iOO 0>1

0])' tt tt/••o Bro/.;.tt.o,.Hr h2 h... h2 h... ~ h..

5 7.6 1.65 39 300 52 246 49 201 47
10 7.05 0.536 27 " 59 It 53 " 47.5
15 6.4 0.265

. 22 " 78 " 67 " 58
20 5.75 0.154 19.5 " 98 " 83 •• 70
25 5.0 0.096 17.' It 123 " 103 " 86
30 4.1 0.06 15.' " 154 " ,128 It 106

-------------···~VA~n~I~A~Tr~O~N~O~F~A~V~'R~RA·G~'F)IIi!:~~~:l~ COEF~ICIFNT he WITlt VELOCITY

Liauid »ulk Temuerature • 240°' Saturation 2urv., Aa tor Water



TAnL;:; XIX

VARIATION' OF AVFRAGE FILM COEFFICIrNT ha WITH VELOCITY

Liauid Bulk Temnerature 240°]1' Saturation ourve. 11 tor Water'0 •
.s '1' L fA .0., op fA. 2.0 op jI\ • 5.0 op0, tt Pr • 3.025 h.., • 480 Pr • 12.1 b... 400 Pr. 30.25 h., • 358

'If n. hI h. . 'If Be h1 h. 'If He hI hatt/.ee tt/"le tt/.lo
2 6 64.2 154,000 2,590 2,032
2.9 5 25.7 154,000 1,800 1,275 4.0 9,600 282 310
3.9 ·4 , 30 720,000 3,540 2,010 1.S8 11,300 223 312
4.8 3 2.52 60,500 489 484

(») LNUTiAll FLOW ~igula !ul~ Templratur, • 120°' Saturation Duty! I As t2£ 70i' Corn Szm SolUtion

s '1' L 'If hI r- • ~O 0'0 JA • '00 D'O IV- • 'i00 0'0

0l.l' tt tt/,.o BTU/,;.tt.Or.ll.. ~ he. h2 h.. ~ h.

5 7.6 1.65 39 300 52 246 49 201 47
, 10 7.05 0.536 27 " 59 " 53 " 47.5

15 6.4 0.265
.

22 " 78 " li7 " 58~

20 5.75 0.154 19.5 " 98 " 83 II 70
25 '.0 0.096 11.' II 123 " 103 It 86
30 4.1 O.Oli 15.' It 154 " 128 II 106

(A) TURBUL~NT ~LOW
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VELOCITY tt/.eo.

FIG 15 I VARIATION OF FILM COEFFICIENT ha WITH VELOCITT OF LIQUID IN NON-BOILING SECTION• •

V
Ill'

/, }J. .5 P.p
u ft

./ //~ •
-u , o.

/ ./
,/ 'V,

»:/ V
/'

....-ta//cV
,

}J ~ 20 p.p. -

~<, U.l00 o.p•

...................... ......J.I. 500 o.p. -..\\

.~~ i'-- \ \\
----=~ \ ~

.1 1.0 10.0 10
10

o

1000

III
,.<l

!
(.)
H

~
0
(.)

!
100



-49-

jzs atteapt has been .-de to lJhow that the cUlICODUnu1V .in these

CllrT88 1••oat read117 nplaiJled br p1'tl8Wl1ng 8 trans1tion hOlI tur­

bulent W 1llll1nar now 1ft the !1Oft-bol11l'lg tIOna, and that the viecoe1V
of the liquid 18 1V tar ~ 1I08t 1aportant tactor in br1ne;lng this

'traftait1on about.

Note (1). ~ _rieal T&1uesof the coett'1c1Gn'ta reported by'

dii'terent investigators vat7 slightly, but not

sut'.ficientI3' w afi"ect the argument.

Note (2) I The h-iotion loss in the unheated notion can 'be ino1uded

by' incre....ing L in (Y11i) and (ix) b7 a CO!1lJtant amount.

'l'h1s is equiTalent to elightI3' chancing H which, as sho1m

in Fia. 14 does DOt alter the slope or the curves.
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J.u a1;'tte!II;pt h&a been lIII!1.4e to IIIhoIr that the d1_t1md. t;r h t1.l;Bn 

CIIll"ftI\l 1. 11011' reaa.117 espla1m4 b:r PNI!1I1lIWIg 8 t;raruJ1 tion 1'1'0lIl tar­
bulem 'to Imnar f'low in thI\I n0n-b0lliftg 1IIIOne, and that the vil!COs1t;r 

of the l1qu1tt 1JJ lIT tar 'the lIII01111; 1apol'tan1; tll.Ctol" hi, bl"1l1(';1ng tMe 

transition a.'boIlt .. 

Nota (1) I '!he _neal 'fl!Ilte of the coetf1cionts reported lIT 

dif'terent 1nvestigators VIU'7 sl1ght17, but not 

mrl"fioient17 to affeot the argument. 

Note (2) I The triotion loss in the 'Ill'l.heated notion om be included 

lIT 1ncrsasing L in (rtU) and (1:) lIT a ccnstant ll.lIount. 

This is equiTalent to slight17 chancing H which, as shc1m 

in Fi8. 14 does Dot altsr the slapii' of the ~S. 
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CHAP'l'ER VIII

'!'HE THEORETICAL AIm PR.&.CTICAL SIODIVICAlICE OF 'l'HE EX1'ERDml!I'l'S

It was shOYll in the last ohapter that the two di.tingu1Bhing

te.tu1'ea ot heat transfer 1n natural c1roulaUon evaporators are ,

(a) the int.rdependenoe ot the pr1mar:r variables,

(b) the reT8rsal of trends tolloriJlg the tranlilition frolll

turbulent to laminar tlow in the non-boiling s.ction 01'

the heat.d tube.

Cone14.r, tor example, the effect ot changes 1D the visood1;;1

ot the liquid.

It' the 'riscosiV is 1n1t1ally low enough to .1l8lIr8 turbulent

tlow in the non-boiUng S80tiOIl, 1Dcreas1ng it will t.nd to I

(1) reduce tile h.at tranater coetficient in the non-boiling

••otion rGlJBb]y 1D pl'OpCrtion to1"-0.4 ,
(11) reduce the circulatiDs _looi1;;1, which furth.r reduo•• the

heat transfer coefficient in the non-bolliDs section 1'CJU8h­
ly in proportion to vO.S,

(111) :educe the lengi;il. ot the 110112"'6 s.cUon. While the flow

in tile non-boll1ng section 18 turbul.nt, the heat trlU18fer

coeffici.nts in the belling and non-boiling sectiOI18 are

rouply ot a 811111lar order ot magnitude, and the rslati_

length ot the two BOlle. 18 not ori'1eal.

When the 'ri.co811;;1 has 1noreued and the circulatioD veloc11;;1 has

dropped lIUfti01ent1y tor 18mi na r now to predOlll1Dat. 1D the non-bo1l1Dg

liIectioD, the heat tranlilfer co.fficient 1n thi••ection drop. to about

on_t.nth ot the tigure tor turbul.nt now, and beOOlll•• ind.p.nd.nt ot
'riBCOBiV. Further 1Derau•• 1D TiscosiV therefore tend to I

(i) deorease the circulating velociV' but &Ill the h.at transt.r

coetticient in the non-boil1Dg .ectlon remain. virtual1y

col18tant, the rate ot t_perature rls. of the liquid ..c.Dd­

ing the tube incre...., and it atta1ns the oritieal .aturation

temperature at a 10lfltr level.

Thi. in turn t.nds to

(11) incre... the l.ngth of the boiling 88etion.

As the bolling h.at tranarer coetficient, though reduc.d at high vi_

eo.iU••, remain. ot a higher ord.r or III8gIl1tud. than the )U!inBr tillll

ooetficient, the average coeffic1ent tor the heated tube .. a whole will

riee slightq, or remain virtually con.tant. 'l'his is 111Ulltrat.d b7

Pig. 14 in Chapter VII.

COI1814er De~ the .tt.ct of' artitio1al1y changing the ciroulation

_locivat conatant Tieoo.IV.

It' th. velociV 1s high enough tor, the 1'1_ in the non-boiling

.80tion to be turbulent, the Oorrflspollding heat tranater coeffioient 1.

or/
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or a ldIdlv order &II in the lloSHng BODeJ the average coeUio1ent ror

the Wbe &II a Whole will be Y1rtual~ il14epel14ent or the relatbe

le~ or the boiling and Don-boiling eectiol'18, and Will tend to
decreue With .,.looiV .. a ~tiOJl or the Rqnolda lfumber. 'lids

hall been conf1rlled uper1aentll17 bT Bouts et al (17).

When, hOBner, the _1001V 4rope aufi'ic1ent17 tor lamb.... flow

to pre4C1!1Snaw in the non-boiling section, :turther decrease8 in '9910­

01V Will cause the Iltllgth of the 1lo1ling .one to inore.... ud the

average heat ~er coeffic1ent to riae accord1Dg~. Th18 18

Wustrated bT Fig. 15, ad it 1It this line or thoaght which prompted

the exploratoq teat8 with throUled now reported in Chapter Vl:.
Consider tsnalq the effect or changSng the bulk Ulllp8ra\ure ot

the l1quid. Fig. A..its) 10 Append1:z: I illustrates the increasing

ateepne.. ot the aatura't1on tempera\ure C1J1'ftS at reduced pre8BUrea.

'rh18 _ana that the boiling palot elnation d1'18 to a 81'YUn IQ-draulic

- head 1It greater at low temperaturea thal1 at high teaperatures. Hence,

aasnmSng other conditione in the DOn-bolliftg section to be constant,

the ucen4i128 liquid has to travel a 10J2Ber d1Ittance to reach i te

equ1l1br1ua boiling t8D1pera\ure When it is cold than when it 18 hot.

'1'h1a reBUUs in a corresponding Bhorteft1ng or lengthening of the boil­

ing aeotion, aDd ocnsequent reduction or increase or the average heat

transfer coeU1cient.

1D practice, cbsngSug tha temperature ot the liquid also changes

Us ph;r1doal properties, part1cul....17 ite nscoB11;T, and U is difficult

'to eeparate the contribution or each Tariab1e 'to the final ohange in

the aTll1'ag8 heat transfer ooefficient.

A teat waa, hO"'ftr, densed 1lo illuatrate the dependence of' Ua on

the liquid buD: _perature. Using a .Sngl. eUect of' the e%p8r1lllental

apparatus, a run W&8 lII&de with _ter at ll7°p. This W&8 tollowed bT a

1'W1 1Ja1 ng a 22% lIUIl1'O" solution at 1780,., the lIUOr08e CODOeJltratiOll

harlng purpo..:q been cho88D to haft the _e Y1ecoeiV .. water at 1170,..

'l'he relll11t of th1e test 1f&8 .. tol101f8 I

Liquid BuD: I:!.'t Ua
Temperature 0,. JmJ/eq.tt.Up.Hr.

Water 117 48 213
~ Sucroae Solution 178 41 357

1D spite of a a11ght17 lower temperature gradieJlt (which taVOll1"s the

teat with water), the U. '1'&1,. obaerftd with the llIlCrOtIe eoluti_ was
about 6Tf. higher. It i8 difficult to 8ee how all 1ncre&8e or thi8 order

ooulct han been caused b,y -arq i"aotor other thal1 the 1'1.e 1!1 the bulk

~ratnre or the liquid, and its eUeot on the ext8ll8ion of' the bol1­

big IIOne.

'Ael
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'lhe PhOt1oal .1B»UOa'UOD ~ the "Daa1 Zone" th8017 1a, that all

etf'orte to 1noreue the ooetfio1etrta cd heat traMf"er 1n Datural c1rcQ­

laUOJl evapofttora ahGu1d aim at aoh1n1Dg one, or both of the tollow­

1Dg J

.) the eDfJ!l81oa or the length or the bo111Dg sone re1a~l....

'to .e JlOft-boUing tIOD8J

b) the promotion of' turbulence 111 tha noD-bo1l1Dg sone.

'l'he 1ftts descr1bed. h Chapter VI are rev1ave4 on' the bui. of

th18 principl., tak1Dg into acooant economic and operational cona1dera­

tiona.

ReYers. tesding, &B opposed to forward reeding, results in a

reversal. o~ the ph,y81cal properties or the l1quid in the ~irst and

third .ffects. The solids concentration of the liquid in the second.

etteot rem.a1ns Y1rtual.1y unchanged. The gross differeno. between the

v1scoaitiea ~ the liquids in the f'1rst and the tiDal etfect. 111

narrowed b7 the ris8 in the temperature of the thick liquor and the

tall 1ft the temperature of the thin liquor. Consider, tor inatance,

the TSS figures tor runs 26 am. 27 or '!'est ItB", 'labl_ IX. If' the

viscosities at the appropriate temperatures are estimated b7 reterenoe

to J.ppend1% It 'the follow1ng 1110ture emergelll

Bun No. TSS C'" Vie:ooslV (Centistoke.)

I II IU I II III

26 (test) 47 14 8 30 1.5 1

27 (control) 11 16 49 0.5 1.5 100

o Superfioially tt aq appear pro:U81.ag that & 81x-t'olcl (b'om ~~ to

12- ) reduct10n in the ra'\io of' final to tir.t eftect villcoaitl•• haa been

aoh1eveet. ]3ut. it has been ahown that heat trar1tIter coeffioients benettt

troll changes in 'risco.it,)" onl7 11'1

a) Icdnar flow MaDge. to turbul6nt now,
b) "l'urbulent ttlow becoaes lION ~bu1eft"

0) (in excepUODa1 casell) Lam1l2ar flov beOomell more laminar.

'!'he approximate Re;rnoldll lhDbers 'tor the.e nma are I

Run Ko. I n III

26 (te8t) 700 11,000 14,500

21 (control) 60,000 11,000 50

It./
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It appear. that while reverse teedlDg causell the f'low 1ft the third

ertect to be_e turbulent, lt o_t prevent tbe oppo_Ue f'raa happeD­

1IJg 1D the tirst eneot, and judging 117 the change in Reynolds !f_ber_

• drop rather thaD • rlae 1D beat tranaf'er coefi'1clent voulel be a:peot­

eel. 'l'h1e 18 OODtiftlecl bJ'-'l'eat. "A" and "C" ('1'able IX), where re,ene

f'eed1Dg reaulted 1D a .reducU0J2 of' the gross U value by 5?' and 3?'
. resp8cUveq.

fbill :reduction 18 lIIlIall, and mq even be abaentaa 1n '!'eat. "B".
'l'h1a IIq be due to the transf'er ot llUllinar fiOlf cand1tiona trcm the 10lf

temperature th1rd eUeot to the h18h temperature etfect. It vas ex­

plained that the relaUve length ot the boil1Dg aection 111 llIore criUoal

when the f'101f' 11i1 I_1nar than When 1t 1s turbulent, and also that ita

le~ 1noreasea with the bulk temperature of' the liquid. The ga1D 1D

he.t traneter due to a given temperature rlse 1. theretore greater lt

the now 1. 1111!1~nar than the 10s8 due to a similar re4ucti0J2 in t_

perature U the now 1. turbulent.

It appear. that aierae teediDg results in a :tairq even balance

ot the torce. that tend to improve and those that tend to depress tile

gross heat tranlilfer ooe:ttto1ente. , It does not appear to be the moat

prom1s1ng means of atepping up the ~rforaance o:t u1at1Dg plant•
. _-'_.. , --_..... ------------- ---

B. F.'fZTJm 'l'REA'l':rnl'l'

It 1a shon 1D Appendix IV that the treatment of stickvater nth

certain enJl3lllea (such &8 are tor 1netanoe prallent in pilchard vlllcera)

mq reduce the 'risool!l1V ot the concentrate by as IIIllCh u 907'.

The change of heat transter coeUioients due to nacoalV reduction

would not be expeoted to be the same in sucoesslve etteot. of' industrial

eUclora'tsr ccncen'trators. In the eUeots ln vhich the liquid :tlOlf ls

ncrmalq turbulent, a nacolllt7 reducUon Dould improve the U value_

roughq 1D prcporUOIl tOAJA 0.45 (aee Fig. 14). In the :tiDal eUect,

in which the now 111 normalq laminar, a 'rillcoll1V reducUol1 ..111

double or treble the U Talus, proYideel it 111 large encUBh to create

turbulent oondit10l18. Failing thia - 1.e. if' the now remains

laminar - no aign1f'icant change in U ~ue Call beexpeoteel.

Referring to 'l'e.t "C" ('1'able X), the Reynolds II1mIber f'or the now

in the third effect o:t the control run - aaaum1ng a naco.1tT of' the

untrsa:te4 oonOel1'trate ot ....,. 100 cp and a densitT of 65 Ibs/cubio tt -

4
would ha.... been &boIlt 0.115 ~~.~ 6.~~ % 10 _ 65. AllBU1111Dg a

mni!!!Ulll reduction in v1soos1V of' 1 I 10 and a doubling ot the veloo1tT,

the R8J'!IClda lIl'lDber a1"ter treatment would have been about 1,300.

Allowing :tor dllJ"turblng 1l1fiuencea IlUch a8 nucleate boiling, it ls

probable/
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It appear. tliat 1Ph11e reverse f'eedlag ollluses the f'low in the third 

effect to be_a turbulent, 1t o_t preved the oppoaUa f'roa happen­

lag in t.lie f'1rat effect, and judging 'by the change in Re;rnolds N_bar. 

s. drop rather than s. rise in heat tr;mster ooetfic1ent would be u:peot­

ed.. This 18 OOl'd'inIed. 'by-'1'est. "A" and "C" (Table IX), where rever.e 

feedins: HSul ted. in " :reduoUOl.I of' the gros. U value b7 5" and J;( 

_ respeoUVillT .. 

'fh1111 reduotion 18 ~l, and I'lIII\T even be abaontu in 1'e1l't. "B". 

'l'h18 ...,. be d.ue to the tnnaf'er of' laminar flow ccnd1 Uona f'rom the low 

temperature th1r4 eUec't to the h1,gh 'temperature effect. It wu __ 

pla1ned that the Hlative leagtb of' the bolllag eeoUon is more criUoal 

'llhen the 1"1ow 1111 l"",bar than .. hen U :1s turbulent, md alISO that UII 

length more_es 1d. th 'the bul.k temperature of' the 1.1qu1d. The pin in 

heat trmafer due to a given temperature rise 1111 therefore greater U' 

the now is l .... bar than the los. due to a lII1IIIiler reduotion in 10_ 

perature 11' the nov i8 turbulent .. 

It appellLrlll that re.aree teedlag result. 1n III. tairl;:r 8'1'e!:1 balanoe 

of the fore8111 that tend to improve and tholle that telld to depHlIIa the 

gross heat traneter ooett1c1ents. . It doee not appear to be the soat 

pl'Olllislng meana 01' stepping u;p the Ptrt'ol'llW1Oe of e:UlIItlng plant. 
----_._ .. - --------~.-.---.. -~---

D. E!'lZnm 'l'REA'l':fE1'l'l' 

It is shon m Appendix IV that the treatment ot eUckwater with 

cert.ain ellU\)'lB8e (1IIUOh III.I!I IL1"1II for 1nlIItanoe preeent in pllchlU'd villlcera) 

mq reduce the viaooai V 01' the OODOentrate b:r all lIllCh u 90]i1:. 

The change of heat traMtlllr coefficiente due to viacollll V reducUon 

would DOt be expeoted to be the _8 in suooessive e1'feot& 01' 1ndwstrial 

eUolOfa;t;er oonC8ntrator:l!l. In the effects in whioh the liquid flow ill 

norllllLll;:r turbulent, a vieooeit;r Hd.w::Uon ahould improve the tJ value. 

ro~ 1n proportion tOAf' 0.45 (aee Fig. 14). In the f1na1 effeot, 

in which the flow 1e nol'l!ll&117 1ulnar. a vieooBiV nduotiol'1 will 

double or treble the U 'iI'lUue, :prev1ded. it 1111 laree enoU8h 'to cHate 

turbulent oondltlO!!l11. Failing thill - 1.e. 1t the now l!'IIlU.1M 

laminar - no 1I11grl1t1oant. change 1n U -v;aIWI can beexpeoted. 

Beferring to Test "0" (Table X) t the :Reynoldll lfUlIIber for the now 
in thlII third effect of the control run - aallUildng a nliloos1,," of the 

untreated oonoootrat.e of eq 100 op and a denelv ot 65 Ibe/cublo ft -

4 
would haT!) been &bont 0.115 ~~.! 6. ~~ % 10 .. 65. AlII_lag a 

mni _ reduot1on 1n vlscoaiv of 1 I 10 ed a dcubllag of the ,"1001,,", 

the B"7DOldlll lIi'l.lII3lier ill.t'ter tll'lllatment would have been about 1,]00. 

AllO'ldng for dilsturblI15 intluenoes suoh as nuc1ell.te bolllag. it 111 

probable/ 
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:probable tha" I!lOIIle turbulenoe wou14 occur in the non-boiling section

eft21 al tll1. 10ll'l!qno14. lIiWllbe:t>, AI'Id a aUght r1se in heat l:razurrer

wou.14 be expected.

In practice a 2011 Incre&lle in 'the Reynolde bber ... renU

ot eJlIl7lIl8 treatllent W01I1d rare17 occur, hlUna:r now VO'Illd pardat lUI4

the Ua value WOlll4~c~.

'r.ld. 1. the trend observed in the exper1menta. Por 1nstaJ1ce,

in 'lest It... (Table X) 't1"estmellt ot sUokwater nth l~ pilchard 6l1t.... _.

1J1creaaed the 11a value. ot the tirst, "OOM ani third etteote b;y

~, ~ lUl4 ~ respeolil".17. The greate1" Increase ot U. val.a
in the second erteot _ oompared with the tirsl (high tl'llllperature)

effect obae:rved in all testa nth ertJl:YI!Ie t1'8atJllent Is indlcati.,.. of

the greater leDgth ot the DOn-bo1Ung section 111 the tONer. In

Test "B" ('lable X), the 11a valtl8 in the f'11't1t effect decreasecl with

enlI\1llle t1'8.attnt, but this u;r be due to 41ft'erences in the term1nal

ta:aperaturea, wll10la ._ a nakneslI of the earlier triple effect testa.

'rile ens,yme t1'8atment ot st1clarater baa the follcnring ad'Ylmtagea

and diaad'Yantageal

"I) UlI4er opt1mm OO1..U tiona it 111 capable ot increas1ng the groe.

t1 value of ex1stlng aUcknter conoentraton 117 at least Jo%J
S! the etreot 1. incona1.ston\, lUI4 ma;r at times be lnaign1f'1­

oaI1" It would, there!ore, be umr1ee to base a design on the

highest or the observed coefficients,

2) tor 1l'8V'''oIlI effectiveness, the trea.ted stickYater should be

kept at a temperature betYeon 1000p and 1500p for at le&llt half

an hour. '1'h1a 1IlIli1 Invol". oooling and storing the raw aUcIt­

water, wll1ch normalq ente1'll the tirst effect at about 160<7.

On the other ba:nd, the enl!l;1llllt carrier Ill~ also be introduced

into the final effeots of V&CUI1llI COl1centraton{whiola operate

at or nea:' the opt1mum reaction tm:lpOraturel. In weh case

the earUer effecta would not benefit f'rCIllI the treatment,

3) the -dacaaiV reduction effected 117 the ens;ymes DOt onl7 aida

heat tran8ter, but alao f'aa1.U'tat•• "'nng the concentrate with

the prenoaJat. 01" its COI1wrsioil to d.rt=-d.ried solubl.a. The

colIC8l3traUOIS ot _banker aUcknter 1.s Y1rtual~ 1l;poea1ble

without the use or 81'IJlYllI8. to prevent tube blockage aa described

in Chapter In,
4) in moat pilchard cazmeriea the disposal of the -dlSC81'a pre.ante

a prob18l11, and U. lISe as a .t1cknt8r add1Uve 18 Ulte17 to bo

velCOlllled regardl••• of' the ef'f'ectiYene.s ot the treatllent.

'!'he ad-..ntageB offered b;r the ens;yme treau:ent of' at1ckwater Il1'8 large­

17 in~ble and cU.f't1cult to exp1'esa in econCXll1c terms. It, ho1reYur,

\he enqmes are aT&1.lable at nCllllinal coat as in pilchard viacera, the

f'actorie. appear to han IIUCh to ga1.n t1'Oll Ita use.

c. 'FORCED/
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:probable tIIIs;t; lIIOIMI turbulence woul4 00= 1ft the lIon-boll:!.ng section 

eftU .. t tUlIII 10'1f ~14. lIiWll1:te~f and III sl1&ht 1"1ae 11:1 heat t~e1" 

would be ~te;i. 

In pl'lll.Ctlce a 2011 lncrelllJlle 1ft the RG;rno1ds labor ... a rewIt 

ot ~ treatllent 'IfOllld rare17 ocour, bld1'l&l:' now _ld pera1lllt ad 

the 'Ua. m'lllllt 1IIOUl4 harIU:r c~. 
'l'h1s 1. tile trend observed 1ft tll8 aper1mellta. Par :1.mItance, 

:lII Tnt ~~J." (Table X) t.reat1HIlt of IIIIt1ckwatar nth 10J' 1I1lchard aut 
1ncreue;i t.he Ua ft.l'llllltllll ot tIIIe first, .. OOM III!ld. tld.:r4 ett.ota b.:r 
~, ~ an4 ~ re.o,," .... 17. '!'he g.reatel- increase ot '0111. val •• 

1a tile a.ocM Idteot _ compared ri.th the tirst; (high telllperatare) 

effect obBel"Vllld in all teata vUh ~e t.rea.bent 1s indicaU".. of' 

tile g:reater length of the non-'bo1U!Ig 8&eUon in the tomer. In 

'1'eat "»,, (Table X), the Ua. 1I'8lna :!.n tbe first ett&et decreased with 

e~e t.reat:aent. 'but rug u;r be due to differences in the term:!.n&l 

~ture., 1IIh1ch 11'_ a n&tmssa of' the earlier triple effect teats. 

'!'he GJ:IlI;1lIIe treat:aent 01' aUalarater haa the tollorl.ng adYlmtagea 

!.I.lld d1aadva.ntagelu 

·1) UDder optulua oond1Uone :1.1; 1s capable of 1ftcrealll1ng the groee 

tJ value of' a::isting atiokn.ter concentrators b.:r a' leaat J~ 

.:2!! tlle eneot 1111 :1noons1atent, and llla,7 at times be inaie;n1tl-

0lI.I'l~ It would, thoretore, be lmIfia8 to base a design on the 

hlghoat of' the obeernd coefficients, 

2) for ll'1I!;""',,_ ettectivoueBIII, 1:he trea.ted aticbrater should be 

apt at a ttllllperatu.re betnen 1000p and 15017 f'or at IelllJllt half' 

an hour. Thi. 1IIIIi1 lm'Olve cooling and storing the raw sticll::­

nter, 1IIh1ch normalq entere the tirst etfect &t about IBO~. 

On the other hand, the enlllJ'l!l8 carrier ilia;, IIlsc be introduced 

into the tina.l effeots of' vacurm ooncentrato1'lll .(which operate 

at en' l'leuo the opt1mwl:l reaction taporaturel. :In such cue 

the earUer effeots would not benefit fro:a the treatment, 

3) the "rilllcollit:f ~t:l.on effeoted b.r the Bll.lIi;1IlI8B not onl7 aida 

he .. t tra.Mi'ar, bqt also faa111'tatea "'%lng the ooncentrate with 

tho ]lreuoake9 01' it. COIlftrsloil to ~ied soluble... The 

conC811traUon of IIl8&8bankln" stio.brater 1a vir'tualJ,y 1IIIposa.1'ble 

w1t.hout the use or EIruiIJ"lII8I11 to prevent tube bloc~ lUll desorlbed 

:lII Chapter In, 
4) in 1II0et pilchard e&mlerle. the dispoaal of the villlC8l'& preaents 

a problelll, &I:Id Us WIle as !I. IIIUclmlts1" ad41 UII"8 ilt lJ.ke17 1;0 be 

n1C01Ud rega.rdl.e.s of' the ef'feOUY8n.eIllB of' the treatllent. 

'!'he adyutages offered b:r the 4Imlll;)'lll8 trea;tment of etlckwater aN !are:­
J,y 1I:Itang:l.ble IUld difficult to eJt.lll"Gsa ln econClldc terml!!. If, hOft'Nr, 

the 81U\fl111e8 are available lII;t nCl!!l1nal OOlIt as in pllchard viscera, the 

f_toriea appear to ha .... ImCh to sa.1n. t1'lllll i t.a use. 

c. FORCED/ 
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c. FOBCED CIBCUL.li'IOli

All a:per~nta1 ft'1denoe pciDts to the :tiDal etteot as being the

bot'tlenaolc: to heat tra:aster in QOI1't'l!1Dtional ooncentrators. To produce

OODOen1irate of' 5O}C TSS or bisher, am With liquid velocities wUh natural

oiroulation ot 0.5 tt/seo or lower, 110 is 1DeTitable that tile flow iD the

nem-boiling "OtiOD or the 1iubee 18 1azdnar. Forced o1rculation, to be

ettective, about! theoretioal:b- be applied at a IlUttioient rate to 0_
turbulence in tile ncm-beUing section. Failing tb.1a, i.e. it the

accelerated now rema1ns lllJllnar, the reduction in the length of' th. beil­

ing sone aq lower instead ot raise tile averap Ua values, as was :fOUDd

in 'fest "0" (Table XI).

In vi_ ot the -turall¥ unste~ condltione in tile non-boiling

..oUon, 110 IIIlQ' be perIII1e.lble to take a Re,ynolde lfuIlIber as low aa 2,000

&II the -1,,1_ reqg11'ed to enJJ1Jl'8 adequate turbuleme. The", a.atIUIII1Dg

that the concentrate has a TiscoeiV of 100 op, the lowest de.irable

cUculatiOD ftloclV in a fi7pical plant would be

2,000 % 100 % 6.12 • 18 tt/.ec.
0.115 % 65 % lOr

nererenoe to 'lable XIX arJd to the literature (31) indicates thet

at this liquid ve10clV boiling iD the tube 18 practicall¥ eliDlinated,

aud the foroed colJftC'tion relaUonahip 'IIl1q be Wled to esUmate the heat

tranater coefficlents, 1.e.

lfu _ 0.021 neO.a % Pr°.4
.f\

AaIl1D1.Dg tor eDlllple k • 0.2 B'1'U/sq.ft.Or.lIr. aZI4 C .,0.5 B'1'U/1b,

"
.. 0.021 % 0.2 2 0000.8 ~t\C:O.4 2"""""'" to. 0.. ..-aa - 0.115 %, % vv~ • "" ",..u/sq. .. ~ 1'".....

To _rt to the overall coettlclODt, &II_e s~ fila and tube wall

coett101ents ot 1,000 am 2,000 11ro/sq. tt, 0.,. Jho. reapeoUvel¥, Whence
1 '

Ua • 1 1 1 - 190 B'1'U/sq.tt. 0,. Hr.
~ + 2,000 + 1,000

Even it allowance is _de tor the Sleder and 'l'ate viscoslV oorreoUOD,

aud f'er 110III8 nucleate bollillg, U would be unwis. to &coapt a practical

Us -nlue in exce.. or se.r 200 B'1'U/eg.tt. Op. Hr. nds is roueb17

twioe the avtlJ'aBfl U Yalue:tor all the CODtrol teets With naturala '
circulation IIhCWQ in Table XIII am repre.ents an 1IIprovemellt 1Ih1.oh

would be wlU"lIl17 ..lCClll84 b7 the operatore.

To est1llate the horee-power required to maintain this C1rou1aUOD

rate, a oonaervaUvtl .et~t. of the t'ricticn :tactor would be about

0.01. AetnJl!l1ng ccm:tracUon and aQlargeaaent _molents or 0.5 and 1.0

relJll8OtiYe17 (32); the Read 10a8 would be I

, a ') 1s2 If?-
,4-% 0.01 x 0.115 + 0.5 + 1.0 2B. 4.~8 % 2g • 22 1:eet.
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All lI.'IE:.Pft'!ant&1 lII'II'1de_e pomtlll to the :t1Dal effeot _ being the 

be\t;leneck 1;0 heat trawd'er in OOIl'YIIIDtlcmal COnoentratorlll. To prod.uoe 

ooncentrate of' 5OJ' TSS 01' higher, alII4 With Uquid velocltie. With Mtu:ra1 

oiroul.aUoD of 0 .. 5 f:t/8eo or lower" U 1111 iMrita.ble that the flow in the 

ncm-belling _otion of' 1he tube. 1111 l.a.1iI1D&r.. 1I'ol"ced o1roulafi1on, to be 

effective, should thlIIcl"1'tioall;y _ applied at a auttlcient rate to CIW.IIIIII 

turbulence in the ncm-bolling llleotion. Failing th1lIIt 1 .... 1t 1he 

&008leratea now reIIIIe1na l!llllinar, the l"1'4:l.'Iotlon 1111 the lenBth of: the boil­

ing lIOne IIIq l~ 1mItead of' .n1111111 the ave~ Ua valuelll, as 'IfIUI :tClmd 

in ~lIIt no" (Table XI). 
In '1'1_ at the _turall;r UDJllltell4;r ocmdUlons in the __ bol1ing 

_oUon, It. lIII!Q' be permillllible to take a Reynoldlll Humber _ low as 2,000 

_ 'the lIIizl1_ l"1'qQ1:red to 8!UIUl'e adequate turbul8llOe. '.!'hen, __ 1ng 

that 1he oonoantr&te baa a rilllo08if;r ot 100 op, the lonlllt 4.811"&bl. 

c1rm.!l.aUOD valoc1V in .. 1;7ploal plant would _ 

2.000 : 100 : 6°12 _ 18 1'10/11150. 
0.115 : 65 : 10 

Reterence 1;0 'lable XIX aM 1;0 t.he literature (31) 1n!l10atee that 

at t.h1lll l1qu1d veloclt;r bo1ling in the tube 1111 praoticall;r .1J.m!.nate4, 

alI4 1he fcrc.d comreoUDn l"1'laUOIlIIbip IIIq be WII4Id to .atimate the heat 

tra.marer coefficientlll, 1. e. 

mu _ 0.027 aeO.8 : rrO.4 
~ 

Aa~ for example k • 0.2 BTU/8q.tt"c,.Hr. aD! C a,0.5 BTU/lb, 
1\ 

ha - 0·~1~SO.2: 2,000°.8 : 605°·4 • 266 BTU/eq.tt.o,.Hr. 

fa _1't to t.he overall ocefflclCftt, __ • a'teaa fihl and tu_ wall 

coefficientlll of 1,000 and 2,000 lI'1'1J/eq. tt. 0,. Hr. l"1'l!IpeoUvel;rt Whence 

11111." 1 ~ 1 .. 190 BTU/eq.ft. I? Hr. 
i6ir .. 2,000 .. 1,000 

»ten if allO'lti11.1:\Oe 1111 _de fcr the Sleder and Tate riaocllli t:r oarr.cUOD, 

alId for Il1OIIII8 nuclea.te beiling, 11; lIIould. be umrilllllil to lI.Ooept III. practical 

UIJI. Yalue in 8Xoellllll of !!1( 200 BTU/a9ft'. 0,.. Hr. '1'hie 18 roueb1;r 

twice the averas;e U YliIlue :for all the ocntrol teata With I!Iatural a . 
01roulaUOD ahOliln in Table XIII and l"1'preeenta _ 1sprovement 1Ih1ch 

1II'OUld be lII&rl'11l;r wl_ed b7 the operator •• 

'l'o 8at1u.te the horae-power raqu1l"1'4 to lIIlIL1nWn this c:l.roulaUCft 

rate, & ConB4I1'ft.Uve .aU_teo of t.he h:1cUon factor would be abeut 

0.01. Asllli ..... ing eont1"&OUon md enlargnent coefi'lciCftta ot 0.5 and 1.0 

raapeoUvel;r (32); the Head lalla 1II'OUld be I 

, 8 ') 1s2 Iff 
,4·: 0.01 % 0 .. 115 .. 0.5 .. 1.0 ~ .. 4.~8 : 2g .. 22 teet. 
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.&a\llI1Dg the OODOeDtrate hall a 4ensit,y of 70 lbe/cublc ft•• this 18

eq1U'falent to a nett poII'ft requ1rea8llt per tube ~

222 x 70 x 18 • 11 :z 0.115 0 ".,'" tn>550 .... 4 - .JGo-' _.

For a ~ica1 th1r4 effect cCllllpr1sing wo ca1andrla w1th 230 tube. each.

the Il8to~ power requ1remeJlt 1IOU14 1:hwt be 460 % 0.525 • 250 UP. The

brake horse-poIfllL" requirement 1IOul.4 be COIlsi4erab17 higher. 'lb.e capital

8.Dd the operating coat of a P1lIlIP or tlds a1se fa%' exceeds 'the lIlU1mulD 8UIll

-'--1rh1ci-coUl.a:-;'oncmdcatJ7 be ~Uf'1ed.';'Dbi-doUbling·th.}i;ai-~er·

1D ex1s~1Dg plant•.•....__ ••• _. ~ .•__.•. . .1

Porced c1rcul.ation at 1••• thal\ the thooretica1 IlI1D1mua rate (18

. ft/eec :1.n the 8XaIllpl. just d1.CWIsed) need not be without ment. The

exper1lllellte (i'able XI) suggest that prcrided the c1.rcu1aUon Teloe11;T 1.

h1aher ~han about 5 n/Beo., it is nnl1lm'l7 to cauae the U. val\1lll to
clltcrease b7 aore tMn • n0lll1llal __to

. Farced oirculation at wah low rat.. uaq take the place of el1Q'm8

t:reatlleDt as a aeane ~ prennUng tube blook8£l's b7 _banltvr or

81al1lar gelatinous VPes of concentrate•

. ':'he 1IIproy....nt 10 the &ft1"ll.88 heat transfer coeffloient. that oan

be acIdeYed at iDtmae41ate e1rcu1.aUon'l"81ociUe. (sq 10 tt/..e.)
4epelll1e on the degree w which the reduotion in length of 'the bolling

scme 1. coapenll&Wd b.T ~ cor:respolJd1ftg17 greater ~t1cieDt in the

DCm-boS,l1DB sone. An inYuUsato1oll into 'the eCODOlll1o ~uaUf1oaUon

of toroed o1rCulatlon :1.n th1B reg1.oll would require 11I01'8 extell81ft tests

than ooul4 be undertaken as part of the present~.

D. A:IR-LD"l' CI1lCllL1fiO!l

!'he e_Ual fea~ of injeOUDB air into the baH of & heated

tube in a natura1 c.trcu1aUOlI ca1andria 1s that it change. the non­

bo1l1n,g sone from a e1ngle to a~. lI7Ilteaa. Beat U'alufer to

non-bo2]'DB tll'o-phaae I178te11e has been e:zteneift17 1mesUgated and

1'81'1ewecl lIT 110'''.' (33)•
.... usefUl anal7a1s was lla4e br Oroothui. and Kendal (34). who ..._

bled their aper:l=8Ilta1 data in~ of a bo-pbaee b7Dolda ImIber

det1Ded .. the _ of the Uqa14 ana. g8JI Jie)'noldB -'bers, both baaed

on ao:pe:rfioia1 ".,10011;;1.s.

Bone of' the aU8BPts to conelate the heat; 'tranJrter ooeff101enu

obw.t wed> w1th a1r-l1ft c1:roulaUon «1ther b7 .eane of known f:1Iie-Jlluuse
I

tIleoI..... or b.T eapl~ 1IIOd1f1e4 foI'Q ot Be7nolds Analog (baaed on

'the enerQ potential of the injeoWd air) has proved GDUre17 nccessf'ul.

It app&artI that; 1ihe prlIlJen08 and the effec1; of the boiling sone - nth

u. erdire17 ~teI'eJl1; _ode of' heat traIuI~er - was J18'1"8r oosaplete17

elf.in-ted at the ~Uft17 IIOderate raWB of air injeoUOlI that were

used h these exper1aents!l) 'l'h1.s was ~cular17 noUceable in the

teat. wi.th oonoentrate 8Dd COrD IQTUp sc1uUon, wbere the ob.e:rnd UII

(1) ~r iJ1.180;;O;~~~II-i~·~e.::;abO:t 2 UtrBs per aln. per

tube 1I'OU1d reqll1re oute1se vac11Ull pulIps.
_--.- ------ '-'---~---'----~~'-~--"------_.-. ---~--.~

~ the _trate hu III 4ensiv of 70 Ibs/Cll.bl0 ft •• th1e 1a 

eqIl1ftl_t to III nen pDIIIfft' req~ent per tube 01" 

2 
22 :lI: 70 s: 18 • 1i % 0.115 0 ".,'" ..... 550 .... 4 .. *p.-,--

For II. 'ti:P:Plcal third. ett'eot oamp.r1sill8 tiro calandria 1d th 230 tI.lbea each, 

the .t;1; power reqa1rem_t 'IIOUld tb:wI be 460 :lI: 0.525 .. 250 UP. '!'he 

b1'ali:lI horse-pmNl' :reqtd.rement wul.d be 00Ii'l1ll1derab17 higher. 'l'he ca.»1t .. 1 

8.od the o:peratiDg coat o~ III PUIIIP of" tlds 1Id_ far exceeds 'the ~ _ 
--1rh1ch-cou:U:;'ollOlllioalIi be 3uUnede"Db.1-d;U:bl1ng-th..-h;8.i-~8r· 

:I.n uia-t:l.ng plant .. 
'-~. "._- ".,.-","~--~,~--, .... -- .----~- .. ------~----- -' 

Forced. o1rculatiCID at 1111.8 than the tiulorIIIUoa.l III1!I.1Ima rate (18 
. tt./IIIIIIO :1n the aample ju.at; 41I11O'W1Jee4) Med not. be 111t.hout lIIent. '!'he 

~1I&entB ('lab1. 1I) m.tgge8' that provided the circulatiO'l1 Te10011;7 1s 

!I1s:h1llr 1;hon about; 5 n/seo., it 1111 unUlwly too ca.WKI the U80 value to 

dBoreaae b;r aore thu. & nCllllt1ll.&l l!Io1III01mt. 

, Farced oirculation at. auch 1011 rat,. IU.Y take the plaoe of '1rllII,7IH 

t.reatllleD t 88 a lIIeaJil1 01" p:re'llinting tube bloc1l:a.ge1ll b;r _be.tl.k:9r or 

81=1lar gelaUnoWil weB of concentrate. 

, 'lbJII illlpronlillient 111 t;heo _Terase heat trarulfer coefficient.. that oan 

be aoh1.e1led at. int.emed1ate c1roulAUon Tel.oclUee (eq 10 f't/.ec.) 

depeD4e on the degree 'to 1lh1eh the reduoUon in length of 'the bolling 

lIIOM 1. COlllll*lllated b;r tiuII corre~lT srader coeffiCient in the 
DOII-bo;!'lhl,g SODe. An 1!1vuUglll-tlcUl :l.nto 'the eCOIlOlldo ,3wdlf1oatlon 

of foroed o1roul.at1on :'I.D Wa :region 1fOUld require IlIOl'III e:r;tena1ft taet.e 

thaD ooula. be undel'ta.ken aa part of' the prlllllent prosr-. 

D. AJ::B-ID'l' cr.ncut.IfiOlil 

!'he e_Ual fea't\1:N of' injectlDg air into thII bue of' a Mlllted 

tube :In a utlu'ld o1zculaUOI'J oa.l.and.ria 1111 that 1t c.bangelll the DOn-

boUing sone fl'OlII a d.nBllII to a ~. IQ1!Item. Heat t:ranater too 
non-bo;!.lUg t:II'o-plwle !lQ'8t11i11e huJ 'b1l1lll lIXtII!UllTel,y :l.n'ftsUgated &ll.d 

nvilllfed. b7 110'/1 1""'8 (31) .. 
AI. _1"IlIl _171118 1lU _e 'b7 Qroothuilll I.UIId Kendal (l4),. who __ _ 

bl4ld their «IIlP'r:llII'lltal 4ata :I.n ~ of a t.o-phaee Ie:r"Dollb ltaber 

detiDGd &III t;heo __ of the Uqaid a.I:I4 PJII Be;rDo14. l'aaberll,. both balled 

CD w .......... 'flo1al _10011:1111 •• 

BODIII of the aU-.p\e to couelata thII hila' t.ra:ufer coeff101en\e 

obeel."V8d. nth d..r-Uf-t c1roulaUon «I.ther bT IIlIIana of tnovn ~luuJe , 
tJieoI6WI, 01.'" 117 eaplllllJ'1.n6 lIIOd1f:1ed fol"U of' l!Iqnolu Analog (baaed on 

t.hII ft'ISl:'gr potential of' the injeot.ed ah) h88 proved. CDt1rel,y lllUCoelllaf'ul. 

It appearll that 'Ule prGlIIfmCIl I.UIId the ettent of the bo1ling .OM - with 

U. lIIlI-tirelT Uf'f'eren1: lIIiC1de of h_t tramll'er - __ nner OOlllPletelT 

eU .. fna'tod at the ~t1ftlT IIIIIOdarate rata. ot air injeotiOl"l that 1lft'e 

1lIIIIed 1D the_ l'IX,PI'Ir'--n\e!l) 'l'M..s 1lU )l8ri1cular17 nctioeable :I.n the 

tellts 1111'1 th COlIoOfttratG IIDd com lIIIITX'UP 1II011l1.tlCD. l1be1:re the obller¥1td U a 

(1) ~r iD.1eo;10;~~.8 -1~ '~8111: :; ab~t 2 litre. per 1Il1n. per 

tIlbe 1lOU1d require ott'hiA vaCtmlll pwilps .. 
'-~~<-.-----'~" --_. -- .- ,---,- -- --.,_ .. -----..--.,-_. "- - ----_ .. ~. ---."---~ _ .... 
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Yalue...en alwqa coDS1derab17 higher thaD thoae calculated 117
Groothui. aIl4 Bendal'. method (34). Although the quanUuU.,.

aDal7s1a or heat treDater nth alr-l1ft circulation 1s st111 & matter

for epeaalation, it 18 pon1bl. to ezp1&1n Ua action qualitative17•

.l1r iDjeotiob 1JmIr1ab17 bonusa the C1rculaUOD rate as 1Ih0lnl

in 'fable. XII and XIV.'lb.1a taken 117 1tself 11111 teDd to 1'&1.. h
a

1t the tIn in the ftOIt-bo11ing section 1a turblllent, 01' leave it

Y1rtua117 UIloJt'np4 it the flow 18 1allIinar. Super1Jlposed on thia 1a

the effeot of two ph'. instead or aingle ph&8e heat transfer in the

Don-bo1l1Dg seotion. Aooori1Dg to Ql'Oothu1s and. Hend.a1 (34) two-smaae
hellt tranater ohaDgea trcm laminar to turblllent over a or1'101l1 1'lIDge

ot tw~ Rtqno1d.a lfuaben b uaet17 the _e V87 &8 aingle ph&8e

heat transfer. ('l'he;r found. that ·)apin...... two-phaee lfuaeeU Jr\llllbere

could beat be correlated b7 neO.39 lIDl! "turbuJ.ent" lfuBa.U JrUllbera 117
ReO.87).

A a1II11ar trend. is nid.ent when oCllllp&ring 'l'able XIV (teat. 111th

water) nth Tabls XV (tests nth com 1Q'1'UP). Air 1Djeotion Ilpp81lr8

1;0 be alCh IlOr8 ottsaUve as a promoter ot heat transter when the

lrOrld.Dg 1"1u14 18 water thaD ..,hen it ia oorn 8,7rI1p. In a t;nl10al

t.at nth water ('1'&ble XIV, "C"), 1Djeotlon of 0.555 litres of air

pel' III1nute 1'&1sed. the ha value trolII 210 llT11/sq.tt. 0". Hr. to

560 :B'l'U/aq.tt. 0p. Hr.

W1th corn qrup aclations of' ecUlllated vbco81t1e. ranging trolII

45 to 1,000 cent1stokes, air injection ratea ot tratA 1 1Un/llin to
10 l1t:res/m1n had to be used to achieve 1lIIprovUlDent. in the U value.

ot bstlreen 6:' and 71~ Both group ot te.ts show a rapid reduotion

ot: the rate or inorease of heat tranafer coet:t:1c1ents with lllOr8uing

ail" 1DjeoUoD rates.

'l'h8 teat. nth water (Table XIV and F1g. 11) abo illUlitrated.

the greater etfecUVlln8U or air injection at In tesnperatul"ll gradient.

~'l'). 'l'h1a 1. to be expeoted, siDee a higher temperature gradient

n_Ua in au 1Ilcreus in the rate or tlllllperatnl"ll ria. ot the liquid

in the non-bol11ng lIOIle. Bence the length of the non-bo1l1z1g sone

'18 IlhDrten04. an1 the benefit or 1ta ~_era10ll to a t1ro-phaee I178tem

aSwSnSsh•••

'lb.e fnture wh10h rendera a1r-l1tt c1rcub.t1on attractive as an

aid to IIell.t tranater in sp1t. or UI1l:l8rtaint;T regnrding U. operating

_Man'., 18 ita low power ra(Uirelllen".

The lIett pser requ1re4 to achieve the obaerftd 1mprcTlllAen" in

hell." transfer h&B_been calculated tor each ot: the test rune in 'l'able '

XIII.

!!ae a1r-l1tt C701e iD 1 t. dmpleat t= 1. illustrated in P1g.

16 (a) and the correllponcUng P-V diagram in Fig. 16 (b).
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Yal1Hl1ll were al1ll'lQ'lll coDll1derablT higher thaD thoae oslculated b.r 
O:roothu11!1 u4 Hendal'lII method (34).. AlthOU6h the q'ulII:\1.1ta.Un 

IWIIl;rs1lll or :beat tra.Dster nth ah-lU't c1rculaUou. 1s st111 II. -.tter 

fer tlpllloulaUou., 1t is :polIIslble to ftJIWn 1ts &ot1en qua,11taUvel:r. 

Air iD.1I11Ctiob .bmIr1abl;r iDe1'lllases the o11'culaUon rate as shOll'll 

in 'lables XII and XIV .'DI.ls ta:ken b.r 1 tlltlU' will tend to raiH ha 

if the fIn in the l'lOD-boil1ng aeotiOlil is tWl:'bQlent, or leave it 

~ UDob_nge4 1f the flow 18 la.lI1nar. Su:perblposed on this 1. 

the effeot of two plllSH 1netead or .mgle phd. :beat transfer iD the 

norr-bolllDg section.. ~g to QroethUiIli and. Bendal (34) tw~ 

heat tramater cb.lmge8 from l..",Sna,. to turbQlent over a or1Ueal l"ImS'III 

of t1r~ ~1d.1II IMibere iD u:aotl:r the _e va;r as single phalli. 

lllll&t transfer.. ('1'her,r fOUl'ld that .. ].."., ..... 1' .. ~ lfulII.eU; Jrlllllben 

could best be col'1'IIIla.te.i br Be 0.39 IIDiI. "tWI:'bulent" l1witIllOlt JrlDlbeN b.r 
hO.87, .. 

Jl iid.Idla:r trend 1111 ft'1dent 1Ifller!. cOIIIIpI.U'lng Table XIV (teat. with 

water) with 'lable DCteats with com IIQ'TUP).. Air inJeoUou. appeara 

to be 1iIIIU.Ch IIIOl'8 ef:tecUn d a PrCllllot8l' of heat traMfer 1Ifhen the 

vorldtlg 1'11:114 :le _t81' than when 1 t is oom QW.p.. In II. \1Pical 

t •• t nth 1If&ter ('fable XlV, "0")" inJeotion of 0.555 lUres of air 

per m1nu.te railll8d the ha val_ trOlll 210 :BT11/sq.tt. 0". Hr .. to 

560 B'l'U/sq.n .. OF. lIr. 

Ili th COl'll II,Tl:'1.IP solutton of' .a1:1111& fi.'" visoos1 tie. ranging trCIIII 

45 to 1,.000 _ti8tob1l11~ air injeotion rat •• of from 1 litre/ain to 

10 IUre./1dn had to be uae4 to achien blp1'Ovbll.lentlll in the U valU!l. 

ot betesq 6:' and 11;;" :Both groupa of' te8t8 IIIhcw a rapid reduction 

of the rate of inOl:'8lll.H of hu.'t tnmd'er coefficients nth ll11Cl'8aa1ng 

ail:' inJection rates. 

The teat. with n'ter ('1'&ble XIV and Fig. 11) allllO l11utrated 

the greater ef'fIllOU'VOI!.8U or &11' 1njsotiou. at low t!lll!lp6ra.'b1re gra,dient. 

~'.L'). 'l'hia ls to be U'.pIIoted, siDee a higher tll!lll)lllratWl:'lll gradient 

r<hn:I.ltlll in an increase in the raw of tempera'b1re r1IIIl11 of the liquid 

in the IlOIl-boll1ng :IIOne. lIence the IllmBtb of tile IlOIl-boll1ng IlIOn. 

18 sholL'tlmlll1, a.uil the beneti t or it. ~1l'I'.l'IIIlon to a two-phaee Q1IItem 

.11.' .. ' sh ••• 

'DI.. fea'b1re whloh rendere &1.r-litt c1rcula.tion attra.ctiw aa an 

aid to had tnnafer in apit. of uncerwnt.;r regu.rd1ng itlll operating 

JIII..M"Q~", i8 ita lQllf po1I'8r re~ent. 

'!'he .1;\ parer requ1re(l to achien the ohaened 1mpl"01fU.ent in 

heat tra:wIIfer bliLbeen calm.'1l.a.ted f'or eaoll of' the tea't l'IlmII 1n Table 

XD:I. 

'!'he ah-litt c;role .in 1 till lIIimpleut :t= is iUWltra.ted 1n Fig. 

16 (a.) and the ccrreapo1'lil!ng P-V dil!.grllllD in Fig. 16 (b). 
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htUDg W• York performed. ComItr$l!Ildng air.

Po. Atmospheric pressure

Pl. J.1r preeaure at 1njecUon point

1'2• .u.r ~uure 1D plenum

V1- SpecU"ic YOlume o~ air at
1..nject1OIl pressure

V2- SpecUia "lOlume o~ air in plenum

w • Veight at air injeoted

tt.lbsjlb.
Ibs/aq.tt.

tt

t'

cubic It./lb.
It

lba/.ee.

Prom tirst principles, the work represented 'tV 8JV' Pi diagram 18 ginD

Pl'l - ]'2'2 P2V2 ~Pl)n;1 ~
lIT 11. 1 - 1 -p -1

II - n - 2

It was a!:Isv.-d tha't

a) Coarpr8nlon i.e &d1abatio. 1.e. D • 1.4

b) The prenure ~ the a1r at 'the OOIlIpr8ssor Wet 18 the RaDle ...

"the ple11Ull pr6S8U1"e

0) fte pr.asure at. the point c4 air injection 1a equa.l to the

plenum preasure plus the equ1nlent o~ a 10 ft. head o~ vater.

4} Tho specifio yolUl18 Vi! ot 'the air entering the compre8sor is

equal to the specific volmae of 4rT ai.r at 100°F (the assumed

i.n1.t tempera-ture to 'the compressor) multiplied by ~
P2

The weight ot air bt,jeoted per aecond was ea10u1&ted by' converting the

obael"f'ed injeotion rate from L1'tres/mu to cubic tt./aeo. and diY1d1ftg

b7 13.5. the DOlIliDal. specific volume ot the ambient air. Renee the
1f X WI.H.P. was calculated a8 550 and the re.at. helmed 1n Table un.

It w111 be obaernd that the I.R.P. va.r1.ea oons14erab17 trom rutl to

run, e.g. trom 0.0015 lIP to aoh1e.e a 31;' improvement in t1 nth etlck-. a
water o~ 40:< 'l'SS (run 87), to 0.0525 lIP t.o achieve a 100}< improvement

in u· nth st1ckJr::J.'ter ot 66~ TSS (run 90). .:It 18 tundam.Dtal~ impo8aibl.-a _

due to Tariatiou o~ tile plQ"a1.oal prope~t1.8 ot sUokn:ter to deduce a oor­
relation which perm1:t. the hord power required to acMe..... a giveD iaproTe­
.ent in Ua to be pre.entad graph1oal17 111 & oomprehena1bl. lWmer.

___ v~·. ,~ _ .. -'0. _.,-..~~. .~~"'_-"'O_._~ __ ___,_._... v'

Kovever, the ~ollov1ng i. & I1st extrao~d troa Tabl. XIII ot the

I.D.P. required to achl8Y8 11 ftlUS8 of abou't 200 BTU/eq.tt. of. Hr.a
b,Y dr-11:tt c1rcul.aUon a

Run ~s u r)~ntro~ ~" (te8~6,Bo. B!u so.tt. .Hr. BTU so.ft. P.Rr. I.R.P.

85 42 129 207 0.0104
93 5° 139 202 0.0267 -_.
94 50 . 139 222 0.0473

103 42 119 203 0.0056
102 42 119 234 0.0132
80 57.5 71 184 0.0267
97 59 137 196 0.040
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. cOIlIparlng the.. figure. witb UI ~.525 UP est1mate1, to be required

to acb1e..,. a U. val_ or- 200 BTU/I\t.. tto. ~. Hr. b1 :torcltd C1rcul..UOIl

suggests tba.t the same could be acQ;1..-e4 b.1 &1r-111't ci~~onWliDB

len thaD a tenth ~ the po1l'8r.

i'he appl1caUcm o~ alr-l:U't 0VOII.l&tiOll to ez1sUng Pl.an~ 1nvolYee

• _ber ot' a.oolll1lu7 problems yhie:1llUt tUf':t1cult to I~ 011 a

laborato17 8Oal.. i'he 1I0r8 1lIlpor~to or' these are I-

I) the unU'ona 41aUibuUcm of ~ to 1nd1v1dual 'tuosa irl the

oalanelda,

2) the ettect ot' the 1n.18Ot8<1 s1: 011 the condenser oA]laCiV, ant!

3) the pos81b1l1V of aocelen~ cRTOa1on of the lIJild steel 0_
ponents ow1Ilg to tbe pre_C'. of -xcess air 1n tb.e 'Vapour.

Kewrthele.., the a:per1menta 11't;h e.1r-l1:tt o:1rcUl..tiQll appear

eut':t1c1ent17 p1'OlI181ng to warrant earthe~ teste on a ee.i-:1D"-uatnal

lIC&1e.

E. TlmOT'lLED CIRCUU'l'IOR

TeollJl1cal17, throttled chcu1-.tion ~8 a tnJe of to,:ced cireulaUoa,

~ its acUon 1. quite 41fferent. Por'ee<1 01rcu1aUOIl 1& a "brute

force" method or raill1Dg the heat 1&!'&ZlIf"er coefficient of tile nOft­

bOU1ng secUon to a B1JI1lar level as tIl.at of the bo111JS& sone (1rh1cb

111 gemtra117 el11111natea 1n the p1'\)4:les.).

'l'brottled c1raulation, requi~ nCIo rorce, ill wacS ILt 1IJ&1nta1n­

ins the bOiling __ at ite 1II&%UIuIII 141Dgth UDder all ~d1:t1ollfl or
temperat=e an! v1scoB1V.

This can be achieved b.1 I

a) reducing the b.7draul1c he~ _ tI1e liquid 111 thlt hlaated tube,
thus pentitting boll1ng to ~ence at a lower ~l'ature, or b7

11) reducing the ""lociV ot tQ.e U~4 1n the JJOlI-bC111D8 section to

ensa:re that 1t attains it. lloi.11ng tempBra~ _-t ti. IOWBlit

poe81ble 18"181, 01' b.7'
c) a cOIIbinaUon of (a) and h:,,).

The head en the liquid 111 til.. _ate! tube i. lSO.t. ClOmft11el1t~

:reduced lIT IlISS-'1lI ot' a throttling val_ b the return It.m. the degree of

throttling being m&llUred lIT the Vp14 Ilftl in .. lIanQIMtlr tube _

Mcted to a point close to the 1n%-.t to the beated tubet.

The ""lociV or the liquid it:Sto tile heated tube 1. be.~ :reeu1atea 1V

llIeans of a calibrated purlIp 1nt&lpvae~m the return ~e.

Althoush the two throtUil2/f lJIl1tboUt U'8 buee! OJ! 41~.r-en1; .une. of

reascn1ng end d1t:ter in prinoiple.. tbl~ aotion C8IIJ1lIt be leparate4 in

practice. llhen, ~or instanoe, t!:JI bead 011 the llquU 1Il~lr1ng the heated

tube i8 reduced, "it 18 inev1tabla \\at 'the veloo1V 11 reduced as well.

- 59-

. C~g thad f1gu:rea wUh t:.bI '0.525 UP eaUmtll\\ to bEl require4 

to achie'nl III. U. value of 200 'B'l'U/IIq. ... ft.. 0,.. Hr .. b7 :tOl'c~ o1rcmlIl.U_ 

lllUg'g9ats tha.t the _ could. be acb..i'" ",. lJI1r-l1t't el~&t.loft _1ng 

le881 than .. tenth of' the power. 

fhlll appl1ca.Uon of dr-l1f't o1,;r!QJ&tion to U1stillg p1aa'" involnlll 

a _ber of 1Il11'1001!4a.r7 problems 1II'hieilll!lU't d1:t:r1oult to I~ on a 

l&boratoq lIICale. fhe ilion impott;.llllt or" these ant I-

I) the unU'01'III diat:r1bution 01' aU:- to 1n41vi4ua.l tub4'1 m tha 

oalandr1a.; 

2) the enect of the injlllCted ~ IlFl t:be oolld!tbll81' ~i VI IIDII 

3) the poss1bil1t;r of aooelant;;1'll\ CC1I:'TOlIIIlon of the ~d !lteel 0_ 

pGWIIllt. ow:!.:ng to the pre_die 'Of 4lUCees air in tb.- "Vapour .. 

lIeftrthele., the experimentll 1I1tl1 a1r-l1f't c:i.rClIl.t1C1l1 appear 

m:li":ficlent17 prcI1I1alng to warrant :e'ilrthtl:' teste on a seusi-:1!d.UI!ItMal 

llllcaJ.e. 

Teohll1cal17, throttled Chcul_tiOll ~I!I a tT,p6 of to;r:eed olrculation, 

but Ita action 18 quite different. Poreed c1:rcu1aUOIl 111 II. "brute 
force" method of raisiftg the heat -IIt!'UlJf"er oooftlo:18n1; of illlll non­

boUing eection to III. IIII1!Illal' lenl &II th.at of' the b01UlI'JlI: !!One (1fh1oh 

18 gIIMral17 e11lll1nated ln the pl'Oi4.leq,) .. 

fh;rottled oircu1a.tion, reqtd~ IlO> tCl'Ce, 1111 aheel ILt wdntain-

1Il6 the boiling !110M at 11;& ~ l<el!g'th UDder all CCIl!'U:tiolUl of 

temperature and viscoelt.T. 

'l'h1a CIID be a.ohleved ",. I 

a) reducing the ~ul10 hell4. 01). tae liquid 1D th!l haaiM tube, 

thus pendtt~ bolllng to ,clllwanCf) at & lower 1;.4IIIIIpt1.'aturGJ or b1 

11) reducing the ftlocitT ot tb.8 Uqa.t4 1n the t.IOn-bC111a,g section 'to 

el1l'!nlre that U; attains U' 1loi.1ing tempen1;ure IL-t tie loweat 

poslll1ble level, or by 

c) a oOflbinat1Dn of {a} and (bo), 

The head. on the llqu14 in til .. _ated tube 1& DOllt. ~1entl,y 

reduced b.T lIIelL'18 of a throttling Y"lIl_ b the return l;t..1l:lt. Ute de,g:Z'1lte ot 
throttling being 1lI!Iawred. b.T the V'l,Q.14 Itnl'l!l 11'1 It. IIII!!QlMt,r' tube 0011-

Meted to a ;poin1: cloa. to 'the 1Jl%.tt to the heated tube. 

'l'.I!1II _loci t.T of' the liqu.14 it'!llto tIIeo heded tube 1. belt> regulatll4 b.T 

means or a. calibrated pmp lnt~i!l m the return llu" 
AlthouBh the two throttling tIIlI

'
tbo4a U'l!t bued on cJjN',rent liMe of 

reasoning and differ in prinoiple,... tbll.r lI.ot11'1n c.wmot be 1~a:rate4 in 

practioe. When, f'ol' 1Mtanoe, tl:!al bead Oll the 1:1qu1i lll'ts:I:"ing the heated 

tube is redtlcd, <11; 18 inevitable. \hat <\he veloclV 1111 l:'Ikhoed u "11. 
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S1Jd1arl¥, controlllne tha velooi. or the liquid tlorlllg into the

heated tube invOlves a break in the return line and a reduction or
head.

'!'he eneet of thrott11ng lIT valve baa been atutied. X1rsohb_

(20), for 1nstanoe, toU114 til&t when evaporat1llg water in a Yertical tube

4 m. 1C12B, 40 1Illl. I.D., the ha value rose bT an average of ~ when the

apparent liquid 1ew1 in the beated 'tube vas reduced trom 7~ to 4~

of :1ta length.

'!'he Ua value observed bT Jeerr (35) in an industrial evaporator,

nth the apparent water lllTel at 3~ of' the height or the heded tube

(54 in.), vas about 501' higher than 1I'hell the liquid 11'&8 le..,..l W1th the

~ ouUeta.

lio re:terence bas been found to throtU1De at oO!1lltant ..,..10c1107,

or to thro1otliug applied to 'the conoentration or rtsooWs liquidlll.

The rellU1ts or the exper1llente IIUlIllIa1'1sed in Table XVI are there­

tore of interest, f1retl¥ beoauae thflT confiraI the feasibil1ty of

throUllug bT pu1lIp, and aeocadlT becawse thflT lJUggeet that throttUug

i. eft.cUve when concentrating eUckwater to '1'oW Solida contents

e-ntn u high as ~.
The peak in the 1"lIIIg8 ot U values obeet wed at certain intermediate. a

pup1ng rates (e.g. in '!'est tiE" with sucrose solution) is analogous to

'the peak in ba val_s found bT I1rschb8Ulll (20) for certain interaediate

.llquid heade, aDd is an 1nd!caUon of a reduotion in heat transfer in

the v;pper eDd of the heated tube. When evaporating _tel', this 18

oaused lIT tomaUon of 4r,r spots in the bolliJlg eone,· but when 001108_

tratiug a solution like lIUOrOse, pa!"t. or the tube JIIIq' beCOII8 ooated

vi'th overdried mattsI'.

Ccna:lder, tor inetanee, run 163 (~.8t ItEtt). '!'he ob84llT8d rate of

disUllatioD during this run 1I'lUI 27.4 lb. water per bcnu-. 'rhe weight

of liquid entering the tube vas 0.0104 x 0.057 x 3,600 x 62 • lIA7

135 lbe/hr, or which 135 x 6~~ • 90 lb•• Wall 4r,r _tter. The

evaporation of 27.4 1be. of water f'rom the product b1plie. that it IlUBt

-a 20 x 100 t...thave left the tube ....th a sol14e COIlun1; O!(135-21.4) • .....,....

1.1; B11Cb cOl1centratiolUJ 8UC1'01I8 soluUODII ae well &8 .UckWater

concentrate are semJ.-aol1d, a.nIl would rap1dl7 foul the 'tube eurfacee.

The liquid .....looi. 810 which the _rllll11ll U Talue lI'U obee1'Y8d in
. a.

'!'est "E" lI'a8 0.23 rt/..o., and the distillation rate 11'&8 43.7 Iba/hr.

B.T the _ calculation as before, the solids oontant or the liquid

l_ving the tube 1I'Ol11d 111 this C&lIe ba..,.. been abollt 72'1>, a rise ot ~
per pasa, 1Ih1ch erlden1;lT did not have a seriCWl enect on he.t transfer

in the boiling eone.

It/
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S1ldlar17, COl'lt1'Oll.irle ths _loclt;:,. of' the liquid l"1oril1g into the 

hea;ted tube tnvolV'l!ls a break in the retl:lrn line am. a r;!>ductlol'l of' 

head. 

'.!'he ef'fect of tht"ottling ",. valV'l!l baa been lltutied.. X1rechbaum 

(20), for instanoe. found thA1> when e"'l1fl.POrat111g water in a YeZ'tical tu.be 

4 m .. l0ft6, 40 lIIIlIl .. I,,»., the ha value rose b7 an aveJ:'&S9 of 6~ when the 

aJ!.P8.Z'8llt liquid level in the heated w.be vas r;!>duoed t'rolII 7~ 1;0 4~ 

of :1tll length .. 

'l'he 1111, value obsel"Ylld b7 leerr (35) In an induatr1al evaporator, 

1I'11>h the apparent water leTOl at 3~ of the height of the heated tube 

(54 in.), vas abottt 50:& higher thaD when the liquid WIIUII level 'nth the 

tube outlets .. 

!lo ref'erenee hIIUII been f'owtd to throttling at ocm.lJtant Teloolty, 

or to tbroUl1ng applied to the ccmcen1;raUon of T18COW15 liquids. 

'.!'he rew.1t8 of the a:pe:r1.mente IiIUIIlIIM'iHd in 'lable XVI are there­

f'ore of 1n1ierest, f'1ret17 bee_e thQ' conf1l"1111 the feulbll1v ot 

throttling b7 pul'lIJI, end se_illy bectw8e thQ' 8"I1ggOst that throUling 

ia effecU_ 'lIl1lRl COttc!il!'drating sUck:lmter to 'foW Solids contents 

I!I'nIll all high u 60:' .. 
'.!'he peak in the r!IIIIp of' U values obsGrTilld at oertain intermediate 

. III. 

paping rates (e.g .. in '!'est "E" 1Iith suorose ecluUon) 1a IIIlalogcus to 

the peak in bill. val_a found. b7 ICirachbaulil (20) fer oert.ain intel"llllediate 

. llqu.14 heade, aD4 is an lmU_Uon of' a :reduoUc.m 1n heat transfer 1n 

the u;pper eDd of' the heated tube. When evaporating water, tIde ie 

oauae4 bJ fomat1ol'1 of 4r,r IIIpOt. in the bollil!g IIOl'!.e,· but when concen­

trating III. eoluUon li.ke were •• , part. of the tube lIIIII;r beooIIIe coated 

v1 th overdrleil. matter. 

Ccna:l.der, for 1natance, 1'Im 163 ('1' •• 10 "E").. 'l'he obllU"'ll'ed rate of' 

distillation during ti. :run vu 27 .. 4 Iblll water per hmu'.. 'l'he veight 

of liquid enter1n8 the tube 1IfaJI 0.0104 % 0.057 % 3,600 % 62 .. II!la7 

135 lba/hr, of whioh 135 % 6~oS .. 90 Ibe. vas 4r,r _1oter. 'l'he 

evapol'at.ion of 27 .. 4 lba. of' water f':t'O!lI the prodUlilt blplielll that it _, 

90:11: 100 III .... 
have left the tube with a eoUds conteD:' of (135-27.4) ... ...."' .. 

At IIIUCh cOliloeliltratlons suero_ aolutil.mlll .111 h11 as IIIUckWater 

concentrate are eemi-sol1d, a.nd 1RIUl.4 rapiil.l;T foul the w.lIe eur1'ooes. 

'l'he liquid _loclt;:,. at whioh the _rllll'tllll V value vas observed in 
• III. 

'fest IT' vas 0.23 f't/IIIIIIO., and the distillaUon rate vas 43.7 lblll/hr. 

B7 the _e caleulaUon IIUII before, the eolid. content of the liquid 

leavillg the w.be VOI1l.d in tid. cue have been aboltt 72?C, II. rise of 5:' 
per pus, which erldlllnt17 did not ha_ a serlOWlll effeot on he.t 'transfer 

in the bcll:lng eolle .. 

It/ 
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It IlZU8t be conoll1!ea that when reatrioUng the o1rculll.UOIl ot

l1.qu1dl at h1gh 10114. OOllOentr&tiOJllll, the aeasurfllllent and cor)'rol ot
the c1rcu1aUng veloo1V 18 lIlore critioal than the head of lteJllid in

the heated 'tube. In cch CUl88, throttl1Dg b7 __ of' a ~lbrated

PUlIP or a1ld1ar posiUve d1eplac8llIent device would be pref'enlJlet to
1;hro-ttllng by valTe.

It 18 apparent f':toom Table XVI that the highsst liquid ~::1OCit7

11ke13 to be req111red f'or throttled. ficnr would be about 0.25 ~'/88a.

Henoe, f'ar a W1cal etf'eet comprising two calandr1a ot 230 1rJlbe1
each, the throttling 1'1I!JIP ahould hmre a ..arl_ capaciV of'

0.25 % 0.0104 % 460 % 6.2 % 60 • 450 gall_lab.
In theory, throttling acts as & aouroe rather than a COllt81llller ot

meohan1cal energ. Assuming, tor _pIe, that the throUIlJlg action

jWlt considered 18 equivalent to 1Il&1ntd.ning & d1fferenoe ot IIa:T two

f'eet head rtthb the IIl1stn, th1a raJ: & o1rculatiOll wloc1t1 ot 0.25

ttl-o. 1s equ1.VlI.l.ent to a power outJr..tt at

0.25 % 0.0104 % 460 x 2 % 62 0 27 H P
550 • • - ••

(A posU1w drl."Il!l 1IOU1d in practice be rUtecl to owrcome the tluid

f'ricticn in the qata).

'lhus, although the displacement at a throttling pUI:Ip 11 1Ul:'!T ~
be JUgh, ita power consumption woulcl 01117 be l1om f nal .

In all IN:t the 1'~ effects ot exi.ting plant throttling b7 valve

Bhaald prove sat1atactor.r, as the ciroulation rate 1.a not er1.Ucal•

.&.ltermoUft13, it IIIq' be possible to d8v1_ a OOI1tro1,lIIechaJl.1.11a mere'b7

the throttl1ng 'ftJ.ft could be operated to ma.1I1ta1n a .easurGeS, life ••t

raw of flow.

'l'he a1lIl should be to ma.1I1ta111 the lowest rate ot tlcnr COlll1.tent

With &"Oiding exoelUft thickening or the produot on ita passage th.1'o\Igb

the hea.ted tube. !he opf:1lllllll liquid veloo1\7 f'OJ: this JllU'PC'Be can 0Il.1T
be de"'l"lIIined b;T exper1lllent, but, onoe e.ta.bl1shed, it should. be con­

trolled d1reotlJ' and Dot by llIeans o~ secol1dar,r Tarisblea 8UOb u the

~draUl10 h$ad..
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It !WIlt be oonoIlided that ReD restrioting the olrcu.laUCJII of' 

l1.qu.1dll at high Il10114111 ooacentraUCMI, the lII6alllUrEllllent and ooon-ol of 

the o1rcula Ung velool V 18 more crl. tical. than the head of ltQ1l1d in 

the heatea 'tube.. In IIIIlch C1U16S, tbrottllDg 'b7 __ of' Ii ""lbrated 

PtIllIp or lII1m1lar positive 41l11plaoOlllent devioe would be prefel'lli~l& to 

throttling by val".. 

Ii 18 appllL'l."ll!lt i':rom Ta.ble XVI that the highsst llquid ~:lOClt.r 

l1kel;r to be req111red for throttled now would be abou1; 0.25 ~t/sso. 

Rence, for Go 1:7Plcal effect oomprle1ng two calandria. of 230 'trIJbe1ll 
each. the throttling ;pump Bhoold hmre IlL !l!W_ capaciV of 

0.25 % 0.0104 % 460 % 6.2 % 60 • 450 gallons/min. 

In theorr" throttling acts as a l!I<ItlIroe rather 'than a COl:lllllllHr of 

mecJuml.oal energ:r. Assumi ngll for _pIe, that the throUIlJlg acrUcm 

;tWIt oonsidered Is equivalent to 1IIl!dnta.1n1Dg Go dii'te:renoe of lIlaJr iYo 

teet head nth1.n 'the lQ'atem, 'th1III tor a c1reulaUOll wlooii1 ,or 0.25 

tt./_c. 1s equ:1va.leat to a pcI'Irlill" m.l1:]r.lt at 

0.25 % 0.0104 % 460 x 2 % 62 0 27 II P 
550 .. • - •• 

(A poalt1w drive would in pro.cUoe be rUted to overcome t.h" f'luid 

t:riCltlon in the qaiel!l). 

'rhus, althotlgh 'the diaplaollllleDt of a throttling putIp 111 l1ke1;r to 
be high, its ;pover CO!:!su.mptiOI'l lI'oul.d onl;r be nom! MI. 

In all m.d the t1MJ. effects 01' ailllUng pllmt throttling b.r val". 

I!Ihaald pl"01I'G l!IIatiafacto:r,r, as the oiroul&t1on rate :1.111 not; C:I'1. Ucsl .. 

Ut;e:rm.t1vely, it aq be possible to d.8v1_ a. oontrol.illecha.n1.1IIIl mare'br 

'the throttling va.lve could be operated to 1II&1nta.1n a lIIeaaure4,:prEII lIIet 

raw of flO1lr. 

'l'he d..l!! ahould be to III&1ntain the lonst rate of flow 001ll11111;.n1; 

With &vo1d.1l1g 1Il!lI:Oeilsive tb1okflll.1ng of' the product on 1t. Pa.8fJ:Ig'e througb 

the hea.te/!. tube. '!'he cpU- liquid veloolt;y for th1s :pu:t'])08e can 0I1.l:r 
be determined liI1 e:x:perilllent, but, onoe esta.blished, :1.1; shoul4 be ClOD-

1:1'01111<1 d1reotlJ' and not by lIIeans 0:1." seoondar,r TariablEIIs suo), u the 

b;rdrallll0 head. 
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GAT ftUSna AJJ)~ EC01'IOIIlICS OJ' S'l'ICXIIAT.Ell COICElfl'lU.'1'IOll

Bon.er obv1_ the &d_~ of 1ncreas1Jag the .ff1c1eno;r ct &

poooe.. IIIq QPt&r, the aJl1U'Ojlr1ate _aauree WiU 0D17 be takea it

tlut7 proU" to a1H the ~ta. J:t:f popoilal to booet the C&p&01V

of a Ii....n atiolarat8r conoent1'l\to1' aut therefore be :relatecl to tile

ecOQOa1ca ct the p:roceaa.

The prof1tab111tT ot a prooen 1. 4efiDe4 .. tM diU.renee
between tile lllUket Yalua of the product aQd 1ta pro4t&otion con. '!he

lI8rket Yal_ of IIUck1ra1ler COlIC_Va". 1. & tunetion of U. chelUcal

composition anc1 1ta nutri.UoD&1 properti.s.
s

'l':realer (36) quotee til. folloriDg~ .. beiDg tnJ1cal of

ccm4eDaed tillh IIOlub1.. Prepan4 :trOIII Jll1oha1'da on tile baa1. of~

total aoUdal

ProteiD (16n1_) 32.00
JIst (X1 ni _ ) 4.00

ft~ 0.00
Aah 9.00

Jl1nel'&1a

Calo1. (6a)
Phoaphoraa (p)

I1'on (Fe)

JlagneaiUII (\iIs)
SocU._ Or'de (~o)

Pota8l1d._ 0s14. (~O)

Amim J.c1da

laoleuoiDe

'alba

Jrgbi...

B18Ud1De

If'a1De

Leucine

~ of ProteiD

4.]4
5·79
4.61
4.67
2.73
2.98

~1a1·n1... 2.33

~tophane

Jlath1OD1na

'1'hreoD1De
C)-sUDe

01Tch.
Olutell1o Ac14

. 'f. of ProteiD

0.35
1.51
2.35
0.58

10.90

8.44

Tlt.,,1na

JIg per 1b

R1botlaYin 8 to 9

!hie-in 1.80
Cholbe iSOO to 1800

Pantothenic Ac14

lf1coUDio .lei!

P)'r140%1D

~ DUtriUonal proJIftt1ea of .Uclarat8r concentrate caDDOt be

u:preaaed iD tII1'IIUl or a lIil2&1e, weU-defined _1NDant. At

(1) '.I.R.I. a.naq;,., though lnoOlaplete for cerla1n lRineral. and

d'talalJ18, genera117 agree with these figure•• · 41fterent!-----_._-- _-.-~._ .._,. - _.... ---~. -_._~- ----- ----- - _. - --.. --
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Bo"ent!' o1lv1_ the ad_~ of' .f.nm:oe!l!s1ng the e:tt1ol_a.r of' III. 

JQ'Ooeu iIIII!I;r~, the .. ~te III!III~ rill cml;r be t.a.'k.Im it 

the;r proIIiae to a1ae 'UI.4II :p:tOfita.. _ popoNl. to booet the cap&o1V 

of a ginn aUokIrate COtlOIIIfttntor lIIltI.ISt th.refore be relai:ad 1;0 •• 

eo~CI1II of 'UI.e ~ .. 

The JQ'Of'ltab111V of' .. prece •• 1. a81"iz1eil .. tbe 41:U'eNDC411 be_... t.he lllllU'ket 'hJ.'QIIt of C. p:IC'O!.\'I:I.ot aQI1 1 til JQ'04uoUon coat. 'file 

iIIIl!.ri:et -nl.ue of lIIUclarate:!." OOIIIC_trate 1l1li III. twwUcm of itllll chllllldoal 

COIIpO.l tim and. :I. til DIltrio tioml p:.t'OJ'Il' Ue •• 

'1're:ler (36) IIlQOtftI tile folloriDg ~ u being 1iJpioal of' 

CODdeue4 fto 1III01ubiu p~ f'roIlI pllol1al'd11 on tile 'buill! of so:;C 

Protein (lUlI'_) 
Pat (llhdlWlll) 

J'ibl'e 

Aah 

Calcl,. (6&) 
Phoaphorws (p) 

l1'on (Fe) 

" 0.87 
0 .. 85 
0 .. 025 

Jlagneai,. (1iIg) 

So41_ add. (~o) 

Pctull'd.,. 0:d.48 (120) 

hdm A.o14a 

" of P1'cte1t'l . " of Protein 
Arg.inil'l't 4 .. 34 'l'r.1Pto,pharIe 
BUU4ine 5 .. 79 Jteth10cina 

l(rlll1ne 4 .. 87 ~ 
Leucine 4.67 C7aUne 

Isoleucine 2 .. 73 Oqc1De 
Valine 2 .. 98 Olutelllic Ac14 

~lalan5 ... 2 .. 33 

Titg1na 

Ifg per III 

R1bc1'laT1n 8 to 9 

fb i ss1n 1 .. 80 
Choline i500 to 1800 

Pantothenic AcI14 

11100tinSc AcI14 

P,rr14O%in 

0.35 
1.51 
2 .. 35 
0.58 

10.90 
8.44 

'!'he :mt;.ri tiClllllll pl'OpIJl'UeIlll of' IIIIUcfll:lra'lle.r OODCGfttraw camIOt be 

a:.pn.1IIIIIII84 in tame of' III. lII1t'Itle" well-defined ooaponellt. At 

(1) '.I.R.I. alIaq-aelll t 1;hcugh lnoOlBpllllte for oertain llllinerallil alId 

d ta1IB11l11, genenll'T agree ri th theae figure.. different;! - -.--- '-~''"'''--' ,,----. ,~- .-~--- .. - -,. --'.~. -.~ - --. 
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ditterent tillIes particu1al" importance has been attaclle4 to ita CODtent
o-t C1'Ul1e prote1ft, apec1t:lc ...'no ao1da, 'rltardna or "growth taotorll".
'l'he pt'Obl_ !wi been extena,'veq 1nveeUpte4 e.g. 117 Laksenel& (37)
ud W!echers lUl4 Iraubllohezo (38).

Xn practice the COIlCenU'ate 111 utR2a1q 1JlClOrpar'&ted with the

p:resaoake to procbioe 1'ull aea1. .la DO 41f't81'8DOe 18 made 1ft the

1181Uug prlca ot i"ul1 ..&1 all 00lIpar8d wUh~ 118al, it 18

permiaa1b1e to ua1fPl the __ price to 'the aUokwater 8OUda.

'1'Ae t1xe4 prica ot fish _al 8014 em 'the 100&1 IllU'ket b R71 per

ian "at nearest eation", Or' about B15 per ton at the taotor,r. 70r

fish _&1 with !Ill avera,ge J:lOuture content ot ep., 'thia 18 equ1Yalent

to 75 x 1~ • 1l82.50 parton em a if:q blUde. '1'0 a.rr1ve at the

~thet1oal selUng price ot sUc1arater COJlOeDtraw, 1m allOW3Zlca
IllU8t be Il&de tor dr,ring 1t trolIl the 1I010ture oontent Ai; which it

lea.ves the CODC8Iltrator (SlQ'~ to the llOisture content ot the full

Mal (9%). A _ber or the FiaMng Induatr,r .Uh cou1deml.

nper1ence 1ft t!11. field hall auggeated IS figtl1"e between 117 and R8 &8

being re2lllOJl&ble (39), 1ftwJdch ClU!l8 the Urket Talua ot the dr,r

801140 in cOlll:lli!l1'C1a at1ckvai;er can be taken .. R75 per ton.

'l'be ooet or procasa1D& stickn.ter OOft08ftVate can be e.U-ted

117 WlQ' or a. worked example. The f'ollGW1ng calcalat10D 1a baaed em
the plant~ 1Jl Chapter III.

'l'h. eal1ent f'_turlls quoted tor this plaDt were -s -
Evaporation , 38,000 pounds water per hour

St8. cOD8WllJticm • 16,000 pounde per hour

SpecUlc ate. CO!18Wllpt1oD • U::g • 0.42 1bs/lb.

(to allow tor starling and sto,pping, cleaning and

b1"eakdOlfn., the overall apeoU'10 oonstDIpUon 1a

taken _ 0.415 1bts/lb.)

POIRlr req1dre:aent •

Coat I

A taotor,r 1Ilatalllng a plant ot "Ode a1_ 1IOUld expect to procus

lIZ1 ."'me- at 50,000~ ot raw fiab per anmn. The a~ leDBth
at a tiMing aeuon can be takeD .. e1gb\ _th••

'lb. 1Dd1v1dDal ohargee CllZ1 be broken 40W11 as ronowsl

1) Plant. Alloring 1'" tor \ran8port and ereotion, the total

cos't ot the plant in operating COl14itiem will be
, 115
, 1i58,OOO :r. 100 • R66,100.

A_anne the ll1'8 at the uell to be 111%~, and aUc:nr DO

ored1t tor the tubes at the eM or this period. .l1l01d.Dg

1~ tor 1ftte1'8st and aa.1nwnanoG, tho annual charge 11111 be

66,700 (l6·I~ 10) • R17i800

- 63-

tifferent t1lHs pa!'tlcula1> 1IapQz.otanoe ha8 been atkohed to 1ta _tent 

of C1'UIi. proteill, apeoWo .... 1no aotda, rltarrl .... or "growth taotore"'. 
'!'he pt'Obl_ has bee ext_lII1veq illveeUpted e.g. b7 taka.awls. (31) 
aDd nechtmlll and IoIlIAbllllcher (J8) .. 

.to pnoUCIIII the COM_kate 111 uaua1q mcorporated 1I1th the 

pre~ to ~ :tun meal.. Aa no 41tteenoe 1111 made ill the 

1II&1llng price of f'Ul1 _&1 lUll ~ 1I1th ~ _al. 1t 1111 

piIl."IIdsaible to ua18'1l the .... prloe to the etiokliater 801i4II. 
'l'he f'1DI1 prioe of' fish _al Il1014 CI'i the local lIIIU'ket ill R71 :per 

ton "'at IIlIII&.l:'Gst atatlon", 01" about B'lS per ton at the f'aotoZT" ]1'01" 

fiab _&1 111 th M a.vera,ge l:IO:ltrtlul:e 001l1tllJ!lt of' ~, this 18 equi ftlent 

to 75 x 1~ .. l!82 .. 50 per ton OIl a dJt7 bl!.l!da.. '1'0 arrive at the 

~tbet1oa1 selUng 14'"'100 of' st1alar&ter conoentntell 1\.1'1 all_ce 

IIIUIIt be lIlade tor 4r;ring it f'.rol!I the lIIIOisture content at which it 

1.&,"& the c0n08ll.t:mtor (sa;r 50%) to the lIlOistu1:e content ot th. tull 

Mal (9%).. A lIIember of the ]l'll11hillg In/lwItr,r with considerable 

a:perlence in thll11 field. has illltlggHite4 a N.gmoe beWM1I1 117 and R8 ... 
being rel!UllOmible (39). ill which oue the ~et 'II'alUill of' the dJt7 
solids in e_ro1a1 at1ckvater can be taken. ... B.7S per ten. 

'fbe cost of prcoosldr!g aticklni.ter CODOllJ!l\rate 0III.lII be •• UlIIated 

117 'I'II'I!Q' of .. worked er.lII:&lIIple" '.!'he f'o1lCllling calculation 111 bued. on 

the plaut specU'1ed .ill CliapteJl' III .. 

The eal1ent f'_tlmm qgoteil tor th1III plal!.t are I" 

Evaporation I )8,000 ]J'IO'WIdiII water per hot!:!:' 

Stellllll co~t:l.lm I 16,000 :po!I!lds per hour 

Spec1flc .WIIlI CO!1SUll!ptiOI'l .. ~:~ .. 0 .. 42 Ibs/lb. 
(to allmr ter starUng and sfio;ppiu&, cles.n1ng an4 

breali:dOlll'lllll, the overall speoU'io COl1IIIDIIpUon is 

taken _ 0.475 lbe/l'b.) 

60 Horae POllI'ltr 

It,S,OOO ex worb •. 

A factcr;r installhs a :plant of this .1_ 1I'OUld expeot to pt'OCllll1II1II 

M sveZ'111&'8 of' 50,000 tom! 'Of :raw f'illlh per I'Inmn. The a~ 1IIInstb 

of' III. flabiDg lIIIfluon CU be ta:k'eD ... e1gbt _the. 

'!'he 1n41v1d!.1al ellargeB eM be ~ dOlll:!. alii foUmrlu 

l} Plut. Jllmr:1ng l~ for t:ra.neport and e.'fectiOl'l, the total 

cost of' the :plsnt ill operating oon4ition w.Ul be 

. 115 
" R58,OOO % 100 .. n66,700. 

Jmm!lIe the ll1'8 of' the .ell to be III1:It J'iIIU'1II, u4 IIIlloIr DO 

G:1:'8d1 t tor the ~ at the end of' this period.. m£llllill.g 

l~ fer lI'1to1'88t and l'Ila1ntenance, 'tho ""mal charge wi1l be 

66,700 (16·I~ 10) .. Rl7i800 
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different ti:Me pa.1."Ucu1ar bporUrlc8 Jtaa b88!I at1&ohe4 to U. C01Itent

ot crud. proteiD, lIJlltC1tio ..'no ao1a.., Yitl!Jll1!18 or "growth t'actore".

'l'he :FOb1- IwJ been enlJllsl"~ 1DvesUsated e.g. b7 LalcsellW1a (37)
aDd 1flechere aIll1 I.ub8Cbe (38).

ID practice the COftOenUate 1e WNal17 iDoorporate4 nth tile

presacake to prodUce full _al. As no 41ff_ 1& lII&4e iD tile

nU1ng price of full ..al as QClIIII1Iar8d with~ 1l8A1, it 1&

permlsalble to an18Jl tile .... price to the eUokwater ecUds.

TIle t'1xo4 lI1'lce ot 'fish _al 801d 011 the local =arket b R77 per

ion Itat IllIareri station", or abolR B75 per tolJ at the 1'actor,r. l"or

fish _al with an~ aoj.ature oontent of CfI" 'Ul111 111 equ1ft1ent

to 75 x l~ _ R82.50 per toll on a U7 bu1ll. To a:rr1ve at the

Jo'pothetica1 selling price of aUc1atater coDOentrate, all a1lonzlce

muat be made tor tl.r71ng it 1'rOlII the mo1sture content at 'lfh1ch 1t

leaves the concentrator (SlQ' 5OJ') to the 1801eture OOJltent ot the full

aeal (9i'). A _ber ot 'the J'ish1Dg IndlJatr,y with cons1derable

experience iD th1B tleld baa aaggeate4 a figure between 117 and R8 as

be1D8 reUODable (3.9), iD wMch case the ma.rket Yalue ot the tl.r7
8OUd8 112 COlli:IlI!Ire1a1 lltickvater oan be taken aa R75 :per ton.

'l'be 00810 at processing aUckwater concentrate can be esUllated
b7 YS7 or a woxbd example. '!he tollovi!tg calculation 1& baaed on

the plant spec1t1e4 112 Chapter III.
The eal1ent teat;ux68 quoted tor this plllt1t were I'

haporaUon I 38,000 poun4a water per hour

Steam oODlJUlllllUon I 16,000 pounds per hour

Spec1tlc ste.. ccDSUlllPtlon • U:~ - 0.42 lbs/lb.

(to allow tor UarUng aDd -to»1Dg, o18M ing and '

breakdowns, the overall spec11"10 consumpUon 18

taken aa 0.415 lbe/lb.)

Ponr~ent a
Cost a

A taotor,r 1natalling a plant'of 'Chill sl. 1IOUl4 expeot to prCIce8B

an a"rap of 50,000 ton8 of raw fillh per IImmm. The llTDX"lI8" 1eDBth
of a nuing aeuon can be taka all e1ebt IIO!lthe.

'1'be 1nd:lYidual charges CtII2 be broken dOllJ1 all tOUOVSI

1) Plant. J1lcw1:1g 1~ tel' tranapcrt ana erection, the total

cost of tile plant iD operat1Dg ccndiUon v11l be
. 115
, B58,OOO % 100 - R66,700.

As_ the llf'8 01' the .ell to be Idx 7lJU8, aDd allow DO

ored110 tor the tubes At the en~ or this pericel. .lllow1Dg

l~ tor interest 4114. ma1ntenance, tho anma' charge will be

66 700 (16.7 + 19) _ Rl7~800
, 100 --

2) J3u1ldingf
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d1U_t ti.1JIee parUoular ilII;poruzwe Us be8II at1ached to 1t. CODwnt 
of crwlo protell'1. 8J1t1C1.t1o UI'IDC ao1a.., rltam1D1111 or "grovth tactora" .. 

'lII.a prcbl_ h.aIII 'I.!Mft e:Uan8ift17 imre8i;1~ted e .. g. b7 La.lcselll'ln!lla (31) 
8.114 liechers alI4 Llmbache (38). 

In pracUce the COIloantrate 1. 'WIIUalJ,y :l.aOOl'pClrat04 with tile 

p.r88l1oake to ~ f'ull _al.. A8 DO 4if'f'eenoe is -ae 11'1 tile 

_U1:og price of f'ull _al u ~ with o~ 1IIIIIIAl, if; 1a 

pilrmissib1e to a.niBft the IIIa1IM price to til. eU.olI:wate eoUa.. .. 

'.nle 1'1:04 :price of'1'i8h _al Il1014 em tile local aark.t b rrn per 

ton "at ~ station", or about R7S per tou at the faotor,r. For 

fish _al 111 th an ~ aoj.1IIturl!I oonwei; of' ~" th1111 1111 equJ:nJ.lHlt 

to 75:11: l~ .. R82 .. 50 per ton OD If!. ar" bullll.. '1'0 a.rr1Te at the 

b;rpothetical sel11:og price of' st1ck:n,ter ooflOentrate, _ al101f8Dce 

I'IftUiIt be IIIadIt tor ar"ing it :f':rO!II the a01stu;re oontlHlt at 'lfh1ch it 

leaves the CODCantratm: (SEQ' ~ to the lI!Oi1llturl!l oontent ot the f'ull 

IIMal (~).. A _bel.' ot the P1ah:l.ag Irsa!2,!tr,y with ool1l!l1derab1e 

lIIl'%p8rlence :I.a tilb 1'1814 baa aaggest04 a f'igtU.'e between B7 and 1/8 &III 

behg rea8Ol2able (39), in which oue the aarket Talue of the ar" 

so11ds :I.a COID8rc1al sticklfater oan be taken .. 1175 per ton .. 

'!be 00810 of precessing aUc:1afater OOft08lltrate can. be eeu..ted 

b7 1If57 ot a. worked ua.mple.. . !he following cl!llC!tla;Uon 1111 baaed on 

the plant epec.1:t1ed :I.a C!rapte:l:' IlL 
'!be eal1ant f'eatvee qtlIDtfiId for this p1t1.1l'ti 'ifft'e . I' 

Evaporat1on I 38,000 pom'IilIII nt.:- per hour 

Stasa o0nllWllJUon a 16,000 pou:ads per hour 

SpocU'lc lIIWsa co1'U'lU1ll.Pt1oe .. ~g:g: .. 0 .. 42 Ibs/lb .. 

(to allOll' for IIIWri1:og zmd .to;ppiDB, cleMing and . 

breakdowns, the overall apec:U'10 00ll1lll!llPt1on is 

taken as 0.475 ll1a/1b .. ) 

60 Hora& POlI'sr 
:RSS,OOO ex vcrb. 

J. tactor,r 1mItalllng III. plant' of' 1Me .1_ 1RlUl4 expeot to ~oe.& 

aD a'NZ'II&'I' of 50,000 tonIII of rur 1'1sh per aMIIJ1!. 'lbe a~ lecgth 

of a 1'imlling .. _ can be ~ lUI el~t lIIOYI'thtl" 

'!be 1nd1v1d:t:ial C~8 cm be broken dOlfn as f'ollmrlu 

1) Plant.. .Allolr1ng 1~ tor tramIport !mil erectiOl'1, the total 

ooot of 'the plant 1D operating cm.dHion1lfill be 
. 115 

BSS,OOO :II: 100 .. n66,7oo .. 

AII!fSWl.'l the Ute of 'the shen to be IIdJt J'I'U'lII, UII1 allOlI' no 

ored1 t tor tllIII tubes at the _~ of' th1III period.. .l11~ 

l~ tor :l.awre8t ana. ma1nwMI'lOe, tile anmal charge will be 

66 700 (16 .. 1 ... 10) '" Rl7~800 , 100 --
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2) llu11d1M. Aa8Ull8 the fioor space required 1. 20 tt % 50 n
. - . &lld the cost o~ construction 14 per sq. t'.. Then the cost ot'

the bQs.ld1ng will be I 14,000 IW1 the 8!Sl2Ua1 charge at 15)< I

. R6OO.
3) Labov. 'I'Ile 'plant win require cme attenl1aDt elU'l11l2g -r R180

. per IIlCIlth, ant two labourera eam1Dg aboll" luO per week each to

O1'f'rate U. ,.~_ IIlIUJt be prarided tor. Hence the total

labol1r oh&:rge per ee&IIOll of' elgh\ _ths will be nl,600.
AU01I1nB~ ovarUme and off....lUIOD emplOJlll8nt, the azmual

ohara- will be aq R5,OOO.

4) Stea. As_ that an awrage ot' 455' of' the weieht ot the

raw t18Il 1a eftJI01"&te4 I1ur1IIg eUckw&ter coDCentratiOll. Bence

"the IlIUlIJal evaporaUon rill be 50,000 %~ • 22,500 tone,

'requ1r1Dg 22,500 % 0.475 • 10,700 'tone of steam. '!!he cos\ of'. ,

steam 111 a 100&11107 such as Valvis 15q 18 abellt 112.50 per ton,

hence t!IG armua1 charge rill be 126,800.

5) Pcnrer. 'l'btt average oost ot eleotrio1107, 1ncludlng DA charett&

in a locaU.V such lUI Val'd& :Bq, 1& abclUt 2 cents per unit.
'!'he I18U operating t1lM ot the J)lant w1l1 be 22.500 % 2.00038,000
• 1,180 hoars, or a.110W1ng tor start1JJg, .topping IW1 breakdowns

Ba7 1,500 hours. '!'he 8nmlS1 charge rill thWl be
260 % 0.746 :It 1,500 :It TOO - sa;r i1.500.

!he prooe.8ing ooat 1.8 the 8WII of :I.telllS 1 - 5 I

Plant i17,800

llu11d1ag 600

LabOU1" 5,000

Steam 26,800

Pcnre:r 1,500

i51,700 per annum

which 1& equivalent to
51.100 022,500 • 112.3 Jl8r ton ot' tJTapOraUOIl

'1'0 arrive at the J)l'Oduotion OOllt, .the cost of the raw III&terial (llUck­

water) IIIlUIt be added to the J)l'Ocesa1ng coet.

'!'hen 18 DO unequivocal wq ot calcu1at1ng the charge tor sUckwater.

It looked upon as a nate product, which create. " Dl11eance When It 18

returned to the sea, U. value is nil. It can alllO be argued that

beeauae the fish has to be cooked and pre88ed, and the prase-liquor

centrlf'a8ed, the aUcltvater IIhaulIl bear the con of p:re-procella1ng. Yet

another approach ". to esUlllate the maxillum price which an independent

operator would be prepared ·to pa;r tor stickwater, intending to sell the

concentrate at a relUlonable prot1t.
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, &!It! the cost ot ooW!lU'uotioZl li4 pel' eq. tt. '!'hell tlte eost 01' 

the bIi11d1.ng will be II l!4.ooo &!ld the ammal charge at 1~ II 

3) Labour. '!'he 'plaM will reqtdre one at~t eambl,g III;IQ' 11180 

, per lIIOftth, ant two ~ ea:m1l:lg about rua per week each to 

o:perate it;.. !III) lIIh:l:f'h lIIIUSt be prarided tor.. lIenoe the total 

1a.boo:r ol\a.r8'8 per ee&BOll of eight _ths w111 be R),600. 

Ul~ :f'o'r overUl1le and OU-III8UOD emplc:rment, the ~ 

charge will be IIIair 115,000, 

4) 51;_. • __ tllat an aftrap 01" 4-'" of' the 'ft1eht 01' the 

.nt.»' 1'1ah 1l1li enpnoate4 ~ aUcklf&ur concentration. Bence 

'the IllElmal evapora'll1on will be 50,000 x ~ ... 22.500 tonal' 

requ1r1Dg 22,500 x 0 .. 475 .. 10.700 'tone fit st_. The eost c:f' . , 

BteaIII 1a a 1ooa!1V such as Valvitll :&air 111 about 112.50 per ton, 

hence the armval charge 111111 be 126,800. 

5) Pcnrer. '!'.be avenge eoet ot eleotrio1t7, mol't1ll1.1ng riA ol:!.al:>ges 

in a looaU.1;,yeuch as V.l:nB 'Ba;r, ill a'bclut 2 oenu :per 'QD1t. 

!'he JIIiIt\ opn:.'ating t1M ot tIM pl&!lt 'III'1l1 be 22.500 x 2.000 38,000 
.. 1,180 hours, or a1101l'1ng tcr etartiJ1g, stopping and breakd01l'l1S 

sa;r 1,500 hours. !'he ~l charge rill thWil be 
2 60 x 0.746 ;z 1,500 ;z 100 ... 8IIi7 ,111,500. 

'file prooessing oost ill the _ fit UelilS 1 - 5 , 
Pl&!lt R17,800 

Building 600 

ii:~ .. I!2.30 per ton of tmlpOraUon 

To a:rrln at the prodtllOUoll oost, .the coat 01' the raw _terial (sUck­

water) lIilIIIIt be adde/I. to t.he processing cost, 

!'here Is DC unequivocal wq of' calculating the ol:!.al:>ge tor .Ucltvater. 

If looked u;pon as a wast. :pl"Oduot, lIidoh create. a nuisance when :I. t. iii 

:returned to the aea, UIII VIIlWil U nU. It can &lIfO be l!I.1"gI.1IIId that 

becauae the fish hu to be cooked and pressed, aDd the p1'eae-UqUll:lr 

centrit"u89d, the sUe1arat.e1' IIIhould bear the cost of JI~ella1ng. Yet 

_ther aJIProach till to 8i111U-te the mpj",UIIl price 1Ifhich an independent 

opera'tor would be pre:paredto pa;r 1"01' et.lclara'ler, intendirlg to sell the 

CIOnCentrat. a' a reuomlble prot!t. 
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The 1I08t pract1c.U course 1. to base the Yalue or the 801148 11.

the eUclcnter on the price W'h1oh the tactor,y pq. 'for the raw tiah.

lla.. t1ah canta1Ds an aTerage o~ 30;' drT matter (2Z< 801ids and

~ ~a"), &D1 ita average parohase price 1s no.co per ton. St.ick­
ntel- COIltsining <fl !PSS shouU "theD be charged out at 103~ 9 • RJ.OO

. per ton.

, A cost of' R3.00 per ton of stlckvater is equivalent to 3.00 x ~~

• R3.30 per torl of ftnpD'aUOIl. 1dl1cdl 111 tum 111 qulft1..t to a 71_14
2.000 ; 9 nO:

of '91 - 1;:rv lbe. at dr:r 80U48.

At R'15.00 J)er ton, the value of 198 lba. or dry 80114a 1& 7~,~98

• R7.4°. '
'lbe Itftrag8 working })rOt1t ope:.-at1!16 tb.1a concentrator 18 therefore

ot the order o't

B1.40 - (2.30 + 3.30) • B1.80;per kJn ot evaporation•

.!2!!.z '1'h18 figure has been calcul&ted oal,. all an. example_ It 1. ba8e4.

on b,n1otheUoalvalus. ~ raw aa:terial and finished product, aDd. lt em

theref'ore not be used. 'for COl'Iparative purposes.

Zt wu 8hown in Chapter In'thst the Ua valuea for the tint, IIOCODd

and third erreots ot tid.• plant are about 260, 150 aI1d 63 1m1/sq.tt.o,.JIr.
)8 000 x 1000

reapeoUve17. 1he gross Ua value vas calculated aa1;MO x 183

• 115 IJ'ltJ.
SlJP»Oae tU.t b7 app~ a1r-lltt o1reulatlon the Ua value 'tor the

th11"d en-eot Are inoreased to 150 1JTU/sq.tt.«7.Jfr., and '\hat the tJa
ftluea ot' the other effectc ~lD the au.. ' .

'!'he new gran 11 'blue is g1ven b7

L 3 ~
I I 1 • 119 Bm/sq.tt. -T.Rr.

260 + 19o + 150
The JD08t cl1reot lIq ot turn1JlB a higher Oroas 11 ftlu. into protit

is to red.uce tJ1e aiM ~ ~ plan' (or 1ta replacement). 'Ja... that

the coat of OOJIPOftents such .. pumps and oondensers which raa1D

1m8.tfected b7 All increase in the Ua value 1s about 25~ ot that of' \he

whole plant. For eatiaaUng the ooat ot eca1ed-do1rD plaDt, Zimeraan

and Larine (40) ftCOIDMD4 wlin« '&be -.1X-teDths" tutor.
'!'he ex works oost ot '\he su.1181' plant 18 theret'ore 8St1u.tad as

~,ooo % 25 + 58.000 x n l11st>_6 14 500 + 43 c:r.n 11.2 R41 800
100 100 \i19J -. ,.,..,..., 22.5 - •. ,

fhe erected cost ~ the smaller plant will be 41,800 x i~ · R55.000,

and the rerlaod a.nnusl charge _ 55,000 :r: ~~1. Rl4,l00 per anm1Jll.

Re1'erenoe to Table xnx 1:n41oawa that. the power required to

acb1eva thia 1ncreaae in Ua value b7 a.ana ot ah-l1n oirculation

.onl~ not exceed 0.02 I.H.P. per tube, or 0.02 x 460 - ea;r 10 R.P•

. for the whole et1'ect. Sa;ppoae this 1. equivalen:t to a real power

- -

.. 

aame. 

a 
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requ1reaent o~ 25 B.P., alta capl1;a1 equipaenf:; costb:IB aq R2,OOO.
-...:.

U the latter 18 treated UJ pert of the main )llsat. the fUJJlUa1 obrge

w0li14 be 2,000 % 2i~ • SS34 plua

25 x 0.746 :r; 1,500:11:1~ • R560 ~or )lOWer.

'!'he nett amn.al saving 1IOIl3d -thlUl be (17,800 - 1.4,700) - (534 + 560)
2,()()(l :s 100 8- R2,000 equivalent to ~,5()O ..9 cenw per tOll evaporation.

This represents a 8.92~OlOQ -1.9% 1'9duction in processing cost.

It it illS 1Ul8Ullle4 that tll. 1:IIIp1'O,ltiIIfll1t in groBIlI U value were

&ChieYell at no extra ooa~, tc.r 1aatanoe b,y tbro'tU1ng 01' enllliYl" trea1l-
. .l 100

ment, the 10tal anm1aJ aa'lrlDg IOnla. be 113,100 ~51:700 • 6.0-;' O~ the
prooeaa1ng collt. .

Sinae the oost of .t$'Sl j, 'the -Jar proeesdns flXPltDl''', an

~t 1ft plant oapacj\;r lhoulc1 preferablT be applied to reduce

the steSlil CO!lSUllPtion. A. OOU'flItiient 't1IJT d aohievitlg this is b.r
opGrat1DB one «Ura etfee,..

DuriD8 nOl'Illa1 operaU,.Qu. ~e tellIpera-ture gra.d.1ents across the

flrat, 8acOl1l'l aD1 third et"feow ot this plaut are 270" 330p and l120p

re&peotive1;r. 'l'be 1mba1aJloe ot' tile temper&tIIre gra41ente :18 a 1'9sul1:

of the inequaU.t;r of the U a values. Open1:hg & t"ourth effeot under

theee colldit10as baa 1ft ~tioe been tound to raault in a reduoUon

of plant capao1\T, ow1ng p1eetJlablT to & :tUrther deterioration or the

f'1na1 eUeot Ua value. OJerators haTe l!tOlIleUDe. aUlllIPted 10 QlJe 'the

"floating" oalandrillo o~ tb1e t1Pe ot plant as a fourth. effect, wt
have then been unable to .aka 111 &1.1 the IlIU.cbqter.

Let 11; be as8UIIled 1;hst 1'1 C!IIllPl¢n6 air-l1.n circulation,

throtU1n& or emJ;11lllt trea~l, the capacjt,y of' a t"cur effeot p1BDt

could be J:I&1ntained at le8lt at the Baa, level all that ot" a 1I1Ja11a.r

triple effect plant ope~-ced. n1;hout aid to 1Ieat 'tral18ter.

The apeoitio steam COIlllUlP1;ion o~ a tJp1cal plBDt COllftrted to
tour etfect operation w01l3d~q be 0.42 %~ _ 0.315, or tor
practical parpo8es aa:r 0.375 Ibs/lb. .

The anmlsl saving 11!:)~ th.us 'be ~.l x 22,500 X 2.50 • R5,600.

Using the "eix--tentlu!l' :1'ACur, the cos-t of' & plant wi~ one e~,

effect illS est1lllated to 1xt

58aooO x 25 + 58,000 x 7~ (sf'& 14 I:nn + '3 500 :r; 1 14 • ".::. 100
100 100 4:"1· ,J-V", • au<t,

Hellce/
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~"nt of' 25 !I.P., Md capJ,tal equ1p1'1ed coBtil.!&' HJ' 112,OOO. 
--"'"'" 

:It the laUer 1tI treated lU'I part ot the lIIain Jlla.nt" the ~ chsrge 

woaJ.4 be 2,000 !lit 2i~ .. S5l4 plWill 

25 !lit 0 .. 146 x 1,500 x 1~ .. n560 fer JOIIII'II1' .. 

'!'he nett _'81 MTing 1IO\ll.d 1;hWIII be (11,800 -1.4,100) - (534 ... 560) 
2,a.oo :II! 100 8 .. R2,OOO equivalent to <!2,5QO ...9 ClInw per ton evaporation. 

This :represents a 8.92~Oloc! .. 1 .. 9% :redllction. in proceaaing COllt. 

If' 1t 1l1li u_ad that, tb.e1:mpl'O'8IIIen1: in groBe U ftlue .e:re 

ach1e'ftll'l, a.t 110 extra. coat. tCl>:r ilastanoe b.:r UJro"ttUng or enllll:l7llle trea11-
. J l<kl 

ment, the total ..,.mUll u'IdJIg Wl)Ult btl Iil"lOO o.rS1!700 .. 6.0;£ ot the 
pl'OOIIamDg 00l1l1I. ' 

S1l108 the oost of .i~ j, 1ilIe major pJ."ccEussins ~EI, an 

up:rGVeIIIellt 1!l plant capacdtr lIh.odd prefen.blT b9 appUed 'to reduce 

the eteSllll co~t1oo.. A. CICionlll:iQient llll\'T ~ lIOh1ev1l1g thill 1& 'b7 
opIJrllltil'l8: ons extra ettec1;;. 

During !lOr!lIIIl operatt.Dll. ~e tllllfllP8r&Ure ~enta across the 

1'.1:r1iJt, second aDd th1rd ef"i'eots ot 'this pIMt a.:re 270" 33'11> ..,.d l120p 

respeIlt1_lT.. 'i'he 1mb~e of:' tile teaperature gradient. :lB IlL :reault 

€If the 1I1equa1it;v ot tho UII. ~..... Openi;hg .. fOl3rth effect under 

thee., colld1 tioas ba.a 111 ~1;ioe been toWld to rell!Nl t 111 a reduction 

of plant capac11i;r, owing p:reetlllal.b17 to & fUrther deterioration of the 

f'1!lal effeot Us value. Cl;Pell:'l!tare have lIIO!lIeUJMIII aU.pted to UIIIG the 

"floating" c"Ilandria of' tbis ~ of plMt IU !!II. t01.U'th effect, bIlt 

ha.ve 'thel:\ been unable to 'C1IlI:", 111 &l.l the lIiIti.d:.water. 

Let 11; be as_ed. ths,t br ~I¢ng air--Wt c1rcula:t1on, 

tb.rotU1n&' or en~ 'l;rea:£lIer:t, the capaci t;y of:' II fO'l.1r' effect plant 

could be lIId.ntained at 1e1!ll~ at the au. 1","1 II1II that of' a. dl'II11l'lZ' 

triple effect plant opell.'l\.-ced. d:thout aid to heat ~lIr. 

'r.b.e illlp8citic ste_ cOllllUlP1:1on of' II trp1el'lll plUlt COl1'ftrted to 
fow:' ettect operation .~d ~q be 0.42 :II: l ... 0.315, or tor 

practical. parpo:IIeS lIIII,T 0.375 Ibs!lb. ' 

'lIle anllW!l. BaTing 'I!:Iodt ~ be ~.l :It 22,500 !lit 2.50 .. R5,600. 
Us1na the IOs:b:l-tentl\Jlll" :t1lC~r" the COlli> of IlL JllaI'lt w1th one erq., 

eneet 1111 estimated to '"' 

58 .. 000 % 25 + 58,000 % l:i (;T'& 14 ""'" + '3 500 x 1 14 .. 1>':. 100 
100 100 4:"1" 'J~V"', • ........, 

Hellcel 
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Renoe the rrdeed ammal charge 'rill be

64,100 x 115 x 26.7
100 x 100

aD hlcrease ~ 19.700 - 17.800 - Rl.900•
• Allow1ng HI.lOO p.a. ~or a1r-l1:tt c1reulation as before,

aDnual...aaYing beoomes 5.600 - (1,900 + 1,100) _ n2.6oo
2,600 x 100 d

or ;1,100 .;11" ot' the proces~ cost.

the nett

It the capao1t;r 01' the p1aDt can be IlI&1ntained at no e:rlr& cost.

a.g. b7 throttling or en~ treatment. the expeoted _vine due to
operating a fourth etrect would be

3,700 X 100 '"
51,100 - II" ot the PX'OOeS81.Dg cost.

'l'vo other methods that SUll'8l'st thMlselves for oapltalis1n8 &

..~ . UlU.g!1er groBS value are I

a} deoreasing the overall tlllllperature gradient 1>7 lowering

the liw .tGallI temperature. Th1. alght permit the

operation of a back pra••ure turbine to SUPPl:r power to

tha 1"est or the reduction plant, or

b) deoreasine the ow1"al1 temperature gradient by raieing

the concentrate disoh=ge temperllture. It i8 a baoterio­

logioal requ11"eent. which is not aln,ys observed in

p1"ACtice. that the temperature of the preeecUe - concen­

trate mUture entering the drier should exoeed 180op.

Raising th. temperature in the final effect would. reeult

in a llIOd.erate earlne 01' 11w Bte8lll nor:ull:r used to pr_

heat the concentrate prior to a1x1ng, and aight aleo ho.".,

the benetit. iml'ortant though 1mpoesl~le to exprells In

figures. of' a11lllinaUng 4 potential source 01' baoterial

oonta.'nination.
11thoUgh one of' these qstome alght in p%'actice re1lll1t 1n a

highe1" saYing in proces.ing oo.t than has been ellt1llated. f'or the

two 'lrorlted exampl•••. 7et potent1all:r, the aOllt 1IIportant adftDtage

of' boosting the heat tranef'er 111 8%1eting ooncentrators 111 that it

provid•• reserve capacit,".
-- - The JU.atOii ott'iBh Ileal prOduCtion in South Af'rica- h!US bean one--

or 1IIl1ltained. expaDlIIion. KOllt fish Illeal p1antll are regularl:r replaced

with units of' larger capaclV. Dut the enlarged st1ckllahr plant: to

match the meal plant is generally onl7 installed when the original

plant has to be scrapped. on account ot 'lreu and teu. Under present

conditione, lt 1s thus _UlIles unavoldable ror faotories to haw to

:run a p:roportion of their st1ck1rater to wute tor one or 1Il0re seUonll.

It also Iulppens that: 11 concentratpr ls just capable of' handling

all the lIt:icknter when It is clean, but su.f'f'erll a critical lOllS in

oapaciv/
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Hence the rrrieed amm.al charge will be 

64,100 x 115 x 26.7 
100 lI: 100 .. 

an itlCNaM of' 19,100 - 17,800 .. Rl,9OO. 
• ,ulOll':!.ng' 1'11.100 p .. «. 1."or a1r-l1:tt c1reulaUon all before,. the nett 

l'UUlual-lM'f'1l18 bitOCll'leJil 5,600 - (1.900 ... 1,100) .. n2,600 

2.600 x 100 -' 
or 51,100 ";J?" of the :p:t'OCesain<r cost. 

Ir tile capac11i;r ot the plant can be lll&intained. at nc e:rlrlil. COllt, 

e .. g. b.T throttling or eIll111:fi11!'11 t:Nra.tment, the ~ot"'" _vlng due 1;0 

operating a fourth etfect would be 

,.700 x 100 .." 
51.100 .. 1/" of' the prooes81ng OOllt. 

'1'1ro other methode that SU/liPst thEmselves tor capUal1sin8 .. 
. U 

U£her gross value are I 

a} decreuing the overall tGllperature gT'IIllbnt 117 lowering 

the 11:v'II stllltll!! temperat1:lN<. 'l'I:d1ll lIIl1g!1t pemit the 

operatlO11 of a ~ prIIiIIIS1l.'.'I:'e turbil'l8 to euppl:r po_r to 

the rest of' the reduction plant, or 

b) deoreaeing the overel1 temperature gra.d1l11nt 117 r!l.1ein8 

the concentrate discharge tempera.ture. It is a baeterio­

logloal reqo.ireent, Which is not a,1'ltl\Y1II observed in 

practIce, that the temperature 01' the pressclflke - concel'!­

trate llIixturo entering the drier ahould exoeed 180op .. 

Raising the temperature in the final etfect would result 

in a liIIOderate savin{; ot live steu no=all:r used to pre­

heat the concentrate prior to 1lli1xi1l8. and IIIeht also have 

the bene:!'it, important though 1mpossi~le to express in 

f'igures. of' e11llllillatill8 a potential 80urce of baoterial 

oonta.'lline.tion. 
.,u th~ one of' theA IIJ,Tlllt_s IIIl1ght in praotice :Awlt in a 

higher saving in processing cost than ha. been est1lllated f'or the 

two yorked GDIIIPlss,. 7ei: potentia.ll7. the 1I0llllt ilIIpor'timt M1IlIIJlttage 

of' boosting the heat tranllf'er ill! 4I%iatiDE ooncsntrators 1111 that it 

provide. re!ll8m oapacit;r. 
----The-Uatol7 of f'lBh Hal production 1n SOuth M':rloa hu been ooe--

of' wstaJ.ned ~ion. Most tish meal p18ntllll are regular17 :replaced 

with Wlits of' larger capaci1i;r. Dut the enlArged stickll'at'tr plant to 

IIDtch the _aI plant 1s genera1l:r onJ:r installed when the origInal 

plant hu to be ecrapped on Il10_10 of' Year and tear. Under present 

conditions, 110 is thus _BUllIBS una:'roidable tor f'aotories 1;0 have to 

~ a proportion of their st10kwater to waste f'or one or 1I0re seasons. 

It also h4pperull that & ooncentratpr 1s jUBt capeble 01' handling 

all the IIBt1ck:n.ter when 11: is clo_, but mlfferlll IlL critical 10s111 in 

oapacl1i;r / 
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capa.cit)- due to fouling between cleaning 0701e8. Again a

considerable part of the 8Ucnater that i. produced haa to be

run to w..te.

It call be .een :rro. 71g 2 that a fa.c1;or;r proce.aing

50,000 tone of raw t1ah rill produce about 55 ~06°'OOO

.27,500 tone of BUcbrater, containing roUBhl7 9" 8OUd.~

U oulT l~ of Wa 18 run 1;0 _te dur1Dg a aeaeon, Ws·
27,500 :It 9 :r; 10 :r; 75

i ••quinlent to a 10.. of revenne of 100 :It 100

• R18,500~ !'he ooncentration of 2,700 tone of sticklrater oal18

for an .riperation of abou1; 2,700 ( 5~ )•aq 2,200 'Iione of 1f&ter~

At R2.30 per 'lion (see p.64) thi. rill ooat 2.30 x 2,200 • R4,900•

.All_'ug that boosting the oapaclt)- of the plant b7 air lifting

lllY01.,.a an 8_' u;pendiU1'e of Bl,lOO (.. 41.cuaaed on p.66),

then the net profit to be expeoted f1"Olll u101UBiIlg the at1clarater

otherri.. run to 1f&8te rill be Rl2,500. '110 progree.he fiahmeal

producer would 1t;nore po1;en101&1 eaTings of this order.
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capl!.Cit;r due 100 fculing between cl.lUdng c,roles.. A8dn I!I. 

oon81481'&b1& pa;rt of the at!ck'lfater that; 18 produced Ma to be 

ll"W1 to wute .. 

It CUt be seen f'roIIII lI'1g 2 that & f'l!.Ctor;r prooesilling 

50,000 tons of' raw fiah rin produce about 55 ~JO'OOO 

.. 27 ,500 tons of 8Uck'lfater, cont .. ining rcushl7 9'; sol1d8~ 

If' onl,T IO?' of' this ia :nm to _te during a eeason. this 0 

27.500 :r; 9 :1t 10 :r; 75 
18 equi Talent to a 10.. of reV\l!l!lu of' 100 :r; 100 

.. R18,5OO. 'fhe ooncentraUon 01.' 2,700 tons of sUok'lfat;er oalli! 

for &II. .riperaUoD of' about 2,700 ( 5~ ) '" Sa;!' 2,200 tons of' _ter~ 

At 112.30 per ton (aee p.64) th1s will C08t 2 .. 30 :r; 2,200 ... :R4,9OO .. 

.Mswdng that boosting the a&pl!.C1V of the pl&ll.1o _ air l1fUDg 

1mol1'111s &II. &I'm1U\l u:.pend1tme of BI,loo (alii 4isCWlIIIIII4 on p.66), 

then the net prol.'1t 100 be a:peot.a. f1'Olll utilising the IIIUck'lfater 

othe:rriae :nm to _te rill be lU2,5OO. Wo progresll1", t1l11hmeal 

producer nuld !&noN potenUal I1118rlnge of thilll order. 
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APPEWDIX I

'l'HE PBTSICAL PROPEa'l'IES 011' S'l'ICXlfA'l'ER AT DIFFERE1'I'l

SOLIDS CORCEi'l'lU'l'IOliS, Am) AQUEOUS SOLll'l'IONS Oll"

. COM StROP AND CANE SUGAR

A, S'l'ICXlfATER

.o~e. lIoa~ ot the data on eUcklrater were firat pubUahecl 117
the 1f1'1~er as Prosteas Rapor~ 110. 54 of the Flah1 ng

ID4usU7 Research InsUtute, Uni....n1V ot Cape '1'olnl.

StickJra.ter ls neither obellica.l17 pure nor *slo&l17 hOllOgeJ1e0U8.

Ita ClOlIJIOalt1on and Its p~ic&l properties have been shown to var;r

tor 41tt.rent speoi•• ot tlsh, &Id also depeJ:ll1 on the condition ot

the tiah at the t1llle when 1t 1. proOltssed. 'l'he tests that tollow

haYlt cont1rlled thie, partlcular17 111 the case of the apparent vie­

ClOalv ot stickvater at hleb total 8011de conoentraUOI18. It has

neverthele.s been possible to achieve the principal purpose of thia

invesUgation, 1Ihlob was to est1lllate the order ot magnitude ot the

plQ'81cal propertles concerned, 8IIIl1 the ~aUcna to be expected

h'oa BlIIIIple to _pIe.

1. ViscoslV

'!'he objeot was to ob'lain eeta of ourveB ahering the 'Variation ot
viscoalv with temperature and wlth 801148 content ot the concentrate.

Furtheraore, in order to utiUII8 the data 111 the relen.nt now and

heat tranater calculations, 1t was essential that the viscoaiUes should

be detere1ned in absolute unita (cenUstoltes or oentipolaes) and not in

the relaU.... units (seconds or degrees) used in IIOst industrial vie­

cOll8ter8.

Atter a tew prellDl1nar;T teets 1t vas estabUshed that the standard

tJ-tube lIethod, as descrlbed In B.S,S, 188 ot 1931, cOuld be used _tie­

f'actorl17 wlth .ost atick1ra.tere ot lIIOderate solids conoentrations. As

has been pointed out 117 'rhoIIIBOD et al (1), the tera "viecoaitT' beCoaze8

Ya&Ue as the 8011d. content of' M,7 giYen elllllple 18 Increased to h1gh

TBlues, as 1t ls &ttected 117 thixotrcp;r, gelation durlng test, eto"

and 1ncleed, reliable readings at viscodUes aboYlt about 100 centistokee

were of'ten obta1ned with dittlculV vhen using standard tJ-tubes, '1'hese

difficulties general17 41sappeare4 when the v1soos1V ot the 8lIIIIPle w..

reduced, 117 lowering lta so11ds content b.T dilution with disUlled

vater. VhereYltr readings at high viscollltl" were theretore dittlcu1t

cr 1DIpoaslble to. obtain, 1t WlUI consldered pera1eslble to extrapolate

to a I1m1tecl extent frclII the IIIOr8 exact read1nga obtained at lover

BOlids ccntenta.

'l'he 80Uda concentrations o~ the samplea under test were deterained

by!
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r rtt:&a"tOlaet8:r. J. t_ chew conf1rlled previous findiDga 1»7
St,...oade:r -.D1 Ldu (2) that. the 80-0&11&4 "1'otal Soluble Solids"

ee-:atlrli Q~ IUcba:ter concentrate as determ1ne4 b1' ret'.ractometer

1a. actvAl' 11 oleeer to the "1'otal So11cb" conteDt (~.e. includes

.-11 ot the In801.11bl. SoUdll). For cOIlV8Dienoe, ref':ractocleter

r..-a41l1p_ repor'ted 81"" 'rSS bt re:tractometer" are eaapl07ed as

afi;:;'aD!1arl-
~ tJ-tubes ...n ca1J.braWd, and the whole test p1'OCec1ure laid

4CWIIlta 9.5.S. 188 ftII t'o110lf1d 1ft detall. The eamplea o~ COil-

__~" WI1"e prepared in tile laboratol'7 fTom COIIIIsrc1a1 etlckwater

.-4a tros- fish 'lrh1ch 011 'the awrage bad heeD processed not more than

2. ~'Ul" after ca'tcb. '!be sUck1rater was COI1centratea in & 1abora­

ta:»17 trla;tl. e1'1"ect; 8ftpOra'tor, which 111 operation (e.B. in regard to

~:nt1area 111 111d1TldUa1 etteots) 0108917 ~OU01le4 1nclustr1al prao­

U.a.ce. Whe!'e sUcJaa'ter or CODCenUau had to be kept tor tm:T leagth

ofE Uat, the 88JIlJ1el1r8re stored a-t )20,.. IB DO caae vu the

--1tr1al .-red tor 10 long that s:!.gna o~ putretacti.on had becou

~t•
.t $c)Ul t4 .~, un10reated pUchara. concemra'tea were exsm1rle4,

u::::a4 \hi ::retQ],te are _ari_in Pig. t.I (1). Thia 11luatrat-s

~t vuLaUon ~ 9"1_.1V with ~ ~s b7 re!'ractomekr. .... SOlIe of

U*t C'at"B' .ere praoUca1l.7 co1Dc:1dent, on1T the weighted .".,rage

Oi:8ll'f6 t~ al1 'the .-plee, as nl1 as the ourwa ~or the 1108" "'Ii.COUII

assd 'h. 'DOlt f'lu1d lamplee. ha.,., beera plottea. 'l"he .lJ01"UOIl8 ot the

t*IlMl~ Uttbroktn are within f;he region. ~r wh1.oh .good clear

reead1lJ&S nN obuullftd b7 41rtct aeaourement. The dotted. u.ppel- 1'Or­

~on)k've 'hem exvapok~ed IS th. l'8a41nBa o'bta.1ne4 10' U-t\1be Tie­

o.-tva ftre 1m.ef1ntte•

.nao Ihown dotted 111 Fig• .1.1: (1) 18 a 0U1W repnllentiDg the

a~ <of the naOOl1t7 detft:l1na,'t~0D8 ~or two samples of aaaab&abtr

.~ticknt:;,e:r. !he cUtterenoe 111 nscoalt7 between 'the•• parUcu1ar

Ih;Upl.. and 'the &'9Vage pUclM.rd .'t1cklrater 18 atri1d-ag, aDd bears

0W1rt the COIlten'\l.on ot facwr7 JWlS.B81'8 that IUWIbanker atla1arater 1.

II:":JROh~ 411'ticu:tt to procrell tb.a.D pilchard aUcJarate1".

D... ourws C&J1 ben be interpreted in conjunction with Pig.

0.1 (2). 1th1oh ahon \he Y&r1&UOD ot Y1.coa1t71d.~ temperature for

a..a VPl~ ..pl. C)f ccmcentrate. VheD. plotW 011 a aeal-1og acale,

&.all cur_e' reallW1 1'htua117 panl1el 'to the ptIZ'e water b&ae-lhe,

8Ie"ftl1" 'to 'Uae h1.Bheu eo1lli conoentraUorw, tor which reliable

r-:eatiue- nre ob'ta1Aed.

JJ lJ-tubea coull! no longer be wsed at apparen't "I'18coalUea above

ae'boutl00 cenU8'tcC)bI, a~tElllJta were made 'to obtai.n a picture ot the

~;14,~rll•• of thick concentrate b7 ua1:ag & rotational. v1aooaeter.

*the/
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b7 ret:ract_ur. A ~fIV checks oonf11'llled previows findings b7
StaMer an4 Lewis (2) that the so-called "~otal Soluble Sol1dl1"

oontent o~ stickwater OOIIcentZ'aw _ determined. b7 refractometer

18 actua'lT clO881" to the "'l'ota1. Sol1c1l1" content (1.e. inoludes

lIOat o~ the Insoluble SCUds). For oOJmlDiellCe, rei'raotolleter

1'8ad1np, :reported as "" 'rSS bt retrac\olaete:r" were emplo;yed all

.UndlU'd.

!he tJ.,tubes were caUbrated, and the .01e teat procedure laid

down in B.S.S. 188 88 ~ollOlre4 in detail. 'rile 8aIllPlea o~ COQ-

centrate were prepared in the la'borator'7 h'0I/II _ero1al aUc1twaur

ude ~roll fish lddch on the awraae had been proceaeed not IIOre t.1Ian

24 hours atter ca'kh. 'rhe stick1rater was COQcentrated in a labora­

tcl7 triple etrect e,apo.rator, wJUch iD operaUon (e.g. in resard to

temperatures iD 1ndividual effects) closelT ~ollOlred industrial prac­

tice. Where sUck1rat81" or concentrate had to be kept ~or lU7lf length

of till., the BlIlIlples were at0re4 at 320,. In Ill) case was the

llI&ter1al stored ~or eo long that sigilli o~ pu~act101l had 'becolae

evidebt.

A total of eight tIJ1treated pUchard concentrates were _iDed,

aDd the results are lIUIllIIarill8d h Pig. 1.1 (1). '1'h1a l1lustrates

. the variation or viscoe1V with " 'l'SS b7 rei'raotollleter. As _e o~

the curves were pracUca117 coincident, on1T the weighted a_rage

0IlrI8 ~or all the _pl• ." .. well .. the curves ror the _at Y1soous

and the most fiu1d sampl••, MV8 been plotted. 'rhe porUolUI of the

0IlrI88 4rawn UI1broken are within the region ror which good clear

readiDga were Obtained b7 c11reot _aBUreIIlent. 'l'he dotted upper por­

tions haw been extrapolated lUI the rea41Dga obta1ne4 b7 lJ-tube vi_

-aUra were indef1n1te.

Also ehown dotted in'ig. AeI (1) 18 a earn repreaenting the

average o~ the visco.,1V dete:nrlnaUons ~or two aamplea or _banker

atiokwater. '!'he dirrerenoe 1n YiBCOe1t7 between the.e partiou1ar

lJalIIplea and the average pl1ahard aticklrater 1& .tr1Jd ng, and beare

out the contention o~ ~actor'7 III&Il&gllrll that maaebanker .Ualarater 1.

IIUOh lIIOre dirficult to px_n than pilchard ISUcklrat81".

These 0U1"V88 can best be hterpreted in oon.1unoUon "ith Pig.

1.1 (2), which shan the Ta.rlaUon of viecoa1t71d.th temperature ~or

a vpical _pIe of concentrate. Vhen plotted on a allll.i-Iog sos1e,

all Cll:r"nlS 1'8IlIaiD virtual17 parallel to the pure water baa_line,

nen up to the highest aolide concentraUone, ror which reliable

read1nga were ob'tailled.

As tJ.,tube. could no longer be used at apparent viscositie. ab0Y8

about 100 eenU.tokes, attllllptll were llI&de to obtain a pictura of the

rlu1d properil•• of thick colICentrate b7 ueing a rotational villOOllleter.

'the/

-11-

b.T retr&Ct_ter. A few checks eonfirllled p:rerioWII findings b.T 
Stlm4er am Lewie (2) that the _alled "Total Soluble 30110" 

OODteri1; of aUckn.Wr ocn(l(ll'ltra1;8 as dete~d b.T ret'ractcMter 

18 8.01o".U,. 0108_ to the "'1'otal Solidll" content (l.e. 11'101'11<141111 

lIOn of the Iuo1uble 30114111). For cozmmlellOe, reh'actOBete:r 

l'8aI.UDP. :reported 8111 "" TSS bt ref'raotolileter" ore elllpl07ed as 

IIItIm4ard. 
!!'he v..tubes 1II'81'e caUbrated,. and the 1IIIh018 teat proGedUN la1d 

4011l'1 in B.S.S. 188 hI!! follwed 1D detail. '!'he eallP1ea of COQ-

cen101"&1;8 nre ~ in thlll labora1oor,r frOlll _e:ro1al .Ucb'ater 

:ade tram fish 1iddch on thIII 1I.l11trap had been prooe.Bed not more that!. 

24 hour. after catch. 'lhe sUck.watel' was cOZIcentrated in a la'bora.­

tor.r triple e!taot 8'1'apOra1oor, 1ddch iD opera.t1OD (e.g. in regard. to 

tape%'atUNlII iD 1wU.ridua1 et'tlKlts) cloee:Qr tollowed iDdWltrW prac­

tice. Where lIIt1ckn:ter or colIICentra1oe had to be kept for IIUQ' le%lgth 

of' nae, the IIIIIII!plelil 1ftre llltored at 320,. In no cue 'II'lUI 'the 

_unal nored for 80 101'18 tbs.t 1B1gne ot putrefaction hail 'becOllle 

enubt. 
A total of' eigll.1o tmtreated pilchard collCentrates vere _iDed, 

aM tim relllUlta era _a:t'1aed :1n Pig • .l.r (1). 'l'h.1111 111utratelll 

the 'flI.r1aUon ot riaooliliV rith " 'l'SS b,J reh'acWIIIll1;er. As _e ot 

the curves 'II'ere pra.oUoal17 COino:ident, ~ 1;M ve:l.gII.ted lIi'lmra.ge 

CIU."I11t tor all 'the _ple8, lUll 1r1lll11 lUll the ou:nea 1'101' 'the _at '1'180_ 

UId the IIIOIIIt fluid _p1elll, have been plotted. 'lhe porUona of' the 

CIU."I11tIll 4ra:m 'I1II1broken are within 'the region :rar 1IIh1oh good olear 

read:i.DP nre Obtained b7 4ireo1; ae2UllU'$'lllent. The dotted upJIQ' por­

tiO%llll hav. been extrapolated. lUll the rea41nga obtained. b7 U-1;ube ri _ 

_ t:.8re 1I'iIIre iDdef'1n1 t:.8 .. 

Also 8hovn dotted in 'iB. A..I (l) :I.. a CIU"ft repreaent1l'l8 the 

average o:r tile viaco.1V detem1.l1at1ou tor two 1llUlp1ea of' _banker 

atiolr:1rater. '!'he d1f'f'erenoe 1n vi&coa1t;r betnell the!!!e particular 

UlIIIplelil aM the a~ pllahard Bticuder :I.e atr;l.H.,g, am beara 

Ollt 'the contilnUon ot 1'_1001'7 ~l'8 that IUIIIUIIb&Dker llltioknter :1. 

IIIUOh l!IOl'e d11't:l.cult to pz_n t.ha.u pilchard IIItlclarater. 

Theee curve. oan best be interpreted in OOD.1_t1on w1tl!: ll'1g • 

.&..1 (2), which ahem the Ta.r'hUon of vlaooa:l.t;r a:I. 'th 't8IIIperatare tor 

a 1iJp1oal _pIe ot ooncentrate.. VlI.eo plotted OIl II. IIU!IIIU-log awe, 

all Olll"nlil l'eIIIa11l 'II'1rtua117 paral1el to the pu1'8 water baB_llne, 

eftft u;P to the h:I.gI!.est eol:l.de conoentratilOM, tor whioh rel18ble 

rea41 ngs were 0 bte1n ed. 

As v..1;ubes conlil no 10Jl&'llr be ued. at &ppa1"I!IIlt Yillloollli t1ell above 

about 100 oenUetoli::e!!!, at"i_pta wEIre lIIId.e to obtain II. p:l.oture of the 

f'luid. p~rt1 •• of thick concentratll b.T ua1.ng a rotaUonal villlOOllleter. 

!'he/ 
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I

I

The lnat:rument ued wa_ the Brookfield Rodel LV'l, which sp1Da .eleoted

B1I1Dd1ea 1n \he test fluid, IlI'1d lllelUll1res the re8UlUIIg drag all A

IlUitablT graduated aoale. :B7 takillg reaiUnga at difffl1'ent spimdllg

...,,1001Uu, 1Ihich can be pleoted 'f'1a an elght-speed gearboX, a ourft

at shear 1:'&te (or r.p••• ) __ ehear atren (or defieotion on the

arbit1'a17 0 - 100 BOale) can be plotted. It the tlow charaoteriatica

at a giTell fiuld COIIIPlT with the 1felrtonian det1n1t1on or Ti.oce1V,
all the points ehould 11e on & atraight line through the origin.

Th1a vu cont1raed b7 oalibraUng the instrument with & special VPe
ot·mineral oil supplied tor the purpose b7 a local Oil CompIU'l:1. 'the

cal1brat1on CU1"ft 1_ indicated in P':lg. A.I (3). Alao eh01m 18 the

BlI"d at rotation _reus defiecUon cu:M9 tor a 'bplcal _pIe ot
sticklfater concentrate at 46:' 'l'SS and 121'7. !l'he inst1'\llDent was

started at ita loved praoUcal BlI"d (1.5 r.p••• ) and a rea41ng

taken attltr 0_ III1mJ.te. It vu then a1tched to the nen higller

speed (3 r.p...) and re8lungs taken at t,he beginning 8ZI4 at the end

or the one II1mlte dwell period. 'lhis procedure vas repeated tor the

intermediate ""loo1Ues (6 r.p••• , 12 r.p.m. and 30 r.p••• ) up to the

1llax1!1U1l w10ciV ot 60 r.p.lII. WUhout stopping the inaU'ulllent, the

nloeitie. were then reduced and read1J1g11 taken at one minute intenala

as during the "up. run. !l'he ehape at the curw and the change at
denection at f1ZJ;f gl""n B1I8e4 are 'bpical at all concentrate IIlIIlIples

te.ted.

These teste augsest two reasons tor the irregular beha'f'1our at
thick: concentraul 1t is both paeudoplaatio IlI'1d th1:lEOu-oplc.

Studies such as b¥ Vilki nllOn (3) at \he tluid l180ha n i ca at n_lf_tonian

fluids han sh01m that both etfects can be olaasUied III&theaatioal17,

but the application at the relnant expre.sions to probll!llls at flcnr

aD4heat tranater ~..." not ;ret had eutticient ex;erilllental verification.

It appears particularlT dangerous In the case ot IL 1008817 detined

liquid such u aticlarater concentrate, to cmn-s1Illpl1f';r a l1mited

number at exper1lllental reaulta in an effort to fit thelll to theories

Yh1ch have been developed tor tluids ot entire17 different character.

In such _. it is 1II0re aa.t1stac~017 to 881ect the parameter

which 1D0st closelT approaches the de:f1nition at 1felrton1an 'f'1sco.iV,

with the underetanding that the apparent 'f'1l1coa1t7 thus c1eterlll1ned

IDlI\1 be used tor COlIIpa1'atlve or qu&11tatbe purpolles onlT.
neterrillg to Fig. A.I (3), it ae... that the ehape at the line

A - :B is the DOst eas117 detined :feature ot the litre•• - strahl curve.

By using the converllion chart supplied with the instrument, it 111 tOUlll1

thILt tor this particular sa:aple the apparent 'f'1scosl1;T - as deterlllined

b7 the Brookfield Vi.COlIete:" - 18 about 85 centipoises. The true
'f'1scos1V at the BallIPle of llIineral 011 ~ 330 centipolses, deterlllined

bT the _e _thode

'thel

I 

I 
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The inat1'W!l8n1 Wiled _III the Brooktield Rodel LV'l', which 1IIp1na .elected 

lIIp1D41ee in the Wilt fluid. a:nd IIca.w.rell the relltll:UlI!g drag on a. 
II1m1 tabl,y grad_ted lIIoa18. l!7 tak1ll!g rea"lhgrJ at diff<lltl:'ent IIIpi:mI1Dg 

nlociU •• , 1IIhich can be IHleoted 'll'ia 1m eight-llpeed searbc:ll:. a C\U'ft 

of ahear :na.te (or r .. p.IIl.) n_ pear IItre_ (or deflection on the 

arbitrar,r 0 - 100 ecale) can be plotted. It the flow characteriatlce 

of" !!Ii. eiY1l!!ll fluid COIIIIpl,y with the Jewtcni_ aefin1tiOll of' riscoeiV, 

all the points ehculd 11e 0lI II. straight line through the origin. 

'l'hilII 1I'1!IIIII cont1rlMd b7 oalibreting the lnl11t1'1lllllent with a IIIptIc1al 't7Pi' 

of' lIIinlIIr&1. 011 8I.lppl1ed for the pu.rpoa8 b7 a local 011 Com:pILftJ'.. !he 

cal1bratlOl1 CW!"f'e illl indicated in lI'1g .. A.I Cd.. Also ehC1l'llll 18 the 

IIIpMd of rotation WrtItUI deflection CW!"f'e tor a t7pical _pIe of 

eUc1I:wawr concentrate at 46;( 'l'8S and 1210:,. !he ins\rllment 11'1!11111 

IIIkrted at ita l_st praotical speed (1 .. 5 r.p.III.) III.Dd. a realliDg 

taken after 0_ a:1mtte. It __ then 81I'itched to the 11&%1; hiper 

lIIpfIed (3 rep.II.) III.Dd rea.d1nga taken at t.he beglrmlng an4 at the end 

of' the OlIe III1mlte d1l'811 period.. 'l'his procedu.:re 11'11.8 repeated for the 

inwmediate wloo:1 tie III (6 r.p .. lIII .. , 12 r .. p.lIII. an4 30 r.p.III.) up to the 

IImlNlll TelociV of 60 r.p... Without IItoppilllg the 1natrument, the 

nlooi tie. nre then :reduced a:nd read.1nga taken at one IIdmlte intenal.1II 

as during the "'up" run. The uape of the C'Q.'I."!1ilI I.I.I:d the ~ of 

defleotion a\ AI'V' eiWI'l speed are t;rp1cal of all OCI1Centr&te _pI .. 

tested. 
Thasa wsts lIII.Ig89at two reasons tor the irregular beh&'ll'iour of 

thick oonoentreta. :1t is both pseurloplasUo a.nil thixOtropic. 

Studies IISUCh a:III b,y VilldnllOn (l) 'Of tho fluid IIIIflcb"ldca of non-Newtonian 

tlnl9 haTe shC1l'llll thai; both ettectll can be oll!.lllS1f'ied mathematicall1't 

but the application 'Of the rele"t'al'1t expr88s10!U1 to problem II of flow 

lil.Ddheat trana1"er ~n not ;ret had IItIft1c1Bnt ~rimental V1!Irlf1cation. 

It appeartl parUcularl,y dangerotUl in the caae of a 1008817 dafined 

liquid I!IUOh I!IIIII Illtiok1il'ater conCt'IIltrete, to ~11f'.r a 111111ted 

'Ilulliber ot ~r1.mental relllUlte 111 an effort to fit them to theories 

vhich h&ve been developed for fluldll ot ent1:rel,y different character. 

In wah _s 11; ilil lIIore Illla.tiafac1'cr.r to alect the paraeowr 

which 1II0S1: closel,y approaches the de1'1n1 tiou of liTewtoui_ riecosi V, 

with the undaratand1n,g that tho apparent 'f'1soos1 V thUlil detera1ned 

I:IBlf be Ullllla. tor oompa:rat1w 01' qualitatiw p1U"pOses onl,y. 

neterr1ll!g to Fig. A.I (3). it __ that the shape of the line 

A - B ill the nost euil,y defined feature 01" the IItreBS - strain our._. 

B7 W111ne: the oonnrrdOl1 chart EIlIppl1ed vi th the 1.natrl.l1nnt. it is found 

that tor this particular sa::aple the apparent 'f'1soosiV - 11.8 detendned 

b,y the I1rookfield V1800!11eter - is about 85 _'&:1po111&lIo Tha \1."IlD 

'f'1scoB1V of the Ba!llple of lIIine:na.l 011 wae 33() csnUpo1selit deteX'!llined 

b,y the _8 _thode 
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The apparent 71eld value (aoale def'lecUon tlB" f'or sero spiDdle

revolutions), aDd the thixotropic behaviour of' the produot are

1lIporMzit in eituationa where, f'or 1utaDce, the liquid baa to be

pIlIIped BUrUng 1'roa reet. The Bta.rt~ power required would 111

praotice be ••"eral u..a higher than indicated bT the alope of' the

apparent v1ecoaiV line.

In other caee., IlOtablJ' when condd.ring heat tranaf'er 111 con­

centratore, 11; i. 'possib1. that the apparent villCOsiV describes the

f'101f characteristio of' the tlUid quit. oloae17. PaeudoplaaticiV

aDd th1xotropr are of' II&jor 1aportanoe oDlJ' wben the fiuid is undi_

~bed tor prolonged peri0d8. In a conc.lVator thia condition would

be approached onl7 in the non-boU1Jlg tube aectiOJ1, and then onlJ' in

the '--d1ate Y101111V of' the tube vall•

.....r1;h.l..., 11; would be unviae to a1;~ too such seaning to

1;hs apparent rlacoll1V eo defined, and 11; ball consequentlJ' nener been

as_d to praride 1Il0re than lUl indioation of' the order ot !l!M!?'tude

of' the 1"1111d friotion of' rnrr _ple ot CODOentrate wbiob vae too thick

to gi:n reliable read1ngll bT tJ-tube.

2. Thermal CondUCtivity

The apparatus used tor detemi n 1ng the themal oonductiY:l.t,y of'

nine d!f'f'.ren1; oonoeJrtrata 8A1IlPlas at twelve d1f'f'erent eolld8 contents

bT refractometer 18 dillgl:'_Uoal17 111uaUoated in Pig• .A.I (4).
'!'b. llqUid un!er teat VlUI filled into the apac8 marked "1iqu1d 418C".

'!'he upper braas plate vae then b1"OU8ht to a constant .telIlpttrature b7
l18ana of' 8ft electrio e18lllent, and the power input lIleasured vith &

va~eter. '!'be lower braN d1eo vas IIa1Dtained at the tem:perature of'

lIl81Ung 10e b.1 01roulaUng loe vater through the "cold tank".
Several :pre11a1Dar7 rune were oarried OIlt vith diatilled water,

aDd the upper braes 4180 ma1Jlta1ned at a temperature between 900 aDd

1000,. ProIa the knoWn power :Input (about 20 v.) aDd the 1atolm thermal

conducUY1V ot vater uDder the teat conditions, the heat leakage

~ the intmlaUon vas detemined (as mu/Hr(" F tlllll:perature

difference between "bot plate" aDd the 8IlIbiont air). Th1e f'1gure f'or

heat loes (appronma1;elJ' 0.2 ll'l'U/'P.!tr~) vas aubaequentlJ' applied as

a correction factor to the power input as determined during the runs

vith sticklrater concentrate. (lrote. the operating temperature vas

selected, to keep the hea.t 10811 to abou\ 10;( of the input). '!'be

absence of' 8:I.Bn1fiClU11 CODVeCtiOll effeots vas conf'1rmed bT COIIparing

the hed tranaf'er through diaUlled vater with that throu6h a solution

of' !;C gelatine lnd:latilled vater(ee1 t1rml7 in the tellt cell at the

tiIII8 of' the 1;es1).. '!'be ratea of' heat conduction vere pracUoal17

identical, thus ruling out lIIajor COnnctiOll errore.

'!he/

Awndb: I -b-

'lb.e ~liIlt ;yield va,lne (eaale def'lection "B" f'01" sel"O spiDdle 

revoluUona), and the thixotropic behaviour of' the product are 

blportlmt 1IiIl .UuaUOI'1I11 1IIhere, ;for wtuoe, the liquid halll to be 

ptIII!lled at.utiq t'rOIII rea'\. '!'he ata.rtiDe-uP poRr reqv.1red 1I'OUl4 in 

pn,oUce be sllmllnll u..s higher thaI:l indicated b;r the slope of' 1he 

a;ppa:rent viscoa1V line .. 

IIiIl other oases, l1Oubl,;r when oonaideril1g heat transfer 1IiIl con­

oentr'atore, 11; 1111 po8111ble that the apparent viecoa1t;r delllcribe. the 

flow charecwriBt10 of the tlud q:o.Ue oloael,;r. l'sm:adoplallUoit;r 

and thUotropr are or _;lor 1liIporianoe onl;r when the f'luU i. 1ID41_ 

~be4 fer prolol1glld perlode" In IlL COftcentrator thl. _41 Uon would 

be approached onl7 1IiIl the n_boll1l1g tube aeot1on, aM. th8l1 onl;r 1ft 

the :ba!IIed1aw rlo1n1V of the tube 1fall. 

IITtnI'IIIrthele .. , 11; would be umriae to a1;taoh too .UGh ...... dl1g W 

the apparent. rllIIcolli t;r 80 det1ft8d, am. it baa COWIIequentl,;r liIlel"'ll"er beeft 

uSWllllld to :provide 1I0re thwl IIIIl in41oat1on ot thlll order ot mamUnde 

of the t'lu1d friotion of' rm::r _ple of' oonoentrate 1Ih1oh _ 1;00 thick 

W e:1- rel1a.ble rea.41np b;r tJ..tube. 

2.. '!'herlllal CondUCtivit;r 

'!'he a:p:para.tna _ed f'or dete:mrirling the thel'lllal conducUvit;r of 

nine d1f'f'lIIrent ocmaentrlll:t;e samples at twelve 41ttel"8l1t !!Iolld. content. 

b;r raf'ractometer 1. 41agrIUlllll/.l.Uoall,;r illustrated in Pig • .1.1 (4). 
'!'he llqldd usfer teet _ fille4 1ftw the space IlllarkII4 "11qu1d 41so" .. 

'!'hili upper brass :plate _ then brotJ6ht W a OOI'1IIItIIIIlt .tem:perature b;r 

_aM of' IIIIl electr10 e18111ent, and the power hl:.lmt lllU!I&l!IIIl'8d '1111 th III. 

1I&"tl:llleter. '!'he 101181' 'bras. d180 1fU IIIa1nta1lilled • .", the tlll!lllJl8rature ot 
IHU1l1g 10e 1:1.1 oll"OUlatlDg lce 1I&tar through the "oolli tIIIIlk". 

Several :prelbl1nlu7 rwuJ _re oarried OIlt '1111 th distilled water, 

and the t1!PP8r 'braslll diec IM1ntdned. at III. t8llll:perature "between 900 and 

1000,. hell the kno1m :pcnrer input (about 20 11'.) and the knoIm the:t'llllal 

oonduoUrlt;r of watlllr under the teat condiU0Q8. the he .. t leakage 

~ thlII 1nINl.aUon 1fAlII detlll:ndne/l (as mu/Hr/" F temperature 
difference between "hot :plat." and the amblent a1r).. 'l'hia figlrra for 

heat 1088 (appro:dlllll.teq 0.2 B'l'l1t7 .. lIr~) 1fAlII eubseqaentq applied as 

a correction factor to the Ji'Oli"r hrput as detlllmined during the rutI8 

rith IIIUcknter concentrate.. (:lotel the o:peraUng tlllll:perature _ 

lIJeleetII4, to ke9p the hea.t losa W about 10:< of the 1nput). 'rile 

absence 01' dBftlfiC!Lftt oolI:tftotiO!l. enects _ cont1l'llled. 1:1.1 COIIIpa:r1l1g 

the heat transfer through distilled 1fatlllr rith that throush II. ec1uUon 

of' 3lC gelatine 11'1 41I1Ulle4 1fater( lIIet t1rml7 in the teat cell at the 

tie ot the test)" 'rile rates 01' heat conduction 1I'ere pracUca.1l,;r 

identical, th\It8 ruling out lIajor ooml'"llletiO!l. errore. 

'!'he/ 
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!he resulta ~ the teBta nth stiokvater colloentrate are Bh01l11

111 Fig• .1.1 (5). In view or the variable colllpOeition or the

_ter1al. the ~_ent can be consldered _atllltacto17. A relation

or aurtlcient aoour&Cl7 tor III08t calculations oan be &%pressed as

It (conoentrate) • It (water) (1 - 0.0056 x f. TSS b;y retract_tar).

3. DensiV

!he densit)- ot ......n samplea ot sUckvater conoentrate at

ditr81'8l1t eol1b content. &8 IIelUlUl"ed b7 retractollleter. W&8 deter­

1l1n~ using stanbl'l1 25 c.c. specific grant)- bottles. 'rile

dew1'll111&Uone nre oarried out at 1"001II temperature (6817). IU1d
are plotted in Pig• .&.1 (6).

Cum ftArt re1l1'e.ente the deorease ~ delUlit)- ot a given BaIlIple

(ftS·) ae it Y&8 thinned down b7 the addiUon ~ disUlled water

trca an or1g1nal 55.-n' TSS bT retractolleter. The linearity ot
this aurnt oonfiraa the IIOIUJdnen ot the method.

Cune rtBrt is the beat stra1gbt line aat could be dra1l1'1 through

the or1g1n and the pointe determined tor the seftn randoa BlIIlIPles.

n can be upreaaed z.ppJ:O".a1le17 &8 Densl1ly (S'lICDA'l'ER) • DelUllV

WATER (1 + 0.004 x f. TSS 1l;T retractOlll8ter).

'!'hi_ 8UB8'"ts that the solide 111 the concentrate have a delUliv

ot 62.4 (1 + 0.4) • 87.5 lbB./CUbic root (at 1"OCIIl telllperature).

'!'his asreee n11 with the aV'erage particle c!ens1v tor pUcbard

lItlal ot 88.9 lbe./oubic toot prenoualy reported bT Jrachen1ue and

Pieteraa (4). (It _t be rem_bered that fish Ileal - &8 opponc!

to the solids di880l....d in the conoentrate - oonta1ne a proporUon

ot bcm;r _tar1al ~ greater denslVJ ~e and Laby (5) quote the

denslv or bones &8 1.8 ~ 2.0).

4. §pecific Heat

!he lI.thcd tollowed 1I'U &8 dellOribed in the Dicti011!U7 ot .tpplied

Pb;rsics (6). 1 ~tal ot ten randOlll sllIIIples ot concentrate tI"re teated

at ditterent f. 'l'SS (b;T refractolltltel"). and the results are plotted in

lPig. A.I (7). 111 det8rll1naticns vere carried out between 700 and

80'7.
'l'he aurnt approx1lllately rollows the relation .Specifio Red

(ooncentrate) • Speciflc Heat (vater) (1 - 0.065 x f. TSS ~ concentrate

b;y reh'actollleter).

'l'h1s agrees reasonably vell with the specifio he",t ot about

0.25 BTU/lb. which has at various tiDeB been determ1ned tor ord1narr

flsh _al.

5. Boiling POint/

-v-

The results of' the teata nth sUokIrder conoentrate are _on 
in fig. A.I (5). In 'riew of the variable compoeition of the 

_terial. the agreement can be cO!l.l.lidere4 lIIatlllllfacto:t'7. A relation 

of auff'icient ~ for most calculations OM 'be apreased as 

II: (concentrate) .. k (water) (X - 0.0056 lit " 'l'SS b;r refract_ter). 

).. Deneiv 

The 4ene1t;:r of 88'INn samples of IIIUclomter ooncentrate a;I; 

tifferent _11b coD:l;ent. lUll IIIIGa.sured 117 re1'raotClilleter" '!PUll deter-

1Idnett. Wiling at.a.n4ard. 25 c.o. GpGc1tl0 gra'rit;:r bottles. The 

dete1'!lll1!1.1.1.Uons ore oarried out at 1"001II temperature (6SOp), aDd 

are plotted in Pig. LX eli). 
Cur-m ".lit rillpl'eaente the decreaae of' de!1ll1ty of a giVQ.Il sample 

("S .. ) all it '!PUll thinned down 117 the adtiUon of' d18t111ed water 

f:roa &1'1 orlg1nal 55.7iC '!L'SS 117 refractometer. The linearit;r of 

this 0'I%r'nI conf':lnla the IIOImii:!!.eIll8 of the lIIethod. 

Curve "11" ie the 'beet a~t li!1ll ~t could be dran thzough 

the origin 8l1il the pointe detenli.ned tor the Se'IND r&l'1dolll eamplelh 

It C&l'1 be a:preued apprmd"'lI.te17 as llenaiv (S'l'ICUA'l'ER) .. lle!1lliV 

iA'l'lm (1 + 0.004 % " TSS 1v' re1"raotClilleter). 

Thb ~tB that the Bolide in the oon_trate have a denai V 

ot 62.4 (1 + 0.4) .. 87.5 l'bl!l./OUblc foot (at l'OOIlI tl'llllperat1.tre). 

Thie agrees oU 1Iith ths average particle denlll1v tor pUobard 

eal ot 88.9 Ibe./cubio toot pre'rioue17 reported 117 lrachen1u aDil 

Pieteree (4).. (It _t 'be lI."IIlIIElllllbered thet tiah lIIeal - lUll oppoeed 

to the solids dissol'INd in the concentrate - oontaiM a proportion 

of' bon;r lII!I.ter1al of greater denal't7' I:qe and Lab7 (5) quote the 

densiV ot' bonea aa 1.8 to 2.0). 

4. §lecit1" Rea~ 
The llI'!11thod t'oUO'1I'ed 'Ir!I.S lUll delllCrlbed in the DiotlOl1!l.l'7 ot' Applied 

Ph;re10111 (6). 1 toW ot' ten randOlll semples of' coneen tra te vere teated 

at dit'f'erent ,c'l'SS (b;:r refractometer), M.d the results are plotted in 

1'1g. A.I (7). All detlllrlld.n.ationa vere oarried out 'between 70° &1'1/1. 

8OiDpo. 

The 0'I%r'nI appro.:id.lllatel;r follows the relation :Specifio Red 

(ooncentrate) .. Specifio lIeat (vater) (l - 0.065 x " 'l'SS of OOI1oelltrats 

b.r retraotollllGter). 

'l'b1s agreelil reasonabl;r w11111th the splPoltie heat ot about 

0.25 BTU/lb. which has at various tiDes 'been determined :tor ordin&r7 

fiBh _ale 
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Appendix I -Ti-

5. Boili"« Poin~

1'he object was to eaUmattl tlae exwnt w which ~ beil1J1g pelnt 01'

atickwater CGllcenb'ate depart.~ that ot water, aealJU1'el1 at yarieua

aub-atIHapher10 preaaures. J.bwt 500 0.0. '. 01' a vpioa1 ...p1e ot

concentrate 01' Jmewn ..lids cncentl'aUOIl waa boiled under retlux In a

1 litre fiask held In an e1eotricalq heated Is.anUe. The pressure was
malntaill9d at allT ..lected eub-atHspheric 1e-n1 b7 appq1ng & ClJ!l8tant

vaCUUllle 'the onset or boiling wae ohservvd viaua1q, and the 8~

tempera'tara at the liquid was lIeasurecl with & -rOU17 In glass them_tel'.

In Fig• .1.1 (8), the temperature Tel'1lUS presaure C1U'ft8 obtained

tor 'he ditterent 8a1lIp188 or concentrate at two different percentages

TSB ha_ been plotted, tsgether with the aatul"aUen 11ne rol' water as

obtained r:ro. steam tables. It will be o'bserwd that at high solida

concentrations and at ab.-lute pressures or 1'rolll 2 In. to 4 in. or

1lI0rcur.r, I.e. WIder ClJnd1Uona llIet with 1ft the final effects or COlli­

lIIereia1 plant, the boiling polnt eleVlLtion mq be .1' the ordor or

lOa _ 15-". '1'h111 oan have a significant effect on the leva1 at

wblch boU1JIg co_ences In tho on.porator tubes, as di8CU88sd in the

text.

B. CORli STRUP

Solutions or corn IQTUP in vater wre in seme cases used &8

werking 1'1uida, en account 01' their frewton1an viseodt;r. }lenUon

is -ada In tho lUerature .1' the varlaUen of the viscoBit;r of theae

.01uUolUl depending on the chemical composiUon 01' the COl'll 1VTUlP.

It was, therefore, considered safer to Illea.u:re the Tisesait;r or the

IVTUlP aupplied b7 a local llIamltacturer, rather than ttl extrapolate

TllUlhbul'll's (1) rigurea whioh are UBWIlq quGted, but which do not

COTer the range ot temperat.ure. and ..lids concentrations dealt with

In these teats.

'!'he identical _thod uslng B.S.S. tJ-tubelJ _a emplo,yed as

described tor atlc1arater in the preceding secUon. 'rhe Tiscoait;r

nl'1lUS " '!'SS ClU"Y8 at 1200p rer thia aaterial i. shewn in PiS• .loI (9).
The Bo1l1J1g Point E1~Un or th1e aample, meum-ed at twe

d1f'rerent concentratiOlUl, vas al•• dew:nalnei!. _ described 1'.r aUc1t­

vater, and i8 shown in Fig• .1.1 (10).

C. Sl1CROSE SOLtl'l'IOllS

SoluUona .t lRlClrOSe rer Wle as werking fluids were llade up b7
dis.olTing COIIIllI8rcial cane sugar In water. In Tin 01' the reputed

cena1atenC7 of the compoBition or cane sugar, the relevant critical

p!Q'.1cal data were all taken f'roa the InterMtional Critical '!'able. (8)

Appendix I -d-

5. Boilips Point 

!he 8b;1eo1; __ te Ela'Ulla.w tile -wnt tllP which tile bolUIlg pelnt e1' 

IIItlckwater cencentr&.w d9]ll1lll.ll:"ts frMI tbat ef water, lIIea~ 11.10 VlI.l:'IWlll 

eub-ataMlilpherlc pres_e.. J.'beItt 500 c.e.. 'l1li 81' • t;rplcaJ. _pIe 1i11:' 

cencellrtraw .1:' Ji::mInm _lids ctmcen1:raUen _ boiled under reflux In III. 

1 litre naak held In an electr:l.calq heated lliI_anUe.. The prelllwr<l!t _ 

ma.lntalned at 1111:17 selected lIub-a:t_s.phel'io leY81 b7 appl;r1ng .. OIIIW1tant 

va_. The enaet Clf boil:lrJg _ lllbaervud. dBtl.!lll;r ~ and the ate&d;:r 

temporatare 01:' the liquid _ lIIea.sured with a merCll17 In elulil them_tel'. 

In 'Fig. A.I (8)1' th.e 1oapera.tare __ preaSUl."e CI1.l"nS ebtained 

fllPr ..... d1fferMIt 83.llIp1 .. IiIf CDIIOIIIntrate at twe 41fferent percentage III 

'l'SS have bsel1 ple1;ted, together rith the aaturlll.UIID Une fer wat~r U 

ebtalned troll IIItea table8.. It rill be ebeel."1'ed that at high solids 

CftI.Centratiens and. at; absolute preseures of' from 2 In. to 4 in. of 

lIIercu:r.r. 1.... under OIIIndi UODIIII met wi t.h in tbe f'1nlI.I effects ef celli­

mercial plant, the bcltiliug polnt eleva.tioll mq be &1:' tbe erder or 
10· - 15"F.. Thill! can haw a Significant effect en tbe leva! at; 

which boUing CO_snCOIl In the en.poratGr tullos, aa 41l11m.1.8lll1td in the 

ten. 

B. CORN SYRUP 

Solutionlll ot OIIIr1l ~ in water weN in S8i118 cases used as 

_:ri:1ng tluidlll, en accounte1:' their H'81I1ionian rllllcodV. J'lent1en 

1a lIIIail. in the l1~tare .1' the variation gf the v1.sces:l.V et theae 

aoluUens depending en the chemical composi Uon of' the com ~. 

It was, thereteNt cons1dsNd eater to lIIleasure the risco.iV 01' the 

s;rrup npplied b7 !II. lscal lIIlm.Uf'acturer, rather than te extrapolate 

"aallburn". (7) 1'igures Yh10h are WI'IUI.U,T quoted, but which do net 

eo_:!:' tbe range of tempera.'turee and HUds conoen1orati_ a.elilt with 

In thelia batll. 

The identical _thod WIling B.S.S. tJ-tubelil was emploJTed u 

described tor stlckwate:!:, in the prece41ng section. The risco.iV 

"_ " 'l'SS CI1.l"n at 1200, ter this _terie.l 111 IIIIhnn in Ji'18' • .1..1 (9). 

The Bol11rJg Polnt Eln'll.tillll1 81' th18 •• ple, 1'Il8uurcd at tn. 
difterent cenoentraUIItIa, VlUI al.e dete~lnfid _ d •• cribsd fer .t:l.ck­

water, ana la Bhnn in Fig. A.I (10). 

c. SUCROSE SOLtl'l'IOllS 

SoluU8u ot l!IUOl"Me ter WIle as -rk:i.Il« 1"luids weN lIII&d.e up b;r 

d1seoldrJg _rcial cane IIfIJ8al' in 1I'ater.. In Yi_ 01' tho reputed 

clPnllliatenc;r et the cempoe1 Uen of' I.'laII8 1II1lg.!I.r, the Nlevant or:l. Ucal 

pb,ylllicaJ. data were all taka. rr- the International Crlt1caJ. Table. (8) 
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APP1tllDIX II

< • ,":10

Xu the te" nOlI' measurement. on natural c1Joculatlon naporatora
1h&t haft been made, ror 1IIataD*. b7 Foust, BKe:r &D4 Ba4&er (1). the
working :t1u1d. vu a11r1Q'8 water, and the -lni .,. YeloolV about 1 tt/HOe

In theee cue_ the .,.1001V could be measured ~ atBDdard deuces

8UCh .. Pilot 1'ubea or Or1t1ce Platea. The use ot obatrl1OUOIl meten

under condit1ons preYa1l1Dg 1Jl the final etteot ot a at1cJarater concen­

trator aua1i be o011814ere4 queri:1oD&ble lor the tollcnring reuon••
• .<

1. the wwdllDDl ~o -headtt ot the stream 1. too _all. prtlcQ-

larq at U1e 1<nr oUoula.\ing veloo1~•• ocourr1Dg 1ft Jlract1ce.

At • liquid 'veloo1\,7 ~ 8tq 0.1 tt/sec., 1t Is 0.12 - 0.000156
. 32 x 2·

tee', wh1ch, tor a ooncentrate deu1t7 of aa:r 70 lba/cubl0 toot,
18 equ&1 'to .. p"tusun of a.on lba/aq.1't. The ..aanuesaent ot

P".~. ot Wa:order· DOt oD17 requir.. the U8e ot aD advanoed

and oo.tq (Bell-tnMJ) JI1cl'O!I&DCIH'er, but the 41:tterenUal

presaure reactins- due to the tlow ot the fluiel would probab17

be obllO\U'8c1 tv' ft.1"1atl0D8 in ~ statio h.;rdrauUo head on 1he

preaure 'taD1Dp,

2. uncertainV' about the rheological behariour ot atlclara'tft OOD­

oentrat. (see .lpendD I) would. De08sa1tate ~ re-oalibratioll

ot the or1f'loe plate or 811a11ar dnioe tor each~ 8&IIPI. of

CODCeDtrata uaed,
3- tb8 £,_1ne•• ot the W-ak COllcentzoate and ~ pwunoe of sua­

JlOded 80~ JIWIt 'be expeoted to lead to ob.truotion of the

preuare 'app1Dp &Jl4 otur fitt.1nB&. and

4. tb8 pre.sure drop. 4_ to the obatrueUDg 4n1ce are \1I1d••1rabl•

. in '1'1.. ~ the low pz'O»elliC6' force wh1ah maiDtaiDa the ficnr in

D&tur&l a1rCulat1on e.poratol"8..

~ cml1' reliable ••tho! f4 ..uur1DB the ,"locitie. of' l1qu1da auoIL

...Ucknter oOllC4Ultrate without: intertel'll2B nth. their' now &p;pearII to

'be 117 ..gnetic !DdaoUOD. Suitab17 Bisect flow ..ten of t!d.a Vpe weN

ottered 117 ....ral. ..11-bowD 1mIU'wIan" wakera. Nt theb' oo.t 1. ~ the

ONU ot B.1,OOO, lddch 18 mare thaD could reaaonabq be spent for the ".au

under el1aeuu1on.

Bowyer, rather than a'bazldoD the idea or meuur1Dg, or at 1...t
••t1aaUDg, the 01rCulaUOIl -nloolt7•• maber t4 other ..thode ftft t ••ted.

~ Cold/

· . 

1Ii~':I,lIi;;II~lier OODCeQ­

w~~v.~U« reason8' 



(11)

A) Cold water injeotion.

'l'h1. 11 illustrated diagralD&tioal17 In J'1g. A.II (1). The

technique OOD81.te ot ~eoUng about 10 to 15 oubl0 08nt1llletree ot ioe

oooled _tel' into the return tube at. point "B". '!'he ohilled liquid

110,... witb the aa1Il .tream ot the l1quid, and p1'oduoe. an ob_nable

4eneotion 01' the lWedle or the potellUOIIIeter nr. IIuit&b17 located

themooouple.. '1'he U-4 interval between the ~ooUon ot tile liquid .

at point "B" and the detleoUon ot tile salVllDOll8ter in reapoll88 to
te:aperatuN ohanges at polnta "C" or ltD" 1. lIIIl indioaUon or the ,..l001V

ot tile liquid in the tube.
An~1..... aa4e bT tile writer (2) 01' the correlation ot the

interval betnen ~cUon and defiecUon, and the la101rn liquid TelooiV

belng D&1ntall18d bT puap1ng at " _&8U1"8d rate, but the error could not

be re4_4 to le.. than about ;t 20J'. 'lbe arron are cble1"17 due to the

operators' reaction lag, and turbulence generated bT tbe act or injeoUon.

To c1roulaven'l all theoretical complicationa a ..rl8S or teata _e

oarrle4 out vi th _ter and eUckwater ooncen1rate or 4~ 'ISS, in vb10b

the injecticn interval 1IaIJ t1Jaed, while the true circulating velo01V

vaa being .aaured a1aul~17bT colleoting and weighing the dieoharp

troa tbe c1rculatlDg pllIIIp. A representati,.. ..10 01' readings 1a li.ted

in 'lable. A.II (1) and .loII (II).

'!'he calOQ1ated liquid veloolti....re plctted aga1l'111t the reo1p1'OOal .

ot the Uaed intenal, and the beat stra1Bht l1JW drawn tbrolJ8h all the

points, _ Com in Fig. A.II (2). In oomert1ng the _1ght ot collected

liquid to wl,.., the dena1Ues ot the _ter and the ooncentrate were

takeJf _ 62.4 and 70 lba./eub10 toot reapecUve17. It will be ob..rnd

that tile man·. de'l1aUon ot art:f two rea,ungll troa the straight line 1a

about 0.2 tt. per aeo., whioh at the oorrellpOn41ng true ,..loolV ot J tt.

per 1180. iJm)lVltB an error 01' about 7 per oellt. It 1. aiao llOUoeable

that ....n with oonoentrate ot 40.' l'SS the ob_ned intervals are extre-17
010.. to JUlo.. tor 'If&ter.

Selected rea41ng11 taken OIl the straight line in Fig• .loII (2) ..re

oorreoted tor the true dena1V or water at 1600F (61.0 lba/cub10 toot

1nate&d ot 62.4 Ib••/cubl0 toot) and replotted as IIhcnm in l!'1g. A.II (3).

'l'hi. oune _ used ftentmtr liquid vel0011;;1 detera1naUona were lI&I1e up

1;0 Rurt Jl'o. 110.

'!'eats to antomate the t1aing of' the intenal between water 1njecUon

and deneotion of' the galvaDClMter needle _ onlT lIlOderate17 IlUCce.etul.

and the 1mprovement in &ilC11l"&C7 .. coapared with manual t1III1ng did 110t

'If&1'1'ant 1ta perfection.

Val001V _lUJUreient bT vater injection proved usefUl for e.t1aat1ng

the 01rculaUD,g _loolV Oftr a wide 1'&I1g8 or oonditions, but it bad the

(11) 

A) Cold water injeotion. 

'1'h1. 11 l11usVawd di~Uoall3' In Fig. A.II (1). The 

teohrd.qt'IIII corud.at. of' tnJeoting about 10 to 15 cubl0 cenUmetree of' Ice 

oooled _WlI.' into 'the 1'8tIn'n 'tube Id'. ;point 'T'. The ohllle4 liquid 

lIII01'88 nth the ma11'l 8tHaIII of' 'the liquid, Md produce. IUl observable 

den.eotiw of' the needle of' the potentiOllleter 'fl .. 1IN1 tab17 loca.1;ed 

'th_~1.1II. 1.'he U-d interval betwen the in;leoU01'l of' the liquid 

at ;point ":8" Md the defleotion of the pl'f'll:!'l.OlllGter in 1'8lIpOrI!1I8 to 

telllpft'atu:re oba:agea at pointe ItO" or "D'" 1111 an ind1oaUon of' the wloolV 

ot the liquid in the tube • 

.An aral,pi8 1IIU IUt.4e b,r the vrltell.' (2) 01" the OOll.'Hlation 01" the 

inta"V8.l betnan 1n,1eoUon and datleotiOIl, Md the k'.uo1n:; liquid 1'81001 V 

belq IIIIdntatned b,r PWllpiDg at a _&lIlUl'e/l. rate, but the er.t'OlI.' oould not 
be reduced to leu tbn about ! 2~. 1.'he e%'1'OlI.'lII I!I.H oh1etl:r /lue to the 

ope:ratOll.'lll' reacticm la&, and 1;urbu.lenoe generated b,r the act of' lnjeotion. 

'1'0 c1.ll.'oul:lvent all the_tioal oolllpl1oationlll III. uriee 01" teat. _III 
O4U'lI.'1l11d out 1d. th _ter Md IJtickirater COI'lOImtrate of' 4~ '!'SSt in vh10h 

the Injectlcn interval was tilIIe/I., while the t.luIII 01roulating wloolt;y 

_. belq .8lIIl.I1'94 e1aultame0U8l.1' b;r oolleotiu,g IUld welgblu,g the diaobarp 

trOll 1;he o1roulatiDg pump. 1. repreaentatiw .. t of' reaainge is listed 

in '%'abl •• A.II (I) oil. J..II (II). 

'1'hIJ calculated liquid 1'81001 ti •• U1'8 plotted a.fII1nat the reciprocal 

01' the U_<1 inte:na1, IU1d the beat etraiBht line dra1m throU{#l. all the 

;poi».te, _ !Ih.oIm in 1I'1g • .l.II (2). In ooEl'ftrtiu.g the wight of' collected 

liquid 10 vol __ , the danaitilll. 01' the _tel:' Md the ooncentrate are 

ta.1r::eJ:r _ 62.4 IU1d 70 Iblll./cubio toot respecttwl3'. It nll be obaerwd 

that the -v_ dev1aticm ot aq two readinge trOll the straight line is 

about 0.2 t1:. per MO., whioh at the oorrellpOn4ing 1ol'tl& wloo1V 01' 1 1"10. 

per aeo. 1mrolwll &Ill 8l:'l1.'Ol." of' about 1 per oent. :tt is aiao notioaable 

that ""n wi til oonoent:rate of' 40::' 1'S3 the obllll8:rwd intervals are extre-17 

010l1li8 10 iIIho_ f'or ftter. 

Selecwd rea.4inge tak:.en OIl the straiBht liM in Fig. J..II (2) weN 

oorreoted tCll.' the trua daD.B1t;y of' _tlllr at 1600 F (61.0 1l1a/cubI0 too1; 

iutead ot 62.4 Iblll./ou.blC toot) and :Nl!lotted. &III abOlm 111 1I'1g. A.II (3). 
Thill CIUr'nI 1l&1li tl8IIId whenever liquid wlooit;y dateminatiClUl were lllade up 

to li1m 1'0. 110. 

!'eets to IUltomate the t1lll1ng of' the inte.rft.l between ftter InjectiOD 

Md allln.eotion of' the gal1lf'lllDOl!Mlter needle are onl,T lIIIOde:ratlll17 WCCIIISe1'ul, 

and the ~t in ucur807 _ COIIIpII.l."&d nth ~ tilJdu,g did not 

lIfBlI.'rant 1tlll pertect1on. 

Velooiv _aaurtlient b,r _10ft injeotion prowd UMf'ul f'or elllt1lu.tiu.g 

the o1ll.'oul&tiu,g _looiV OWl:' .. wide l"IIII.g8 of' oOn4itiCl!!.II, but It hI!I.d the 



ompressed Air

~ ~....

~ ~ -t
.

Ii" welded r Atee pieces 1-

J:
Solenoid

~valve ....y", ."
0( /

) ... ~ r II0'''' I.

I.C. s:
N

thermo-
....

couple

~
C

~

0-• <0

~
s::
~ ,... co
~

q-

•
A
•

H

ft ~ -,

'"•t-v

• •I.C. Ill"
thene- :1,

f;'.' ' ~
ooupl." -,

D •
Press '/ '/
:Button ,.

N...

Potentiometer

Ioe
WateA
Tank

C

FIG. A..II Ul. nI.AGRAWA'l'IC ARRA.llGEJlENl' FOR VELOCITY IIlUSUllEXENT
BY COLD WATER INJECTION



T.dLE A.II (Il.

CALTBRATIOll OF COLD VATER IlUECTIOJ lmTHOD

FOR LI9tJIP VELOCITY JlE~ n EXPERIU!fTAL .APPAItl'l'US

Cold water pressure 1 10-1; pel.

VAIfER

Teat J(euured Caloulated Equ:1valent '1'1med Interval to trawl
lfo Pump Liquid V.looit7 in 35 5 f't. in 41.5 SIll.

Di-eh&rge _. tube tube

1ba/aeo. tt/·eo. I..vf,.~t/80C. Secs. Ave. 11808.

1 0.976 1.55 4.7
1.54 4.1 4.70.963 1.53 4.8

4.6

2 1.44 2.29 3.5
1.39 2.22 2.24 3.5 3.'
1.39 2.22 3.5

3.4

3 1.71 2.72 2.8
2.8

1.61 2.66 2.69 2.9 2.8;
2.9

4 l.n 2.81 2.7
1.$ 2.76 2.7
1.78 2.83 2.80 2.7 2.7

, ,
1.71 2.81 2.7 "

S 1.9; 3.10 2.'
3.10 2.5 2.'1.95 3.10 2.4

2.5

6 .2.1) 3.40 2.3
3.45 2.4 2.352.20 3.51 2.4

2.3

7 2.46 3.94 2.0
2.0

2.37 ).16 3.84 - 2.1 2.05
2.40 3.81 2.1

a 3.08 4.81 1.6

4.79 1.7 1.13.00 4.71 1.7 .
1.7

9 ).4} 5.41 1.5
~ 1.5

).46 5.49 5.45 1.5 1.5
. 1.4

10 0.4' 0.71 . 9.9
0.72 - 9.7 9.80.46 0.73 9.8

9.7

t



lfX8LE .A.II U!l
CALIBRATIOlf OF com VATEB DJECnOR IlEMOD

. POR LISum VELOOIfi JtEJ.StJREKE:NT Dr EXPERD!ENT!L APPARATtJS

36-44~ TSS (117 Retractolleter) t.remperature approz 1600,. Denaiv appaz.
70 Ibe/ou.tt.

CONCElITRATE

!'eat Xeasure4 Calou1aw4 Equift1ent :L1qu14 'l'1aed Intenal to
lYo Pump Veloolv in 35 -. tube travel 5 tt. in 47.'

Dj.acharge ma. tube

Ibs/sec. n/aeca .be. ft/aec. Sees. Ave. 1180••

1 I.U 1.54 4.7. 4.5
1.55 4.5 4·55

1.13 1.56 4.6
4.5

2 1.70 2.35 3.4
3.)

, 1.61 2.30 2.31 3.) 3.3
1.6~ 2.28 3.3

3 2.0; 2.82 2.9
2.82 2.8 2.82.05 2.82 2.8. 2.8

" 2.1' 2.96 2.7 .
2.91 2.7 2.72.08 2.86 2.7

, 2.8

5 2.28 3.15 2.6

2.24 3.09 3.12 2.5 2.5
,2.5

§. 2.56 3.54 2.2

2.55 3.53 3.53 2.3 2.)
2.3

1 2.88 3.98 2.0

3.93 2.1 2.02.82 3.88 2.0
2.0

8 3.37 4.66 1.9
4.62 1.8 1.83.)1 4.58 1~8

1.8.
9 3.SS 5.34 1.5

'.35 1.7 1.53.90 5.)6 1.5
1.5

10 0.34 0.47 11.6
11.4

0.)5 0.48 11.7
~ 0.47 12.4 12.9

.. 12.0
0.)) . 0.46 15.4

14.6
, 14.4
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(111)

tol1cnr1Dg 11.UaUone.

1.· 1 t ... WU"el1able when the t1med 1fttenal exceeded. abolat 12

aecoD4a (l.e. 'II!1en the l1quid veloci.1;7 in th. heatea. tube d%opped

to below 0.' fi. per seo.). 'l'he galyup"ter IlHdle deflecUon

then became alusgleb and clear readi '2glJ wre difflcult to obta1D.

SolUUllea bette%' red1aga 00l11d be obtained ua1ng the themocouple

at point "c" - 12 inches below the injeCUon point inatead ot 60

1nohea as ltD" - but _n tu& d14 IlOt extend. the 1'&1'IgS ~ liquid

veloc1Ues that oau14 be _aaured with oonf"1denoe to below abollt

0.3 tt. per sec.
'1'he drop in aeu1Uvi1;7 with deo1'eaa1Dg flow rat.. ... probab17

dUilt to lnooeplete -'xing at the injected water with the ocncentrate

and comreoUon of the ooll! l1quid with1D the (81ow17 aonng) bulk.

l!oth sttecta would be 41ff1oul1;7 to Z'eIII9l!;r,

2. l' oan be uae4 oDll' tor taldng apet read1nga, inatead at oont1mlDu8

ln41oaUon. Ma 1a 1I&Z'tioular17 both__ if the flov 1e inter-

. II1Uent, .. tor 1natalloe when "lIU1'giag" ooour& in the heated tube.

It 1a then 1lIpoeaible to arr1ve at an acceptable average velool1;7

re"'ing or to e.u.ate the utent of the _lao11;7 variations w!th­

0111 tllkins & lara- nUlllber ot rearUnsa, 1fh1oh 1a 1J!praoUcal,

3. the 1n,1ecUon enn of ....11 yol_a of cold water 1. undeB1rable

1Ih11e a heat trMeter tea1 i. 1ft progreaa. Although the diluUon

and cooling due to a e1ngle injection are negligible (about

O.~ 'lSS and 4 B'1'lJ per injeoUon when operatins at 50J' ,sa), the

error 'becomes &J1F801&ble .. the rmaber of readhp inoreue••

J'or W. reuon, '981ao11;7 readings were pneral17 onlT taken betore

aDd atter & lI&Z't1oular Z'Wl ... o0llp1ete4.

In vi" of the.. diff1oulUe. another ..thod ot flov lIlIUUZ'eMnt ...

4eT1ae4 and' teated.

B) '!'onion Vme.

1l8ta11s or ,,"II device are ahown in P1g. A.n (4). 'l'U ahaped vane

is auptDded under tens10n 117 & ateel wire, 1Ih10h ls anchored. at both eDds

at the return tube. 'l'enalon is aa1n~ 117 & ta1r17 sUff apr1ng.

Rotation of the TaI28 18 observed throuBb the 'riew1118 windon at "A" aDd

dB". !he vin1ng Y1Ddo1r8 oons18t at short glaaa 1"Oda 111th polished enU

pae81ns thro\l8ll· rubber stoppers. 'rhe rotation of the ooarse 1nd1oator

at "J!' 1a one fifth of that of the Tllne itself at "B", .. the ratio ot
their dUtanoea f'roII the upper auapena10n point 18 1 • 5. nut coarse

1ud1oator 1IU t1Htul nen the 'Valle cOll;pleted !lore thaD one rtlY01uUon.

h device ... oal1brated ap1nat the ft1&hed c11aohara- traa a ou­

oulating p=p as deaorlbe4 in~ preceding noUOJl, and the tea' data are

shown in 'fable .ten (III). .As the deT10e is a tom ot obstrucUora _tar,

thel

tollow1Qg ltaltaUon81 

1.· 1 t ... Wl:Nl1able when the t1aed bsterval exceeded. abo'llt 12 

esco1l4a (1 .... 1II!I.en 1;h41 l1quid ¥81ocj.t.;, 1n * heated tube drop.,.d 

to beln 0 .. , f't. Jlft' _0.).. n. plY'llJKllllllte:r .. 41e derleoUoa 

then ~ .luggish and olear :rM .. Unp wn difficult to obtain. 

Sout1aea bettu' :readings oOilld be obtai_d ua1ns the themocot:lJllJt 

at point "e" - 12 1nohee beln the bsjeOUon point 1nete&J1 of' 60 

inches as "l)'t - but ewn thi. d1il ftCt e:tend the ~ of' Uqui4 

¥81oo1Ue. that oould be 1IIIGaau:red lIIUh oonf'ld_e to 11810111 about 

0.) ft. Jlft' 880. 

n. drop 1B MlUd:Uv1t.;, with dunadng now rate .... probablJ' 

4. to 1Boa.p1ete -ising or the 1njuted ftter with the ooncell'1trate 

&'!lil OOI'l.V8oUon of' th. 0014 liquid with1B the (eI01lllJ'lIodng) bulk .. 

:Both errect. lIOtIl4 be d1ff1ot1l t;r to ~, 
2. 1\ OM be UNd. olllJ' f'01" ~g IIIpOt l"H.41nga, 1ute&J1 of oonti.l:molla 

In41oaUo:a. Mill 1lII parUotIlarlJ' bothar_ it the 1'1n Ie 1Dter­

II1ttent, ... for 1u'bll.llco 1IIh.n "1I'Q1"g1ns" ocour. bs the heated tu'be. 

It 111 thelI'11l1po.a1b18 to ar:rl.,. .t an a.coeptable aVft'8.g8 .,.1oo1t;r 

NaUns or to •• t1lllate the !llZtent of' the .,.1001 t.;, variaUona lid. \b­

oot 'Ilkins a large n'llllllbe:r of' :reaa'nga, 1IIh1oh 1111 blpraotioal, 

3. the 1n,1eotiOl'l ~ of' ....... 11 'f'01_a of' oold 1IIIII.ter 1111 llft4ea1rable 

1IIh11e a heat t:raru.ter teat b bs progrellllll. Although the dilution 

and ooolins due to III. llingle injutioa IU'8 neglls1b1e (about 

O.~ 'l'SS and 4 lI'l'U pn' injeotion when op!)1'ating at 50J' 'SS), the 

erro:r beoOlllle. III.J'PHOla'ble ... the mlIIIIlber of' :reailinp 1Dc:re ..... 

lI'o.1' Will nason, ,"1001t.;, NlII.iUIIP nn generallJ' onlJ' tlll'l::_ beton 

UII1 atter a partlotlla.r run 1IUI oOilpleted. 

In vi .. of' theee difflOl1lU'JIII _other .. thod ot tln lllll!llUIU%"8!IIen'S ft. 

4.ev1M4 and' te.ted .. 

B) TonicD Vane. 

DetaUs of thillll dardce IU'8 1II.1u)1III1 h J'1g. A..II (4). 'l.'hIII IIBhaped van. 

18 IJII.S.peDded Ilft4er ten.loa bi:r a ., .. 1 wiN, vh1eh 18 ancho:red at both aDds 

of' t.he ntum tube. TGnalOD 18 IIA1n~ bi:r Ii f'a1rlJ' aUf't IIIIPl'lns. 
RofiAtlon of' the va:QIII 1111 obsar'ftld ~ the vierill8 1II1Ddon at itA" and 

"'»".. ':he vi8'lli.D£ 1d.Dd.o1nt oonald ot lI!Iho:rt s:1aa1ll rods lid. th polll11he! ends 

p&1I1IIi1l8 thrGup lI:Iibber .to:Ppl1ln. '1'lw rotation of' the ooans 1Dd!oa'Cor 

.. 10 " ... " 1. 0DIt titt.h of' that of' the 'II'IIIl8 itself at "I", u the hUO of' 

their 4iat:moes f'rQIIl the upper IIIlIlIIpeDSiOll poin'S 111 1 I 5. n. Ooarllllt 

1Ddieator ... UlII4IIttIl wh_ the 'ftrllIII coapleted IIOlNI th&II one revolution. 

n. dardce 1IIIII.III oallbn.ted apil!'Ullt the ft1&hed dieoherse b:aaI a oir­

OtilaUng pu!IIp ... deaorlbed in t.he :p:rec1lllding nation, ad tha wa'S data. IU'8 

IIIhcnm in 'fable .l"II (III). .As the device ia a ferm of obs'trulstion _tar, 



=o
I

•co

Spring

30 swg
Steel
Wire -, g

i' 'f"f
~

o
II
J.i

'f"f
A

Viewing

Window ~ )~

fine
Indicator

·ea
o
r-

Coarse Indicator

1"

5S Tube,
1 mm Wall"""

18 gauge 55
Sheeting

I J , I

4 5 6 7

I \

0-

For side view ot
end :fixing see
bottom.

47.5 D1JJl I.D.
/" Return Tube

~.....---..
--

COMPONENT DETAILS

:­
N.....

ASSEMBLY

FIG. A.II (4). ROTATING VANE FLOW INDICATOR



CALIBRATION Oll' TORSION VAm: USED FOR

LIQllID VELOCI'l'r XF.A$OlIE8N'l'S IN I!:XPrnIXENTAL APPARATUS

WATER

1'BST WATER KUSUBED DISCBIJlOE CA.LCULATED E~UIVALUl' O»SE1lVED
TEMP. PROII PmlP LIQUID VELOCI'l'T D VAllE tIE-

15 JIll. 1'tJlm PLECTIOIf

Op Ave. 1b8/aec. ~t/..C. Revs.

1 75 3.71 5..75 3.85
2 75 . 3.17 4.92 2.45
1 75 . 2.31 3.58 1.80

4 15 " 1.88 2.92 1.18

5 75: ; 1.44 2.23 0.69
6 - 15 1.01 1.56 0.31

7 84 2.21 ) ..54 1.78
8 84 1.85 2.&; 1.21

9 84 1.44 2.25 0.69
10 84- 1.01 1.57 0.31
11 194 2.30 3.68 1.85
12 194 . 1.42 2.27 0.73

13 194 ' 0.98 1.57 0.33
14 73 2.26 3.52 1.72
15 13 1.80 2.81 1.15
16 73 1.44 2.24 0.68
17 13 . 0.995 1.55 0.33

\



FIG. A..II (5) I VELOCITY MEASUREMENT BY TORSION VANE CALIBRATION CURVE
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AppendixU

The de~lection ot the vane would be expeoted to be roughly proportional

to the &quare or the liquid velooity. This wall coni'l1'llled by plotting

tJae relevant CUl'Te as shown in Fig. A.D (5). The experimental pointe

are found to be verT near~ on a atra1.ght line pnss1ne through the

origin, and a calibration cum Ya8 drawn ~rOll points on this line.

This flow indioator pl'OTed reliable and it. calibration did not

change eignU'iC3!1t~ during eenral 11101'"1111" or us... It YllS tree o~

ae-ral o~ tlle ma.jor shortcOIIIings of the injeotion methodJ it gaTe

continuous inetead or intermittent readiDglSI it 1molTed no cooling

or diluUon of the lforldng fluid, and. it could be used at lOY

'Iltloc1U... :But when tlla Yisoo81ty o~ tAe lIIediUlll (.\icklfater

concentrate or corn 1l)"rUp) exceeded about 100 centipoises, 1.e. when

tlle t'lOY pattern 1n the tube lfaQ f'ulq laminar, th" IIlOve;]lent or the

't'anct becUle 1rreglllar, and no longer corresponded. to the calibra.tion.

This ~lov lIIeter vas n8wrtlleless sucoessf'ulq used to lIIeasure the nov
rates in Runs liDS. III to 132 (a.1r-llt't oirculation with vater).
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Bondebosch (1958) p. 48.

The d8~lection ot the vane would be e~eoted to be roughly proportional 

t,o the square or the liquid velooit,y. TIlis was contil'l1led by plotting 

the relevant curTe as shown in Fig. A.II (5). The experimental points 

are found 1:.0 be ver,:r near~ on a Btra1~t lin8 prulsine through the 

origin, and at. calibration CUl'.'"II'e 'II'U draYll f'rOll! points on tll1. line. 

This flow indioator proved reliable and its calibration did not 

It WIUIL tree of' 

8eYeral or the major shortcomings of' the injection methodJ it gave 
continuous iMtead of' intermi1;tent readilSg1lJ it involved no oooling 

or dilu.tion of' the 1I'ork.1ng fluid, ani it could be used at, low 

ooncentrate or oorn s,rrup) exceeded about 100 oentipoie8s. i.e. when 

tke flow pattern in the tube vas f'ul~ 18J111=, the m0V8111lilnt of' the 

_ became 1rregu1a.r~ and. no lougsr corresponded. to the oa.libration. 

This rlow lIIeter was ntl1I"ertlleless IlUCC8SSf'ul17 used. to measure the now 

rates in Rune 110$1. III to 132 (a.1r-llft oircula.tion with vater). 
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J.PPEJlDIX III

SPECIKEW SETS O~ READINGS

AND CALCULATIONS

'.the test8 whioh are described 1n thi8 88Otion have been seleotsd

because the7 11luatrate the IIOst 1IIlportant 1"eaturas 01" dU'1"erent groupa

oi" exper1llentB.

Teat (a) 18 a Wioal example 01' hoY the apparatua 1Iaa operated 1n

triple effect. Particulars are ~ven of' all read1ngs and oaloulaUol1ll,

aM of tile IDethed b7 Yh1ch heat balllllOes were estabUshed•

. 'rest (b) 18 oi" interest becaUll8 11 eh01lll that &1r111't 01~at1on,

enn when applied olllT to the 1'1Ila1 et'1'8Ot oi" a· Wp1e effect plant, oan

oauJle a ~ent 01" the heat trallll1'er pattern 01' the plant as a

whole.

Teet (0) 11luatratss how ·a1ngle - _ opposed to tr1p1e - effect

operat1on fac1litates a cloaer control 01' tile te8t var1ab1es, reduoes

the nUlllber ot readings to be taken and produces 1lI0re 0011ll1stent results.

Test (4) shows how the 1ao1ation 01' individual theJ."llOOOup1es

descr1bed in Fig. 8 Chapter IV, made it posa1b1e to ..asu:re the true

tube ..u. tBaperatures, 1natea4 of the e.ver&ge tellpClrature ~.tered

117 the £6".... thermocouples spaced equ1d1stant~ along the length 01' the

tube. The readings in this test aa;r be COIIIp&1"8d with the corresponding

rea41.Dga in test (o).

If.B. Although the runs within each test were II&de oonseout1ve~, the

1'Wl maben were BUb..quent~ re-arra.nged to wit the tezt.

Test (a)/

.I.PPEI'DIX III 

SPECIMEN SETS O? READINGS 

AND CALCULATIONS 

'!'he test. whioh are described in this eeoUon have beCl .eleoted 

beoause tbe7 illustrate ~e lIOa'l; 1IlIportant t'eatu:ree of dll't'erent group. 

of' 8:Ep111r1lNnta. 

Teat (.) 1111 a qplo&]. 8%&1111'le of how the apparaiua De operated in 

triple effect. Particulars IU"8 siven o:t all readings and c&laulat1ona~ 

am of the _thod b7 1I'hioh heat ball!lJlOea pre sstabl1l1hed. 

Teat (b) 1111 of' ia.tere.t beeaun 11; ahen that airlift Cl~at1on, 

enn 1I'h8n applied on:q to the :l!'ia.&l at'f'ect of' a triple effect plant, oan 

01llWll1ll a ~ent of'thll heat tranaf'er patten of the plant aa a 

ftol •• 

'reat (0) ill_trate. how -a1ngle - _ oppoeea. to triple - effect 

operation facilitatea a olo_r control of the telilt YI.I.l'iable., reduces 

~e number of reJ!l!.d1nga to be taken and produce. more oonaistent results. 

Test (d) ahove ho'lll ~. i.olation of 1nd1'11'1dual th81"111OOOuples 

described in Fig. 8 Chapter IV, 111&4. it possible to lIII!IIa111W'.'8 ~e tree 

tube 1nIl.l tnpera.t'tI.N., 19tea.4 of the II.ftr&gll te!ll1Mll'atura regiatered 

111' the -f6" .... thermocouple. spaced equ1ll.1stantl;r along the length of the 

tube.. The reM1ngs in this teat a;r be COIIIp!I.1'8d with the oorreaponll.1ng 

reM1ngs in teat Co} .. 

!r.B. Al~OU&h the rum! within e80h teat were _de oOn!lfloutlnl;r, 'the 

l"Im mabel'S 'lfllre mibtdquentl;r ~d to au1t the tex1o. 

'1' •• " (.)/ 



APPENDIX III

SPXGIKEN SETS OF READINGS

AlJD CALCULATIONS

The teata whioh are described 111 thia eeot10n have been seleoted

beoause theT illustrate the lIOat 1IIIportant f'eaturea of' d1f'f'erent groups

of e:r:per1lllenta.

'1'est (a) b a t)'plcal 8XUlple of' hoY the apparatus 1raa operated 1n

triple effect. Particula1'a are ~ven of all read1ngs and calculations,

and of' the I118thad b7 vh10h heat balances _ ••tab11shed.

Teat (b) 1a of' 1nterest because 1t shove that a1rl1tt c1roulaUon,

even when appUed 0!l17 to the tinal effect of' a triple effect plant, can

CauBe a ~ent of the heat transfer pattern of' the plant as a

whole.

'1'e.t (c) lllUlltratea how ·a1Dgle - _ opposed to triple - etrect

operation facilitates a closer control of' the teat var1ables, reduces

the number of ree"tnp to be takeu and produces more oons1stent remts.

'1'est (d) shon how the teclatioD of' 1nd1v1i1ual theJ:'lllOOouplea

deecribed tn P'1g. 8 Chapter IV, made it posBible to Masu:re the true

tube ..u temPeratures, lnatead of the average temperature re~atered

b7 the f .....:.... the1'lllcoouples spaced equi41at&r1tlT alODg the leDgth of' the

tube. '!'he readings in this teat..., be ClOIIIparlId w1th the C01"1'88p011d1Dg

reatUD£8 1D test (0). <"
I'.B. Although the 1"UlUI w1th1n each teat were !lade oonaecutivelT, the

:run I1UIIbera were aubeequentlT re-a:rranged to II111t the test.

'!'eat (a)/

.I.PPBllDIX rn 

SPBCIKEll SETS OF READINGS 

AND CALCULATION'S 

The teata whioh are described 1n this 88otion have been eeleoted 

b8oaW118 theT lllWilUate the 1lIII0&10 llIIportlU'l.t f'eaturea of' 4U:re:rent grou,pa 

of exper1mel1ta. 

Teat Ca) 1& a 'Q'p1cal elitllllllple of' how the apparatWil 1nt.s operated in 

triple effect. l'arUcula:re are liven of all :readil'l88 and oalCllllatioM, 

and of the lIIethod b7 whioh heat balanoea _ eatabUshed. 

'1'e.t (b) 18 of 1ntereat becaMe it shove that airl1tt circulation, 

even when appUed 01117 to the final effect of' & triple effect pllU'l.t, CM 

oause .. ~ent of the heat vlIIlIIIfer pattern of the pllU'l.t lUI a 

nole. 

Teat (c) 1111llllllUatea howlll1Dgle - WI! opposed to triple - effect 

operation ta.oll1tatea a. clo_r ool11:ro1 of the te.t YlU'iablea, reduoes 

the _bel' of :.MN'Itnp to be tU:eD and producea 11IO:re oOMister.lt reaul ta. 

Teat (d) shows how the 1ec1aUol1 of 1Dd1v1dWLl the1'DlOOou,ple& 

deecribed in P'1g. 8 Chapter IV, llIade it possible to lIIe&ll'l.1re the true 

tube q,11 te!lIperature., 1Mtead of the _rap temperature relist.red 

b7 the f ... "' ... ' ther&ooouplea Qll,ced equ.1dJ.atantl;r along the length 01" the 

tube. The rea41nsa in this teet lIIUII;f be COIIIplIIr8d with the correapondiDg 

read!np in teat (0). < " 
lI.B. Although the ruae within eBOb teat were lII&4e oOl1Blllcutlvel;r, the 

run nUl'llbera were aubsequentl;r ~d to auit the tn:t. 



(111)

RUB 1'0. 47 CCON'l'ROL) I READINGS

T1u P'irat Eftect Second Effect !'h1rd Eft'ect

Jacket Liquid Jacket LiClu14 .Tacket Liquid

!'re.. ~ 1JaP Pre..
~ TzmP Pre··s TzmP Pre••,

~p81 F P . psi F 1n..~
.,

1n,.ftO..

10.00 29.5 277 239 9.0 236 193 11 192 28.fV 104
10.30 )0.0 211 231 9.0 231 194 11 194 28.1 101
11.00 29.0 276 232 7.' 233 192 U 191 28.1 103

11.)0 )0.0 m 236 9.0 236 196 10 197 28.1 108
:

0 277 236 236 194 194 106.Ave. 'reap. P
Ave. Temp.~~ 41 42 88Dift.

CoDdefteate Collected

Period !"rom First Fro1I SecoDcl From Third From
Effect Jacket Effeat Jacket Btf'eot Jacket Condenser

lQ.oo - 10.30 rt.s lb•• 11.4 la. 8.8 lb•• 8.8 Ib...
10.30 - 11.00 17.8 Ib8. 11.0 Ibs. 8.8 lb•• '.31bs.
11.00 - 11.)0 17.9 lb•• 11.2 lb•• 8.8 lb•• 8.8 lb••

.lverap 41st11la-
tion rate I Iba/hr 35.' 22.4 11.6 17.9
"Fluh"1 Ib.!JJ2) 1.8 0.5 0.4- - -

• .-

Total 31.3 22.9 18.0 17.9

lIa'terial Balance

Weight of Liqu1c!J) P1rat Effect SecoDd Effect Third Btteat

enterbg I 12 Iba/la-. 49 Ibtl/h1". 31 Ib./hr.
1ea'W'1ag I 491be/hr. 31 Iba/hre I) Ib./hr.

Concentration (T5S;t bT Retraotometer)

..
Liquid Raw Stioltw&ter in Firat ftt'eot 111 Second. Etf'eot in '1'h1rd Eft'.

J'TSS 8.3 i 15 22 46

A.verage feed teapen.ture I 1900p

Averap amblen' temperature I 690
P



1.pp!Dd.1x XII

Rws 1(0. 47JCOftt4.J
Veloclv measurement!

Firat Eneot Second Efteot ft1rd Ettect

T1JIed 1nterYal over 1'1.. 4.0 seoa. 4.5 seca. 8.0 (1) 8808.

teet, except reediDB8 (a) 4.0 • 4.' tt 9.0 (1) . ~

to (.), 1Ib1oh were tilled 4.0 ft 5.0 " 3.0 Ca) It

Oftr one 'loot, as veloc1V 4.0 " 4.5 " 2.5 Cb) ..
-

too low. 4.0 .. 2.5 (0) "
3.0 (d) ..
2.5 (e) "

Awra&e 4.0 sec•• 4.5 Hell. 2.7 seo••

aeadi. ocmvertecl to true . :

ftloolV 111 heated tube 1»7
1.95 tt,/aeo• 1.1 t't/aec. 0.6 t't/uc.... cal1bration c:ur'ft

BlJlf HOe 64 ('1'!ST) • READINGS
,

'1'emJl!1'!turea and ~8aure.

ftu Pintt Et'f'ect Second. Effect Third Effect

Jacket Liquid Jacket Liquid Jacket Liqu1d
-

Presa
~ ~

Pm. ~ ~
Press 'r'P PreBII TgmP .

pal pll1 F in, 'VaO" F in ftC F. ' .
~.45 32.0 275 236 11.0 231 195 9.0 194 . ·28.1 96

10.15 31.0 273 235 11.' 236 201 6.0 200 21.9 100

10.45 31.0 271 234 11.5 235 200 6.0 199 21.8 103
11.15 3°.' 271 230 10.0 230 194 8.0 194 21.8 99

0 273 234 234 198 197 99.Ave. '!reap. P
Aft. 'reap. ~oJ' 39 36 98DiU.

+ Condensate Col1eot.d -

Period , Fro-. l1ret FrCII Second . From 'third P:roa
~eotJacbt ~eot Jacket ~eQt 3aobt Condenser

9.45 - 10.15 21.1lbs. 13.4 lb•• 12.4 lb•• 1).2 lb••

10.15 - 10.45 20.6 lb•• 13.1 1M. 12.6 lb•• 13.7 lb••
10.45 - 11.15 21.1 lba. ll.O lba. 12.2 1ba. ll.0 lb••

!verase distilla-
t10n ratel Iba/hr 41.9 26.3 24.6 26.6
"1"1aahItI Ibs/br 2.1 0.6 0.5 -

1'0tal 44.0 26.9 25.1 26.6
j.-



Appendix III

Run Jio. 64 (contd.)

(v)

llater1al llalanoe

Veight ot Liquid Firat Ef'!'ect Second Bftect Third Effect

enter1D&1 951bs/hr. 68 lba/hr. . 45 Ibs/hr.
leav1ns • 68 lba/hr. 45 lba/hr. 19 Ibll/br.

., ConoenU'ation ('1'~ b.r Retrao'tometer) .

Liquid . 1la1r St1cknter 1ll nrat Effect 1ll Second Eff80t in 'lh1rd Ett•

"TSS 8.1 11.7 19·5 46.7

iAvvage :reed '1'eIII;perature I 1900r
~verqe Jab1_t 'l'aperature I 7g"Jo

.
V.loo1b J::eul11wen1:a

F1rat Effect Second Etteot 'l'h1rd Effect.-
T1aed interval 4.5 880•• 5.5 a80lI. 5.5.lI8Os.
over tift teet 4.5 " 5.5 .. 6.0, ..

5.0 .. 6.0 ..
5.0 .. 6.0 It

A'ferage 4.5 118011. 5.25 seos_ 5.9 lIec••
Reading cO!l1'8rted to true

I veloo1V 1ll heated~ I
1.4 tt/880• 1.22 tt/lI8O.. b7 using callbraUon cune 1.7 tt/880./

,
...



m..end1% In

Ihm 10. 47 (Control}

Heat Entering and Le&T1~4) fuat En'ect Second Ettect 'third Ef1'ect

"NttJ/t1fNr Dr OW m OlW .I1f our

W1th aUck1ratar f'eed ana5J
10,650 10,000 9,300 5,020 4,870 960d1aoharge .

Tranmdtted tbrou&hl6) 43,7.50 26,550 26,550 20,600 20,600 19,800
heated surt'ace

with condensate from jaok.P) 9,150 4,670 2,920
Radiation "J.." (8) 2,)40 1,750 520
Rad1at1on ttr (9) 6,240 2,170 1,6)0

'fotale 0.0) 54,400 54,280 35,850 34,210 25.470 25,830

Heat !rann1tted.
Ca> Calculated 011 co~11)

4.118at8 fica ate.. 28,360 19,110 16,050
jacbt

(b) Calculated on con9-2) 28,220 17,390 16,290den.eet d1111;11late

''':..rap of.' (.) and (b) (13)
.

28,290 18,550 16,170

Apparent U value(14)
. B'1'I1/aq.:rt. °Phr. 256 164 68

Groae U ft1uell~Bro/sq.tt.oF.hr 136.5

. nun No• 64 (o.~ Rhome 136 added)

Bea" "t.r~ and Leaving F1rat Et:reot Second Effect Third Effect

B'rtJ/hour 15 OUT IN otJ'l' DJ OUT

V1 th at1Ckn.ter :reed and
discharge 14,050 13,850 13,200 7,500 7,250 1,210

Tran-itted through he.ted
aurtace 51,600 31,200 31,200 28,800 28,800 29,400

i1til ooDdenaate boll Jacket 10,600 5.430 4,140.. ,

Rad1.atiorl "I." 2,180 1,680 290

Rad1.aUoD. "13" 5,850 2,030 1,560

fotals 65,650 63,680 44,400· 45,440 36,050 36,660

Heat ~'tte!1
(a) calculated OD coDdenaate 35,150 23,740 23,100.:troll steam jacket
(b) calculated on condeDMd. 33,060 23,830 23,490distillate

Awrqe of Ca) and (b) . 34,100 23,780 ·23,300

IApparent U Talue Bro/sq.tt.Op.hr 324 244 88

,Oro•• tJ value l11fJ/~.rt.OF.hr. 173
L



NO'1'ES

(Referring to NUlIIbers on Data Sheetll)

1. BIIZ'OIIe~er " s d i n... were onlT recorded ~rora Run 77 onn:rda, ud

the absolu~e pre.sure in the third effect plenum 18 theref'ore .uot

mown. The tendeno;r obnrved in later teste tor the l1qu1d

~emperature in the third etfeot receiver to be el1gU17 higher

than the saturation temperatura of' _te1' at the corresponding

absolute pressure, is due to the boiling point elevation ot

the concentrate discussed in Appendix I.

2. Flash in the first eNeet ie due to the stelllll Ullp discharging ,

jacket condensate to the atmosphere. In preliminar,r teate the

te3lperature ~ the condenaate just ahead of" the s108S1l tnp was

mea.sured, and f'ound to ~ge f'r0!ll 2"00 to 2"5«7. The averS89

temperature drop to atlllosphere was there1'ore about 50Opt, Mel

..n--.... ... _-~.... weisht of' condensa.te collected x 50...... was ee ........._ as 1 000
, Ibs/hr.

'l.'he temperature of' the condemmte just ahead ~ the eecond

etfect steam trap waa found 1;0 be about the _e as in the

jacket i ueU, and "nash" 'WlI.II theref'ore calculated as

weight of' condensate collected x (236 - 212)
1,000 lbe/hr.

The temperature drop between the third eftect Jacket and the

collecting f'lask, which was kept under about 17 in~ JIg. 'faCUUlIS,

YaIS estimated as 20'7, Md "nUb" was according17 calculated as
weiBht of' condensate collected x 20

1,000 Ibs/hr.

3. 'The we18ht of liquid entering the f'irst effect YU eetill&ted b.1
COllsider1ng tile 1Ibole apparatus lUI being operated as a Bin8le

.t~.ot naporator, 1.e.

• Total weight of' x TSS of Concentrate .
condensate :l.'SS of' COl1Oentrate - r- 53 of' Rav Sticlorater

in this instance I 58.8 x 46 ". 12 Ib Ihr
46 - S.3 -. 8.

Thlot -18hts of' liquid entering and leaving the second &Dl third

et:rects vere calculated b;y subtracting or adding the welshte at
condensate collected f'1"OBI the oorresponding .telllll Jackete.

4. All eenaibl& Md total heats were calculated as f'ro1II )2Opt. As the.

sensible heats are'in all cases l!Illla.11 compared with the latent heate,

the specific he~t of" all liquids na taken constMt lUI 1 BTIJ/lb.

(vU) 

NO'fES 

1. BlII1'OlIleter ""iUDS'll were 0Dl.7 recorded 1'_ Run 71 onn.:rda, aud 

tile absolute preaW1"l!l a the third e!:tect plelN!ll 1a therefore not 

mmm... 'l'.b.e tendena,r ohnl"V8d a later '!;elllts 1'01' the l1qu1d 

temperature 1n the third ef1"eot reoeiver to bill alightl.1 higher 

thau the u:turation t-pera1ou.re of _tlllr at the ooneaponiUng 

absolute preaW1"l!l, 1s due to the boil1Dg poat elevation of 

the conoentrate diSCWilsed in Appelld.ix I .. 

2. Flal!lh a the first e1'teot 18 due to the atlll8111 trl:lp dilllOb.argi!:!g , 

j&e1tet CODdensate to the atmosphere. In prel1l11i1:u.u7 teau the 

te!l!peraw.r. of' the oond'!l!lAte j1Ul1; ahead of' the ate!llll 1;:np _s 

measured, and f'ound to 'l'alIgEI t'ram 2600 to 2657.. 'l'be a.verap 

temperature drop to atllosphere wu ther;dore about 507, Md 

"tlaah" wae estimated as weight of' C~d~ate oollected x 50 
• lbe/hr. 

'!'he temperature of' the eolld.et'IJUl. u just ahead of the second 

effect steam trap __ foulld. 1;0 be about the same as in the 

jacket itself, and "flaah" _ 1;here:f'ore oaloulated !U!I 

weipt of' condeneate collected x (236 - 212) 
1,000 lba/hr. 

'l'.b.e temperature drop betneo the third. effect Jacket aJ'Id the 

oollecting t'l.ask, 1I'h1eh _ kept nlld.er about 17 a. llg. ~, 

V!U!I eIilUIQU!i as 20~, and "flash" V!U!I aocord1nglT calculated u 

we18ht of condensate collected x 20 
1,000 lbs/hr. 

J. 'The -isht of' liquid enter1l:ls the f1rat eff"t W1!I.It ellllthla.tll4 b;r 

considering the _ole apparatus u bsing operated u a e~e 

effect nlIpOrator, i.e. 

.. Total wight of x TSS 01' Con.cen.trate . 
condeoee.te :1'33 of' Concentrate - IV 53 of' Ra:lr Stiokws1:er 

a this 1natlU'loel 58.6 :It 46 ". - ... 72 IllS/hr. 46 - 6.3 
'l'ba _ight. of liquid entering and leaving the "coDd and third 

effects were calculated b,1subtracting or adiUoe: the veights of 

condensate collected from the oerrelllpOnding IIIItea jackets. 

4. All sensible and totl!il heats _re oalculated u frotll 327. As the, 

lIen.lble heats are'in all cues small compared nth the latent; heata, 

the speclfic he~t of all liquids _ taken constMt lUI 1 ImJ/lb. 
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Append.1x III (nu)

5. Caloulatecl u (vei£ht ot llquid) x ('l'emp8rature - 32), allC1rance

was lII&4e tor cooling or the Uquid in the feed line.,. On the

bula of a prel1e1nar;r te.t, the temperature ot the liquid enter­

ing the tlrat ettect wu taken u 100,. below the a,"rage tempera­

ture in the teed tank. J. .,1IlI1.1ar al1owanoe ot 10Cpo wa. aade tor

'the liquid tranaterred to the second eUeot, and 5Cpo ror the liqU14

transterre4 to the third etrect.

6. Ca10ulatecl a.e (Total walght ~ come_te) x (ToW heat, obtained

f1'OII S'teaa 'rabIe.,).

7. Calculated a.e (Total lr8lght ot oondan_te) x (Ste&1ll 3acket

temperatnre - 32Cpo).

8. Radiation itA" e1gnitle. the convection and 1'a41ation heat loss

trcllI the bodT ot the evaporator exolud1D8 the steM jacket. Thia

va.. estimated by pas81!18 drT steam through the apparatus and

collect1Dg the condensate during an 1nterval ot one hour. 'lbe

ra41ation 10.. thu measured &8 aver3B't of two ~.t. vas

14 B'lf1!?hr. Rence Ratiation "A" _ 14 x ('1'elllperature ot
liquid - JmbieZlt t8lllpera1ure).

9. Radiation tt:B" 8lgnit1es the convention and 1'&41&tioZl heat 10••

froIlI the ate&1ll jackets and tbe .teM 11ne. feecl1ng them. It

was detel'll1ned. in a similar lII8m1er aa Radiation ttA". In the

oase or the tlrat etteot jacbt ino1ud.1n8 the ste&1ll 11ne troll the

boller, tbill heat loss vas found to be) 0 !1.'IJ!7.hr.. :Por the

eeoond and third eUect jackets and steam 11nes thl. tigUre vas

13 'B'J!'JfT.hr.
10. Disagreement between the totals for hea't eZltering and heat leaving

1nd1v1dual etfect. are in :p~ due to ignoring the changes in

liquid densities end boiling pout." m:th temperature an4 lI011de

oonteZlt. '!'he aignifioance of these and. other po.,alble errors are

discussed in Chapter IV.

11. Calculated. as I '1'otal heat transmitted. through heated· surfaoe .!!!.!.
Heat in cond_t. leu Radiation "B"

12. Calculated lUI I Reat in distillate (colleoted trom the next 3acket,

or the condenser) x latent heat plus RadiaUOZl "A" plus/minus Heat

to heat or cool the feed.. E.g. for Run 47. first effect, th1e equals

22.9 x 955 + 14 (236 - 69) + 236 - (190 - 10) x 72

- 21,850 + 2,340 + 4,030 • 28,220 :B'1!fJ/hr.

13. J.e there was no reason to consider e1ther 11 or 12 as the IIIOre

accurate, the average lI'lUl taken as the bel$t worldng flgure tor heat

transm1Ued.

14. Calculatedl

\ , 

('Y1u) 

,.. CalO1llated 11.8 (n1gbt of liquid) x ('lIIImperature - 32), allOlranco 

'IfUI lIIde t01' cooling or tilill Uqu1d in the feed 11nlll1l. On the 

buill or a pro11lllinu';r test, the temperature of' tile liquid enter­

Ing the t'1rat effect was talI:en as lOOp below the ave~ tempera­
ture 111 the teed taQk., A lI:lIIli.lar all_o. of' lOOp __ iliad. tor 

the liquid trarutf'o:rred to the second eUeat, and. 50p :for the liqn1d. 

transferred to the third etteet .. 

6.. CalO1llated &8 (Total _ight of COMe_to) :II: (ToW heat, obtained 

f'ro!II Ste_ 'fablell) .. 

7. Calculated &8 (Total _isht of' oondensate) :II: (Ste. 3acket 

temperature - 32Op). 

8.. Ra41aUon MA" a1gnif'iea the convection and radiat:l.on heat 10118 

f'rolII the bod;r of' the evaporator excluding the ateam 3acket. Thi. 

hS elltimated by paelll1ng dr7 steam through the apparatus and 

colleot1ng the condensate durmg an :lntoernl of' one hour. '!'he 

radiation 10111111 thu 1111~ as average of 'bo -teat. Wall 

14 M'!l'/?hr.. Rence BatiaUon "A" ... 14 x ('reillperature of 

liquid - "blelAt temperaiure) .. 

9. Ba.dhtion "B" 8ignifies the convention and radiation heat. 10lla 

1'roIII the ate. jackets 8114 the liteM 111188 feeding them.. It 

_ dlltendned in a lIII1m1lar lIIIaIlller u Radiation .. A.... In the 

oue or the f'1r8t ef'teot jacket includ1ng the B'\.. line f'roIIII the 

boller~ t.his heat loss 1IU found to bu) 0 B'l'UI7 .. hr. 1'01' the 

second and third etfect ;jackets 8114 steam linll. thill :l.'1gw;'e 1f&B 

13 lI'l'U/T.hr. 
10. Di~en' betveen t.he totals for heat enter1ll8 and heat leaving 

1nd.1'Y1dual e:l.'teota are 11'1 :part du to ignoring the changes in 

liquid denaitiee and boiling pointe. '!d:t.h temperature and 110114& 

con'telAt. The e1g!11:1.':1oanoe of' theBe and other possible errore &rill 

dlsoussed 111 Chapter IV. 

11. CalcuJ.a.ted as I Total h_t tranll!l!llitted through heated ·l!I11rl'ace l!!!. 
Reat in coDd_tll les8 Radiation "a" 

12. Calculated U I Reat :in distillate (celleated f'rom the n«rt jacket., 

or the condenser) x latent heat E1us Radiation "A" plus/minus Heat. 

to heat 01' cool the f'eat'l. E.g .. for:Run 47. first etfect, thb equals 

22.9 x 955 ... 14 (236 - 69) + 236 - (190 - 10) :I: 72 
.. 21,850 -+ 2,340 -+ 4,0)0 .. 28,220 BTU/hr. 

13. Ae there was no reason to conslder either 11 or 12 as the lIIOre 

accura:te, the average vaa :taken as the Hst vorld.niJ; figure for heist;: 

tranmd tted. 



(ix)

14. Calculated as a,"rage figure ~or hea't trana1tted cUv1ded. by the heat­

ing SUl"face (2.1 .q. 1't.) and the nominal temperature d.1n'erence

between steam and Ii-quid.

15. Calculated &8 the sum of the heat transferred in the 1nd1vidual

et't'ecu d1ri4ed by the overall t ..perature gradient and. the heating

aurf'ace per effect (2.1 sq. t't.)

'hiEl. Eft_at Operation vith Stickwater

Run Numbers. 24 and 25 •

Purpose.

VorkiM f'lulch

Air injection_

Conditi.on ot Plan'll

Velocity ..~entl
Caleulati.O!1BI

ConclwdoDI

(Table )

To determine the effect or injecting air into

the lower end of the h~at.d tube in the third

effect.

Stl~t.r prepared b.1 dilution ot pilchard

conoentra.~. stored. at 00..,
vas controlled b7 means o~ a n••dle valve which

allond aU- to be sucked into the base of the

return bend joining the hea.ted tube and the return

tube ~ the th1rcl e:treet or the apparatus. The

air flow vas muntained at 2 11trea per unUte,
measured at ambient tempera.ture and pressure.

The tubes wen cleaned betore tile start ot the

control run, but not cleaned betwe.n runs.

137 cold vater injectlo11. See Appendix II.

The ..e not•• :rega:rd1ng the data. Db.et. and heat

balance calculations appq as -tor'.the prnious

"est.

The injeo't1oft ot 2 litre. ot air per m1mde 1nto

the base ot ~e heated tube ot the. third eftect

reeulted l.n an increase 01' the groBS U value ot 46~.

It 18 noklror'Ul1' that the iSlIprovemen-t 1D tJ valuee

was al great (appronmateq 100:') in the second

as in the third e:t't'ect, and that the 1ncrea•••

in circulation veloe!V are ot a di-tterent order.



A.ppendix III (x)

mnr 10. 24 {CONTROL} I READINGS

'l'elllJ)!rature. and Prasaures

'.

TillIe . first Ft't'ec't Second Eft'eo't 'l'hird. 'St't'ect

Jacket Liquid Jacket· , ~quid Jacket Liqu: d

!Prass 'l'e!llp TSf hen Te~ T~ Press 'r~p Press '1'emp
psl OF psi 1rl.v&c. F 1rl.TaC. Cpo

3.00 30 275 251 15 248 204 5.0 204 25.5 133
3.30 30 275 251 15 250 202 7.0 201 25.5 126
4.00 30 273 251 15 247 197 9.0 196 25.5 121
4.30 30 272 251 15 247 198 8.0 198 25.5 128

Average 'l'emp OF 274 251 248 200 200 127
IAver&p 'l'emp. OF 23 48 73D1fferance

Condensate Colleoted

Per104 Froa J'1rs't Fro!a Second From Third ~

Effect Jacket Etf'ect .Tacket Effect .Tacket Condenser

3.00 - 3.30 13.55 lb. 8.40 lb. 6.40 Ibs 5.8 Ibs

3.30 - 4.00 13.40 lba 6.75 lb. 5.50 lb. 4.9 Ibs

4.0 - 4.30 12.75 lb. 7.00 Ibs 5.30 lb. 4.9 lbs.
Average 41st111&-ltion rates Ibs/hr 26.5 14.8 11.5 10.4

"\i"nash". lbajhr 1.3 0.6 0.2 -
I 'l'otal 27.8 15.4 11.7 10.4

)fa;terial Balanoe

Veigh" ot' Liquid 'Fira' Rrt'ect I SllCon4Erfect Third Effect

entering • 46 31 19
leaving I 31 19 9

ConcentratiOD (TS~ b;r Ret'raD.tometar)

. L:l.qu:l.d llur Sticlarater ln Fir.t Et'i'ect 111 Second Effect in 'l'hird J!t:tllCt

:'orss 9.0 15 23 48

lft1"a8't 1'8e4 Temperature I l.900 p

Average Ambient 'l'lI!IIp8ra~ I 78°F



Appendix III

Run 110. 24 (conU.)

(xi)

Velooity JleaaureJHnte

-- ..

Firat Effect Second lIfteot Third Effect

T1Jle4 interftl Oftr :tive 5.5 5.5 11.5
~eet (.econde)

5.5 5.7 10.5

5.4 5.8 10.7

Aftra&e 5.47 SOC8. 5.67 ..08. 10.9 sece.

Read11lg ooDftrted to true
velooU,.. in heated tube b.T

1.3 :tt/seo 1.3 :tt/8eo 0.5 :tt/seousing calibration 0Ur'9'8

RUli No. 25 ('1'ES'l') • READll'OS

Temperatures and Prea_s

Firat Ef:teot Seoond Effect Third Erreot

'lim_ Jacket Liquid Jacket Liquid Jacket Liquid

:Pres. ~ 'lllllp Pre.. ~ ~ Pre..
~ :Pre..

~psi F P' psi F F in,vac: in vao, .,

11.30 30 275 246 13 244 203 6.0 203 25.5 136·

12.10 30 273 241 13 243 204 5.0 205 25.5· 134 -

12.35 ·29.5 272 244 13 240 201 6.0 201 25.5 121-

1.00 30 215 245 12 243 202 6.0 203 25·5 I))

,lverase 'l'ftp 0, 274 245 242 20) 20) 132
Average Temp.
Difference OJ' 29 39 11

Condensate Colleoted

Period From J'1rat ProIIl Seoond Prdm 'l'h1rd From
E:tf'ltOt Jacket EUeot Jacket BUect Jacket Conden..r

11.30 - 12.00 19.601ba n.51ba 10.6 lb. 10.8 lb.

12.00 - 12.30 19.45 lba n.61bs 10.0 lb. 10.2 lb.

12.30 - 1.00 19.251bs 12.0 lb. ". 10.6 lb. 10.6 lb.

Averaee Dietilla-
tion rate. Ib./hr )8.9 23.4 20.8 21.1

"Flash". lba/hr 1.9 0.8 0.4 -
'rota! 40.8 24.2 21.2 21.1

Xater1al llalance

Ve1gbt f4 Liquid P'1rri Effeot Second Et':teot ThUd E:tteot

entering • 80 ~ 35
lea"dng • 56 35 14



A.J?P!ndU III (xU)
Run !lo. 25 (oontll.)

Concentration (TSS :' bT Ret1'!O~ter)

L1qu1d Raw St1ckn.ter in First E1'teot in Second Iffect in Third Ettect

~ 8.5 12 21 50

"wrap Feed T~ture • 170°Y. .
Awrap .&abient 'l'emperat1tre a 78C7

Velocity Keasurl!llllel1ta

Firat Effect Seooll4 Efteot Th1rd EHect

Timed interval 3.3 4.1 4.4
over five teet 3.5 4.2 3.6

(Sl!lCls) 3.4 4.0 4.2 ,

Averap 3.4 sees. 4.1 secs. 4.1 ftOs.

1lead1Dg oOllWrted to
t1'UI!I valociV in

2.) tt/lJlfO 1.8 tt./HO. 1.8 tt/sec.heated tube br
using calibration
ourw



App!P4is IU (n11)

JIE.A'r llALANCE

Run No. 24 (Con'troll

Hu.t .nwriDg &r&d 1eaYing F1ret Ett.ot Second Etteot 'lh1rd Efteot

JmJ!hr . III Ou'!' IB 0U'l' IN oU'!'

'ilitil aUokv&ter teed. and 6,800 6,800 6,500 3,200 3,100 900d1eoharge

'rranalIl1Ued th1'ou8h
heated eurl'ace i - 32,700 17,900 17,900 13,400 13,400 11,600

Wi'Ul COIl4eD8&W troIIl ;l4cket 6,700 3,300 2,000

Bad1aUOIl "1" 2,400 1,700 700

Radia1i:1 OIl "11" 5,900 , 2,200 1,600
-

Totale· 39,500 39,700 . 24,400 23,600 16,500 16,800

lIeat TraIlSlllitted,
.

(a) Calcul.ated on COIldenll&w
fNIII ateam ~aoket . 20,100 12,400 9,800

(b) Calou1ated trom Condennil
Dietl1.],ate 20,200 11,600 9,900.

ATlIr&ge c4 (a) and (b)' 20,150 12,000 9,850

Apparent tr value :aw!8!.n.
324 93 50P.hJ:'.

Oro.a T1 Value llTU!sq.tt.Cl:r.1u: 105

Run 25 ,- 2 L/rdn air inje°ted
!

lIeat enteriD8 ad 1earlDg Firat Eff.ct Second Effect Tb1rd Etteot

'Bf'Jjb:r !If otl'l! !If Om.' IN OUT

With SUckwat.r teed and
diecharge 10,200 11,900 11,400 6,000 5,800 1,400 .

banmiUed tilrouBb heated 47,900 28,100 28,100 24,300 24,300 23,600surrace
WUh oond81'1Sat. fiom jacket 9,900 5,100 3,600

Ra41at1.0Il "A" 2,300 1,700 800

Rad1aUoll "B" 5,300 2,100 1,600

I 'l'otale 58,100 51,500 39,500 39,200 30,100 31,000
..

!Ieat 'rran!llll'ttedl

(a.) Calculated. Oil Condensate
~rom ateam ja.ckat 32,700 20,900 19,100

(b) Calculated OIl Condel1Hd.
,32,100 20,200 19,600

i
ll1ati1la'te ..

,

Aftraga ot Ca) and (b) 32,400 20,500 19,400.

i Apparent U value :aw!~.tt. 414 195 101P.hJ:'.

Gro•• T1 Yal~ llTU/eq.tt.0p'.~. 153



Appen4i! ttl:

:

C%111)

HEA'l' llALABCE

RUl! No. Z4 (Con'tr01l

Heat enter1Dg ad 1eaTing F1rat Etteot Second EUeot 'lhird Efteot

mu/hr :m 0U'l' :m 0U'f IN oU'!'

YUh atick1fatel' teed and 6,800 6,800 6,500 3,200 3,100 900d1eobal'ge

'1'ranSIII1ned through
heated 1ISUrl'_ 32,100 11,900 11,900 13,400 13,400 11,600

YUh COft4._te h'OlIl jacket 6,100 3,300 2,000

'BadSat10ft itA" 2,400 1,100 100

Badiati.on "B" 5,900 . 2,200 1,600

Totala' 39,500 39,100 . 24,400 23,600 1.6,500 16,800

Reat 'l'l'anam1tted.
.

Ca) Oaloulatea on Condensate . .
from steam .1aoket 20,100 12,400 9,800

Cb) Oaloulated trom Cond.elllled
ll18t1l1ate 20',200 11,600 9,900

Average ot Ca) and Cb) 20,150 12,000 9,850

~t U value MU/R.tt.
0

324 93 50, F.hr.

01'088 U Value lmJ/eq.tt."P.h:£ 105

Run 25 ,- 2 LIlli!! air injeoted
!

Reat entering ad lea.Ting Fint EUect Second Etteot Third Effect

BTU/hr :m OU'!' :m 0U'l'
,

IN otl'l

Yith SUckwatel' t.ed and
diacharge 10,200 11,900 11,400 6,000 5,800 1,400 ,

'rranmitted throush heated 47,900 28,100 28,100 24,300 24,300 23,600eurl'ace
With coDdensate troIII Jackot 9,900 5,100 3,600

RadhUon "A" 2,300 1,100 800
Radiation "Btt 5,300 2,100 1,600

'total. 58,100 51,500 39,500 39,200 30,100 31,000

~.at T.rsnsmitted'

(11.) Calculated on Condensate
trotl atau jacPt 32,100 20,900 19,100

(b) Calculated on CondenSed
ll1a111late ,32,100 20,200 19,800

A....rage ot Ca) and Cb) 32.400 20,500 19,400

Apparent U value llTU/~.tt. 414 195 101F.hr.
o'01'0.8 U Talue BTU/sq.tt. PO.hr. 153



(nT)

'1 B S!' <s.l
Sind- Etteot 9R5aticm. 111til Stlcltwawr Concentrate

Conolua1oll1

Workiy Flu14a

OoD41Uon of
Plant.

Run lloa. 6) ad 106 (Tabl. ) .

Purpose , !'o 4ew1"1ll1ne the effect or Injeot1Dg a1r uw the lower .m
ot the Ilea.a. tube.

!he !apron! .....b17 or Mated tube aD4 aWIIII ~aob' deecr1be4

in Cbaptez- IV V&II uee41 1Il a4a1tion to proY141Dg a aha:rper

, dlv1s1on of heated aD4 unheated tube eecUona, tid. &180

pmI1tted the ..,.... 'tube wall '-ap8ft'ture to be JDeUU'E'8d•.

SUc1arater ooncqtrate pnoe_et at BoLtt l!q Camnng Co.,
16/4/1962. !.s.s. (RerraotclMWr) 6~. Had bee und tor
earlier wsu .t 6~ aD4 4o,C '1'SS (th1rmed 401m with ".ter)

RecoDoentnte! to 6]1C tor 'hata 63 and 106 in labon.w17
naporator.
Air ... 4ra1m 1rato the bottoll or the return (heated) tube· '1'1.

a Ro..ter &Dd .. i In. 41_ter 1njeoUon nonle. The a1.r flow

... controlled b7 ae&D8 t4 .. cUp 011 the rubber air hoa. !be

a1:r 1'lov ... aa1D~ at , lives per Il1Jmte, aeaau:red at

..blent taperatuft &D4 pru8UN.

The plant bad. bHA operatec1 tor about 8 houra 111thout oleanlng

beton Z'W18 63 aZI4 106 are 1I&de.

AU iDjeo'UOJl at 'the raw ot 5 UVea per ainu'. naultec1 111

an 1Drpro.,~t in the a.rap tl1J1 ooet:rlclent: ot heat traDIIter

or 30.'. !'hi.... achl....4 bl spite ot a h1sh (62.'1') sol1cla

oontent ot 'the OODCeDtraW•.



(%'1")

Bmf !fo. 63 (COftROL) t RBADINOS

TiJd .rrom start ~ nuna Jt1Da~ 0 10 20 30 40 Average.

Liquid Temperature I Top 2.02 1.95 1.94 1.96 1.97 1.94 1Il11U-
It It Bo"oa 1.97 1.90 1.90 1.91 1.91 T04t8

• 118 F•

hbe Vall i'eape:raWreI !co;p, 4.22 4.20 4.20 4.21 4.20

" .- • Upper h&U 4.23 4.22 4.22 4.22 4.21 4.21 milli-
volt... • • Lonr batt 4.22 4.20 4.20 4.21 4.20 210oP••• .. • 'Dottoll 4.22 4.20 4.20 4.21 4.19

SU" !'eape1"&~1 'lop 4.32 4.30 4.30 4.31 4.30 4.31 111111-

" .. Bottoa- 4.)2 4.30 4.)0 4.31 4.30 YOlta
• 213Oj•-

Tem,pera-mre D1tterenoe I Tu.be Vall - Liquid , SOp.

Anrap reed 'fftperatuft I 117oP. Ftted. Heat 0a1Il or Lo••• 1mJ!Br. I lIeg•

.lverap .bib1.n1 T.m:peratuN I 720,.. 1t&d.1at1on Loaa • "BTU/Hr. • 18 x 46 • §22.

. JUscellaneowt

Tacuma I 27.25 1Jl. Bg•• Ba.roraeter 1 29.81 in. BB- J Plenum Pressure I 1.26 pa1

'1'SS o~ Conoentrate (!r Ref'raotometer) • 62.'"
Air Injection • B11 - Control

CondeJl8&te Collecwd

Tille hom Start c4 Bmn II1ns 0 10 20 30 -40 .tnrap A'ftr.age
; L/Rr. Lbs/Bi.

L1u-.. , 3.0 ' 5.6 8.2 10.9 13.6
L1tift./10 a1D. !nUnal 0 2.6 . 2.6 2.7 2.7 15.9 35.1

Heat ot' Eyaporatlon I B'lUftrr. • 1025 z 35.1 • 35,900
'1'otal Heat Trammsltted I BTU/Sr. I 35,900 + 800 • 36,700•

'Il • lh100 - "38 !ro/.9.~t. OF. Br.
a 2. z 92 .



Appepd.1X III

mnr Bo. 106 (TEST) • RE.ADINGS

~ratureB

1'1M t:ram Su:rt o~ Iwu JU.ns 0 10 20 30 J.nnpa

LiqUid'1'nperature I 1'0}) 1.94 1.91 1.93 ,1.94 . 1.90 millivolt... .. Bottom 1.86 1.a6 1.88 1.88 - ll~

'lUbe V&1.1 Te.-rature J 1'op 4.20 4.18 ,4.11 .4.17 4.17 1I11Uvolt.,

tt .. .,
Upper halt 4.18 4.18 4.17 :4.11.. II • Lover balt' 4.18 4.11 4.11 4.17

• 208°.,

It .. .. l30twa 4.18 4.17 4.17 4.16

Ste_ 'reapera"tuN I Top 4.29 4.28 4.29 4.28 4.29 mil11Y01ta
• 213°1'

•
It .. Bott_ 4.29 4.28 4.29 4.28

~ratuN DUtereBCe • !uN Wall - Liquid I ~

"wrage ""4 '&mperature t 115°". Feed Beat 0a1ll or Loa. • BTU/Br.. hg.

A....rage Jabien. !apera:ture I 68°'. Bad1&l1on Lou t JmJ/!r.l 18 x 46 • 850

1Ii8Cel1~0WI

VacUUll I 27.25 in. Hg_. lSarom.ter 1 29.80 111. JIg. J Plaaum Pre8~ I 1.25 pai.
-TSS o~ Concentrate (17 IlefraotoJlewr) I 62.5~

Air 1D~t1Oft t 5.0 Litre/une
'"

Condenu"e Collected
"

".

'l'ima bOIl Star" ot Ibm • X1De. 0 10 20 30 Average Average
L/Hr. Lb8jhr.

Litre. 2.4 5.6 9.0 12.7
L1 trea/10 lII1u. Intenal 0 3.2 3.4 3.1 20.6 45.,

-
Heat of Evaporation I »m/Hr. 1 1027 ::It 45.5 .- 46,750

'lou1 ~&t Transmitted. B'lTJ/Hr.a 46.750 + 850 • 47,600•

h.
47 600 180 mv/ag.ft. 0p. Hr. '• 2.8A % 92 •

...



Al!J!!!!lH!; nr (XY11)

S1ng1e Enect Operat1on wUh Water

RUB !foe. 39. 161 IID4 40

Purpose I

Apparatus I

Condition o~ Apparatus I

Conclus1ol'lBi (ala

(ola

('1'able XVII)

To 4ete%'ll1ne (a) The eneot ~ throUliDs the now

~ the 01roulaUag liquid

(b) The reproducib111\y' ~ 'leata can1ed

out 1f1th the 1J1p1'oYd apparatua

. '!'he tube vall tha1'lllocouples were eleotronical17 leolated

from each other _ l11uittrated in fig. 8, Chapter IV,

IID4 true tube vall temperatures could thus be aeuured.

The ~10lf __ throttled by ahutUDg '&he Yal" 1Js the

retum lina, and ~..cl1Dg liquid inw tha bcUCIIl of

tha r1aiDs aacUon 'ria a i in. gear pump dri_ 117 a
variapaed ».C. IIOtor. '!'he throUlad flow __

equ1Yalallt to a liquid "locIt,y at '&he inlet ot the

heated tube or 0.1 ~t/_.

IroTEI The liquid veloclt,y duriDs the control rtm was-
not IMuured. re~.rriDs honuer to Rune III and 112

(Table XV) it would be expeoted to ha" bean o~ the

order or 1.5 ~t/aao.

The tube 1t'IUI c1aaned betore the ted 1t'IUI started.

1'hrcUliDg the c1rcul&Uon rata to 0.1 tt/aeo. (..
oomparad nth an e.t1lllatacl natural o1rculaUcra rate

~ 1.5 ~t/aeo.) 1ncreaaad the tilll coefficiem or
heat tranai"er 117 about 21:'.

The reproduc1b1li\y' o~ __es&1" rune appears to

be ot '&he order ~ 1"-

!he n88 and tall ot the tube wall taperatura alODg

u. langth auggosts that duriag 1I&tur&l circulaUon,

bciliDs WlUI cont1ned to the~ halt or the tuba,
whereas with throtUed c1rculaUon l' probab17 started

olc.. to the tube Inlet.

(:nJ.) 

'l' 'It S 'l' ( <5) 

S1ngllll Errlllct Operation with Vatlllr 

Run 10111. 39. 161 IIIDi 40 ('!'abllll XVII) 

Pum- I '1'0 4111t111%'111ine (a) '!'hili IIIrrlllot of throttl1Dg the now 

Cond.1UOl'l of Apparatus • 

COnclWl101'll1ll (ah 

ot the o1reul.aUDg liquid 

(b) '!'h. reproduclbllit;,y 01' tIIIsta oan1.d 

ou nth the b!prcrn:il. app&1.'&tua 

. Thill tube vall thermocouple. were .llllotronioal17 1II0lated. 

from each other .. l11uiatratlild. ill J'1s. 8, ~ter IV, 
II1I.1I1 Vwt tube vall 'linperaturea owld thua be !HIIJIIU'Nd. .. 

The flow .... throttled by ehutUDg the valve .ill 1he 

ratum lill., and fnil1J:tB liquid iIlto the bo1ot0lA ot 
the r1ll1Dg _UOIA 'ria II. i ill.. &"U- pump dri'ftD by a 

equivalelllt to a liquid velocltT at the inlet ot the 

heated tube of 0.1 1'1/_0. 

IfOTEI The liquid velocl tT 4u.r1Dg the OOl'ltl'.'ol rtIIl 1IUI -
no1 11118&11N1."8dJ refuriDg honll'ft to Runa III and 112 

('!'able XV) it would bill n:peoted to heve bellD 01' thlll 

order of 1 .. 5 ft/aeo. 

'!'he tube .... cleaned before the tIIIet .... .tu-tIII4. 

'l'hrottl1Dg the o1rcu1aUOl'l rate to 0.1 ft/ .. o. (_ 

COIIIpU'IIId nth an est1llll8ted natural c1roul1l.t1oa rate 

of 1 .. 5 ft/rwa.) 1ncrean4 the t1b1 coetr101elri; of 

heat tranaf'1II1' by abou'!; 21"-

(bh 1'ha re;prod.uolb1liv of auoolllllllive rtIIl8 applllal'S to 

be 01' the 01'4.1' of 1,c.. 
(o}s 1'ha riM a!!d fall ot the tube wall ~rature along 

ita llilagth IIl'QggOlIts that 4u.rlDg MtUl'liLl 01roulaUOl'l, 

boll1Dg 1IUI 00l'lt'imt4 to th. uppIII1' half' of the tuba, 

Whlllre_ vi th 1;hro1l't1lll1l o1roulatiOl'l 11: pro'bab17 stU'tell 

olo.e to the tuba Inlet. 



. (rI111)

no .0. 19 - TJmO'l'TLED FLOW - VA'l'ER (CONTROL) READIBGS

Ta.~ Start or Ibm I JU.rmua 0 10 20 30 .l'f'ft'IIP

Liquid 'Pempeature Top 3.)4 3.36 3.34 3.36 3.35 .a11l1voAt8
. • 175.5 ,.

• It lJot'\aa 3.34 3.34 3.)4 3.34 3.34 .11U~1'.
.175

Average ~ture~ 11quid cter1ag heatea. tube • 3.34 1li111YOlta • 175°1'

Tube Vall ~&tu1"e Top 4.20 4.20 4.18 4.18 4.19.111111'101t. • 2090.,.. • .. lJpper half' 4.25 4.25 4.25 4.25 4.25 aUl1TOlt•• 2U.,op
~-. ~

II • • Lowr h&U' 4.22 4.24 4.23 4.23 4.23 .1111volt•• 210.Sop
• tI • Bottom 4.00 3.98 ).99 4.00 3.99 m1111TOlts • 201°'

. .lvenp~ Vall Te.perahre , 4.16 1I11l1volta .' 2OSop

steaJa ""'ratun 1'0}) 4-32 4-32 4.32 4.31 4.32 a11Uyo1ts... • »ottoa 4·32 4.32 4.32 4.31 • 214<T

1'n;vatun »ute%'811M • Tube 11&11 - Liquid enter1ng Heated Tube I A'l' _ 33°1'

Aftrap he4 Tnpa:n.tu:N I 1800y I reed Ileat Ga1D w Lo••• -(38.4 % 5) • -200 ImJ'
Average AJlblent IJ.'emperature I 14~' Rad1a:t1cm Lou. +(18 % 101) • 1.800 13T11/hr .

Pressures

Va.cuua I 15.95 in. k.' :Baraaeter I 22.88 in. k.'
Abeo1ute Plema Preaaure I 6.84 psi

CODd.naate Collected

'l'1Ile ham stan f4 Ilun • X1Jlutea 0 10 20 30 .A.ftra&e 4"'~L1v./hr. Lb.. •
Litre. 2.0 4.9 7.8 10.1 -
Litre./IO II1D. 1Jlterftl 0 2.9 2.9 2.9 17.4 38.4

Rea" of' En,1)Oratloft • (994 x 38.4) • 38,200 Jm1/1a. .

1'otAl Reat - "1;ted I (38,200 + 1,800 - 200) .. ~ 39,800 nm/hr.

h•
39 800 't ° -• 2:M % 33 • 418 »N !g..ft. F. h.



. (rd11)

IT1ae b'oa Start ~ 1hm • Jl1Du.te. 0 10 20 30 J.ftZ'aP

Liqu14 TapezatuM Top 3.)4 3.36 3.34 3.36 3.35 JI1111voAta
. - 115.5 l'.. .. Bot'lal 3.)4 ).34 3.34 3.34 3.34 aUl1X;lla

• 115

A....rage Umperatu:ra of liquid Q'ter1Dg h.a~d tube • ).34 mil11TOlta • 1750 P

f1'ube llaU ~per&'&ure !top . 4.20 4.20 4.18 4.18 4.19 .llil11~I"a - mOp.. .. .. tJpper batt 4.25 4.25 4.25 4.25 4.25 w1111TOlt•• 211.5OJ
e-: ~...:. ~.. .. .. Lowe baU' 4.22 4.24 4.23 4.23 4.23 1d.111volta • 210.5°]

• .. • l!ottola 4.00 3.98 )'.99 4.00 3.99 1I11l1YOlt•• 201°1"

. AftnP 1'o.bIt Vall Temperature I 4.16 lII1llivolta .' 2OSop

SteaaT..-nture Top 4.32 4.32 4.32 4.)1 4.32 a1111TOlta
•• .. Bottca 4.32 4.32 4.32 4.)1 • 2140pt

'LW.llpU'&~ J1UTerence 1 TUbe lfaJ.l - L1Q.U1d IID~ Heated TUbe I AT - 33-!i"

j;"race J'H4 ~tu:re • 1800pt I 1M4 Heat 0eJ.Il or Lo••• -(38.4 % 5) • -200 1m1~

Average Aabien" ~rature I 140,., !&d1aUon to... +(18 :It 101) • 1.800 :BTU1hr '

P;reaaurea

Vaouua I 12,25 in. Kg••. lJarauter .. 12.88 In. !!g.1

Aaolute Plerma Preaaure I 6.SA psi

-,

Coade9!!te Collected

f1H b'OIa start oZ ltun • X1Ilutea 0 10 20 30 J.verase AnXL1tn/br. Lb.. .
Liv-a 2.0 4.9 1.8 10.7 .
L1tns/IO 1I1D.1Dterva1 0 2.9 2.9 2.9 11.4 38.4

.lIe... of' E.a1'O:ratloD I (994 % 38.4) • 38,200 mv/hr• .

?otal Beat - -tt8d I (38,200 + 1,800 - 2°ol • 39,800 tm1/br.

h. 3~800 ~ 0 -• • 98 B'l'U$.tt. P. Hr.2. % 33
- -- -- -_. - - - --



ApendU m (::d.x.)

lUll ]fo. 161 - lfBRO'1'TIZD n.ov - WATER ('lEST) munIBGS

'liae from Start of l1uD a JI1m1tes 0
- 10 20 30 Aftrage

Litu1c1 Tempera;\Ure Top 3.33 3.33 3.33 3.33 ).33 milli~".

• 175
It • lJottOIll 3.28 3.21 3.27 3.26 3.27 mil11!!1t. . .

• 172 F ,

A,"'ras- temperature of llquic1 en_ring Bes'ted 'l'ube • 3.27 mi1liTOlts • 172°?

Tube wan 1apefttuN • '1'0» 4.17 4.11 4.17 4.18 4.17 mUllvolte • 208°.,

• .. It Upper 1Ia1t 4.18 4.18 4.18 4.19 4.18 1Ill11volt. - 208.1

• .. Q
Lonr~ 4.11 4.17 4.17 4.18 4.17 JIl1111'YQl". _ 208°,-·'.

ft • 'Bottoll 4.16 4.16 4.16 4.17 4.16 m1111wlta • 208°1'

ATlrage 'rube Wall 'lemperature I 4.11 mill~vo1t• • 208°F

Sttaa ~r&'tuft • Top 4.)0 4.30 4.)1 4-30 4.30 JI11livolt •

• • Bottom 4.)0 4.30 4.)1 4.)0 • 2130p

Tdperature D1fterence 1 'l'ube V&11 - L1qu1d enwriDg Heated. 'lUbe I b'1' • 360P

.l'f1r11&8 le.ll Temperature I 180°1' I Feed Re." 0a1ll or 1.0_1 -(50.8 % 6) • -300 'BN/br.
A",rage Jablant Teapera-wr.1 14°F, Radiat10n Loss. + (18 s" 100') - 1,800 M'U/hr.

Preuures. etc.

Vacm= I 15.9:1 1n. Kg. J Barome'ter • 29.86 1n. lIB••
Absolute Plenum Prelwre •~ pdl !hrot'tl1ng Pump Speed I :'!:!QQ. rpa

t1qU14 V.looiV in 35 - Tube (f'roa Pump calibration) I .Y. ttl_c.

I

Conde!l8&te Collected

T1a h:oII Sta.r'l fd Run • JUu 0 10 20 30 Aft:i: ~:J:.Litre •

Litre. 16.5 20.) 24.2 28.0

L1t:'ea/IO m1n. 1nterval 0 3.8 3.' 3.8 2).0 '0.8

atat or Eva~atlon I (994 X 50.8) • 50 , 500 lmJ/'Sr.
Total Ueat '.PraDtIm11ited I (5°,500 + 1,800 - 300) • 52,000 JYttJ/Br.

ha
52 000 502 M'U/sg. f't. opt. Hr.• 2.M x 36 •

• f. imprOvement over average oontrol 86 100 :":2~• • .. 416 x •
I

,

-



Appendix nI (%X)

flme h'om Start of Run • JI1nutes I 0 10 20 30 40 J:nrage

Liquid Tea.Jlft&tu1"4t Top 3.35 3.35 3.33 3.32 3.)2 0
3.34 • 175 p.. .. BottOll 3.33 3.33 3.32 3.31 ).31 3.32 • 1740,.

Aftrage fJ!uperature o~ liquid entftt1Dg H.ated Tube I 3.32 m1111YOl'• • 174°".

'lUbe Wall ~ture I To» 4.18 4.20 4.20 4.21 4.21 04.20 • 209 p

" tt tt Upper ha1t' 4.27 4.21 4.29 4.)0 4.)0 04.29 • 213 p.. tI .. Lower batt 4.25 4.24 4.25 4.26 4.26 04.25 .211 '7.. It .. Botto. 4.02 4.01 4.00 4.03 4.01 4.01 • 201.,CT

.lveage Tube Vall '1'em.peratur8 : 4.19 m1lUvolt.. . WOF ,
•

Steam Tapera'ture • tl'op 4.32 4.32 4.32 4.)2 4.32 0

" It Eottom 4.32 4.32 4.]2 4.32 4.32 4.32 • 214 P

Temperature D1ffereno. t lfube Wall - Liquid enter1nB Beated Tube • A'l' _ 35°1'

Average Fe.d. Teperab:re • 179°F, J'Hcl Rea" 0a1n or Lo88' -(40.5 X 5) • -200 Bm/Hr.
Average Ambient tremperature. 74Op, Badiation Lossa +(18 z 100) • 1 t 800 B'tt1/JIr•

Pressures

Vacuura • .15.92 in. Kg. J l!a.roIlIetar J 29.!M in. Hg.

A.bsolute Plenum Pressure I §.&..2. pai. . ,

Condensate Coll.owl! ' ..
t",; 1-

T1ae rrom Start ~ 1lun • Jl1DII. 0 10 20 30 40 A~ J.,,~u:~ap

:L1tre/Br. L'batsr

L:1tre8 1.0 4.0 7.1 10.1 1).2
L1vee/IO ain. mw1"ft1 0 3·0 '3.\ 3,0 ~.l

18.) 40.4,

Heat o~ Eyal)oration I (994 x 40.4) • 40,100 p/m/Hr. .
I

(40,100 + 1,800 - 200) 41,700 B"lTJ~.l10tal Heat fran-! tted I •
I 41 700 J},4 M'lJ/8Q•.f.t. 0", Hr.h• • 2.M % 35 •



APPENDIX IV

REDUCIlfG 'l'1ffi VISCOSITY 01' STIClClfA'l'ER BT ENZna TllEATUIi1'

McBride et al (1) have reported on the remarkable reduction in

the villcoai'" ot herr1Jlg eolubl.. that can be .tfected 117 Ueabent

nth cerWne~ preparations. :Pig. AoIV (1), extracted from a

pubUcation 117 the :Pieing IndusU7 Rellearch Institute (2), ill_

trates that 1I111111&r ettecu oan be obtained nth pilchard and _

baDker conoentrate.

Difte:rent percentagell ot CCl..erc1al elulJlle preparaUons were

added to _p1es of lIUc1arater obtained. h'oIlI a local tacto:q.

Earlier teets at F.I.R.I. (3) had 1n41cated 'that hOlllogen1sed p1l- .

chard vieo&ra __ alllo a powertul ~l7s1ngagent. '!'hill II&terial,

trellh17 trosen and stored. at 00." 1faII therefore also included in the

11.t or preparaUoDII that were tellted.

'.rhe teIllperature ot each 8aIlPle ot aUcJcnter was llainta1Ded at

approx1Jllateq 1300p tor one hCllr after the eDJQ1lllt had been added.

'!'he viscosiV ot the liquid was dllterll1Ded before and after treat­

118nt 117 lItemeN lJ-tube, all described in AppencU% I. '!'he percentage

of eJ2ll7lle added _ calculated on the 4:q matter in the lItic1ara'tar,

aa 4aterm1De4 bT re1'ractometer. '!'he lIobture content ot pilchard

. gut vas 4ate:rlll1ned aDd tound to be .rcughJT 7s%- '!'he percentage ot
4:q pil~ gut added was therefore taken as one quarter ot its

wet veight.

The tolloring conclusiona can be 4raYD from an 1I1apecUon ot
:Pig. AeIV (1) I

a) Yar1aUona 111 the villcoaiV reduction 01' sUckvater bT
eJl8)'IIe trea_ent JDq cover the enUre range trGII 9~ to lo;C,

b} the treatment 18 about trice aa ettective nth _bankar

sUc1arater as wUh pilchard sUc1araterJ

c) there ill UtUe to chcose betwe8%l 1n41vidual ~rc1al

el1QllG preparaUons. 'lhe choice would pr1lllariq be one

of C08tJ aDd

d) homogenized pilchard BUt can be ~te as ettective as artT

of the _&rOia! preparaUOllB, when COIIlpIU"ed ea a 4:q

baais.

'!'he COllB1derable variaUon in the effoctiveness of lIDf1;Y1118 treat­

lIent ll1 probab17 due to the sa:ne tactors which were responsible in

the oase ot the herring solublea (l), 1.e. seasoDal varIaUona

in the ClCIllpOlIition of the raw tIeJ 41fterences in the potenc,y of' the

a441Uves f'rolII batch to batch (parllcular17 in the case cf' pilchard

BUth and pre histO:q of thl? raw f'lsh between catch and proceaa.

'!'he coat of the IIlOst popular co_rcial 8I1Q'lIe preparation i8

currsnt-q/

!
!

I
r
I

!
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FIG. A. IV (1) : REDUCTION OF VISCOSITY OF' PILCHA..1ID AND

• MAASBANKER STICK",{ATER BY ENZYM!~ TREATMENT.



(ll)

CutxenU~ 40 cents per pouDtl. If' added in the poporUon ~~ or

the ch7 _tter in the aUclarawr, Ua use would therafore a4d about

B2 to the price ~ a ton or dried aUc1arater solubl••, or aq 50 _t.
to the price ot a ton ~ fUll ..al.

freatlllent ~ aUc1araler with Wip1'••erve<l pilchaJ:4 gut imolT311

on.l7 the coat or hClaogenill&Uon. A hoIaogen1ser large enough to
keep up 'lfith the rate at which t1llh are 8'ritJoera'htl in a large

canD91";1 voulel have to haTe a capaciV ot about one tcIl per hour,

vould require aboIlt 25 Horae l'onr aIId. coat lIq 112,000. It ia

.aUmated that procening the gut vi'th a _chine or this .i•• 1fOl114
oorinot 80ra tbaJl about B2 per ton or aq 0.1 cenu per pound. '!'he

a4cl11;1011~ sq 5~ ot _t gilt to the aUc1arater baaeel OIl Ua ch7 _tter

oomen't 1fOl1l4 theretore iDDreue ita price 117 0DlJr 10 cents per 'toll,

'lfhioh i.~ negligible.

Adequate 8l1JlPu•• or t'resh pilchard gut are readiq a'ftilable in

cerla1n 10calUias e.g. at Walvis Eq. In 1960 a total ot 345,000
Ilhort tone ot pllcharcla were 1aDcle4 at thi. noing _tree or thi.,
about 95,000 IlhoM tone va. _ed. All caI:lM<l tiah ia a.egl1tted.

'!'he a~ 1f8i&tlt or pilchard gut i. l~ ~ the whole fish (4)'

hence a total ~ roughlT 9,500 IIhorl tone ~ But 1IOU1el be a'ftilable

to treat the atic1arater :rro. 250,000 short t0D8 ot fish converted

into fish .eal.

'l'he 8U1'plus gut 1'1"OlII each tactory' could be preeervecl 117 rreeaing.

It ia eatimated that rreell1ng IIl1ght a4d a lIIn'_ ~ 0.15 _ta, and

storage at oOp tor 1I8,T 3 months might add another 0.3 oente per pound

to the coat or the _terial. Thus, at a ,....1"1_ 008' ot about 2 oenta

per poun4 on a dry 'ballia, pilchard gut rema1u 'BIItlT aore .ooJlOlll1oal
to 12lSe thaD azrr or the oo__roial preparaUone.

In Illoat factoriea the at1c1araler leavea the oent1"11"u8ea at &boIlt

180Op, 1fhich is too hot tor eJUI7IIl" treataent. Currentpraotice when

treating IllaUbanker atiok1rater 18 to allow the atick1rater to 0001 to
the optilll1D temperature (1300,. to 150Op), which imol...,. a sUgb' 10••

in theraal etricifll107. 'l'hi. can be aT014ed 117 feeding the 8Illl1Jl8 into

that etreC't ~ the plant 'lfhich operates 'lfith1n the opt:blwl t-perature

range. Ii" this ia done the earlier etreota do Dot benetit t'rom th.

Ueatment, but thi. e".advantage aq be outlreighed b.1 other oon814e~

't10D8 &II d1aawnsed in Chapter VIII.

(11) 

cw .... nt~ 40 centl!l per pound. If' added. 1n the JIl!'Opol'Uon of' tIC of 

the dr:r _1;ter 1n the IIIItiokn.ter, ita un 1IIOuld tha"fD" add aboQ 

B:2 to the price of' a ton of' dried. a1dcklrater 801ublilUl, or aq 50 centll 

to tha price of' a toft of' :full _al. 

!reat.llla1; or .Ucklra1:er w1 th W1p% elllU"l1'e4 plle1ut.:l:'4 gut :1.1m:Il't'3l11 

oal;r the C08t of' hclaopm.lIIl.dlon. A hoIIIopnilllilllr larp ertOllI&h to 
keep up rith the rate at 1IIhich fish are GTiacerate/l 1n a larp 

cam:lN',T would have to b_ a capaciV of' abollt one ton per hour, 

1I'O'Il1d re~ about 25 Horae PO'I'I!II.'C' arl4 cost aq l!2 ,000. 11; 111 

8aUuted lbt pl'OCeaJl!iug the gut nth a _e:l:dniIII of' W •• i •• wmtld 

con not lion thIm about ll2 per ton or IIIair 0 .. 1 cents per:pound.. 'l.'!ie 

l!I.dd1UOI'l of' aa;r' 5~ of' _t gut to the stlanater blUMlld on Ua ar;, _tter 

~ent wou.l.4 th!'iJr'ef'O" inoll:'!ltlUMll 11:8 price 10" I:II:!l.7 10 ClIIlt. per toft, 

Wh10h 1. ~ negligible .. 

Adequate 1lU.pP11es ot treeb pilohard gut are :rea4i~ a"ulable 1n 

oerltdn localities e .. g. at Valvill llq. In 1960 a total ot 345,000 

Mort toa ot pilchards .e" laDde4 at thllll fi!!!b11'1g cen'tll:'!it. or Wa, 

about 95,000 ebort toa _e _ed.. All cllllilM<l f1eh 111 4egutted.. 

'.I"he a~ .eight of' Jlilchard gut 18 10% or the wholtt fish (4h 
hence a total of roughlT 9,500 ebort toD8 of' gut wulll be aYailable 

to "",,,t the atick!raur :rrc. 250,000 short tOl:l8 of' tish OOI1l1'erled 

into fish meu. 
Th. surpla gut f'rolIl each tactory- could. be preMl"VIJd 10" f'reellling. 

It 18 estimated. that f'reellling lda:ht III4d a 11'''''''_ of' 0.15 centlll, and 

storage at 00, tor 1111.\}'" 3 lIIonthIJ Jdght I'Iild Mcther 0 .. 3 oente per powI4 

to tha con of' the _terial. '1'hWII, at a !!!U'i __ t 01' about 2 ceuts 

per poUDd on a dry baais" Jlilcha:rl'1 gilt %"ellaia T.Ut~ iliON ecoDOllliou 
to Me than a.tV" of' the oCJl'IIIIIIIIIrcial :prepara.tioa. 

In 1III0lllt faotories the et1ck!rater lea,",s the oMtritugell at a'boIlt 

18017, 1I'h1ch is too hot for e~ treataent. CW'1'l'Jlltpll.'lllotioe wtlln'l 
treat1Dg IIIa.UIba.uker eUcklmtel' is to all_ the stickwater to 0001 to 
the opt1lnD tempera.ture (1300,. to 1500,), which :hrrolfts I'lL slight 10es 

11'1 thft'llllll etfioiena.r* '1'his caD be avo14ed b;r feeding the eDlIIQ'III8 iuto 

that effect of the plaut Which opIIraUts within the optillmm t-perature 

~. It this 18 doue the earlier effeote do not benefit :I.'roIII the 

treatallllt, but thilll disI'Iilvautage IIIa;r' be cmweighed b;r other coull14e~ 

ticu as diaounei1 11'1 Chapter VIl:I. 
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In Chapter VII the ~o11ov1ng expre88ion was c1er1ftd 'tor the 108. r4

head OYer a ~inite length o~ ~ 1

!J.p 1 + 1ba 1 (AD) (VL~VL ": V~Ta\ 1
-VL AL • 1 + RV +1 + BV XL FL+'\ g +!zli If 1"'(~l-=+:"nv'!!!"!"!'l)---d.L'!!!*

To Uluatrau the 1288 or 1his apreaaton under F&Ot1oal cond1tiona,

the IJaDG &88UJ1l)t1one are Dade as ~or the worked example in Chapter VII I

hoe Uaaeter I O.Us ~t.

Dena1V t4 llquld. 70 Ib8/cub10 f't.

SpeoUio YOltae or YapGm-' 200 cub1c tt./lb.

JIaz:1aulI and _Sn 1mwa 'Y1acos1v f4 liquid I 500 cp an4 1 cpa

J.nwD. alao '\hat 'Yapour 18 be1ng generated at a"typical rate of'

SO Iba/hr., and that the l1quid Telooi~ in the non-boiling seotion 18

2.0 rt/aeCa at the lower, and 0.4 tt/••o. at the Mper uaco.iV.

!he 00Z'Z'eapm4:1Dg liquid now ratea are 1.45 Ibs/aeo. aDd 0.29 lba./aeo.
Cona14er fir." the lvdroau;t1o 'te.rII at the .a.rt1JWl nov rate I

At 'lUbe At Hidpo1nt 1/10 ot 'Bo11~ 1/20 or 13011-
Otttl-" or 130111ng 1nB Seotion 1ng Seotion

Seotion

"'0' Ibs!seo.

"L' Iba/aec.
·0b.-wL

Va
RV.B:a­VL

1)6 68

0.0014 0.0001
1.45 1.45

0.00091 0.00048

~ r. .,

13.~ 6.8

(1)

0.1280.0690.014.51 + Rm
1 + RV

l+IbI ' .
'!ha88 Yalues ar J. + RV have beBl1 plotted. as sbom 1n Fig. A..V•

aDd 1t 11111 be DOted. ihat •

a) except at the ve7:7 co_eneement o~ the boiling nct10n the tem

1. naU, 1.e. cmtr pracUca117 the _ole UWD~ ot th4 boiling

sectlon tho deDa1V ot the l1qu1d-vapour II1zture 1s IlUch Ie.

1lhaJl that ~ the liquid 0D17 f

b) . even aajor abatlgft 1D the &88t1IHd flow raw. vL and "0 cannot

s1gn1f'1cant1¥ altar this ooD41t1on.

The Oalculation o~ i : :; tor the 1'$duoe4 nov rata or 0.29 lOO/fleo.

ir 'therefore c=1ttecl.

Conald.er/



Appendix V (11)

Q

Lx·

Consider ne:n the Friction Loa. te1'lll 1 (All)
1 + RV AL J'L

A_~ correlation ~ data on the prell8Ure drop due to :f'rioUon ~or two­

phaae l\Tsteu Uow1ng1n pipes is due to Lockhart and Uarl1nG111 (1).
'!'heir nndingu are preaentad au nta ~ CU1"YeS, au reproduced 'lV McAdam.

(2), ]'n!r;1ng the two lce7 parameters.

(AP) _
P • (~) ~

ALL

vhert{~r)G • Pressure drop duo to vapour imagined tlowing by

it8eU. 1b/(IlCJ..:rt.) (n.)

~O.91 _
.. 1.19 • o.u,

(ffiL • Pressure drop due to liquid '_gjned ncnring by

itseU. Ib/(eq.tt.) (rt.)

(t!)TP. Pressure drop to'J!~e nov. Ib/(sq.tt.) (tt.)

The tarm(:r)TP as detined by tookbarl and Jla,rtinelli inoortlO%'&talJ

qec11'1c nov conditiona, and is ~oua 1I1th '1 ; RV (t~)P'L xpL

U, therstore, z-epreaentat1Ye Taluss tor(faL and (tt)a can be derl.Yed,

reference to Lockhart and Jfartine1l1'a curvea w:Ul enable the corresponding

YalueB ~(tt)TP to be estimated, and hence 1 ; RV ~)'rP ,
The ;point values o~ these para.meterB at the tube outlet, the m1d~1nt

aml the collllll8n08Illent ~ the boiling seotion 11111 be considered.

At the lover viaooait;r leYe1 and 111th a tlov rate ot 1.45 Ib/sec., tho

Reynolds !'laber or the liquid ouell.lll ilaag:1ned flowing by 1 t ..lf is •

2 x 0.115 x 70 x 104
.:..:......~~=,.-.:::= .......- • 24,0001.0 x 6.72

For a SlllOOth tube surl'ace the Cor1'8Sl)Onaing Yr1otion Factor is 0.006.

lAP' 4 x 0.006 x 2
2

x 70 /() ( )lIence illL" 0.115 x 2 x 32 • 0.91 Ib sq.tt. :ft.
50 x 200 IAt the tube outlet the Tapour veloc1t;r .. 0.0104 x 3,600 .. 270 ft S80

At 1200pt the viscosity ot the vapour is about 0.01 cp.

The Ro)-noldl1 Number tor the vapour stre&lll 1JIaginod nowing by .iteelt i8

270 x 0.115 x 1 x 104
0.01 x 6.12 x 200 .. 23,900

The oorres;ponding Friction Factor 18 0.006, and

(&\P\ 4 x 0.006 x 2702 x 1 1.19 Ib/(....tt.) (ft.)
\ALJa • 0.115 % 2 x 32 % 200 • ""

•

A.P
L

Hence X (~
AL a

(11) 

.II. UIIIIIfUl cor:t'1IIlation of data 011. the p.r81!frU1.'e drop aue 1;0 :f"rioUoll tor two­

phue I\'I'B'teu i'l.mringin pipes is due to Lockhart and Uart1nelli (1). 

'!'heir f'1~ aN p.r8sented as uts or CU'!:"lleS, as %'1IIpl'Oduoed by Hi:lAi!.!.lme 

(2), link1ng the tw ke7 pa:1"aIIUItere. 

(AP) _ 
~ ..~) 'lP 

(tIL L 

z .. L 

a 

when{!r)o ... l"reasu.re drop due to vapour i!llag1ned tlaring by 

itself.. lb/(Dq. .. n .. ) (ft.) 

l"ressu.re drop due to llquid 'magS ned ncndns by 

:l.tBel1'.. Ib/(eq.:rt.) (rt.) 

(tt)TP" l"reasu.re drop for two-:pha.se nOlI'.. Ib/(sq .. ft .. ) (ft.) 

'.!."he term(H-)'l'.E' as defined by Lookha.ri; and J,Jart~lli4~or:pon.telll 
specif':l.c nOlI' oond:l.UOM, and is ~oua nth l ... HV (t.L)FL %pL 

If, therefore, npl'!:'/selltatlve valuee fOl'(tBL and (tt)a CtW 'be derived, 

reference to tccl!:.llart and Jrartinelll'e curves 1Ir.I.ll enable the COttOspond1ng 

'1I'IIluee ot(it)TF to be estimated, tWa. henoe 1 ! RV ~)'l'.E' . 
The point values of' these parameters at the tUbe outlet, the m1d-:point 

and the oollllll8nOement of' the bolling s60tion nIl be ooneidered. .. 

At the lover visooei 'Ii:r level and nth a flow rate of 1.45 1b/sec .. , tho 

l'leyno1ds I'lUlll'ber of the liquid otrell1ll :bIag1Md 1'lc:nring by 1 t_lf is I 

2 x 0.115 x 70 x 104 
6 .. 24,000 1.0 % .. 12 

For a smooth tube lIIt1llrl'ace the eorrosponiling Yriotioll :Factor is 0 .. 006. 

lAP) 4 x 0.006 x 22 x 70 /() ( ) 
Bonoe ALJ L" 0.115 :It 2 x 32 ... 0.91 1b aq.f't. 1't •. 

50 x 200 I At the fitt'be outlet the vapour velooiV .. 0 .. 0104 x 3,600 .. 270:l.'t S60 

At 1200., the viscosity of' the vaJlOl.W 18 about 0.01 ope 

'!'he l1o;rnoldJil Number :tor the vapour IIItre&lll :bagined nowing 'Iv' .itself 18 

270 X 0.115 x 1 x 104 
0.01 x 6.72 x 200 .. 2),900 

~O.91 _ 
.. 1.19 .. 0 ...... , 



(iii)

corrocponMns ~ - 4.5

and h~~)TP - 0.91:c 4.52 - 18.5 Ib/(sq.ft.) (ft.)

or I;o~ _- 0.26 tt. l.1guid/tt.

1t the mid-point of the bol]1ng seotion (H)L - 0.91 Ib/(sq.tt.) (rt.)
all before, but the _poor now rat. can be taken as 011. half that at the 'tube

ouUet,- i.e. ReO .• 12,000

t a • 0.0015
and the eupertioUl _pour wlooiV - 135 tt/eeo.

!DIsrefore (M-~ • 4:c 0·0015 x 135
2

:c 1 • 0.37 Ib/(eq.ft.) (tt.)
0.115 :c 2 :c 32 x 200

X -~~:i~ · 1.51
q; (£'roll loiarUno1li's 0U1"'nt) • 3.3

(~)TP~ 0.91:c 3.32 - 9.9 Ib/(sq.tt.) (ft.)

- 91& • 0.14 ft. liguid/ft.

At the point at 1Ih10h bollifts' _noell

~-tk - (*:)L • 0.91 1bAeq.tt. >Crt)

or 0731 _ 0.013 ft. liguid/ft.

:B;r sJ.mil3l' rea.soning and calculation, the correspond1n~ tiguN8 for

a Tiscos:11;y or 500 cpo and a. circulating velooiV or 0.4 ft/eeo. are I

at tube outlet I 0.65 ft. liquid/ft.

at JDid"'Sloint • 0.47 1"t. 11quid/i"t.
at origin • 0.145 ft. liquid/ft.

These friction 10s8 figaro8 have also been plotted in Fig. A.V (1).

It ia to be noted 'that •

a) the etteot of' the 50011 Yariation in viscosiV 1"31' out1reighs

the~8 within practical limits of an::! or the other

physical properties of the liquid,

b) the friotion head 108s calculated tor a viscosity 01" 500 ope and

a (purpose~ high) circulating Telool1jy or 0.4 tt/sec. is 010..

to the l!IIInmm that can bo conceived: tor nOJ:'l!la1 oparatiD5

oODd!tiOD8. )

(
VL toVL VotoVo 1

ConeUer rinallr the aoceleration term g + n. ~ (1 + RV)AL.

It is possible to na1uate this 8%prOssion step by step, atartiDB frcm

the ocwmancement 01" tho bo111ng cection. In the 11JI1t the re8Ulting 0U1'T8

yOuU be parabolio in shape.

Par the purpose of 80t1llaUlIg the llveraev head lOBS, however, 1t is

IlUttioien1: to oaloulate tlie total acceleration heail and to diTtd. b;r the

leDgth of' the boiling oeotion.

Lockbart llIld Uartinelli (I) provide ano_ther- correlation between the

liquid/

(iii) 

COrl'lIs:pont1iDS ~.. 4.5 

and h~~)TP .. 0.91:c 4.s2 .. 18 .. 5 1b/Ceq.ft.) (1't.) 

or 1;;;2 ... 0.26 1"t, liquid/tt. 

tt the lIIi~bt of the boiUng 880tion (tf)L .. 0.91 Ib/(flq.rt.) (ft .. ) 
aIIil before, but the TIlpotU!' flOW' rate can be taken aIIil one half' that st the tube 

.. i.e. Rea ... 12,000 

fa .. 0.0075 
and. the superficial TIlpour wloclt;y.. 135 1"t/SfflO. 

'l'lIsHfo:re (~h .. 4:11: 0·0075 :It 135
2 

:II: 1 .. 0.37 Ib/Ceq .. rt.) (1"t.) 
0.115 :II: 2 :II: 32 :II: 200 

X -~~:3~ .. 1.51 

q; (f'rolll ~1U. '. C'IU"VI) .. 3.) 

(
AP\ - 2 hL'J1'.P" O~91:11: 3.3 ... 9.9 1b/(eq.:rt.) (n.) 

... 913 .. 0.14 ft. liguid/ft. 

At the ])01:0.10 at 1d!1oh boil1ft/f _anoeB 

(i-t~ . (~)L - 0.91 lb~q.ft.)(f't) 

or 0781.. 0.013 ft. l1guid/f't. 

l!:r s:imibr reasoning al1d caloulatlon, tho correspondine; fi8\ll"ilQ for 

a Tbllosi ty of 500 ep. and a Circulating wlooi V of 0.4 ft/eeo. are I 

at tube outlet t 0.65 1'10 .. liquid/ft. 

at lIIid"".Point I 0.41 ft. l1quid/ft. 

at origin t 0.145 ft. liquid/ft .. 

Tlw_ friction 10s8 tigaro8 have also beell plottod 111 Fig. A.V (1). 

It; 1111 to be noted that , 

a) the eneot of' ths 500:1 -.riatioll in viecosiv tar outweighs 

tho ~8 within prtl,Ctical limits of' lI.!'O' at the other 

pbysioal properties of' the liquidJ 

b) the friction head. 108S calculated. for a viSCOsity of' 500 cpo l1l.'I'14 

IS (purpoeell' high) c1rcu1sting velool1;y of 0.4 ft./eeo .. is cion 

to the ..... rl_ th!l.t csn be oonceived: for Ilomal operatina' 

OQftdi tiou. ) 

(

TLt.TL TO liT€} 1 
Conll1c1er :t'1nal13 the acceleration term g + Ibt g (1 + RV)AL .. 

It 10 possible to STaluate thie e:.r:p:rosaiOl'l step b;y step. I8ts:rtiDS f:rQQ 

the coJ:lJJll)ncement. of tho bo~ aection.. In the l1a1 t the resulting ou:rw 
'lI'OUl:\ be parabolio 111 ehape. 

Por the purpose of eothlating the aversee head. 10S8, ho~r, it is 

lIRIftloient to oalculate tIle total acceleration hea'" and to HTlde by the 

1eDgth of' the boiling oeotion. 
Lockbart and Uartinell1 (1) provide M.o.ther' correlation beween the 

liquid/ 
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Appendix V

beeJl plotted .. the _ o~ the rl98J1l9OUYe riaUo. tr1oUOD aIId

aoc.1eratiOD~ It 11111 be obtlenell that the aYerap iota}

lOS888 are roug1117 0.25 and 0.55 ft. of' liquid ]l8r f'oot.

Gorter e1; I\l (4) reported on uperiMntll OODCerning the

pressure drop aft4 ho14-up ~ atr-nter II1%tares nOlf1ng~

u;pwards In'tubea. In It. fintica1 _. ua1nB a tllbe of' 1i In.

internU di_ter and water Ye1ociUe. ~ 0.869 and 2.5, the,r

ael!UlU1'8d average pressure drops o~ about 0.3 and 0.5 ~t. per f't.

respectiveq. '!'he ~_nt of the cl\lculated figures nth noll

ezperiJlental data. lUI are aT!dlab1e therefore appears rBaaon"b1e.

llolrenr. In viell' ~ the conjeotllral nature of' the pressure

drop estl_ted :tor the high vi.costV' range. and bearing in II1D/l

that Lockhart and Martinelli's oo1'1'e1lt.tion was deYe10ped tor

horizontal rather than ~or -nioal now, 1t appeara viae to It.llow

~or It. generous aargln ~ error. !Yen BO. it 88_ reaaonabq ~e

to aa-e that the average preaaurct drop in the boiling aeoUoll of

1nduatrial ftaporatorB oan hardl7 be leu than 0.1 or aore than

0.9 f't. liquid per 1'oot.

!hi. It.Yerap preS8U1'8 drop lIlll,T be considered ..' a traction

If~If of the JJ.7droataUo head.
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"en »lo1lte4 UI the .. ot' the res:peoUn dat10, trloUoa and 

aooeleraUoa tema.. It vln be obe.rYe/!. 'that the IIInl'!J.6! total 

lUSH Il.l:'III rcmghl,y 0.25 aDd 0.55 ft .. of' l1qui/!. :per foot .. 

Gov1er _, III (4) lL'8}IOrtel1 oa q:per1lleate OOIICening the 

preel!l1%r'8 drop and holl1-ug of IIII1r-n.ter IIIb:turea t'lOldng wrt1eall;r 

~ in t;u'bea.. In 6. t.:fpical (lUGp using a tube of Ii in .. 

inwrnU l11_ter _4 Yater yeloeiU •• of' 0.869 ur4 2 .. 5. thq 

lIea.aured a'!I'Br~ ~ drops of' about 0 .. 3 and 0 .. 5 ft. per ft. 

reapect:1v.l;T.. 'l'b.. a,ve_ent of' the cillculatell figure. vlth web 

tI1r:p8rillentlll data. all are aYdlable therefore appeSl'lll N!I.IIOnable. 

BA:iwenr, in 11'1_ of the ccajectural cature of' the prelll!l1%r'8 

drop .Btlllldell for the hiP. 'Il'iecolil1v range, aDd bearing 1111 IIdl!4 

that Lockhart _4 Jlfart:lne1l1 'e correla.ticu 'lll'1LIII denloped for 

horillWntal rather than t'or "!I'iIIl't1cal flow, it appears 'ria to IIllow 

for 6. pnerous Itarg!.n of error.. !¥en 110, 1t seeJIIIIII reaaonabl;T ad'e 

to U8UllllIII that the a~ preewre dro:p 1111 the belling l.IeoUol1 of' 

indwrtrilll -Jcratcrlll can hardl:l be lea than 0.1 or IIIOH than 

0.9 ft. liquid »er fcct. 

!'.b1. 6.ft1"ll8t' preeStU"IJ drop IIIlIiT be COIlSiderel1 &a' a. fraction 
.. ~ .. cf' the II;;rdroataUc head. 
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lfO:llRlfCLA'l'URE

I Cro.. Sectional Area of' Tube sq. ft.

D1JaeDB1onless

e

D

g

B

I Specific Reat

: Fricticn Factor

I Acceleration due to gravit;y

I Head of' Liquid

D1menlllonlese

32 n./sec.2

feet

!lp.L I Friction Head LolilB or Liquid.

~ I Friction nead LollS of Gas or Vapour

: Coetficient ot Heat Transfer between
'rube Wall and Bulk of' Liquid

fee1;

feet

BTU/sq.ft. ~. Hr.

It I

L I

P I

q I

ATElrage coef'f'icient over length
of Heated Tube

Average coerficient over length
ct Non-Boiling Tube Section

A...erage coefficient over length
ot Boiling Tube Seotion

'l'herlllal ConduotiTiV BTU.tt/sq.tt. Cp. Hr.

Length ot l7on-Boiling !'ecUon of' Tube teet

Total Length of' Heated Tube f'eet

F1nite Ele.ent of Lengi;h ft.

Pressure lb./sq. in.

H,ydraulic PresGUre Drop in Doiling Section lbli./sq. in.

Friction Pressure Drop in !loiling Seotion lbB./Sq. in.

Acoeleration Prelilsure Drop in Boiling Section Ibs/sq. in.

Finite ohange of' Pressure lbe./sq. in.

Heat Flow !la1;e BTU/Ar.

Cll Heat Flow Rate in Non-Boiling Seotion

~ Heat Flow Rate in Bolling Section

lia : Vapour I Liquid Uaa. Ratio

Vapour I Liquid Vol_eo htio

D 

l' 

g 

B 

l'fO:!!ElfCLA'l'URE 

• Specific Reat 

: Friction Factor 

I Acceleratioll due to gravit,y 

RpL: Friotion Heed Loes of Liquiil 

B:ro I Frict! on Head. LoIIIIII of Gas or Vapour 

• Coefficient of Heat Transfer between 
Tube liall and Bulk of' Liquid 

Average coefficient over length 
of Heded 'lube 

Average ooefficient over length 
of Non-BOiling 'lube Seotion 

Average ooefficient over length 
of Eoiling Tube Section 

Ii: I Thermal Conduct!"i V 

L I Length of non-Boiling rection ot Tube 

Lo I '!'oW Length of Rea.ted Tube 

At I FWte Elelilent ot Length 

P I PrellllU"l:'lt 

PH : H,ydraullc Prel!ulure Drop in :!loUing Seotion 

PF I Friction Pressure Drop in Doiling Section 

sq. ft. 

1'10 .. 

D1:mens1onlelill 

12 l't../lleo. '2 

feet 

feet 

feet 

BTU/sq. ft. ~. Hr. 

BTU.ft/sq.ft. ~. Hr. 

feet 

ft. 

lb./sq. in. 

lba./sq. in. 

lbs./sq. in. 

Acceleration Prelilsure Drop in Boiling Seotion lbe/sq. In. 

Finite ohange ot Pressure 

I Reat Flow Rate 

ql Heat Flow Rate in Bon-Boiling Seotion 

~ Heat rlow Rate 1n Boiling Section 

li.a I Vapour I Liquid Uaslll Ratio 

Ibe./eq. in. 

W· 
L 



loaenolatun (oontd.)

• '1'operaWre

..6'1' Taperat;ure Gradient bet1reQ Tube
Val.1 am Bulk of Liquid

a '1'0 Temperature Oradi.ent between Ste8111
and 'Bulk ot L1.quid

b'1' 'l'emperature nae of Liqui4 in 1Icm-
Boiling Tube secUon

1; • Time

tJ, • OYerall Hea't Transfer CoefUcient between
Stealll and Bulk of Liquid

.A.nrage onrall Heat 'lransfer
Coerf1c1ellt OT8r LeDgth ot Heated
Tube

UG GroIS owerall Boa't 'l'ranai"er Coeffioient.
&Imming Single Etfect Operation ot
a Mu1.U-Erteo'ti Plant.

Hour.

v • Speoific VolU1le Cubic rt./lb.

VL SpecUlc Vol1lllle or Liquid.

Va Speeifio Vol1lllle or Gas or Vapour

.., • Velooit, :ft../eee.

i

11'

T L VelociV ot Liquid

Ta Veloel1;7 ot Ga. or Vapour

• York pedormed per Pound at Air

I hss Flow Bate

YL Ilaaa Flow Rat.e of Liquid

va Mass 1l'1ow !lat." of Gas or Vapour

c:r. RaUo at Speoific Beata of' Air

... '

POt..lb./lb.

Ibs/"eo.

D1IlIen8ionl•••

f' a Danai\)-

f L Densi1;7 of Liqui.4

f a DanaiV ot aas or Vapour

ra V1scol!liV

/> ViecosiV ot Vater

U a Surface Tension

A a Latent Heat

»,

Ib/cubie ft.

Centipoise.

lloaenc1atu:r-e (oontd.) 

• 'l'empera~ 

AT Tapera1;ure Gradient bet1feq Tube 
Vall am :Bulk: of Liqa:1d 

A "0 'tempera. 'I;ur8 Gra.dient bet1feen Ste8llll 
aDd Bulk 01' Idquid 

d'l' i'l'lIIIPerature nee of Liquid in IIfoD-
l!oll:lng Tube Seotion 

t I 'fime 

V, I <>Terall Heat Trll.!Ulfer Coeffioient between 

V 

S1;el.\llll and :Bulk of Liqa:1d 

U A:":rage oft1'a11 Beat Tran.srfer a. 0001'1'101lll'd O'II"8r Lellgth ot Rea. ted 
'lUbe 
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