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ST¥EARY,. -

#alti-affent,
for concentrating weak liguors during the prﬂ&ae’%ion of cma&i%ica wueh
a8 sugar, itomato paste, meat extraoct, and more recently fish mes)l., In -
the lstmxﬁ case tha solids contens of certain fish juices (termed etick-
water) has to be incresssd from roughly 8% to 50%, me & preveguisite te -
their amtrciai uiilizgation. -

Of all problens comnecitad with the design snd operaiion of com- -
ventional stickwator concentrators, that of low heat trensfer appears to -
have received least attention. 4 study of the subject appeared particu- -
larly promising, in view of the scarcity of relsvant information in -
regpect of similar equipment used by other procsssing indusiries.

4 lsboratory-eized replicas of s typical indusirial unit was con—
structed,; and sguipped for the measurement of all relsvant processing
variables. Uslng commercial stlckwater st prastical ranges of tempersiures
and solids concentrations 1% wae found that the heat transfer rates in the
firat, second and third effecis were roughly in the ratios of 4:2¢1. Even
with clean tubes, the overal]l U wvalue in the third effect cocasionally
dropped below 50 BP0/ sg.fte F hr. Data on the physloal properiies of
gtickwater and 1tz concentrate is presented which suggesits that the low
heat transfer rates are associated with sxcessively high product v.isco-
gitiesn.

Using the same spparatus, Cive alternative msthods for improving
the heat transfer in existing plant were tested. It was found that :

{a) Reverss iy promising.

{b} Bedusing the wimeosity of the product by en treatnent resulted
in & risv of evaporative capsoity by from 3% to 37%.

{=) Porced oirculation cuused ile heat iransfer rates %o rise, provided
the sireulation was acvelerated beyond about 6 £1. por sscond.

(4) Acceleration of the matural circulation ratss by injeotion from 2.0
to 4.0 litres of air per minute into the lowsr end of the third effact
tube a&med the capasity of ihe plant as & whole 4o rise by from 17%

to 47%.
{e) Throttling the natural circniation by means of a metering pump
caused an imp . i Individual effect of

from 20% to 8&%, depsnding on tha Rﬁ‘ii&s concentration of the
working fluid.

To acoount for some of the eseningly inconsistent zesults of
thege tests a theory is proposed which guantitatively applise the conscept
of the establishment of distinct boiling and non-boiling sones for liquids
z;m::g upwarde in wrtiga}. beatsd tubss. Ths analyele is extended %o
include the case when the working fluld is so viscous that {in the shsence
of vapour gemeration) laminar flow must be expecisd to prevail in the non—
bolling section of the tube.

Humerics]
from turbulent to laminar flow in the nom~boiling tube gaction profoumily
affeots the heat transfer mechanism, and may lead to a reversal of the
trends szzociated with var
W}.@Qit”@

‘Pha oxperimental results are ro-examined in the light of this
thoory, snd 8
PHEDCRE DS

'E‘he work iz concluded with acriticai emimtion ef the role

of heat %




CHAPTER T

IXNTRODUCTION

The increasing importance of fish a3 a source of nourishment for
the world's population is amply documentsed (1). The total fish casch
by the major ing nations
1938 to 5% million tons in 1961,

Up to about 50 years ago the bulk of the cstch was directly
utilised for human consunption. The balanos, in the form of pro-

incressad from 20 miilion tons in

cesning offal was generally discarded, or used as manure. In recent
years 44 has besn recognised ithat practically any kind of fish or
fish offal can e turned into Tish meal; which in 1ts orude form is

a valuable Bource of protein in many animal rations.

The demand for Pish mesl haw increassed as rapidiy s= the growth
of the Fishing Industry as a wholej while only 656,000 tons were pro-
ducsd im 1938, the Pigure Tor 19560 had rimen %o 1,665,000 gonso 1}

The latest development in the utilisation of fish meal has besn
the perlection of a process (2) to refine ths crude product and ren-
der it €it for human consuption directly, insiead of vla the aninsl
organism. Serious efforts are presently being made on an inter-
national level ¢o wmake adsgquais supplies of this so~called ¥fish
flour” available to millions of the worlid's population who suffer
a chronic dietary protein deficiency., If thess efforts succead, it
is estimated that the demand for fieh meal will further incresse hy
saveral millions of tons per annmum.

The spectacular upsurge of fish meal consuption is expsoted to

sontinue as long as itz price remaine competitive with other -~ 6.g.
vagetable — sources of similar nutrients. )

Fish meal production has greatly benefitsd from mechanisation
and technologloal progress. The flow sheet for a typloal modern
fish reduction plant is shown in Fig, 1. Thes approximate composi-
tion of tha terminal asnd trated by
neans of Fig. 2.

Tha ¥hols Fish St

nat piant capacity. I landings ave regulasr and plant capaclity
oversized (as with the menhaden indusiry in the U.S.4.) holding tanks

tuslly Ye dispensed with, If Jandings are internitient and
plant éapaeity limited {as with the Norweglan winter herring industry)
each factory may have to store up to 6,000 tons of raw fish at a timeiz‘
The Stean Cookers wers originally screw conveyors Titted with

jets for injecting live steam into the moving mass of raw fish, DBut

oy,

intermsdiate producés ia illus

wre mist be sdeguate to balance Pish landings

tor/

South Afrioa the capacity of the fish pits allows ‘rar
approzimately 48 hours produstion.

e ¢ et o i ke i mEL s o ——cep— o e
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RBAW FISH : 100 1bs,

N
WATER : 70 lbs. OIL : 8 1ba,
SOLIDS : 22 1bse
COOKER
PRESS
PHESS LIQUOR (61 1ba PRESS |CAKE : 39 1bs
N
A\ N
OIL : € 1pg  VATER ¢ igs OIL t 2 1bs
SOLIDS 1 5 lbs _ Solids : 17 1bs
CENTRIFUGES
© STICKV : 55 1bs
WATER : 50 na} SOLIDS : 5 be
CONCENTRATOR
"SOLUBLE$" : 10 1ve
WATER ¢ SOLIDS :
5 1bs 5 lbe
DRIER
orLf : 6 1vs © MEALt] 27 1bs

i

O0IL: 2 lbs
SOLIDS : 22 1bas

WATER : 3 1bs
PIG, 2 : MNATERTAL BALANCE OF PISH MEAL PRODUCTION
BASED ON AVERAGR VALUES
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for stickwater recovery the live stesz condensate imposes an
nsly unnecaesasary burden on the mmeﬁ%mtor, and jacketed
cookers with hellow, hested fiights : now standsrd.

The Screw Prespes serve to separate the solld and the liguid

saes of the cooked fish. - pons of pressing is the
recovery of the body oil, which in the case of some mpecies, such
a8 herring and pilchard, constitutes a major source of revenus,
{Wnen handling species of low oil content, nly referresd %o as
“Fhite fish", pressing is gensrally dispensed with).

~ The produsis leav the presses ave o
preoag-1iguor regpsotively. The former - the "g0lid™ phase - gtill
contains appreciable gusntitiss of molsture and oll; while ths latter -
the "liguid™ pha _ :
present in the raw fish, as well am & fair percentage of suspended
and dissolved proteinaceous matter. (Ses Pig, 2).

The Nriers raduce the moimturs content of the presscake 4o a
level vhers it can safely be stored without danger of bacterial
degradantion. v drleres are standard, wlth the heat
supplied either by niean generated in a separate boiler plant, or
by integral oll burners, or by the flus games from the boilsr plant

The
3 as Stickwaier, and
was formerly run to waste, as the wvalue of its dissolved and suspended

ponstituents was ilution was not yet a
‘prodlem), Research has shm, however, that by using multi-effect
evaporators the concentration of the stickwater solids could be
ashieved at a profit. 48 8 result, stickwater recovery has heoome
an integral part of the fish mesal process, particularly when process—
ing oily fish.

The Stickwater Plant generally takes the form of & sulti~affevt,
natural circulation evaporator; capabls of raising the solids content
of the product %o between 50 L 60 per cent. The stickwater ooncers
trate is usually mixed with the presscake just before the latter enters
the drier. The flsh meal thus prodused is termed "full" mesl, ss
distinot from “ordinary” meal produced without the sddition of ati
water concentrats. The concenirate nay also be marketed az s separate
product oalled "solubles™, for which pose it is elither d dried
to a moisiture content of less than 2.%%, or chenically pressrved and
s8old s a ligquid,

Stickwater recovery has tal the Industry a big step Lforward.

The average yleld of fish meal per ton of raw fish has been increassd

vy/
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aliminated, and profits bave benefited handsomely.

Stickwater ooncentration is, however, not without its problemas
ter plant may saslly smount to §2;"%"%0§
the cost of the fisgh meal plant as a whole, the Industry ise ksenly
sware of ths sconomloc scts The perfection of suilables sguipment
hes, however, been haspered by & lack of information to gulds both
the marmfacturers and the operators.

In 31999 the Teobnisal Committes of the Fighing Xn&uatmymﬂ
initiated an investigation inic the szasperating babit of massbanker
coencentrate to choke the fubes in the finsl #ffsolsm of the evapora~—
tors solidly without warning to the opesrator.

The reason for this was naturally sought in the high wviscosity
o? the concentrate, {ses lppeniiz 1), and early ezporiments were
designed to render this material mors fliuid, either by reverase
feeding or by the action of proteclyiic enzymes, _

It zoon becas L6 that soaled-down laboratory tests were
not a reliable means of sstimating the effectiveness of either
enzyme $reatwent or It veemed that the phenomenon
of tube blockage was critically affected by the physical dimensions
and operating conditions of the evaporator concerned.

Authority was therefore given for the construction of a replive
of a typical triple effect commercial concentrator, comprising a
single tube of miandard dimensions psr calandria.

The sarliest temis with thid i L T KRS
conditiona of temperature and produnt concentration as apply in
practios,; reveslsd surprieingly low ratss of heat ¢ for, parbtiou-
larly in the final effsct. A fow checks confirmed that these
experimental heat transfer coefficlients wsre indeed represeniative

aince 1

i2)

of thoss ooourring in commercisl planis.
The centre of interest thereupon shifted from the mearch for
2 soluilon to a speclfic, and mol very common, operailing problem
4o the study of heat transfer in mti
The purpose of this astudy was 3
&) the satiwation of heat nafer coefficiente in commercial
stickwater concentrators for a fully representative range of
operating conditionng
B} the identification of the factors which are responsible for
the abnermally low heat transfer rates prevailing in the
later effects; and
e} the svalustion of the effectiveness and profitability of
certain measures designed to improve the heat tranefer rates
in existing plant.
The results of the tests which wers carried out in fulfilment

ater concentrators penerally.

University of Capes Town, Hondebosols South
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the prinaiplos underlying the functioning of natural circulation
svaporators. A thorough search of the literaturs revealed a

romarkable paucity of basic informsation regarding the perfo _
of thie tn;s of plant, particularly when applied to the concentration
of wviscous fluids., Although the division of the hestsd tube into a
Mﬁl&ng and a non~bolling section had been postulated and confirmed
experimentally, no evidence was found of an attenpt to formulats
precisely the ! ioations of this concept. FHelther was mention
found of a distinotion between laminar and turbulent flow conditions
in the non—bhoiling tube section.

apparently contradictory results of the expsrimentu with stickwater,
some of the tests were repeated with working flulds with more oleaxly
defined {"Newtonian") phyaical properiies, Eﬁiaally, a theory was
praposarl to account for the apparently inconsistent changes in heat
sfer cosfficiente wh oy
a certain limit, :
In 80 far as the latter ;
divoroed from the physlical propertiss of a parilienlse working fliuld,
it is poseibls that the resulis may be profitably applied to pro-
s the conceniration of liquors othsr than stick-

%t of this investlgation hasm bean

cegpen whioch re

gaters
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CHAPTER IT
THE PUSCTION AND CHOICE OF STICEWATER PLANT
“he purpose of atickwater recovery iz two-foldy 1% is intended

%o inoreasse the profits saxned from the processing of fish to meal
i 1 to reduce the pollution of the riparian and coas
watsrs by the facitory effliuvents. If the factery 1w asltuated in a
wall populated arsa, and particularly if the polluted waters tend
nty, the Public Health authorities will penerally not
pernit the return of stickwater to the sez under any circumstances.
Irrespactive of the motive for stickwater recovery, sound
tusiness sense 4 at the plant chosen for the : )
perform its function in the most economical mamner. In other words,
i% zust yisld a product of mes 2 markst valus at mi
coat. '
The snleabls constitusnts in raw stickwater total ‘maly about six
to twelve por ocent of its weipht. Re tisas of the form in which
they are ultinatal;r markstsd {ss Soludbles, as roller-drisd powdsr, or
incorporated with the »e ]
revovery calls for the svaporation of wvagt ancunis of w.%er. For
inatance, referring to Fig. 2, it will bs meen that for a plant of
twenty tonm raw fish capacity per hour 40 concentrate ite stioke
water to & 50% solids obntent, requires about nino tomns of water to
be svaporated per hour, [Note: methods other than evaporation to
mier are as yoi of only

n produstion

concentrale the key oconstituenie of stic
acadenic interest).

' amongst
porators arenthe nost widely used units of process engineer—

Evapo
ing, and many excellent text bocks have been devoted to their design.
But, as with othsr specific commoditles, the cvoncentration of stick-
water 1s governed by praciical asm well sz theoreiical conelderations.

Among the physical, chemlical and nutritional properties of the

uct which restrict ths cholice of an evaporaiter for atickwater

P
processing; the post laportant ares
a) the heat sensitivity of i%s constituent anino acids, vitamins

and other « a8 yet unidentified - “growth faotors™,
ismpairment of the nutritive wvalue of stickwater by heat is n
conplex suhject, It has nmost clearly been desonstrated in
the oase of Vitamin 312w The Horweglasn Herring Industsy
Besearch Institute has reported for instance (3) that by

maintaining herring stickwater st %5006 for two hours hbs

Vitamin B,, content was reduced from 0.7547/g. dry matter

in the unheated control to 0.504/g. dry matter, whereas

atf

The
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at 100°C 1t was only reduced to 0.6647g. dry matter.
Evidence of this nature, coupled with the lingering
uncertainty regarding the degree of heat sensitiviiy
of the other stickwater constituents, have caused the
Industry to favour plant operating at temperatures not
exceeding about 280°P in the first, and 150°F in the -

. final effectss

B) the remarkably rapid rise of the apparent viscosity of
the product with solids concentrations {desoribed in
detail in Appendix I). This calls for conservative
estinates of heat transfer coefficlents, and practically
rules out forced circulation as an aid to heat tmsfar;(n

o) the corrosiveness of the liquid and its distilled vapours.
Thias may require special materials of construction, or
chenical treatment of the corrosive mediaj

d) the fouling of heating surfaces by organic as well as
inorganic matter (loosely termed "scale™). All heating
surfacen must, therefore, be accessidble, and must not
requires elaborate cleaning methods, 4 construction
that permits cleaning of individual heating units in
rotation so as not ¢ interrupt productlon, is also
highly desirable,

Apart from these fundamental limitations imposed by the properties
of the product, a mmber of pertinent practical oouaidorstioﬁs also
affect the choice of plant.

When an existing factory decides to recover its stickwater, it
must face not only the cost of the evaporator, but also the expense
of Antegrating it with the rest of the plant, This nay involve the
replacement of direct by indirect cookers, the extension of the boiler
rlant and the insiallation of largerdriers.

In view of the diversity of factors which had to be taken into
account, it is not surprising that the early days of stickwater
recovary vere notable for the large mmber of widely differing
processes offered, and the - sometinmes extravagant ~ claims that
were mads for then, i

This is 11lustrated by two diameirically opposed systems which
were developed anil tested during this period. They are @

a) the Sharples-lassen process. This involved the acidification
of the sitickwater to a pH of 4.5 and 1is sudsequent clarifica-
tion by means of centrifuging. The olarified liquor was then
concantrated in a multi-effect swvaporator of acid-proof con— '
struction. The concentrats thus produced was sufficiently
stable to be marketed directly, without further preservative

treatasnt/

(I)For economic reasons as discussed on Page 56.
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ataont: or it could be neut
cake to produce full meal. This prooess achisved a {tolerably
rirtos of employing mudtiweffoot eva-
poration — but the capiial cost of the sguipment, notably the
special centrifuses, was highs
b} the Iyso provess. in this process the wconcentrated raw
stickwator was mixed with a portion of the fish meal, which
theon racivoulated € 3 drier. The only plan
ifications reguired were an enlarged drying mpaoi%y, which
called for the logioal minimum of ocapital expenditure. 4s,
poration of a poun ayy drier
reguires ths equivalent of about 1.5 pounds of stean, whereas
& vsoupm concentrator comprising say twe sffects requires only
about 0.65 pounds, the ope
high that it conid not bs oonsidered azoept in the pressnce of
sbnoraally low fuel prices, The comparison is even more
unfavourable in the ease of a triple e??mt plant, which
achieves a astemn economy of roughly O.4 pounds per pound
In South Africa & single factory on the ¥est Coast installed a
nlse-lasoen plant du 1950, As this factory is sltuated on a rivsr
the decision %o recover 1is siickwater was prompied more by
the necessity to prevent water pollution than by the profit motive.

solublesz already exiated in the U, 5. A., whoreas the produstion of full
neal was stlll clouded by umoertainty regarding its etability, mutritive
valus and produntion occsi.
In 1953, when the prc!itability ef sticlorater recovery had already
tegompmi ttes of the S. 4. Food Canners®

Souncil was formed; comprising the technical leaders of the Fishing
Industry, headed by the Director of the Fishing Industry Dessarch
institute. This commities was to s and to report on the perite of
different types of stickwater plant which wers on offer at the time,
and on the desirability of bringing one or mors of thess pllet instale
dations %to South Africa.

It was through the guidance provided by this committee that the
Induatry was largely spesred the expense of experimentation with plant and
procesees which submeguently provsd unecononical or inberently unsultable.
hksong other things, a dralt specification was drawm up which contained a
capacity clause stating that the rated poration had %o be maintained
for mix days continuously without cleaning, and that the total solids
sontent of the prod tuined at 50% or better.

The/
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The Fishing Indusiry Eesearch Institute lssued its Progroess
Report No. 15 sntitled:s "The adaptation of existing fish reduction
plants for the manufactures of whole meal™, which oritically analysed
the advantages and disadvantages of various combinations of evaporators
and medifications of existing fish neal plants.

The report rejecis outright the lysosund process on ascount of ita
high fuel cost. It also warns of the poasidle heat damage to the pro-
duct in the case of ons type of plant exploying high temperatures (284°F
in the first and 262°F in the final effect), although the re-use of the
bigh pressurs vapoura in the fish cockers and drisrs renilers this com—
bination economloally stiractive.

While the report does not single out a particular plant as being
the most suitable, it subssoribes in prinociple to the cholise of double
or triple effect, natural olreculation vacuum concentrators. It mo
happens that this has hecoms tha pattern for modern stickwater concen—
trators not only in South Africa but throughout the world.

As an example, the following specification for a atickwater concen—
trating plant of a type which is currsntly in favour in South Africa
was kindly supplied hy Xessrs. Rock Engineering Works (Pty.) Ltd, of
Parow, Cape Provincs:

Typst Four separate effects (or “stagas"), eack comprising
two calandria, are connected to individual vertical
soparating drums., The calandria are vertical and
fitted with loome 4op and bottom covers for easy
cleaning. “The four stages are s0 interlinked that
any three can be operated together as a triple effect
evaporator, thus releasing the fourth stage for

cleaning. ‘ A 17 24 ta

Capacity: When operated as a triple effect unit: 38,000 pounds
evaporation per hour, assuming a feed temperature of
176°F. ©°c '

Faed Method: Forward feed, i.e. product and distillate pass through
successive effects in the maze order, Atk dry s

Steam Supplys  The first effect receivea live stean at 35 to 60 pei
gauge pressure. All later effects are heated Yy
distillate from the previous effects.

Steam Con~ 16,000 pounds per hour, Hence the specific consump—
sumption tion squals 16,000 C. unds of at er
Q W 4;2 PO san per pound
of evaporation. G-y
Tomperaturest Calandria "Separator” (i.e. -
1igquid recoiver)
First effact 298°%F 1w 271% su¥c
"Second effect 2719 i 2279 obrC
Third effect 2279F s 3°1 1150 el

Number/



A 9 £ 2
Hgg: of $ 230 per calandria, 1.6, 460 per effect
Tube Dimen~ : Lengths 10 £{, 2 ins.; Diameter: 35 mm I.D.,
sions h 38 mn Q.D.
Haterial of
Heating Tubems rade 316 Stainless Steel.
Heating Surface: 1,750 Bq. fi. per effect
gonoanm] te t 3By "Mono™ Pump, rated at 1,500 gala. per hour against
a head of 150 feet, requiring a 10 H.P. motor.
Vacuum Puwp t Sulger, rated at 110 ofm aga.inst 27 ins, Vacuum,
requiring a 15 BE.P. motor. ' “w

Cooling Vater : SL 1 Pump, rated at 56,000 gals. per hour against

Bump 2 head of 45 feet, requiring a 20 H.P. motor.

Condensor Barometric spray type

Instruments 2 Indicating instruments are supplied for calandria
pressure, drum pressure (or vacus) and drum
temperature for each effect, .

Fabrication t  All vesssls working under pressure comply with the

' British Standard Specification for pressure vessasls,

Cost t+ (subject to minor adjustments). R58,000 ex Works,

Guarantee The plant is guaranteed againat defects in materials
and workmanship in the usual manner.

An assepbly drawing of the plant is shown in Fig. 3.

A remarkable feature about most specifications for stickwater plant -
including the one above — is that no reference is made to the product, and
ita final solids concentx_fﬁtion in particular is not spociﬁod.i This is
indicative of the uncertainty surrounding the physical properties of
stickwater concentrate, and its behaviour in evaporators.

e s e e S
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CHAPTER II1

THE PROBLEES OF STICEWATER CORCENTEATION

The ;;mbi@ 8
struction and operation. The a_conamics of stickwater recovery are
dealt with in Chapter IX. o .

Until recently the most &%atﬁrbimg provies of stickwater concen-
tration was corrosion. The average lifs of the body of a concentrator

shapter o

nsern plant con-

sonSTuc ™ PRI
mild steel tu'bsa {24 m» wall thickness) is only three to fowr yam;
i-0, ons shell will gerarally outlast two ssiz of tubes,

The ocorrosivensss of stlchkwater, stlckwater concentrate and iis
distilled vapours has besn thoroughly investigated and reported on by
FIRT {4). I% appears that ths tubes corrods mob their inside
{particularly at their inlets and outlsta), tut even wore sevarely on
their outsides, Corroaion sesma 0 be worst near the lower ends, and
o the steam sids, of the tubss in oalandria following the first
sf'fect. " ,

Stickwater vapour and stickwater distillate ars the ohisf corrosive
agents. It was found that while the pH of dliastilliats at room tempsra~
ture is 9.0, it drops to about 6.8 at 175°F, and even lower at higher
23 The attack by the &istlliste is mosi movere in the
presance of oxygen, traces of which are present in the vapours at all
stagen of stickwater concentration.

In & typical test the weiphit loss over 96 houwrs of s sivip of
armealed mild steel with a surface of 3 sq. ins., immersed in distillate
at 175°F, amounited to110 ng undsr aerc and 65 mp under
condd tions,

A straipghitforvard solution fo the corrosion problem lis the use of
stainless stesl tubes {and possibly a atainless sissl body, althoug
cost of such & plant may render it uneconomic). Stainless stesl tubes
are widely used in Scuth M.‘r&mgg tut their cost remains hig;a@ The price
nless steel tubes 18 generally 60%
above that of a sinmlilar plant with mild steel tubes.

Loss expensive grades of stainiess stesl are av

%@ap@m AN

saprobio

ilable, and tamias
are planned 1o determine their corrcsion resistance as compared with grads
316. But the maximum saving that could thus be achiewved would hardly be
sxpsoted to exosed 102 of the installed plant cost. .

Another promising possibility i=s the chemical itreatnent of the corro—

snd vapours in order to neutralise them. This has aliso besn

investigated by PIRI {5}, and the recommended treatuzesnt consists of inject-
ing a 10% solution of caustic soda into the wapour space of the entrainment

separator/
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aeparator of each calanﬁria to naintain a pH of 9.0 at all operating
”‘;g@mu th B0 than - direot addition-
) of caustic’ wsoda has certain theoretical advantages, but night
be  mors difficult %o apply in practise.
of ¥aOH also grotecin the wva
and condensate lines,

ent Lz being successfully applied by several South African
factoriss, but 1% i 5ot yet certaln that 1%s greater econocsy entirely
outweighse all the advantages of stalniess steel.

Chamical ftreaitment of the ﬁcm&i% medis, and the uss of staini
stesl have reduced the urgency of ‘the corrosion problea, bul no satis—
faotory aolulion has yvat heen found for another of stickwater®s distrese—
ing properiies -~ its pronensss 4o scale forsation.

The opporiunity was taken during the $ests reporisd in Chapters V
and VI 40 estimate the rate of soale formnation wnder normal operating
conditions. In altogether twelve cases the scales removed after runs
of known duration was dried and weighed, The thickness of the lnyer
of soale deposited per ag. £4%. during 24 howrs was estinated by assusing
s specific grarit: of ? {a reasonable averags for most mcale-forming
galts). A of these figures iz shows in Table I,

From these data the maximuas Lninws and averags rates of sesle
deposition for sach of the three affects has deen calculatsd am follows:

R S »  Injection
ddition to distiilinte

ol in ad

#illimotres soals depopited during 24 hours
1st Effect 2nd Effect ird Effect

: 4k ngg L4 T
Avearage - 0.1 0.06 0,02

Assuming a thermal conductivity of this scale of 1.3 57U £4./sq.fte
P, hr. (6), and with a typical overall coefficient for a Pfirst effsot
atarting with sisan tubse of 250 jelte . hre, the averags redul
tion during the first 24 hours of normal operation will be given by

may not apoear msfsinua, f
an uuintempteﬁ run of say five days {(as frequently ocours in prmtica),
rarall U us will have } uoed to 150 e Op, brey, which

ie 24% lower than for clean tubes. _

An interesting finding, and one that confirms reports from the faoc-
tories, is that most sosle Is formed in the first effescts This ism probably
‘due to a higher liquid temperature, which coupled with an inverted solu~-
bility ocuwrve for the major seal

ges thelr more rapid

deposition/




TABLE

I

RECORD OF SCALE REMOVED FROM INDIVIDhAL EFFECTS AFTER RUNS OF KNOWN DURATION

Run He DRY WEBIGHT OF SCALE TOTAL OPERATING DRY WEIGHT SCALE PER SQ. FT. CALCULATED SCALE THICKNESS
- grams = WEIGHT TIME PER 24_HOURS OPERATION millimotres/24 hours.
grams hours e
1st 2nd 3rd (approx) lst 2nd Ird Total lat 2nd 3rd
Bftect Effect Erftect Effect Effect Effect Effect Effect Bfteot
1, 2 & 3 2907 6.3 neg. 36.0 . 12 2200 4-7 nﬂgo 2607 0.12 0.025 neg.
4 & 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 2549 0.08 0.038 0,02
8 & 9 3001 24.4 e g. 54.5 10 26.8 21-7 neg, 48.5 D.r142 00‘115 n@bo
10, 11 28,1 2943 TeT 6141 12 20,8 18.7 5T 4242 0,11 0,10 0,034
e 12
&3, 14 12.5 540 6.8 24.3 10 11.2 4.4 6.0 21.6 0.06 0.024 0.032
15
, 164 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
;;- 24.1 6.7 neg. 30.8 5 43,0 12.0 neg, 55.0 0.228 0.063 neg.
33131:3?’ 13.1 14.9 20.0% 48,0 12 9.7 11.0 14,8 35.5 0,052 | 0.059 0.08
265827 14.4 Tel 0.7 22,2 8 16.0 8.0 0.8 24.8 0.085 0.043 0.004
29 & 30 | 2647 19.9 neg. 46.6 8 29,7 22,1 neg. 51.8 0,157 | 0.117 | neg.
gfgt 1547 51 640% 26.8 10 13.9 4.6 5.3 23,8 0.074 | 0.025 0,028

* ‘Scale very

dark - presumably due

to prasence of concentrate,
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deposition. It is probadly not due to linitations in the amounts of
scale-=Torning materisl pressnt ia the stickwatsr, as there is no
difference in the patiern of scale formation between forward and
reverse feed operation.

' 1% 4z imporitant o note that these esiimaten apply only 40 atain~
less steel tubes. Faoctory managers have often revorted that the rate
of scaling of mild atesl tubes is mors merious, and this ia confirmed
by another series of tests carried out by FIRI in Valvis Bay (7).

The first effect calandris of a low temperature concentrator
operating st 2168°F was experimentally fitted with four stainiess ntesl
tubes, which wers thus sublsot 40 the idenilcal conditions as thes
resaining, mil4 steel tubes.

Aftor 55 hours of operation - during which period both sets of
tubes had besn cleaned, and the sonle Irom sach tude walghed nine
timen -~ 1% wam found that on the averass
soals had been repoved from the nild stsel tudbes as from the stainless
steel tubes, . .

Thers appears %o be a tendency for the scale formed inside mtain-
less stesl tubes %0 pariially Fiake off before 1% has atiained a sub-
stantial thicknesz. This iz most strikingly illustrated by 2 corole
lary to the above test. The plant was this time operated for extend-
ed periods before oleaning. After ruming for 48 heu?u, the average
waight of seal
pix sdjacent mild stesl tubes was 1.24 pus. and 4.31 g B8
After another run of 60 hours without cleaning, these figures had risen
to 3.0 gns. and 27.0 gms, respectively,

Stainless steel tubes not only appear to foul less rapldly, but are
aliso reported to be sasier %o clean. Laboratory iesis at FIRI indicate
that the sdhesion of scale to the tube surface depends largely on its
smoothnean, This partly explains why scale in stainless stesl tudes,
which do not suffer fros surface roughening dus to corrosion, conmes
away in fiekes, instead of baving to be drilled or scraped out, down
to the bave metal. It Tollows ! thle observation, that tubes with
a highly polished internal swrface should bhe particularly easy io clean.
Tasts at FIRI have confirmed this {8) and factory tests are planned.

It will haeve to b9 sesn Lo whai extent the high surface finlsh can be
bained under normal operating conditlons,

The uee of stainless stsel is not eaxpeoted to miop m'mm
altogether, and remains expensive. Mumercus attempis have, thersfore,
been made to reduce the rate of scale deposition by chemical treatment
of the sitickwater. To evaluate differsnt compounds, the composition
of the scale wmust De koo

Few/



Few complete analyses of peale mamples have been made, dut jud

& number of approximate analyses carried out specirographically by the

Physics rétment of the University of Cape Town (9), the following
ppear o be its ochief constitusnis:

Depa

Substance Lontant on dry par cend
Ash 51 - 70

7at o : 3#2 - 2-5

Organis Hitrogen 2ed = 4%
Prosphorus Pentoxd 20 - 24

Silica Diexide iraceg -~ 1

Magnosius - ] 14 - 20

Caloium : ) traces -~ 3

Iren Oedf - 10

Among the cations, magnsaive was Invariadly the main constituent. The
anionioc fraction was malinly phosphate, and 4% i spsumed that the inorgen

parts of ithe soals are magnesium phosphate and some izon.

I4 would thus appear that the wost promising moale inhibitors would
be meguestering agents, It has in fact baen mﬁrt&& that the only
chemical trestment whioch has any deneficial effect conaimts of the
sddi4ion 4o the raw siickwater of about 10 ppe of a commerclally avalle
able product, which consists largely of sedium hm—mtayhosghata, This
treatment is said 4o result in the formation of n softer and less tena-
cious type of meale, although the fotal volume im apparenily unchanged.

The search Tor othsr treaitwents is complisated by ths fact that all
- eompounds ¢ be considered muat be non-toxic and must be fully acceptadble
to the ultimats user of the fish meal or soludles. IAmongat the sub-
gtances which have been tested without susesss are ferric chlorids and

satlating and precipitating agentis.
contment of the stickwater %o z sduce soaling has slse besn
congidered, Preliminaity teats at FIRI indicated that by flocoulating
and olarifying the raw stickwatsr (by heating and decanting) the quantity
of weale deposited could be significantly reduced. '
_ Until s ime as scale formatiom can be prevented aliogesther,

the faotorles will have tocontand vith the cleaning problez. The most
important asdvanse in olesning techniqus has been the provision of one
axira = or "Tloating"-effect per stiokwater plant. The effects are mo
interconme bihat each one of them oan b fsolated dn prope
for oleaning. In a txiple affect plant squipped with one floating
effect, the change-over im made roughly at 12 hour .uztemlsg esch
calandria thus being cleaned every 36 hours,.

For routine cleaning (i.e. while the rest of the plant is aperwmﬁ

the tubes are drillsd oul with rotary cutiers. 1% takes two men up %o

eight/



sight hours to drill out & valandris with 450 tubes, In spite of the
fact thet smooth stainless stesl tubes are easier 4o clean than mild
s#tesl tudbas, the factories prefer to adhers to thalr l2-hourly change-
cver oycls, -

At woekly o J-weekly intsrvais (depending on the fish landings),
the plant ie stopped aljogether and boiled out for 8 bours with a 104
csustic moda solutions, This i= followed Yy d4rilling of the 4ubes in
the ordinary way. The oaustic soda {reatment helps to soften and
partly remove the organio inorustations which permeats the true,
_i@ seanle, |

Thers is ancthsr chemlical 4reaiment which is Xknown %o loosen or
soften the hard scale deposits. This consists of exposing the tubes
for 3 4o 4 hours to unheated solutions of hydroohloric or suiphurioe
sedde Dotails have been reported by FIRI (10)s  The relative

to that of a 7% hydrochlorio acid solution. Fither aoid 4s only
gafes %o use in the presences of an inhibitor to protent thome parta of
the evaporator which are not coversd by scale, During use and ra-use
the inhibiter is consumed, and the inhibited scld sventually resches a
stage when 1% oan again atteck the exposed meial. Az no satisfaotory
chemioal method for detsotion of the inhibitor appears to exist, its
preaence can only be cheoked hy observing the action of the soluiion
en bare metsl spscimens. The lingering uwncertainty sbout the (scoi-
dental) attack on the evaporators by insufficiontly inhibited olsaning
golutions has impeded the general smcceptance of this treaiment Ly the
factoricn? ~

The point %o note is that no combination of tude ma%@riai and
chenical de-soaling ham yet compleisly eliminated the neceasity for
regular oleaning by mechanical methods. '

Heference must also be made to a problem which & few years ago

was & source of constant annoyance to many factory managers, and in
feot inltlated this inveatigation inte heat ¢ransfer in atickwater
gonsentratore. '

A% the time, the Jandings of massbanker in South Africa wers ocon-
siderable (130,000 tone in 1954 compared with 19,000 tons in 1959).
When concentrating stickwater derived from this spsciss, cperators

suddenly and without apparent reoason, When the oalsndris were opensd
upy the tubes of the final effect wers found to be sclidly blooked
with s tenacious, rubbery mass, which sould only be dislodged by

repoeated drilling, soraping and beliling with caustio sods solutions.

same breakdown was liable to ocour again, after only & few hours®
cperation.
Sanples/
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Samples of the rubbery matier removed from blocked tubes were
sualyesd st FIRI {11}, Their most atriking feature wasm their gelatine
content of about §,5%, based on a 70% moisture content, The high
viscosity (presumably dus to the higher gelatine content) of maasbankey
stickuster as compared with pllchard smtickvater was m"bae&mﬁ%b sonl iy~
ed by direot messurements (Appendiz X).

¥hat appearsd to happen in practice was that the movement of the
concentrate in the tubss of the third effect became progressively more
pluggioh, méil it cesped allogether, ocmusing the materisl in the tubes
to be vacuam dried, This view wus supported by the absence of signi-
ficant quantities of trus, inorganic sesle-forming tzm@m&s in the
epecimens mbmitted for analyeis,

‘The ohviocus sclution of this problem was to reduce the viscosity.
of the concenirate, thus maintsining the circulation and forestalling
tube blockage

There are three known ways of redusing the viscosity of stickwnter
concentrate, It ocan be subjeoted to heat, which results in a breaskdown
of the large protsin molecules into smaller, more soluble fractions.

The Forweglan Herring Industry Research Institute {12) demonsirated thas
by keeping sanmples of herring solubles of 50% T.8. at gse"c, the viscosity
dropped from 84 centipoises o 79..centipoines after one hour, to 58 op
after two bours and %o 19 ¢p after four hours, This treatnent is
however not favoured owing to the riek of impalrment of the nutritive
guality of the produst.

During the course of this investigation (12) it was discoversd that
the insoluble (as opposed to the soluble) matter in the ;ozigentra,tc aon-
tributed very substantially to its viscosity, It was concluded that
an insoluble matier content of mors than 15% of the total molids would
cause the (herring) solublee to be %00 thick to hanile by conveniional
mothods, Although clarification or . filtration of the stickwater would
also reduce the rate of scale formation, the factories am reluctant
to apply this knowledge. ™

The third method of reducing the viscesity of stickwater concentirate
vize by sudjesoting 1%t to the actlon of cerialn proteciytic enzymes has
come into genernl use, DParticulars of this treatment i glven in
&ppendix IV,

]

e

tr of messbanker stickwater
has virtuslly eliminated the risk of tubs blockages, Together with the
decline in maasbanker landings in recent yesars, this has for practical
purposes caused the problem to dimappear, '

But this cannot be sald of 4the finmal probvlem in thie series: the low
plant oapasity due fto.poor heat transfer rates. It is unfortunate that
both the svaporative efficiency (as pmxnds of evaporation per sg. 4. of

( }) " ) hentin :’:';';-f':.i. e
Possibly because the practical implications of the

process have not yet been fully sxplored,
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aanteat of ‘about 6.5%, based on a 70% moipture content, The high
vimcosity (presumably 4us %0 the higher gelatine content) of measbanker
stickuater as c&mrsrwd with pilchavd stickvater was Iﬁhasqaeﬁﬁlr sonfirme

¥hnt appearsd 4o happen in practios was that the movement of the
concentrate in the tubes of the third effect became progressively more
siugzish, wmtil it csased aldogether, causing the materisl in the dubesn
to be vacuum dried. This view was supporied by the abhpence of signi-
ficant gquantities of trus, inorganisc scale-forming compounds in the
spaninens submitted for analynis. '

“The obvious solution of this problem was ¢o reduce the viscosity
of the concentrates, ithus mainteining the circulation and forestalling
tube blockage., : o

There ara three known waye of redusing the viscosity of stickwater )
concentrate, It can be subjected to heat, which results in a breakdown
ef the largs protein moleculss into smaller, more soluble frections.

The Sorweglian Herrding Industry Hesearch Institute {12} demonstrated that
by keeping sanples of herring solubles of 50% T.S. at 150°C, the viscosity
dropped from 84 centipoises to 79 centipolses afisr one hour, to 58 cp
after twe hours and to 19 cp after four hours., This treatment is
however not favoured owing 4o the risk of impal
guality of the produst.

During the course of this investigation (12) 4t was.discovered that
the insoluble (se opposed to the soluble) matter in the concentrate cone
tributed very substantially do ites viscosity, It was ceﬁélu&ed that
an insoluble matier contsnt of more than 15% of the total solids would
cauns the {herring) soludles 4o be too thick 4o hanile by sonvensionsl
methods, Although clarification or filtration of the stickwater would

also reduce the rate of ;caio formation, the factories meenm roluctant
1)

the nutrd tive

The 4hird method of reducing the viscosity of stickwater convenirate
vize by sudjecting 1% to the avtion of certalin proteclytic ensymes has
come into pgeneral use, Partioulars of this treatment iz given in
hppendix IV,

The uss of en wiker stlokwstexr
has virtually eliminated the risk of $udbe blocksges, Together with the
decline in maasbanksy landings in recent years, this has for practical
purposes ssused the problem %o disappear, ‘

g

plant vapacity dus $o.poor heat transfer rates. It is unforiunasie that
both the evaporative efficiency (as pounds of svaporation per sg. £4. of

€1}Possibly because the practical implications of the
process have not yet been fully explored.



heating surface), ani the thermal efficisncy {as pounds of stean
required to evaporate one pound of water) are considersd of secondary
irportance by factory personnel, Deficisnclies in either of' these
two oategories are too easlly ameliorated; by installing larger plant
if thes capacity is too amall, or by ordering an extra boiler if there
ia a shortage of ateam,

In either czss money is spent that could he more userully snployed
elsevhere; and factory managers are becoming reconciled to conditions
which would not be accepted without query by other induatries,

FIRI has ococasionally been called upon to test the performance of
soncentrators which were reported to be operating below thelxr rated
capacitys At one factory the Gross U Value was estimated as
40 BTU/sq.fts °F hr.j at another it was only 30 BFU/sq.ft. °F hr,

.The Cress U Valus is defined as ¢

Total Heat of Tvaporation
Overall Temperature Difference x Heating Surface per Effect

It is eguivalent to the Overall U Valus that would apply if a multi-effect
plant were operated as a single effeot,

The lowsst Overall U Value quotsd in the literature (13) for this
type of equipment operating under the worst conditions is
60 BTU/sqsf%s °P hr, Under normal conditions (when concentrating thin
liquors) the same mource quotes a U Value of 300 BTU/aq.ft. °F hr.

The factory tests indicated - although accurate figures were diffi-
oult to obitain -~ that the heat transfer coefficlients in the final sffects
were abnormally low, This was confirmed in preliminary tests made with
the triple effect pilot plant desoribed in the next chapter, Ina
typical test, operating under ordinary factory conditions the Overall U
Values for the First, Second and Third effects were 256, 122 and 59
BTU/sqefts °F hr. respectively.

Referring to the mpecification for a stickwater plant quoted at the
end of the previous chapter, the nominal temperaturs differences between
stean and liquid for the three effects were 3 —

Pirat Effect Second Effsct Third Effect
27°F 44°p 112%F

Assuning a Latent Heat of evaporation for water of say 1000 BTU/1b,

the Cross U Valus for this plant would be .

8,000 x 1,000 115 B7U/aq.f%. °F khr.
1,500 x 153 .

Haking the simplifying assumption that the sanme quantit;r of heat ia
transferred in each effect, it follows that:
Overall U Value for the Firat Effect = Qgi—égl 260 BTU/mq.ft. °F nr.
"oomom o ow secom v LMIZA 46 "
15 x 183

3:112'63 "

] " o n'ﬂm " -
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The lmmfmturern maently have ne illusions sbout the mpcmtiu
hree offects are roughly in the ratio & 2238 1.
It is renarkable how the designers as wall as the users appear {o have
him wi lon wi 4 g inte iie
Kawrtheleaa, it appears short-sighted ¢o pretend that the problem does
not exint merely betsune the Pantories can still afford to lgmore it.




CHAPTER IV

The purpese of the erpsriments wans

a) 1o determine the rangs of heat transfer cotﬂ'icienta for typical
comnercial stickwater plant;

b} 4o test the effectiveness of certain changes in operating dechnigue
which on practical and theoratical grounds ymis@@. to dmprove Lthe
heat transfer coefficlents in existing plant; and

o) o confirm a proposed theory for the operating principles of
natural oirculation svaporators, particularly when concentrating
£iulds of high viscosities, |

APPARATUS

The most convincing results would be expeoted from tests on full-scale
conmercial plant. In practice it is virtually impossible to dowstall an
axporiment cailing for exact contrel and messurement into the routine pro-
dustion sotivity of a fectiry. Purthermors, ¢hs instrumentation of commer-
¢ial plant is generally insdsguate, and Tinally 1% is impractical to use an
in&untrigi stiockwater concentrator for testis with other working fluids,

It war therefore unavoldable for the tests {o be performed in the laboratory,

Fortunately, studies in heat transfer can readily be made with appara-—
tus comprising only the smsenilial elements of the largsr oommercial units,
W¥here multi-tube calandris are involved it is often sufficient to conatrust
the experimenial squipment round one single tube of typliecal dimensions,

This expedient was adopted in the prssent case, '

The appsratus that was used oconslsied of & triple effact avaporator,
vith each effect based on a single heated tube. The nagsmbly of heated
tubes; return tubes, liquid receivers, coniensers, etc., is diagrazmatically
shown in Pig, 4. Whers single effect tesis had to be performed, the
sppropriate section was imoisted and opsrated ms required. @

4z the scope and the purpome of ithess tests widened, it hecame necessary
from time to time to improve the construction of certain coéyoneats-
Sizmilarly,; the experience gained during the four years devoted to this
nvestignsion made 1% possible to simplify some of the earlier methgds.

Such modifications freguently neocessitated recalibrations and the revision

of correcting factors, but they were never sufficiently drastic to destroy
the value of sarlisr results., All changes made, as well as their implica~
timmg ere fully diecussed wnder the spproprisie healings.

“he hested tubes used for all tests were of s {ype which i

¥ith plant manufacturers. They were made of solid drawnm, unpolished grade
4I31 316 stainless stesl. Their length was 8 f£%., internal diameter 35 mm.,
and wall 4hickness 1% mm,

41though/
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Alshough tubes made of wild steel ars also used in practice, stainless
stesl tubes were preferred as the corrosion of the nild stesl {particu-
larly on the inaccessible outside of tubes hestsd by distilled vapours)
would have led to undesirabls compliostions.

The sourcs of heat was steam,; supplied to a jackel concentrically
surrﬁuﬁding the heated tube. A= originally constructed, the jacket
covered 7 £t. 6 in. of the heatsd fube, and the ends were designed to
facllitate the substitution of different types of heatsd Tubes, as
shown in Fig. 5. At that stages it was intended to test the effect of
different tube materials and surfacs finishes on the blookages caused
by massabanker concenirate, ass Jesoribed in the previous chapier, When
inter=st was gubseguently foocussed on ithe more fundamenial aspecis of
heat transfer, the improved construction shown in Fig. 6 was adopted,
This had the advantage of utlilising the full length of the heated tube,
and yet providing s clear break between heated and unheatsd tube ssciions.
Hith the earller construction,; the sxact length of the heated tube seow
tion was somewhers beitwsen T £4. 6 in, and 8 £i., giving rise 0 a

maximum possible error of € x 100 or say 7 per cent,
96

The return tube diametsr of 47.5 mms I.D. represents a compromise

between the dssirs to concentrate the pressure drop ¢f the mystem in the
heated tube and the requirements for measuring the liguid veloocity by

the m@tﬁ@&a dageribed 4in Appendiz 1L,

the pressure drops in the heatsd and the unheated seations
of the oirouis, toke the lengih of the siraight portlion of the return tube
as 8 £4, 6 in. and assume the tight return beni to be equivalent to 60
tube dlameters (14). Hence the total equivalent lenzih of the unheated
gaotion is 18 £¢., Take the overall length of the heated ssciion as

8 £4. € 4m. Also szsume that the coniraction coefficient at the inlaet

to the return tube is 0.%, the contraction coefflolient at the inlet <o

the heated tube is 0.28, and the discharge cosfficient from the heated tube
is 1.0 (15)s The ratic of the pressurs drops in the two sectlions can then
be expressed am:

?ﬁ BOaNTE Y

2

x 18 v
mz £1 + 0uF » 0,28 % 1
- 2

v

tiss in the unheated and hested ssctlions respsctively).
On simplification this becomess 460f, + 0,78
2951.2 + 1;0

x 0,205

The ratic of ths Reynolds Bumbsr for the flow in the unheated and the

hented/
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heatad ssotions $p the inverss of the ratlo of the tube diasmaters 1.0,

.11%
0.156

& typlcal £ = Re curve for tubes with msooth surfeces (16) sho
that ¢he ratic of ths {wo pressure drops for fully turbulent sonditions
in the heated tube (Re = say 100,000) will be app

or 9-?4

—_—

rofinste

= 0,38

w {(Re = may

T Gﬁmﬁyﬁﬁ ...........

100) will uim.tlu'ly be spproximately

w 0.6

Although the friction pressure p in the unheated meciion is not
negligible for single phame flow, 1% practisally becomes so when bolling
commences in the heated mection. It is shown in Appendix IV that even
with guite moderate wapouriliguid retios the twoephase frlotlon pressure
drop is several times as high as the corresponding singls phase pressure
drop. It le % me that in this aratus the
flow resistance offered by the non-heated porition of the circult 4id not
:igniﬂcantly ghauga the flow pattern in the heated {boiling) section.

e iy apply in practiice appears from a
comparison with a typical oalandris described previously., The calandrias
gomprisss 176 $udes, 35 mm, 1.4, and 10 £4. 2 in. long. The squivalent
isngth of the unheated section of the olrould ls approximetely 15 £4.,
and the dianeter of the return tube is 10 in. The ratio“of the liquid
tube and in the heated tubsa is thevefora:

176 = 0,011
in one of

the heated tubes is iths ratioc of the tube diameters multipliied by the
veloolty ratieo i.e.

velooities in the ret

10 x 25,4 x 2,97
35 2z

Taking & typical ocase of turbulent flow with & Reynolds Humbsr in the
heated tubs of say 20,000, the corresponding friction factor is 0.0062,
The Reynolds Humber im the return tube will be 460,000, and the friotion
faotor » 0,0032. Hence, ignoring the expsnsion and ocontrantion lvsges -
whioch fsnd %o zancel sach other -~ the ratic of pressw

boiling conditions will be approximately

affected by the flow through the return tube,

(m/



(HOTE tha

hat the came for laninar Plow iz both the heatad and unheatsd

tubes e wnrenlistie owing to the large diffarence in the appropriate
Reynolds Bumber, I such hypothetical conditions are assumed fo be

possidle, the ratio of pressurs

The 1ioguid receliver was of simpie desig

drops would bes

15 x 2.97 x 00117 -
6.2 0. €04 .07 )

ny with & removable oovar %0

facilitate de-scaling of the heated tube. The entrainuent separator,
whioch proved to be surprisingly effeciive, was filted inside the liguid

recslver; $o mind
The condenser consisted of s specially sirengthened motor car
radiator suspended Inside o %$ank
The distillate from the first effsot jacket was collscted in an open

mime radiation loswes,

ng wakers

vepsel alter diashargs from & "Sarco™ thermostaiic misam trap. The

except vhen the preasure in the jacket wae sub-atmospheric., In the latter

a8 found after some experimentation, that the distilliate sould

best be collected in a gradusted ] litre separating funnel, which was
périodically drained into an esvacuated 5 litre Erleamsyer flask, Hon-

- gondenzable gases wers purged from the aystem at the end of eabh digtile
iate collection {or Toughly at S-mimaute intervals), The distillats from

%ﬁﬁ t I3 ey

laboratory vacuun myaten,
yossels, thess were pericdically welghed, and the rs

to within 21%,  When collected in graduvated Frlenmeyer flasks, the

readings are scourate to --5?54» Readings

taken with the gradusted gam

_eylinder are mocurate to S1%,

B W

1)

2)

3)

The following pumps were used for the purposes indicated:

a4 in. ¥ono Pump, Type EX 11, for Peeding the first effect
durdng triple effect tesis)

& % in. "Jabsoo® Flexrotor pump, Nodel 584, driven via a set
of cone pulleys glving 12 combinatlons for s maximum
sinimum delivery of 6 and 17 galn/min. respec.tiﬂly, was used
for foraed ci&miﬂ.‘.@zgg and

& & ine Cear )

sdusts, was used
for "reverse fesling™ and "throtiled flov" teatlsn,

These pumps perforzed satisfactorily when the dischargs was shove

stmospheric pressure, But with suction and discharge both at sub-
atmoapheric pressure, zs vhen reverse-~faeding from the third %o ths

geoond ef

Feot,; or for forced or throtiled circulation under waouum, i3

proved exiremely diffiocult ¢to eliminats the air lesks which persisted,

partionlariy th

agh the shaft seals

s 4% appesvs

in retrospect, that for such unusual purposes pumps £itted with magnetio

eouplings/
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F83, CONTROLS AND IRST ATTON
Heat transfer coslficlents wers caloulated from the
relntionship q » ﬁ& z i m*ﬁ@ or g m k& x A za?
wherse ¢ is the rate of heat tr ssion to the healed

BES

olent from the condens
bulk of the liquid oos BTU /8. L4, OF hr,
B, iz the avarags cosffisisnt of heat transfer
betwsen the tudbs wall and the bulk of the
iiquid ave BT/ 8q.Pts PF B
A im the wall area of the tubs swe usre feed
&%ﬁ?‘ is the %
condens

degress F,

fube wall »
¥hile the meaning of

8 bulk of the mqma degreas P,
e paransters is clear, thelr exact definition

tlon dn s 410Piouwld basl 1 the already Formidable
are on thiz subjact && ool y ivs Thers iz no
nulty, the time and %ﬁ@ monay that oan be sxpended on

Ancreasing the pumber and the accuracy of obssrvations for a singlas
axperiment, But the oraving for perfeciion must necssearily be dridled
by the sober und : & work ﬁm,haﬁ&@

In the present insitance the scops of the experinents was limited by
the mox sdiats neseds of the Industry. Th % the a1
to the provlems that were pomed had fo be glven in terns which oould be
translated into practice. VUnless stated otherwise, the conventional
: a4 in evaporator design has, therelfore, besn sdhered to,
The ha&% trangfer rate;, g, was bassd on the W@igﬁ% of condenssie
drained Lrom the respe ] hé

-#1 i

i corrested for €1

sddation losses,

The overall heat 4r

g by the product of A .
A’ro was taken as the differencs betwesn ihe averzpse temperaturs

ture of liquids fi
vortical, heated tubes is not constant, However, the
2 fures af different tube levels ave A3PPicult to deten

2 itications.
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The arror that can arlse by assuming the bulk liquid temperaturs in
the hesatad tudbe t0 bo constant oan be estimated by applying the appropriate
dimensionless relationships, as discussed in Chapter VI1I, ’

It is largest in the final effects, as the liquid saturation tempera-
ture curve rises most steeply at low vapour pressures,

Assuning an overall temperature difference hetwesn the condensing
steam and thes bulk of the liquid of say 100023', and a liquid dulk tempera-
ture of say 120°F, the nmaxinum temperature rise of the liquid, assuming
it has a viscosity of say 500 cp, would be about 20°7,

The maximun temperaturs would be reachsd near the tube outlet; hence
the true average temperature differsnce between the ateam and the bulk of
the liquid would be about 100 - -§—° = 90°F instead of 100°F,

The error is therafore not negligible {although it is smaller at
higher 1iquid temperatures and lower viscosities); but 1% is consistent
and tends to cancel in comparative tests, Turthermore, the Ujvalues
that are caloulated when this error is ignored are too low rather than
too high, which is an advantage for practiscal purposes,

The area of the heated tube section, i, was based on the internal
tubs diameter, as 1s usual in cames where the major thermal barrier is
the liquid f£ilm on the inner tube wall., The results of the tests which
indicated £ilm coafficients for stickwater of the order of 50 %o 300
BTU/sqefts OF hr., as compared with estimatsd steanfilm and tubs wall
cosffiolents of 1,000 and 2,000 BTU/sq.ft. °F hr, respsctively, confirmed
4hat this was a reasonable assunpiion, [The maxinun error that could
have arisen by basing the tube area on the internal diametsr instead of
on the wall centre diameier is %’:—532 2100 = 4% |

The U;valuss caloulated in this manner are useful for measuring and
comparing the performance of industrial plant. For a more fundamental
analysis of the test figures it is desirable to estinate ha, the film
coefficient in terms of T, the average temparature difference between
the inner tube surface and the bulk of the liquids In the case of the
earlier experiments, when only the steam jacket temperature was measured,
ha. was, vhere necesaary, derived from Il’a by the use of assumed wall- and
steam-fila coefficienta, In later teats the temperature of the tube
wall was measured by means of thermocouplos embedded therein, as showm
in Fig. 7. Thie was a comparatively simple refinement, which also
served to check the assumed steam film coefficient,

Apart from the measurements required to determines W or h,, a number
of secondary readings were also taken to complete the picturs.. Vhen
operating with stickwater or molutions of sucrose or coran syrup, the
80lids concentration was checked at half-hourly intervals by refractometer,
Whenever convenient, the circulation velocity was measured (ses Appendix
II), and the barometer reading was racordsd at the end of sach run,

i The/
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The fellewing instruments were useds
For tesperaturs measuremsnis: 4 Negretti & Zambra gquicke-rsading potentio-
zeter; No. E-25111y range, 0 -~ 53 Ko volts, Altsrnatively, a Leeds &
Sorthrupy diresct-reading poteniiometer; Type 8663-8; triple range instru-
zent, the range used veing 50 - 25Q°F. Both potentiometers were us=ed in
sonjunciion with standard copper-consiantan and iron-constsntan wire of
G,022 in. diameter, lied by ¥ssers. B.X. Cables.
] Thermocouples were placed in ths following positions:

a) in the liquid im the plenum spacey

b} in the iiguid about 1.5 in. below the enirance 4o the heated tube;

©) 4in the smteam, 4 in. from the top of the Jackeds

d) in the stsamy 4 in. from the butiom of the jackety and

®) evenly spaced st 30 in. interval embedded in the wall of the heated

fubes _

The method in whick the 4ubs well thermccouples were ailtached is
{llustrated in Fige Ts The thermovouples were comnnscted to the potentio—
szter via & selector toh, @8 shown in Pig. B In some of the sayrlier
tests 5 single pole selsctor switch was used {System *A"), and this had the
gffeot of creating one complex ocouple out ¢f the four individual couples in
the dube wall. The individual wall tsmperatures determined during the
tests were, therefore practically identical, and represent in fact the averas
fwmperature for the four ponidions. Although this ls not & disadvantage
for +the purpose of eaiaﬁlating the coefficient ha, it oreates the impression
that the tubes wall temperatures were conatant.

The single pole selsotor bLox was therefors replaced by the double pole
svitch (System “B"), which causes the individual couples to be completely
isolated from each other, and 4rue instead of aver wall temperstus
readdings to be obiained. The sffect is illustrated in Appendir III.

Jecondary temperature readings wers taken with laboratory mercuryein-
glame thermometers supplied by Hele Zeals 411 thermometers and thermom
couples were calibrated against a set of standard thermometers certificated
by the H.P.L. The overall soccurasy of all temperature re
pET T L = 197,

The circulation velocity was measured by the devices desorided in

ippandixz Il |
The airflow required for air-1if$ circulstion, was measured with one
of & series of rotansters wupplied Wy Hegretti & Zanmbra. The :Ln,agmnéa\
vere calibrated agalnst the water displacement from an inveried mes ing E
cylinder bYefore uss. While in usme the floasts of the instruments tended
to hover around the sverage position, and ths acour
was about = 5be

Pressure and vacuum readings wers taken sither by mercury manometer,
or by mesns of commersial, bourdon tube preswu 8, which wers cali-
brated on a dead welght tester supplied by Kessrs. Ferris Products of Cape
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Towtta Hanometer Pead
readings $o b4 G’ pai.
The refractive index (or #7.5.S.) of the working fluids was measured
@ither -------- rith o Ze ractometer, or with a Bellinghen & Stanlep
pocket refractometer with a sucrose scale up to 50%, 7T.5.9. readings
of raw stickwater, sucrose end corn eyrup weve mocurats to - 0,5%, At
high wsolids concentrations the stickwater ocesmmed to give n clamr line,

and the acouracy of T.9.5. readings droppad to about 1% .
The wimooalty of ¢ visoosity ve.

surves, or else estimated as described in Appendix I,

The vacwuz in the 1aborator; vaouum systes was maintained by an

2 ¢ driven by a 2 HoFP. motor.

The fonowing variables were controlled during individual runss

porature in the Tirst effect, This was done manusliy

"w regﬁa%ing the live steam stop valve, the stesn pressure having
previously been reduced from beoiler pressure {75 psi) to 20 pai.

& mearch vap made for & thermostatic sisam regulslor with s zensing
elsment ail enough to £it inside the stemn jacket, but such s
device could nod be mupplied losally: - - -, Witk nanval opsra~
tion, the stean pressvure was conirolled to b pei when the pressurs
was above atmosphsric, and to < 3 poei when 1% was below atmospheric,
In most of the single effeot %teste,; the jacket outlet was open to
the atmosphers and control presented no problem.

2) The vaowum in the finsl sffest, A home-mads yacustat adequately
sezved this purpese, It oonsisted of a platimm wire which could
be ralsed or 1mrad inside a mercury manomeder %o make coniact at
# selected level. Closing the cireult caueed a relasy t0 open a
golenoid valve, which aduitted air 4o the vacuum line, By regulat-
ing a throtiling vilve on the air line, the on and off oyocles of the

tez oculd be adjusted to be nearly sgual, the vaouum flustus—
tione inside the liquid receiver were kept to less than 2 mn., Hg.

3) Ths tempsrature of the fsed, This was controlled thermostaiisally,

and generally maintained o within 5%“ of the ligquid jeaperature in

the recsiver. All but minor feed temperature wvariations were

sliowed for in the Heat Ealance, .

4) The 1iquid level in the recsiver. In most cases this was &eno
mamially, and the level could generally be held to within 21 in.
af the 3 glass, When work with water, or other
working fluids up to a solids concentration of about 25%, the level
sould be me ained sutomatioally by means of s device simiiar to
the vacustat described under 2). But at higher concentrations the
liquids invarisbly becams too sticky, and the make and bresk of the
sontaot wl wire becane erratlo.

3 wers acourate 20 0.5 mm

1)

%

5) The/



ing ths %ripl&

- effect tests this was maintained at the target level by opening and
closing of the fesd and drain valves on the last effsot. The T.S.8.
of the liquid in the fivst sud second effsois is determined by the
evaporation rates, and therefore beyond contrel, The molids con~—
cantration fluctusted by about = 1% in the firat, and * 2% in the
sacond When ap&r&%in& & #single al'feod only, 4
T.5.9. of the 1liguid was kept to within * 0,5% by feeding water to
$he liguid recelver st the saze rate s f;.. which distilliate was belng

" sollected. '
EXPERIMENTAL " 5" ™7

natural o #on, forward fsed sand with wnitreated stidl er or one of
the other working fluids, The effect of changing the variable which
characterised each test could thus be measured against its sppropriaste con~
irols ‘This procedurs was : ..
smount of duplication), as i% provided a rumzing check on the proper
ganati@mng af the mpparatus.
The duration of each rum; from th when all temperaturss and
prespures gave steady readings, was initially 1% hours (Temte 1 = 38; 41 -
@52! 45 = 533 64 = T3 71 = 763 107 = 110)e Later, when ths operating
teschnique had been improved, this time was reduced %to #-hour (Tests 39 -
405 43 ~ 443 54 - 633 6B = 703 77 - 1063 111 =~ 167),

Pour sets of readings were taken during esach run

intervals for the longer and at 10-mimute intervale for the shorter rums,

Freak readings were oonsidersd on their merits; when traced 4o an instri-

ment error they vwere included at the averapge value of the remaining real-

inges. If a freak reading could not be reasonably explainsd and adjusted,
ér if the readingm collectlively showed & trend awsy from the Initial silead
state, the Eomns tex-e nriﬂad by rcpoa.ting the runs. )

&%? T%ﬂho , om&a gxﬂu@ @r mmj Mth @%ﬁekﬁ&%m; ;ha tubes wore de-
goaled; in sowe cagsesn the mealie was collectsd to provide information aboui
the rate of soale formation im commercial plant, as discussed in Chapter
11T, 4n expesriment was conducted %o estimate the effect of scaling on
heat transfer in the apparatus. The vesults are shown in Tadle II, It
was concludsd that, for the limited operating time requived 4o complete
sach group of rune, the error dus tu scaling was rot likely to excesd 2%,
For all runs (Fos. 1 — 195 26 = 305 45 ~ 49 and 64 - 6?) in which

eing fiuid wasz
raw stickwater obtained from one of the fastories at Hout 33;. Rune
20 = 25 and 71 - 76 {triple effect), and all single effect runs with

stickwater/



TABLE II

BFYEC OF _ SCALING ON _HEAT _TRANSFER  RATE

RUN TEXNPE Rol TURES " VALUB CHANGE

' The estinated error dus to scaling is therefors may 2% per Tun. This is
less than the antioipated experimental esrror.

¥o. . F BTU/aqe L. Petiz, ‘4n GROSS RERARKS
Live I X T 1 X IIX Ut vALOR -
Steanm ; ILiquid Liquid Iiquid Effeot | Effeat Effeot OROSS |
3 277 234 | 186 115 | 418 | 328 | 228 324 | Control Run made with water and
. o0lean tubes
32 274 225 180 115 315 325 23 jn ~71% Bun made with water, but
" o . tudes not oleaned after
roughly 10 hours operation
with atickwater
CONCLUSIONs The duration of each test run was about 2 hours = inoluding starting up time,




gtickwalter were nade with cdnmntx:st@ thinned down %o the avsrage solids
sontent {57 - 10%) of stickwaier. Although no significant differsnce
was dstscted beiween the physical properties of raw stickwater and the

manoe of cammercial plant, which are dealt with in Chapter ?, were ail
made with unpmymed atiokwnber,

The firat step in caloulating the required heat transfer coefficients
was to itemise the heat sourses and losses, In all triple offeut teats
a heat balance was established by estimating both the total heat suppiied
%0, and the toial heat deliversd by easch individusl effect. In a few
sases where thess Pigures Palled %o %ally, the particular runs wers re-
psated. Owing to ths smaller number of variables involved; anl the
batter control that could thus be achisved,in the single effect runs, it
vas found that 1% was unnecsssary to sstablish & heat balance, and the
heat transfer coefficlents were caloulated direcily from the heat deliver-
pd by ithe apparatus,.

In sither case ths major item-was the latent heat given up by the
sondensats collected frem the steam Jackets of the individ affects,
or from the waiter-coclsd condsnser. The following heat sour
losses were, however, alaso taken into accounts

the sanaible heat of the condensate;.
the "flash™ heat relsased by discharging the Jacket
condensate t0 a lover pressurey
the genaiblie heat in the ligquid feed and dimchargw
from each effects "
the radiation loss from the body of sach effecty and
the radintion loss from the stean Jackeis and linss.
The coefficlents E and h, were calculated by divid.ing the nett figure

the nominal temperature difference.
Epecinen sets of reallngw and e&&mﬂw&&m& sre given in &ppmﬁm IIX.
In certain cases supplementary ocalovlations wers made {o estimaile
Reynolds, Prandt¢l and Fusselt Fumbers, to datermine the Cross U Valuss
(8ofined vy s Tatal Heat Transferred ° 3

Fotal Temperature m@w x Heating Surface par B Brtect
and to computs the power required to achlsve given rates of forced circu~
lation and alir injeontion.
Chapter VIIL.
TRIAL RUE3

so csxlculations are fully discusmed in

'% from prel tests to oheck the functioning of the warious
components, & nuxber of trial runs with water were mads to deternine the
reprodusibllity of the resulis obtalned with th Partioulnre

of these tests sre shown in Tabdlea IIY and v,

Table/
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| TABLE I
REPRODUCIBILITY THBSITS
PTRIPLE BRFRPFECT
RUN | OPERATION mgnmms LIQUID zm,ocxw “U"  VALUR
NO. oF PT. /SEC. BTU/Sqeft,°F, Hy
" LIVE T TT TI1 It T T —‘é'sﬁx L—T-I T Py
STIAX | LIQUID | LIQUID | LIQUID [BFFRCT | EPFECT |EFFRCT | RFFECT | EFFECT | EFFECT
a3 259 225 195 155 2.1 1.7 | 1.45 | 324 277 190 [258
‘34 - i 258 224 193 161 2.3 1.8 1.4 304 258 229 264 VARIATION 5%
a5 5 g 2 258 223 189 150 2.2 1.95 [ 1.6 325% 268 225 | 270
36 =B 264 223 178 102 2.9 2.35 | 1.1 456 342 | 208 308
E VARIATION 1%
37 © E a 258 221 7 99 2.9 2.0 | 1.2 500 297 210 | 305
18 o 278 235 182 112 2.9 1.95 | 1.2 448 301 222 | 306 .
VARIATION 6%
k)] L 277 234 186 115 Not measured 478 328 225 324




Table 11l relates %o the sarlisr use of the a@p&raﬁa& in triple
affect, whilat Table IV relstez to the later single effect tesis, It
iz evident that in the eariisr tesia the control of the live steas and
the ocondenser temperaturea vwere fairly arratic, and it is chiefly for this
reason that the reprodusibility was no betisr than aboud %%, 1% must be
remepbered, howewer, that the chief purposs of the aspparatus at that a
wan to Jdemonstrate the opuses gnd the prevention of tube hlockagesn, Yed
the results obtained in those tesis were suffiolently acourate to supyly
some hitherto unodialnable dats on the performance of typloal commercial
plant. .
The betier reproduciblliity (about 1%) reflected in Table IV is dus
not only to betisr control but slao to single effsct as opposed to triple
sffect operation. The heat gain and loss correciions to be made in the
former Oa96 ave smaller in mumber and significancs,; snd it is for this
reason that the sost orddtlcal 4eats of alr-1ift and throttled ciroulation
wers performed in singls effeot. )
HOTEs  All runs were originally identified by code nuwbers and lstters
relating to the purpose of the tests, For the sake of clarity, they
hawve been re-nunmbered consscutively inm the order in which they are
referred to in the text,




PTABLE IV

RRPRODUCIBILITY TRES3TS
SINGLE RFPPECT

| RUN Yo. CPERATION TEMPERATURES LIQUID h
°F VELOCITY .
B . » .
BT B | OO B | e | T,
WALL = _
LIQUID
» 214 208 17% . 3 Not 418
. - VARIATION 1%
40 = E é 214 209 174 35 Heasured 414 _
41 E - 215 - 160 | 59 1.93 ae2" VABIATION 1%, FNote =
o a . Thess ars U values, not b

42 E 221 - 165 . 56 1,90 ‘ 386 values, as wall tempera- *

© o tures not measured in

earlier tests.
43 = E é,., 213 210 120 90 Not 102
k
4 gg ES 23 | 200 | 19 90 | Meamared | 103 vaRLATION 1%
B~
g g
T3 ty _ﬁ‘




FOTIMATED HEAT MERCIAL FPLANT

&s sxplained In Chapier IV, all testse consimted of & nmumber of rums,
at least one of which was s conirol run. Pariiculars for all control
runs mads with undiloted, wnlreated stickeater, and eoperating the experi.
mental plant in tripls offect and with natural ¢lroulatlion have baen
.o0llated in Table V. The ralsvant dsia for & further group of control

tuns in which the apparatus was operated in single effect have been
recorded in Table VI, A the spparatus had purposely deen designed
aiong the lires of a full-soale plant; and as the operating conditions
are representative of those found in practice, the dats pre
two tables can with reasonable ceriainty be accepted ns a@plimblo 10 mont
commsrolial concenirators,

dn inspection of the experimenial ?Ja valuss BULRS
with figures gquoted in the Iitsrature. It appsars however that 1i4tle
has been published about the performancs of nmatural circulation evapora-
" tors, and virtually nothing about their use for concentrating viscous
iiquors. The only working fluids that have been tested to any extent

par sointions, but even they have not been used at concentrations
at which laminar flow conditioss ave likely 4o have beoome eatablished in
the non-boiling sections of ths heated tubes,

The aituation is best sumwed up in the words of “ﬁlivar Igle: #lhere

’ y needs

s indng bhn gures obialned
on one ylmﬁ and on one material should not be ussed 4o Toratell the heat
transfer rate on another plsnt and/or on another material®., (19)

in spite of these reservations a swwsary has been made, as shown in
Table VI, of overall heat transfer coefficients determined or rescommended
by different investigators under conditions which - in the most general
way — might be considered applicable %o sticke#ater contentrators. The
most striking featurs of this cross-ssction of szpert opinion ie the ten~
fold incrasse from the lowesd Yo the higheast recorded U walussa,

Overall heat tranefar coelfficients qmtéﬁ for all types of heat
exchangsrs sre invariably flexible, but ths maxims and minims rarely
approachk the ten {0 ons spread ohssrved for natural oirculation svaporators.

The resson for this is that heal f{ransfer in this gpe of piau% dt@@n&@
an an interrslation of wiscosity, bulk B e ZrEd
at0., which 18 more ocomplex that in other wrwsntmm h@&t szchangeri.
This aspsct isz fully discussed in Chapter VII.

¥hen comparing Tablas ¥V and vz with Table VII, 44 iz evident that

Fade &

stickwater/



TABLE V¥

TEST SUMXARY s CONTROL RUNS : STICEWATER CORCENTRATE

{concentrated at laboratory from raw atickwater)

TRIPLE EFFECT

Run Xo. | Effect Temperaturss P3S4 Pi ] v,
O {Refrao~ (P in 8
Jacket | Liquid|a T, tonetar) 1bs/s BTU/sqe|& T .;
e les0p, | °
| in) iy
45 ist 263 23 32 18 4.6 215 1.46
2nd 229 180 49 29 28 |. 711 0.52
ara 179 108 7 47 1.1 46 © 0,59
9 1st 273 232 41 16 4.6 210 1.11
2na 232 176 56 25 2.7 98 0.65
|l wa | a6 | 92 | 8 | 46 0.85 | 67 | 0.93
46. | 18t | 275 | 222 | 13 13 5.1 | 318 | 1.89
2nd 242 190 52 21 3.1 123 0.76
Ird 190 94 96 36 0.9 6 0.76
4 18t 273 233 40 14 4.7 250 1.33
2nd 232 180 52 25 2.8 126 0.87
rd 180 89 91 48 0.8 T2 0.99
6 1st 273 235 18 11 4.8 266 1.46
2nd 234 185 49 18 2.9 139 | 0.98
Ird 183 83 95 25 0.8 74 0.97
10 1st 270 233 37 13 4.7 |- 256 1.47
ond 232 184 48 24 2,9 122 0.88
ard 183 9 | 92 46 0.85 59 0.75
13 ist 277 244 3 13 5.2 324 1.89
2nd 244 194 50 18 3.2 | 146 0,91
S 3rd 154 99 95 46 Q.95 T6 - 0.84
47 1at 2717 236 a1 15 4.8 256 1.30
2nd 236 194 42 22 3,2 164 | - 1.22
ard 194 106 88 a6 1.1 68 0.70
48. 1st 272 233 39 8 4.7 326 1.78
' 2nd 233 196 37 13 3.3 229 ‘ 1938
3 | 196 | 9T | 99| N o9 | 8 | 0.5
49 1t | 272 | 238 | 34 8 4.9 | 312 | 2.23 7
2nd 238 200 38 14 3.4 217 | 1.68
3rd 200 95 | 105 31 0.9 72 0.76
16 18t 270 230 40 13 4.6 236 1.28
2nd 228 174 | 54 22 2.6 111 0.79
ard 174 87 81 a6 0.8 69 0.99
R




TABLE VI

TEST SUMMARY 3 CONTROL RUNS : STICEWATFER CONCENTRATE

(coneenu'ata ex Factories)

SISGLE -EFFECT

Zun Temperatures 753 % ] U, v,
o . Conasas) | toe/og, | PTV/an | 7 gF
Jacket | Liquid | A T, in.) ok
50 186 100 86 46 1.0 .13 0.85
51 179 107 12 37 1.1 65 0.82
52 181 108 73 37 1.1 59 0.74
53 | 180 | 105 75 45 1.1 18 0.95
54 213 124 89 51 1.4 77 0,62
55 213 121 92 4 1.3 129 1.08
56 213 120 93 40 1.3 118 0.98
57 21) 121 92 50 1.3 139 1,16
58 213 122 91 (31 1.3 137 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 89 42 1.4 119 0.95
€2 213 124 89 40 1.4 118 0.95
63 213 118 95 60 1.3 128 1.04

W
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TABLE VII
OVFRALL _HEAT TRANSFER CORFFICIENT s A9 REPORTED IN THE LITERATURE

FOR NATURAL CIRCULATION RVAPCRATORS

WORKIRG FLUID TENPERATURE TEMPERATURE U
- OF LIQUID DPIPFERENCE Mg/sq.rr. SOURCE
7 mma-mmn F.HR,
»
Water 140 20 205 Budgg & Shopp;rd. IStud%‘;a in Evapora-
tor Depign. art I. ans. Am. Inst.
Water 167 20 320 Chem, Enge, 1920, 13, 139
Water 212 20 440
Fluids of low viscousity - - 100 - 300 Walter Arnold. "Der Apparatebou”.
Flulds ‘of high viscosity - - 60 = 160 Carl Hauser Verlag, 1959+ e 70
Water and 4ilute liquors "Pressure" - 500 0. lLyle., Effioient use of Stean.
. I - 300 P 296, (Reference 19)
Sugar Solutionstlst Effect 21% 10 610 R. Royds, Heat Transmission in 3031-
. ers, Condensers and Evaporators. on-
ng " 204 1 450 atable & Co, Ltd, London, 1921..
ra " 162 41 200 Pe 269
Brix
. Sugar Solutiont o 160 3 410 R. Royds. 1Ibid. p. 270
20 156 i3 358
30 150 49 310
658=70 144 61 175
Vater 212 . 36 570 E., Kirsobbaum. Chemie, Ingenieur.
Vater 122 16 290 Teochnik, MNarch 1962. 34. p. 183
Sugar Selutiont 50% W/W 212 16 270 |
Sugar Solution: 50% W/w 122 35 145




stickwater bahaves in a similar manner 4o most other fluids; i,e, U
valuss inorease with bulk temperature and temperaturs gradient, and
decrease with viscosity. Howsver, there doss not appear 1o bas any
sinple correlation. The important difference is that the U values
for stickwater clearly tend towards the lower end of the range listed
in Table VII for other working fluida.

The principal difficulty about interpreting the data in Tablea V
and VI is that the figures for different runs can only be compared in
a gensral, unsatisfactory, waye. In partioular, the rols of the most
important variabls, viscosity, cannot bs clsarly distinguished from that
of the others, i.e. bulk temperature and temperature gradient. Thia
difficulty can ba overcome to a limited extsnt by grouping the two types
of variables together, and presenting thelr correlation graphically.

Xirschbsum (20) and many other investigators have shown that for
liquids with viscosities up to about 4 cp the liquid filam heat transfer
coefficient h 1is primarily a funotion of the bulk temperature {or
saturation presmre), the viscosity and the tomporatun gredient, and
can without gross exrror Ye written

a mb
n, o< P> x A

Iherc a, b, a.nd ¢ are constants.

<~ - o . B T L I NP

This fact cannot directly be applied to the current data, because U
valuea were deotermined instead of h values, and because the true vis—
cosity of the liquid could scarce‘.ls be defined, much less measured (See
Appendix I). But both parameters may be defined in a manner which has
a theoretical basia yeot satisfies the needs of the deaigner and operator.

The error introduced hy exploying Ua values instead of ha. values
assunes major proportlons only at the higher levels., Assuming, for
instance, an average stean film coefficient of 2000 BTU/sq.ft. °F hr., and
" s conductance through the tubs wall of 1000 BTU/sq.ft. °F hr?,' the h_
valus corresponding to a U valus of 300 BTU/sqg.ft. °F hr. will be given bys

1\

b, - T —5 : = 550 BTU/8q.ft. °F' hre
300 ‘2000 * 1600
an error of 5-52-5-;—0392 = 455,

Similarly, for a U, valus of smay €0 BY0/eqeTt. °F hr., the h, value
will be 65 BTU/sq.ft. F hr., and error of 9%,  Whilst the error :lntro-
duced by using Ua values instead of hu values is by no means negligible,
it is consistent, and hence more like a corrscting factor, the significance
of which diminishes with decrsasing U, valuss. '

The most logical dsfinition of viacosity in terms of known measurements
is in terms of the total solids content. It has been shown (21) that an
sxponentlal form of correlation often exists between the solids concentra—
tion and the vimcosity of a colloidal solution. Data presented in Appendix

I ;lustiry the umption that over the range of. values covered by these

(1) Sea lMarks L.S,, "lechanical pngineers Handibook" tﬂﬂtﬂ/

Hlacgraw-1ill, Yow York 1951.

Paraa A anAd 7K
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tests, the apparent viscosity of the concentrate is more dependent on
its solids conoentration than on its teaperaturs. As an approximation
wo can therefore write:

x 15
/A
32 3
or U P~ x A?e wheare al, and a., are constants.
%1 ™S = ‘K‘otal so0lids content.

g
From this log 2 = o - {P5)
1,’2.5%3

By trial and exror the dest mmerical values for the coafficients
(32) and (33) wers found to be roughly % and 1. The tern

83 was calculated for all runs listed in Tables V and VI, and

P;-A by a plotted as shown in Fig. 9. The corresponding figures for
a nmunbar of runs made with water (73 = 0F) wers obtained for the make of
comparison, and are shown in Table VIII and includsd in Fig, 9.
When allowance is made for the sweeping approximations - particularly

in relation to viscosity -~ a correlation can be read into the curve of
u

a2 vs. {TS) up to a TS value of about 30%. Beyond that the pointe
PE . '.l“ are scattered in a seeningly random fashion betwesn the

ordinats valuss of 0.5 and 1.2
The fact that the best curve that can be drawn through the points
between gero and 307 TS deviates from a straight lins at low TS values,
can be ascribed to the increasing weight of the steam~film .and tube wall
ooefficients which ars included in the overall U values., The scatter

- in the ;_;-:;— values for pure water are probably dus to variations with
e temperature of secondary parameters such as density, sur-
face tension, eto.

The most intereasting featurs of Pig. 9 is, that the carrolation which
seems to hold for thin liquor breaks down when a certain viscosity is
exceeded. It is remarkable that if the correlation did in fact extend into
the regions of high TS — as shown dotted in Fig. 9 — the corresponiing u,
values would becoms so low that evaporation would practically cease. It
appesars that 1t is only by virtue of the break in the accspted correlation
of U amd viaccsit,y that commercial concentrations can successfully produce
concontrate up to 604 TS, It is significant that at the critical solids
concentration of 307, the flow pattern in the non—boiling msction of the
heated tube would be expscted to change fron turbulent to laminar.

~ This can be fllustrated Ly ths following sxampls, ERaferring to Fig.Am\
in Appendix I, and TablelX in Chapter VI, it can be assumed that the :

. average/
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TABLE VI

TEST SUMMARY : CONTROLS 3 WATER
TRIPLE  EFFECT
Run | Bff- Tozperatures e l’i U. L
o, 8% [« . in
— L4 1bs/aq. ﬁf"‘;‘j;r ) ATo.l’;
Jacket | Iiquid|a T, in.) . ‘1
k¥ 1st 2717 234 43 4.7 478 2.7
2nd 234 | 186 48 3.0 328 2.28
3rd 186 15 71| 1.2 225 2,64
3} 1st 259 225 34 4.3 324 2.22
2nd 225 195 30 3.2 217 2.88
rd 195 155 40 2.1 190 2.26
34 |1e¢ | 258 | 224 | 34 4.3 304 2.08
2na 224 193 | N 3.2. 258 2,60
3rd 193 161 32 2.2 229 3.25
35 | 1et 258 223 35 4.3 325 2.16
2nd 223 189 34 3.0 268 2.63
3ra 189 150 | 39 25 225 2,30




average viscosity of concentrate at 30% TS 4z adout 10 op, and the Iiquid
velocity in the heated tube would be of the order of 1.0 Pt/sec, Assuming
the densiiy to be 65 1lbs/oubic 4

s ] © 0,115 ® 1 x 65 & 107 .

be pamﬁalm! by an sven sharper drop in the wmmﬁlng Rmynolds Mbtx*,
swing 4o the simultansous slowing Gmm of the olroulation xate,.

In spite of the soatter of adont = 20% of the
around the average values within the rangs of sero %o 307% T3, and the
abaence of a recognieable oorrelation a% high val S 00BS-
£4lly sombines all the data contained in Tables V, VI 1% almo
gerves 1o indicate the range of Ua. values that may De expectsd umder all

operating conditiong.

practi



-3}~

| CHAPTER VI

EXPERIMENTS TO PROMOTE THE HEAT TRANSFER IN EXISTING PLAHT

It is widely held, e.z. " Lyle (29), that the drop in the heat
tranafer coeflicients that commonly occurs in the later effects of
natural oirculation evaporators is caused by the steep riss of the
viscosity of the produst with decreasing temperature and incressing
solids concentration. I6 is beliewved that the inorsase in viscosity
reducss the cireculation rate, on which chiefly depends ihe xrante of
hoat tranafer, This ressoning suggesis that if either the viscosity
of the product is sufficiently reduced, or if a reasonable circulation
rate oan be maintained in spite of its high viscoslity; better heat
transfer coefficients will be achieved,

The spplication of this arguwent o existing stickwater concenira
tors resulted in the following alternatives being mselescted for testings

{a) Reverse feeding

{») Eagyme treatment of the stickwater

{e) Forced circulation

(a)  Air-1if% oirculation.

A £ifth alternmative which appeared promising as a result of the
study of the working principles of the apparatus outlined in Chapter VII,
and which was tesied after the sain experimental work had been concluded,
was 3 N

{e) Throttled circulation.

This chapter contains details of all the experimental application
of alternatives {a) to (@), and brief sunmaries of the results. A full
disoussion of the significance of the findings is diffionit without an
urderstanding of the operating mechaniss of the spparatus, and is there—
fore deferred to Chapter VIIL.

{n) Reverse fesding(inmtead of forward feeding).

The 1iguid lines of the three effects of the spparatus wore ré=
oomnected t0 pormit raw stickwater to be drawn into the third effect,
and liquid from the third effect to be pumped into the mecond, and
from the second into the first effect respeciively. The steam lines
were not changed, so that the fesd now entersd at the cold end, and
the concentrate left at the hot end of the plant. _

It was expectsd that the inorease in the U valus in the fimal
sffoot (owing to the lower msolids concemiration of the liguid) would

nore/
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more than offgst the dearvase of the ’B valus in the firat effeot

m :mﬂul%s, shown in Table IX;, wers ﬂua;spainiing. he effect
of reverse mwdm@mormhaammarﬁ
reverse fteeing say havs possibinties ‘under acertaln operating conditions,

&1 'l'aﬁ 5ot further lnvesti-
g&%@ﬁa

(b} Inayme Treatsmt of Stickwater.

fube hlmhget, desoribed :ln Gﬁaptsr III. The use of sngmes o &

ﬁ?m&ngmmm%d mammm 88 the W&f“ ENBYTO,
A Ml damiyﬁnn of a t,mimi test with enma—-treatad stickwater,

; { B)s

increass plant ca.paaity by a fixeﬁ amount, However, in olrocumstances
vhere mlzaa of yﬂchm gut are avallable at low coml; @5 in the
y of the gut

(¢) Porced instesd of Natural Cireulation.
Oliver Lyle (30) ’

sation of forced clroulation 4o the third effeat, which nomd {0 be the
attleneck 3.:: the parformance of commex-clial plant,

] {31 he
ligquid welocity in foroed circulation ewapwrstors is about € ﬂ./m.,

oting pusy

Wiwiw szplayed in the tripis effect tesis,.
The results shown in Table II indicats that foroed ciromiation

lnerense of sbout 31T.5% 4n the Oro . :
feature of the m;la @ffect tesis is, that the a;plinaﬂcn of forea&




TEST 5 TEST A,

TSsT <,

_ TABLE IX
FRIECT OF REVERSE FEEDING ON HEAT TRANSPER IiA.TE

(TRIPLE EFFECT 7TEITS) (PIRST, SECOND AND THIRD EFFECTS DENOTED BY I, II end IIX)
Bun | Mode TS5 by Refractometer Tomperaturs CF Ch;:lauugs:olo:ity u, Uy gHAgGE Itg |
oo [ of L ~lon ¢ por Seoon BTU/aq.£t: OPuHr BT g ue
B st | 1 |z | o M| T ] m] o — TLTLORE | peveie
Tl water Stean | Liquid [Laquid [Liquid I | | I 1 )11 1 ne
45 | Forw.o| 12 18 29 47 | 263 231 | 180 | 108 1.75 |0.8 0.5 215 | 71 ) 46 88 Control
ﬂh“--ﬁ---““-“‘iﬂﬂ-ﬂ—“-ﬂﬁ--ﬂ--ﬂﬂP-‘“H‘-_”*-“ﬂlﬂﬂ“““'-dﬂﬂ -ﬂ--“ﬂﬂﬁﬂﬂr-“ﬂﬂﬁ
64 | Rav. 12 46 24 16| 274 222 | 174 98 " not|measured - 126 1110 | 43 |- 84 - 5%
26 | Rev. 7 a1 | 14 8| 288 | 225 | 154 | 1310 17 (135 | 1.2 167|137 |167 | 148 |+ 1%
- W SN o AW W M B W e an e ar o o ﬂmqn-ﬁpﬂmb--ﬂ-mmﬁuwﬁﬁuﬁ-‘ma-m e wn smfum We M e wn o e e aw| em e s e e wy o - e e e
27 | Porw. 7 1w | 16 49| 298 262 | 204 | 110 2.4 (1.4 0ud 350 | 239 ) 77 147 Control
-ﬁ‘-—“““ﬂ-ﬂ-qiﬁﬂlﬂ"’ﬂ*_ﬁ‘“-ﬂﬂﬁﬂd-"nﬂﬂﬂﬂ--------ﬁﬂuﬁ -y ws Wil e AW el e e e A Wl W - W W N W
28 | Rev. 7 a7 16 9 | 287 224 | 152 | 110 1.5 2.3 0.9 179 | 197 | 198 166 4 13%
29 | Bev. 9 4 ).28 | 12| 286 | 230 | 158 | 102 1.8 |09 | 0.6 179 122 1115 | 130 - 3%
" oes el o mr wn SE e e W un s W W e Wk e B W e - oan e s o M o e W e - e e e e e s s aum e e e ma e e W ] s e o A o g M W YR A W W e W AR R A
30| Forw.| 9 | 12 1’ 21| 50| 267 | =242 | 191 | 108 | 3¢ Tl33 7o, 238144 | 62 | 136 Control
J { 1, . ﬂad i ; J J
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TIST O

TABLE IX

EFFEQT OF REVERSE FEEDING ON HEAT TRANSFER RATE

(TRIPLE EPFFECT TE3TS)

PIRST, SECOND AND EFFECTS DENOTED BY I, IT X11)
Eun | ¥ode 78S by Refractometer Teaperatura CF c::-ouhungsvuoony s Ty CHANGE IN
Neo. of [ 'k P, per Seoond U, dus to
| Operam | S ol ¢ | g | prplBvel| T | 1| Im e TTRTE | Tovaran
B ater Stesn | Liquid |Liquid [Liquid I ju | oI I ) Iz ne
L..45 Forw.'| 12 18 29 47 | 283 23 180 108 1,75 |0.8 0.5 21| T3 _ 46 88 Control
mﬁﬂwuh‘l’ﬂﬂ“ﬂmnhﬂﬂﬂ--ﬂ----ﬂﬂﬂ---q!'ﬂﬁb*ﬂﬁﬂhn--‘n--ﬂﬂﬂﬂdﬂﬁ *“w.ﬂﬂh‘ﬂﬂﬁrn--‘-
64 | Rev. 12 46 24 16 | 274 222 174 98 " not|measured - 126 110 | 43 84 - 5%
26 | Rev, 7 47 14 8| 288 225 154 110 1.7 (135 | 1.2 167 | 137 | 167 148 + 1%
- ok W Wk i W A o e (W A e W ae oy o onl wr e am pn Wk b A% oy SR W e Y W e o e o e e on o e S s oaw e R A W | N AR T R e ] W G e A W W W WS G A G
27 Torw. 1T 11 16 i 49 i 298 262 204 110 - 2:4 144 0.4 350 | 139 17 147 Control
aadill ---ﬁwﬁd-ﬁ“-q--ﬂu---qﬁ-n-ﬂﬂsﬂ-n-ﬂ-mwﬁnmﬁ*umm-*-ﬁ-ﬁ“ﬂ* WS NR AR W | W W TR A W W e A AR A G e
28 Rev. 7 47 16 9 | 287 224 152 110 1.5 2.3 0.9 179 [ 197 | 198 168 4+ 13%
25 | Rev. 9 48 |.18 | 121 286 | 230 | 158 | 102 1.8 (0.9 | 0.6 179 [ 122 | 115 130 - 3%
ﬂﬂﬁﬂ-”ﬂﬂﬂ”ﬂ““ﬁip‘-ﬁ--h'-ﬂnﬂﬂﬂ--ﬂdﬂﬂ“*ﬁ‘ Wl e e A S s A A TR WD S W Wi W e S AR O an]| N We R A o W B T Y A A
30| Porw, 9 12 | 21 50 | 287 242 { 191 | 108 mﬁ:__ 1.3 0.4 238 | 144 | 62 134 Control
FUre
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TEST £

EFFECT OF ENZYME TREATMENT ON HEAT TRANSFER RATE

(1) Por desoription of treatment ses Appendix IV.

(2) See Appeniix I,

(TRIPLE EFFECT TESTS) (First, Second Effect I, II

Run (1) T58 by Rof%aotometer ?ompoe;ature Ap%arent Viascosity a ﬁo Change

, by U=~Tubs Vigcompler o BIY in U

Ho. TREATHENT Raw T yive! * 11 111 Contigtokes ti, BIU/8q. 2%, "F.Hrs SQef taOF,Hr,, due to
Stick= ) I 111 | I [ geean [Laquia|tiquiataquia [T % T 1 | I | IIx © | pnayne

» ment
4 [ Untreated 9 14 | 25 48 273 | 233 180 8 not [messured 250 (126 12 126 Control
gontrol ' '

5 | 20% Pilohard gut | 9 13 | 19 47 272 | 233 187 | 93 not |mensured 282 (167 | 17 144 + 14%
6 Pntr. Control 8 11 | 18 45 273 | 235 185 88 0.55 1.6 .82 266 (139 T4 127 Control
7 10% Pilohard gut | 9 11 {18 | 45 273 235 | 190 | 88 0,5 | 0475 | 20 | 285 7y | 77 142 + 126
10 | Untr, Control B 13 | 24 46 270 | 232 184 91 not |moasured 256 J122 59 116 Control
11 | 5% Pilchard gut 8 12 | 20 46 | 272 | 230 191 | 94 not [measursd 287 (216 | 82 156 + 4%
12 0% Pilohard gut | 9 12 {20 | 47 272 (233 | 203 | 107 not {measured 295 (259 | T5 159 + 31%
13 | Untr. Control 9 13 |18 46 2717 | 244 194 | 99 0.6 1.3 105 334 (146 | 76 143 Control

14 | 0.2% Commeroial
Engyme prep, 2 13 (21 | 47 274 | 238 199 | 103 0.5 1.0 46 316 (196 | 74 153 + 7%
15 | 5% Pilchard gut 9 13 |17 48 274 | 234 203 | 99 0,5 0,8 70 330 [280 | 79 170 + 19%
) Liquid Velooity
ftl!!ﬂo

47 | Untr, Control 8 15 | 22 46 277 | 23%6 194 | 106 1.95 | 1.7 0.6 256 (164 | 48 137 Control
65 | 043% Com, Ensyme | 8 12 | 20 47 273 | 2M 197 | 99 1.7 1.4 1.2 324 1244 | 88 173 + 26%

66 | 5% Pilohard Gut | 8 13 |22 | 47 | 273 [234 | 188 | 99 2,05 § 1.4 | 1.25) 2001158 | 73, 14 + 3%
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TABLY AL

RFFECT _OF FORCED CIRCULATION, IN . THIRD ¥TFIRCT, OR HEAT TRANSFER RATE

e e e

(TRIPLE RFFECT  TESTS) (Pirst, Seaond and Third Iffects dencte I, II and IIX
TSS by Refractometer o Apparent Visoosity (7] 7] Change in
%:n g;&;a:ion , o rompeTature. ¥ by U=Tube Viacometer | mu. /a :t Op,Hr GBTU Ug due to
. Raw Live| I 1T | 151 Contintokss ST %R ._f" o7 T | Foroed Cire
Stiok-( I [II |[IIX Stean (Liquid [Liquid|liquiad 1 11 | 111 I | 11 |1Il Qo2 Te "l E laulntion in
_water 3rd Effect
8 P e ™ |10 15 (24 | 46 274 {234 | 179 | 98 0.9 | 2,1 130 [ 262 115 76 129 + 164
9 Contzglo:- natural 10 16 |25 46 273 | 232 176 91 0,9 2.2 150 210 98 | 67 109 Control
46 cont::::l'u: natural | o 13 |22 46 275 | 242 190 94 0.66 { 1.3 76 318 | 123 66 128 Control
§7 |Foroed °§:°'m 9 13 |19 | 47 274 | 230 | 189 | 96 0,68 1.3 | 74 .| 211|182 79 150 k-' 17%
EFFLCT OF TFORCED CIRCULATIOR ON HPAT TRANSFER RATR SINGLE FERFEQT TESTQ)_ |
Run|Cirsulating Velow TSS by Refractometer Temparature °r Us Changs in U,
No.laity £t/sec. % Live |Tub® |, .4 WuﬁlT- BTU/sqq 24, P, H dus to forosd
Steam(Wall [*¥ Laquid QoiSe Fo circulation
57 %nt:;é; natural ‘50 213 | 209 | 122 a8 1319 Control
68 1.5 50 213 | 209 | 123 86 118 - 15%
&9 3.0 50 213 | 209 | 123 86 122 - 10%
70 4.0 50 213 | 209 | 122 87 126 - 78
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for this are unoerisin, but are prodably related fo the unsiable balance
of 11; values, tonpersture gradients and solids concemtrations vhich is
typical of multi-effect spparatus, and shich is largely boyond the control
of $he experinmenier.

The contention that low circulation rates ars ineffectlve was
eomfirned by the single effect tesis (o) shown in Table XX, It was
foumd that for oirculstion rates within the range of 1.5 £i/sec. to

{a) Adr-15ft Ciroulation.

It was dlscoversd that 8‘ sond Hg valuse could be significantly
increased by injecting small quantities of alr into the liguid sntering
the beated ftube. A rough preliminary estimste indicated that the
jmprovenents in heat tronefer achisved in thiz zsrmer probably fmvolved
& considerably lower pumping cost than messhanical foreed sirculation.
As the spplication of alir-1if{ sircnlation to eveporation appeared noi
%o have hesn investigatsd befors, the tesis were sxiended to cover a
falrly wide fisld. Triple affect tests with air-1ift oiroulation
applied to the third effect were carried out Lotk with stickwater and

from difPevent rates of alr Mmﬁen. A small mmber of tesis were
finally mads using o Newtonlan fluid of high viscosity (solutioms of scorm
syrup) 30 eonfirm the favourasble results obiained with stickwater concen=
trate. - ‘
Specimen sets of resdings and caloulations will be found in Appendiz
IIX (1) and (o), and the resalis of all the air-1ift tests are sumarised
in Tadles XII %o XV, |

Uith from 2.0 36 4.0 litres of alr measured at sabisnt temperature
and pressure being injecied into the base of {bs bested tube of {he third
effect, the overall improvement in hea$ iransfer when operating in triple
sffoot ranged from 1TF %o 475 The S.snapacnt of the effsciiveness of
air=11f¢ing in triple effend tevim is complicated YLy the faot that a
change in the U valuss of ome {e.g. the third) effect brings sbout a
change 4in 4the tempenturo gradients, the solids oconoentrations and the 'G’
velues in the other effecis.

The single effect tests with stickwater concentrate mi;-u porpossly
posforasd a$ temperatures and solids concentrations commonly found in the
final effects of commeroial plant.

The results of these tests {Tsble XIIT) display some festures which

way/



TABLR
ENFECT OF AIR=LIFT IN THRIRD EFFECT ON HEAT TRANSFER RATH

XIY

(mrm EFFECT TRSTS) (First, Socond and Third Bffeots denggag by I, ,ﬁg ).
Run T T35 hyﬁef;actomotor Tomperature OF s 11qu§/g: looity g Changs in Uj | .
Ko, admitted Taw Tive T~ T 2 _Mmf_ho_%lff% BTU due t0 Alrw
bt (sttak= | T (zr (zrz | Sveam(taquid ftaquiaftaquaa| T FE | FE O IQIY, 0%, 0| - e
— ¥ater
* T Oontrol | 9.5 12 (18 |46 269 | 237 | 206 | 134 not messured 2711 | 184 | 69 144 Control
) 72 (o, 4£i§5&.=:l 9.5 13 [19 (45 267 | 238 | 180 | 1n " " 307 | 117142 168 + 175
a1 3.0 ' | 8.5 12 121 |46 260 | 226 | 163 | 108 R 310 107 | 127 159 + 29%
SN Control 9,0 12 |20 |46 257 231 188 107 " " 3051 13| 58 123 Control
J 15 Control 2.0 14 (23 (45 261 | 236 | 185 | 108 " 338! 100! 58 114 Control
| 76 (0.6 10 mz) | -0 11 {19 |47 261 | 228 | 171 | 10% " " 324 | 134|120 168 + 47%
g 20 Control 9,0 14 |24 |49 265 | 241 | 197 | 103 " " 420 153 64 138 Control
"';l_ 21 c0.32g0- r) 9.0 13 ‘21 51 265 233 185 118 o ] 336 160 110 174 + 26%
Jf{22 | Control | 9.0 | 13 |24 |50 274 | 246 | 192 | 97 2.5 14| - 390 117 N 129 Control
K|l 23 2.0 9.0 13 |23 |s2 274 | 246 | 192 | 106 2,0/ 1.5 1.1 435| 132 98 165 + 28%
0 24 Control 9.0 15 |23 |48 274 | 251 | 200 | 127 1.3 1.3 | 0.5 24| 93| 50 105 Control
¢ 25 | 2.0 8.5 12 |21 }50 274 245 4| 203 132 2.3] 1.8 1.8 414 | 195] 101 153 + 46%




mmmﬂntmmm,quwwdm%mmmm“r
It the atickwnier

tropic, aa
had o be vigorously stirrsd to mﬁer then free-TLlowing.
The resmite of five of the towts have been plotted in Fig. 10,

and & considersble differences is evident in the shape of the individual
curves, For comparison the resulis of test D (Table m) with sorn

as wteon Jacket temperaturss were measured in all rwne from Table ZIIX

- ay are close to and of leme intereat Topr cow s hive
poxpogen than the W valuss, the &arremﬁing h valuss heve besn
omitted except in stle XI¥e VWhere culcnlstéd, thn h values are

ﬁ’ valuse zeapured without air injeoctiong
{44) ghewlmafaxxmmmmx@ma@wnv value by &

trate, €.g. in test O, using concentrate of 42% QSS, 1.1
119 BT/ /sa.TH. “2. Hr, to 197 BT sq.?%. °F ﬁ*r., wherens in
test E, using ooncentrats of 60% T3S, 10 litres/min. were
roguired to ralse the @ value Peom 137 Wl‘@sf‘&: O, Hyy
%o 172 Bw/sq.rt. °p, Er-;

spzoeption (temt F), the ocurves of u

{111)

A fairly wmieep ink
‘germrally fonm& by a rogion in which 'ﬁ’ rises steadily but
lsss sharply with the air injection rate, mt&;, in a fow oasns
curves agalr risms more sies; at injeotion rates in
excess of sbout 10 litres/mine

Inoluded in Table XZIII is & column beaded ¥ I.2.%:." The cal-
sulation and the significance of this Index of power consumption will be
discussed in Chapter VIII.

The results of the tenis with water {Table i follow a olearer
trend, In order toc corrslate them, the fastor b,

1ad for all rung and plotted AT x §§

shown in Fig. 11. It i3 not




TABLE X111

EYFECT OF ATR-LIF? ON HPAT TRANSFER RATE

(SINGLE EFFECT TESTS)

cs 7
7:5._ e d

Run Yo, Alr 133 Temperat °p ) ¢ +HePo
| L tressetn | 4 ::r;E gy Eﬂ n?f’im el . png/agers.OF, Hr. a:;mz i::;ﬂt e
54 Control 57 213 212 124 Y& Control
(i 0.53 59 213 212 124 61 - 21%

78 1.0 61 214 212 124 60 -~ 22%

7 3.55% 61.5 213 211 123 83 + 8% 0.0098 -
80 10,0 5745 213 207 123 184 + 139%

81 5.1 5745 213 209 122 178 + 131%

82 3.8 58.5 213 210 124 121 + 57%

~—

+ 16% '

83 2.0% 595 21} 211 125 89 -
59 Control 41 213 210 121 129 Control

TEI L O
L

84 2.0 40, 213 204 121 189 + 52%
85 3.88 42 212 203 124 207 + 6T%
86 1.0 42 213 208 122 171 + 38%
87 0.5 40 213 207 120 163 + 3%
56 Control 40 213 209 120 118 - Control
88 5e3 68 213 212 126 48 + 14%
89 10.0 é8 213 212 124 41 + 124
90 19.0 66 213 212 120 84 + 100%
91 Control 66 213 123 42 Control




Table XIIT

csontinued)

.

Run No.

Alr

7SS by

Tan

tpara ture

O

Change in ﬂ;

- ppaey R::ﬁ:;t” Stenn gﬁi Liquid BTU@g:ﬂ,"F'aE_J;, T i
| 51 Control 50 213 209 121 139, ~ Control -
f { 92 5,0 50 213 208 124 189 + 36% 0.0129
€4l 93 10,0 50 . 212 205 123 202 4455 0.0267
Al %4 19.0 50 213 204 127 222 + 60% . 0.0473
(| =8 Control | {7 213 209 122 137 Control - |
95 540 61 213 209 122 159 +17% 0.0148
b 96 10,0 59 213 | o8 122 172 + 268 . 0.0278
I i A et I Aty DR St s’ T T St Dt XL = Tl e B e 1 ms-simn v} Oy s Br B 2L
'ﬁ* - 58 5¢0 50 212 207 118 184 * 0.0154
39 " gontrol 60 213 209 118 135 Control -
99 1.1 60 21) 208 116 148 + 9% 0.0036
N 100 . 5.0 _ 63 213 209 117 131 + % ] 0.0163
5 60 Control 63 213 210 118 122 Control -
"\| 1 19,0 63 213 209 122 149 +22%8 | 0.0842
)l 103 2.0 42 213 208, | 125 203 + 70% 0.0056
: 61 . Control 42 213 209 124 119 Control -
A e 2O L 32— §5% 3.0029

1.

1

N 105 . 1.1 40 213 206 124 200
2
Vi) 62 Control .40 213 209 124 118 Control -

(oontinuea)




P XIIT (ocontinued)

Bun. No. My | T8 vy~ L - Temperature °r v Change in U Pump I.H.FP.
adunitted Refracto- Tive Tube Liemia * a
Litren/min nater % Steam Wall 4 BTU/ngs £t “FsHr, o _to Air-Lift
E 106 5,0 6245 * 213 208 116 169 + 32% 0.0111
¥ 63 Control 62.% - Control ,
47 182 - 99 104 + 42%

Control

+ 123%

Control

1.25

TEST & TEIT.Y

Control

Control 59 Control -

1425 ‘ + 127%
1.25 + 20%

Control A Control

TEST L
e,

TEIT M



TABLE XIV

EFFECT OF ATR-LIPT ON HEAT TRANSFER RATR (SINCLE EFFECT TESTS)  WATER

Air Zemperaturs °F | Liquid b, 3 B,
" | Mitees | varr [WeHa (AT | TR | gt Orr,| | | AT E PR
[min
1 | Control | 207 | 157 50 1.75 410 2.1 3.9
Control | 207 | 157 50 1.75 390 2.1 3.7
3 | 0.36 208 | 158 50 2.05 500 2.1 4.8
0.96 209 155 o4 2,15 540 2.1 4.8
5 | 0.34 [ 105 96 9 2,28 400 0.9 49.5
6 [Comtror | 205 | 92 | 13 0,21/ 47 0.85|  4.25
7 | 0.53 106 96 10 2.57 440 0.9 49
8 | 0.33 205 | 97 8 2.22 370 0.95| 4845
9 | 0.985 105 97 8 2.90 440 0.95| 58
0,11 | 106 97 9 1.88 330 0.95| 38.5
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
Comtrol | 222 | 100 | 22 712) 80 1.0 3.8
0.11 123 | 104 19 1,885 370 1.05| 18.5
19,28 } 123 | 103 20 2.37 460 1.0 23
0.105 153 | 1 42 1.415 390 1.15 8.1
0.955 153 119 Lt 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 13 1.72 430 1.3 10
Control 152 120 32 0.94 210 1.3 50
: Estimated

Too low t0 be measured




TEST R

TEST ¢

TABLE XIV

EFFECT OF ATR~LIPT ON HEAT TRANSFER RATE (SINGLE EFFECT TESTS} WATER

0.105

1.415” B

390.«

135]

Run Ay Damperat Op Liquid B, 3 h,
Hoe M tres | Waly [MAewia |AT vﬁxﬁynwﬁ@ufmmu P | &TxTh
Join
111 | Control | 207 | 157 | 50 1.75 410 2.1 3.9
112 | Comtrol | 207 | 157 | 50 1.75 390 2.1 | 3.7
113 | 0.36 208 | 158 50 2,05 500 2.1 4.8
114 | 0.96 209 | 155 | 54 2.15 540 2.1 4.8 |
116 | Comtrol | 305 | 92 | 13 0,241 47 0.85| 4425
1217 | 053 | w06 | 96 | 10 2,57 440 0.9 | 49
({18 | 033 | 205 | o7 2.22 370 0.95| 4845
119 | 0.985 | 105 | 97 2.90 440 0.95| 58
120 | 0.11 06| 97 | 9 1.88 330 0.95| 38.5
122 | 0.29 123 | 103 | 20 2.35 480 1.0 | 24
123 | 0.57 124 | 104 | 20 2,685 510 1,05 2445
124 | Control | 222 | 100 | 21 212 80 1.0 3.8
125 | 0,11 123 | 104 | 19 1.885 370 1.05| 18.5
126 | 0,20 123 | 303 | 20 | 2.7 260 Rl

3.1‘“

(1) Egtimated

(2) Too low to he measured

i

f‘127'“ 153 | 111 | 42
126 | 0.955 | 153 | 119 | 34 2.9 550 1.3 | 12.5
129 | 0.555 | 153 | 120 | 33 2.53 560 1.3 | 13

< 130 | 0.31 | 153 | 120 | 33 2,07 510 1.3 ] 12
131 | 0.0 | 153 | 120 | 33 1.72 430 1.3 | 10
132 | Control | 152 | 120 | 32 0.94 210 1.3 5,0




TABLE XV

EFFEO? OF AIR-LIFT ON HEAT TRANSFER RATE  (SINGLE EFFECT TEST3) CORN _ SYRUP
 Run No. . dﬁ:“d gzis_r ‘:{O‘ - 'romgg_%:_.u_m Op v, Change in U iﬁ;obx;mg;u ::Iou..
Litres/min | meter (%) | Steam | wWaly | Liquid " BTU/mq. 04,00, dus to Air-Lift Ving:motor; .
E 43 Control 15 213 210 120 99 - Control as50 |

bl 133 1.2 7 212 208 120 T 135 + 36% 400
134 540 79 212 207 120 142 .+ 51% 750

E 135 Control 79 212 209 119 94 Control 750
80 213 120 + 6% 1000
137 Control 66.5 213 . 210 .18 84 | . Contrel 45
y 138 1.0 - 66,5 213 209 118 SV + 1% 45
Wil 139 Oontrol 6645 213 209 117 88 , Control 45
140 0.5 6745 '+ 213 208 119 119 + 38% 55
44 Control 759 213 209 119 99 Control 270
a 141 1.0 7640 213 205 118 127 + 28% e
W) 142 5.0 . 7545 213 207 120 147 + 49% . 270

143 10,0 76,0 213 206 121 - 161 -+ 63% 310



FEST R

TEsTR

TESTC

FTESTD

TABLE XV

EFFECT OF AIR-LIPT ON HEAT TRANSFER RATE  (SINOLB BPFECT TEST3)  CORS  SYRUP
' Run No. Air T893 by Tomporature 7 U; Change in U‘ Approxinate Visooe-
admitted Refrasto- Live ~ Tube . sity by U=Tube
Litres/min meter (%) Stean Wall Liquid BTU/8q.24.%P.Ap, * | 2us to Adr-lift Vllgomotor.
entistokes
4} Conirol 75 213} 210 120 99 Control 250

133

1.2

17
19

212
212

208

207

120
120

142

135 - + 363 400
134 540

.+ 51K

150

44

Control

155

213

209

119

99

135 Control 79 212 209 119 94 Control 750
136 1.2 80 213 210 120 100 + 6% 1000

1 137 Control 66.5 213 210 18 84 Control T
138 1.0 6645 213 209 118 147 + T1% 45
139 Control 6645 213 209 17 88 Control 45

\| 140 0.5 675 213 208 119 119 + 38% 55

Control

270

141

1.0

76.0

21}

205

118

127

+ 28%

310

142

340

. 3.5

213

207

120

147

+ 49%

270

143 10,0 : 7640 - 213 | 206 121 161 + 63% 310




NOTE: Stickwater was used for all tests except
one with Corn Syrup for comparison
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TADLE _ XVI

PFRECT OF FLOW THROTPLING ON HFAT TRANSFER RATE

(SINGLE FFFECT TRSTS)

Run Working ™33 by Eatimated Temperature °F Approximate u Change in U (1)
No. -Fluld Refracto~ Liquid Live Tube Liquid Vigcosity : e dus to °
neter (%) V;%t}:;.zy Steam | Wall 1 Centiatokes BTU/sq.tt.l.orF.Hrf Throttling
( 144 8 A6 0.42 213 209 116 X ¥ 159 + 21%
145 T 46 213 209 118 0 0 134 Control
% || 146 I 46 0.22 213 209 119 T R 174 + 33%
w 147 c ¢ 46 0.11 213 210 117 169 + 29%
" 148 kK o 46.5 0e35 213 210 119 s 159 + 21%
\| 149 ' 47 213 208 119 T 128 Control
151 T B 60 0.20 213 210 115 E ¢ 137 + 5%
152 E N 60 213 209 121 A X 130 Control
Q393 | BT 60 0432 213 209 120 8 W 156 + 20%
';.i 154 R 60 0,42 214 210 | 120 U A 140 + 8%
‘E 155 A 60 0.38 213 209 120 R T 146 + 12%
156 T 60 0.27 213 210 120 E ® 117 - 10%
| 157 E 80 213 210 120 D R 122 Control

(1) Baged on Average Control ﬂ‘ value in eash test.

W
(continued)




rTISTC

FEST D

Tabla XVI (contd.)

o

Run TS3 by Estimated Tempsrature Op Approximate U Change in U (1)
No, |¥orking Fluld | poon otom Liquid Live | Tuve | /o o Visocoaity a o due to ®
meter Velooity Stean | Wall qQ Centistokes BTU/sqeft. Folir. Throttling
(%) Ft/neo
158 Stiokwater 20 213 2121 176 not 67 Control
concentrate e measured
159 - do = 20 0,1 214 213 173 - do = 123 + 84%
160 - 40 = 20 0,22 213 213 174 - 40 = 87 + 30%
39 Water 0 214 208 175 0.37 356 Control
161 Water 0 0.1 214 208 174 0.37 451 + 26%

40 Water 0 214 209 174 0.37 362 Control
(1 162 Suarose 6545 213 208 120 25 83 Control

(1) Based on Average Control U; valius in each test

163 Suarose 66.5 0.057 213 208 119 28 107 + 29%
164 Suorose 67.5 0.113 213 205 119 M 147 + T1%
165 | Sucrose 67 0.23 213 | 208 | 117 32 166 + 100%
166 Sucrose 67.5 0.45 213 207 121 34 152 + 83%
167 Sucrose 67 0.68 213 207 116 32 128 + 54%




some intersedimte liquid wveleoity. This is bwought ot
clearly in tent X uaing & 65.5-57.5% @ s solution, The

. irregxﬂaritg in ike behaviour of the working fiunid;

Ehes - improvesents in U, wvelues obssrwed in the teuis
¥itk stickwsier decresse !ith solids contsnts and range from
84% (for comcentrate of 20% 753) to 20% (for concentrats of
ok TSS)e

Gﬁayare:i with accelerated oirculation (eithcr w mechanioal or by -

ﬁﬁmb@aﬁgﬁﬁ%m@f‘fw%mu&&wmh&@m
effect az air-nfting; and
alie Bn 5 S0UPGs mﬁ@y %hm B O0ng
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CHAPTER VIT

THE HRCHARISH OPF EEAT TRANSFIR

I HATUBAL CIRCULATION EVAFORATORS

%mx@g
goiumes of wnierp

& aearching mgﬁgatian intc the heat tramsfer %o liquids flowing
vpwards in vertical tubes was carried out by W.L. Badger and collaborators
{173 183 22}. The existencs of two fundamentally different types of
hest transfor sones was suggeateld; viz. a "non-bolling™ lower, end a
"beiling” upper tube region. Eapirical sxpressions for heat transfer
coefficients applying to sach of the iwo regiens wars derivsed experi-
mentally, but no methol was

the bulk temperalure of the liquisi; )

the "head", or spparsnt 1iquid lsvel in the heatsd tubej

the fubs length and diametsr; and

the viscosity of the working fluld.,

The ocutstanding schievement of this yprogranme was the svolution of
ionless correlation 11

« Suriacse tension
P = Prossure in plemm
A = Latent Heat
B = Thermsl conductivity of working Tiuld
f" = Density of mquia.




A& = a cvefficient determined by the apparent level of
the - 11@11& in the heated tube. The numerical value

her of tesis

experiment, and referring to
the tests described in Chapters V and VI, it falls to explain the trend
of heat tranafer coefficients at high viscoaitles, .

In discussing the performance of commercial plant {Chapter V), 1%
was noted that when the stickwater exceeds roughly 30% TSS, the U_ values
appear strangely insensitive to further increases in solids concentration
sven up to 60%, and may even show & slight rise. A einilar phenomencn
e _ "
£¥}, for inamtance,
viscosity of 270

ghasl

g of 8% lsant

- 3% £ 100 = 5%
The highest viscosily of any of the working fluids tesied by Kirsch-
baun was about 4.0 op. The circulation veloclty was not measured in
Kirschbaum's tests, buit judging by the results of the tests reported in
Table XIV, a figure of say 1.0 ft/sec. appears a conservative estimate.
The Roynolds Number in the non-boiling region of & tubs of 40 mm

dn mssocistion spparently existis between the inconsistent trend of U

values at high viscositlies and the development of lasinar flow in the nnn—,
boiling mection of the heated tube. It is possidle to derive much corre-
lation in terms of the proved and acoepled axprusianx for fiuid flow and
hesd 8 .




the same %tewperature as the bulk in the header drum. Circulation is main-
taired by the hydraulic imbalance betwesen the liguid in the return tube and
the nquid and vapour mizture in the bested tube,

2iquid enters

is reached. Doliling commences with ithe practically instantanecua "flasgh-~
ing” of part of the superheated liguid on entering a region of lower
pressure. Only the upper part of the tube is given %o boiling in its -
nArTOYer ‘2engs, ‘ —

It has besn reported by investigators such as Boarts ot al (17) and
Groothuis mnd Hendal {23} that heat transfer in the lower (nﬂn—builing)

tube Tollows the relstionships for forced o
£

BEBRBBEFRED

HRERLPELLDD

the movement of the liquid relative to the heated surface as due to a
combination of free comvection and the pumping action brought about by
the formation and the collapas of the nucleate vapour bubbles.

¥hen bolling coours inside a vertiecal tubs, the uni-divectional flow
of the liquid-vapour mizture provides a third mixing force, which may ob-
moure the offect of ths other two. 3

of B0 to 200 B
BTU/8q. £t °p, Hr. for Mnﬁansing stean to boiling liguids;
b) not subject to radical change from one level to the next within the
boilling repgion.. This is exerplified by Kirschbhaum's corrslation

Qg - E x. 3* x z%)g which m&&&u& no factor which would be

% See Note (1) on p. 49



~42—

found that boiling on the cutside of tubes wus completsly wmaffected

” by viscosity.,. Even Kirschbaum®e vi-uésit;r correction \? Bay bhe
on the high side, as it reflscts the effect of viscosity not only on
bolling, but also on the relative extent of the boiling reglons, ¥ \

£l compromise appears to be 0125,

There appsars 4o be no asgresment about the affect of the liguid tempera—
ture and the i{wmperature gradient om the heat transler cosfTicients to
1iquids boiling in tudes {as opposed to "subwmerged surfaces™). The liquid
temperature is often represenied Ly the corresponiing vapour pressureor
spacifio vapcmr volume, and mocording to Kirschbamm (20) h o(&_ (j

0.1
A

' I{mever, Strosbe ot al (22) suggest h W0 0‘13

In industrial evaporators AT and V, tend to move in the same direction,
d.0. large temperature gradients in the final effects are generslly
asgociated with low plenum pressures or large specific volumes. As more—
-.over variations of AT, ¥, and P within the prackical range are of a smaller
order than variations ci:/«, 4he heat iransfer coefficient in the bolling seo-
tdon will be for the present purpose repressnted by @

(a constant) =x A_)G-ILES

in swerags heat transfer cosfficient in terms of the individual co-
efficients for the bolling and the non-boiling seciions is defined by s
B, x L+ h, (L - L)

h& ®m Lo BEEOS (111) r

where 3 h = average coefficient for whole tube B1U/aq.ft. °F. Hr,
R, = coefficlent for non~boiling seotion  BYU/mq.ft. Op. Hre

h, = coefficient for bolling section BTU/eq.2%e “Fs Hr,
L = length of non-boiling section feat
I‘o » gvarall length of heated dube fest

In this expression only L is unrelated to some familiar pattern of flow
. or heat transfer, yet under son—

c : ditions where h, and h, differ

widely, 1%t i8 the ratio of L ¢o I’o

which determines ha‘ Reference is

ertwqtmw Curve therefore made to Fige. 12 which

" ilinstrates diagrmm{:a‘bically the
- - temperature riss and fall of the finid
,é..._-..-....—-— 8 pasing up the hested tube, The
lime AB represents the steady hesat-
Heat'mg Curve ing of the liquid in the non-boiling
L - ‘seotion wmtil it/
B X% 42 reaches/
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reaches the agpropriata saturation tezaparatare at B - the point at which

> section
i foe %f ﬁﬁ@}

it the density of the liquid {Ibvs/eudic foot)
C & the specific heat of the 1liquid {B7U/iv)

AT 1 the average temperature difference between the tubes wall and
‘ the bulk of the liquid (large enough %o be considersd constant
in relation to %) {(°F)

ST 3 the tem Q;a.tm-s rize of the liquid pamsing through L feet of
tubse

By w T 2w xbix o . Sq
4z Lxhx AT

lonless fors as @
Fu » 5o ¢ Pr g e 41: 63 ‘sesevsssas . {i‘??

&g the purpose of this calculatlion is the determination of L, ¥u can be
sliminated from (iv) ty equating it with the fundamental heat transfer rela-
tione (1) or (ii) (depending on the type of flow).

In the case of turinlent £low this leads tot

FREBRBBRER {W}

@
Re w Te4 x(F)PxE3

The problem thus resclves itself into an

SHERELBERS D {Vﬁ;}
satimstion of Hey o -

S, .o AR L ER ]

Friotion. 2

iv
i.6. H = 4f 23}} Y IY I (ﬁi)

where H = losa of head dus to friction {faat)

{7# "= Panning mction faoter.

e i AR ST T e i ot T

For turbulent flow ﬁﬂ'ﬁiﬁ the range He = 5,00{} to 200 2000, and for
mends the substlitution of

ssction ¢ alsoc cbey the laws of fiuild

by definition.




- 44 -

Thus solving (vii) for v yields

sensssswns  LTILL)
for 1

é@w&@@@&@&

for 1
& valus to H,

the {larger dismeter) unheated section is ignored, the pressure at the base
ef the return tube can thersfors bde written
‘ hE x‘o Py
Ignoring also other minor losses dus {0 contraction, expansion and fittings,
this pressure must sgual the sum of 2
{s) the hydranlic pressure of the non-boiling seotion (= %}

dets &ﬁ@g&%?g®??%?& "

ar g alh—Ln ?H*?F-{-?a
) /OL

The following analysis of the pressures drop of gas-ligquid mixztures flowing

upwardn in vertical tubes is dus to Govier (28). The terms Py, Pp and P,

are dsfined by writing the mechanical energy balance for sach phase in the stream:

WE@ 4% igiﬂ # 0 ssrssasens {X}

k3 @ LY RS XN 8 R {ﬁé

of vapouwr {oubic Pest/1b)
4. = Differential length of tube
v, = Linear veloeity of liquid (ft/sec)
vy = Linsar velocity of vapour (ft/sec)
dfi,; = Frictional Head loss of liquid {feet liquid)
' ¢ {fost wvapour)

# See FHote {2) on p. 49
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(=3 évxﬁ s
v o L v v.dy, ¥
LL 43 G. G G G
?LdP+dI-+ "'%*Lz?ﬂ*u&ﬂ'*w&g +--'Laﬂmn-9-

W,

Putting (&R)ﬁ‘-dﬂn +-;§x aﬂm, and re-arrangiog ¢

aw, By Wl Y _
4 1 +8s 3 fai Viivy, Mg, ai 1
vI, ﬁ!: 1 + EY + 1 + RV Bﬂ, ”‘img E & "'""‘L "—""—g 1 ¢ B9 )dL Sosnw (zii)

P = Vapour llquid mass rs

(m?
; e W T W,
L2 L G= G
e/ = +ﬁn"‘-é"‘- 1 + RV 4L sesse | {ﬂﬁ}

g drops ZPH, Py and 5 are rapresontad by

| . 1+f 1 i“'LWz. Yo e 1

Owling to vapour peneration %&a ra%iaa Bm and AV ars not counstant along
length of the boiling section of the heatsd tubs, and ?L% can therefore
not e evaluated for the section as a whole, Tt is possible, h;guavar§ o

Full detalls of this salenlsiion are given in Ap:peﬁ&k V, and 1t is
shown that the term

Py + Pre Py
/OL
can b& expressed se & fraction “a.g“ of a colupn of liquid equal %o the length
of the bolling section,
Bea L y = L= a,(L, = L)

wlay =ay) By = (L= m)) I eenes (xtv)

Expressden {viii) for twhulent flow thus B0

2692 x 5 x 3 %15;” ag}% - (1 - 8,)t
- Ge092 - * L p 2,2
To convert to a dimensionlese form sultiply both sides by 5 whenos,
- L - - L
z f—a'—lq_ ag} g fi ag}—" FEreD (n)
g m» {51" 32)1, - (1 - QQ)L TS (m}




whioh — given the dimensions of the heated tube and the physical constants
of the working £luid ~ permit L to bhe calculated for turiulent as well as
for laminar flow. To complets the calculation L is inserted in (1ii) and
h a is obtained.

Yorked Txamples
The object 12 %0 determine the wvariation of the average heat transfer

cosfficient h cvar a practical range of vimcosities, In a typical stick-
water ooncentrator the apparent viscosity of the liguid may range from say
1 op in the first to 500 op in the final sffect. Compared with this order
of variation, the other physical properties of the liquid may be oonsidered
constant. _

Suppose therafore that the (idealised) fluid has a density of 70 lbs/eudbic
foot; a specific heat of 0.5 BTU/1b; and a thermal conductivity of 0,2
F BTU/8qe28.°P.Er; alsc that the heated tube is 8.0 ft. long, and has an
sffective diameter of 35 zm (0.115 £t.) As final-effect conditions are of
particular interest; assume that the bulk temperature of the liquid is 120°P
and that the nominal temperaturs gradient bstween the tube wall and the
liquid 1= 100°7,  Let the boiling point elewation of the liquid at levels
belor the tube outlet follow the saturation ourve for a 70% corn syrup solu-
tion, as determined experimentally {Appeniix I) and illustrated in Fig. 13,

Asgume also that the plant is operated (as i common practics) with the
liquid level in the return tudbe at the height of the upper tube plate in the
calandria {constant a; in (xiv) equal to unity).  As shown in Appendix V,
the maximum and minimum valuea of the factor “a.z“ can be tszken as 0.1 and 0,9,
and the limits for H are therefore

I,—- L -0.1(L-L) = 0.9 (L-L)

and Ly =L = 09(p L) = 0. (L L)

It 18 possibles to calculate the length of the pon~boiling section L
from the dimensionless relations {xv), (v), (xvi) arl (vi), but it is more
convenient to sslect a number of arbitrary points on the gaturation curve
(5T vs L) and to determine the corresponding values of/&, v, Re and Pr and
h

1» ¥hich by combination with L and h, leads to the unknown h,.
In the case of turdulent flow, expression (v) then becomen:
1 k /-‘" L bT}s
vV o= (0,000677-1)2 173'?.103(3:600‘3) D ET ceossesase {zvii)
- e A (ay) ——> :
and {viii) decomes '
v = 1 p°'2 LE 0.555
(000006?2/1)0.111 00092 L tssesseosse (mu)
«——— B (say) »

Hencs /.\ - 1490( )0.53

Also/
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To caloulate h&,?aluaﬂm to’bemimtohz, the heat trancsfer
coalificlent in the bolling seciion.

The highest beat iransfer cosfficient cbserved in any of tho tests
with the experimental apparatus wae measured im run 161 (’rable m, throtiled

¥hile this iz no more than/;n approximniion, it wlll presently be shown
that for the purpose of the arpunent the mmerical valus of hz is not
critical, since it does not affect the Tundamental differsnce batween
furbulent and laninar flow and heat transfor. '

Baving ésrived hy l:2 and L as tlsacri‘ned, the average heat transfer

i Table

s

, ~/ velation ot

5%
of ealoulations was performed with the key parameisrs cha:agezi to represent
a typical first effects, It wns zsmumed that the ligquld tomperature was
2409P, the boiling point elevation curve (shown in Fig. 13) was taken as
for pure water, ani the tempersture gradient was asmmsd to be 30°7.




TALL . AVIL

VARIATION OF AVERAGE FILM CORFTICITRNY ha WITH yISCOSITY

o

Effeqt C $_T = 120°F 3§ A T w 100°F, Saturation curve & As for 70% Corn Syrup Solution
(A) ZTURBULENT FLOW ,
Hoad % L H v h . ot h o
‘ | Tte Pr 1 b a
n 0 /\A ’ N Qo \
| Dot P £4 L3 QePe 2t/asc BIU/s B I!Tﬂéngifgg‘l“-ﬁr:' BTU/ag. 03, OF, Ry |
'?o 15 644 | 0.16 3,96 2.48 74500 . | 24 212 : 370 244 '
.3,, 20 5.75 0,225 1.22 3.62 35,600 Ted 459 428 450
3 25 5.0 0430 0.41 542 154,000 | 2.48 957 490 182
G |- | 7005 | 0.855 | 9.3 55 7,100 | 86.2 283 332 290
= 15 | 6.4 1.44 2,08 | 9.0 52,000 | 12.6 768 400 694
% 20 5.75 2,02 0.65 | 12.7 235,000 3.93 1610 462 1285
i(B) LAMINAR PLOW S
Head s L 4 v 28 hy h, B,
Det” °F | e £t/060 | ‘0.ps BIU/aqe 4, 0P frs | BTU/mq.24,OFulir, | BTU/mg.£4.%P.Hr, |
, 5 | 7.6 | 0.04 165 | 4.4 4,500 39 360 55
- 10 7.05 0.095 0.536 | 34,7 185 27 281 57
e 15 | 6.4 0.16 0.265| 130 24.5 22 239 65
= 20 5.75 0.225 0,154 | 350 5.3 195 210 72
e 25 5.0 0,30 0.096| 860 1.34 17.% 188 82
~ 5 | 7+6 | 0436 1.65 .| 39.6 500 39 277 51
o To5 | 7435 | 0.585 0,86 | 128 81 31.8 239 49
) 10 703 0,855 0.536| 312 20,6 27 214 45
—__;.‘ 15 6.4 1.44 0.,265| 1,170 2.7 22 181 54




VARIATION OF AVERAGE PILM COEFFICIENT Ba WITH VISCOSITY

TABLE

XVIIL

First RBffect Conditiong v T = ggo°p 1A T - 30°F. - ion o 3_Ag for Wate
(A)  TURBULEND FLOW "
Head | 47T L | v b, ] b, | b
Doz o |2 23 0sPs £1/0ac Re Pr | BTU/8q,24,%F By, | BTU/wg,f¢,%P.Br. - | BTU/6g, 24, °F.Hr,
o 2.0 | 6.0 0.2 26 2.41 1,100 | 157 61 339 143
~° 2,9 | 5.0 03 5 3.98 9,600 | 30,2 | 281 338 310
3 3.9 | 4.0 04 1.1 | 6.19 67,500 | 6.65 | 730 a32 581
) © 2.0 | 6.0 1.8 13.75 | 8.53 75450 | 83.1 344 35 336
a° 2.9 | 5.0 2.7 2.65 | 14.3 64,700 | 16,0 992 : 388 16%
vy 3.9 | 4.0 3.6 0.575 | 22.8 476,000 | 3.48 2,710 470 1,590 |

(B)  LAMINAR FLOW _
Head X L H v Re R h, h
l a
Dar™ Op £ £4 ft/aec {:\ Do BTU /g, 03, OF Hry BTU/mgs £4s °FoHr, | BTU/mgef$s °F. Hr,

1 7.0 0l 2.78 Tel 4,700 47 340 84

~ 2 6,0 0,2 0.84 93 183 3 266 92
o 2.9 | 5.0 0.3 0.402 | 206 23.4 28 225 102
:j; 1.9 | 4.0 0.4 0.206 | 670 3.7 24 194 109
o 4.8 3,0 0.5 0,113 | 2,030 0.67 22 169 114
::;‘ 1 7.0 0.9 2.78 | 64 520 A7 260 14
o . .0 2. 0.402 | 1,850 2.6 28 171 82

3 ' 2.9 5 | ;z 4 »85 7

==============:===L==================L===================:
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Details of the caleulations are shown in Table XVIII, and the relevant
curves have been included in Fig. 14,

Inspoction of these figures ralses the qusstion how h is
affected by forced — or throtiled — ciroulation. The answer io this
is largely provided by the information in Tables XVII and XVIII,
Using the samed T and L valuse read from the saturation curves (Fig.
13) as before, the corresponiinmg liquid velooity was, in the case of
turbtulent flow, calculated from expression (xvii). The high
temperature operating conditions were applied, as being the more
appropriate, and b g WOE caloulsted for viscoalties of 0.5 opy 2.0 op
and 5.0 ap.

For the laminar region, the values of v and b, {being indepen-
dent of visoosity) were exiracted from Teble XVII for the low
tezperature operating conditions. The boiling sone cosfficient hz,
and hence h&, were caloulatsd for viscosities of 20 cop, 100 op and
500 ep.

All weleocity ¢ h& figures are suwmariged in Tabls XIX and the
corresponding curves have been plotted in Fig. 15.

DISCUSSIOR

Some of the sssumptions that have deen made in order to illus—
trate the dunal-gone theory have necessitated over-simplifiocation.

Doubts sxist, for instance, about the sharpness of the divislion
betwesn the boiling and the non-bolling regions, since nuclesate
boiling can ocour on sub-cooled surfaces, Furthermore, Eirschbaum
{20) has suggested that the immer tude surface near the outlet may
become blanketed with vapour, thus presenting s greater resistance
to the passage of best than the rest of the boiling sone.

It is alse obviously incorrect %o assume that the physiecal
properties of the fluid are insenmwmitive to changes in tempsrature
and solids concentration. '

Howaver, the limits of texperature, viscosity and propelling
head {H) have purposely besen chosen sufficiently wide apart to
‘embrace the most drastic changes in the secondary variables that
could reasonably be expecied. In view of this genercus sllowance
for error and uwncertainty, the stability of the pattern of hs
" variation with viscosity is remarkable. '

The soundness of the arguments that have been sdvanced is con-
firmed by a comparison of the theorstical curves in Fig. 14 with the
sumsary of the experimental rms in Fig. 9. It is noteworthy that

. ga
LT x
Solids Concentration occurs roughly in the position that would de
expected from an inspection of the h va. Viecosity curves.

the change in thq diraction of the curve of ¥8. Total

il



VARIATION OF AVFRAGR FIIM COGLFFICIFNT Ba WITH vELOCITY

(A} TURBULERT PLOW Liquid Bulk Temperature « 240°F Saturation ourves As for Water
Se |1 M w 0.5 op M » 2,0 op M« 5.0 op
% |r¢ Pr e 3.025 h, = 480 Prwil2,l b, w400 Pre 30,25 h, = 358
v Re h k ¥ Re h h v Re b h
£4/n0c : 1 s £4/ne0 1 & |re/nsc - 1 .
2 6 64,2 |154,000 2,500 | 2,032
249 5 2547 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
(B) LAMIRAR FLOW Liquid Bulk Temperaturs w 120°F : Saturation curve & As fo Corn Syrup Solutic
LY L v h A = 20 op M 100 « 500 op
1
O e £3/as0 | BTU/aqef%.°F ba b, hy h, 52 h
5 Te6 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 " 67 " 58
20 379 0.154 19.5 " 58 " 83 " 70
25 [ 5,0 0,096 17.5 " 123 " 103 " 86
30 4e1 0,06 15.5 | " 154 " . 128 " 106




TABLT, XIX ,
VARIATION OF AVFRAGE FIIM COEFFICIFNT

h

a WITH VELOSITY

Sy

(A) TURBULENT FLOW Liquid Bulk Temperature = 240°P Saturation ourvel As for Water
fS T L /A UO.S op /“-2.0 cp /'A -5.00”
% |4 Pr = 3.025 h, = 480 Pr w121 Db, = 400 Pr e 30,25 b, = 358
N 4 Re h k v Re h h v Re h h
£t/n0c : 1 » £4/nec 1 & lee/seo 5 1 8
2 § 64.2 |154,000 2,590 | 2,032
249 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
(B)  LAMINAR FLOW Liquid Bulk Temperaturs w 120°F Saturation ocurve i As for 70% Corn Syrup Sejution
& L v h N =200 M w100 op /M = 500 op
1 SR,
Op e £8/, BTU/8g. 21 .| h?_k . N E% ha EE h&
5 746 1.65 39 ' 300 52 246 49 201 47
10 705 0,536 27 " 39 ¥ 53 " 475
15 644 0,265 22 " 18 " 67 " %8
20 | 5475 0,154 19.5 " 98 " 83 " 70
25 | 5.0 0.096 17.5 " 123 n 103 " 86
30 | 4. 0.06 15.% " 154 " 128 " 106
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curves is most mﬁ;lly explainaed hx @@W a transition from tur—
bulent to laninar flow in the non~boiling some, and that the viscosity
af the Xiemi:i is Wy far the wost important fucter i bringing this

Bote (1) 3+ The mmeyrioal walussof the coefficlents reported by
differont investigators vary slightly, btut not
gufficiently to affect the argument.

The friction loss in the unheated seotion can be included
hy incressing L in (witd) and (ix) by a constant amount.

Thiz is egquivalent to alightly chanpging H wh
iz Fip. 14 does not alter the elope of the surves.




CHAPTER VIIXI

THE THEORETICAL AND PRACTICAL SIGNIFICANCE OF THE FXPERIMENTS

I% was shown in the last chapter that the two distinguishing
features of heat transfer in natural circulation evaporators are 2
(a) the interdependence of the primary variables)
(b} the reversal of trends following the trangition from
turbulent to laminar flow in the non-boiling section of
the heated tube., '
Conaider, for exanple, the effect of changes in the viscosity
of the liquil.
If the viscosity is initially low enough to ensure turbulent
flow in the non-boiling meotlion, increasing it will tend to 3
(1) reduceo the heat transfer coefficient in the non-boiling
seotlon roughly in proportion to /A—O
(11) reduce the circulating velocity, which further reduces the
heat iransfer cosfficient in the non-bdoiling section rough-

1y in proportion to vO.B

(131) seduce the lengiha of the boiling seoticn. While the flow
in the non-boiling seciion ig turbulent, the heat transfer
coefficients in the boiling and non-boiling sections are
roughly of a gimilar order of nmagnitude, and the relative
length of the two sones is not oritical,

When the viscosity has inersased and the circulation velocity has
dropped gufficliently for laminar flow to predominate in the non-boiling
section, the heat transfer coefficient in this section dropa to about
one-~tenth of the figure for turbulent flow, and becomes independent of
vigecogity. Further increases in viscogity therefore tend to @

{1) decrease the circulating velocity; but as the heat transfer
coefficient in the non-bolling section renains virtually
constant, the rats of temperature rise of the liquid ascend-
ing the tube increases, and it attains the critical saturation
temperature at a lover level,

This in turn tends to
(11) increase the length of the boiling section.

As the boiling heat transfer coefflcient, though reduced at high vis~
cositlies, remains of a higher order of magnitude than the laminar film
coefficient, the average coefficient for the heated tube as a whole will
rise slightly, or remain virtually constant. This in 1llustrated by
Pig. 14 in Chapter VII. |

Congider next the affect of artificially changing the circulation
velocity at constant viscosity.

If the velocity im high enough for the flow in the non-boiling
section t0 be turbtulent, the corresponding heat transfer coefficient is

of/
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of a similar order as in the bolling sones the average coeffiocient for
the tube as a whole will be wvirtually independent of the ralative
lengths of the boiling and non~boiling mections, and will tend to
decrease with velocity am a function of the Reynolds Mumber. This
has been confirmed sxperimentally by Boarts et al (17).

¥hen, however, the welocity drops sufficiently for laminar flow
to predominate in the non-bolling section, further decreases in velo-
city will cause the length of the boiling sone to incresse and the
average hoat transfer coafficient to rise accordingly. This in
11lustrated by Fig. 15, and it is thie line of thought which prompted
the exploratory tests with throtiled flow reported in Chapter VI,

"~ Consider f£inslly the effect of changing the bulk temparature of
the liquid, Figs A.T[(8B) 1a Appendix I illustrates the increasing
steepneas of the saturation tsmperaturs curves at reduced pressures,
This means that the boiling point elevation due to a given hydraulic
. head is greater at low itemperatures than at high temperatures. Hence,
aspuming other conditions in the non-boiling seotion to Yo consiant,
the amcending liquid has to travel a longer distance to reach its
squilibrium boiling temperature when it is cold than when it is hot.
This results in a corresponding shortening or lengthening of the boil~
ing meotion, and consegquent reduction or increase of the average heat
transfor coefficient.

In praoctice, changing the temporaturs of the liquid also changes
its physical properties, particularly its viscosity, and it is difficult
10 separate the contribution of eash variable to ths final change in
the average heat transfer coefficient.

A test waa, however, devised to illustrate the dspendence of U on
‘the ligquid bulk temperature. Using a single effect of the experimental
apparatus, s run was made with water st 117°F. Thim was followed by =
run using a 22% sucross solution at 178°P, the sucross comcentration
harving purposely been chosen to have the sane viscosity as water at 111°P.

The result of this test was as follows 3

i

Liquid Bulk aT Uy
Temperature °p BTU/8q. 4. “F.Br.

Water 117 48 213
22% Sucrose Solution 178 41 357

In spite of a slightly lower temperature gradient (which favours the
teat with water), the U_ value observed with the sucrose solution was
about 67% higher, It is difficult to see how an increase of this order
could have deen caused by any factor other than the rise in the bulk
temperature of the liquid, and ite effect on the extension of the boil-

ing sone.

The/
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The practical inmplication of the "Dual Zone™ theory is, that all
afforts to inoreasa the cosfficients of heat transfexr in natural eircu—
lation evaporators should aim at achisving one, or both of the follow~
ing * ‘

a) the sxtension of tho length of the bolling sone relative
to the nom-boiling sone;
b) +the promotion of turbulence in the non-boiling sone.

The tests degoribed in Chapter VI are reviewed on the basis of
this principle, taking into acoount economic and operational considera—
tions,

A. REVERSE FEEDING

. Reverse fesding, as opposed t0 forward feeding, results in a
reversal of the physical properties of the liquid in the first and
third effects. The solids concentration of the liquid in the second
offect remains virtually unchanged. The gross difference between the
viscosities of the liquids in the Lirst and the final effectis ia
narrowed by the rise in the temperature of the thick liquor and the
fall in the temperature of the thin liquor. Consider, for instance,
the T35 figures for runs 26 and 27 of Teat "B", Table IX. If the
viscositios at the appropriate temporatures are estimated by reference
to Appendix I, the following plcture emerges:

Run No. Tss (%) Viscosity {Centistokes)

I II | 11X I Iz IIX
26 (test) 47 14 8 30 1.5 1
27 (control) 11 16 49 0.5 1.5 100

Superficially it may appear proaieing that s six-fold (from %?—g— to
22 ) reduction 1n the ratio of final to first effect viscosities has been
achisved, But it has been shown that heat tranafer coefficlents benefit
from changes in viscosity only if: '
a) Laminar flow changes tc turbulént flow;
b} Turbulent £low becomes more turbulents
o) (4in exceptional cases) Lazinar flow becomes more laminar,

The approximate Reynoldas Humbers for thess runs are t

Run Mo, I I Il
26 (test) 700 11,000 14,500
27 {control) 60,000 . 11,000 50

It/



It sppears that while reverse feoding causes the flow in the third
effest to bulent, 1% oannod preve ;
ing in the firat effect, and Judpging by the change in Reynolds Numbers
cop rather than o rise in heat transfer coefficisnt would be

is oonfirmed by Teats A" and "C% {Table IX),
fesding resulied in =z reduction of the gross U valme by 5% and 3%
reppestively.
‘ This reduction is small, and may even be absent as in 'I‘ast i :
This Bay be due to the transfer of laminar flow conditions Irom the low
fomporaturs third effeat to the high temperaiure allfact. I%
plaineﬁ. that the relative length of the boiling section im more critical
: when 1% Is turbulent,; and also that its
erature of the liquid,.

I% appears that reverss feeding resulis in 2 feirly even balance

of the forcem Shat tend €o el those that tsnd to depress ihe

It does no%t appear to be the most
& of @ﬁﬂtiﬁg @].Mt&

1 b e S R AR it R i

| ymﬁ,gimg Bes

B, ERITER %A‘?m
It 4a ghown in Appendiy IV that the treatment of stickwater with
ecortaln ensymes {such as are for instance present in p:’llchm viscera)
may reduce the viscosity of the concentrate by as much as 50%,
sfer cosfTiclents dus 1o viecosity red

tustion

would not be expected to be the same in successive effeots of indusirial
stickwater conmcentrators. In the effects in which the 1iguid Tlow ia

rm:ghly in proportion tOA/Mﬁ'ds {vse Fig. 14). In the final effect,
in which the flow is normally laninar, a viscosity veduction will
double or treble 4he U wvalus, provided it is large enough %o create
furtmilent conditions. Failing this ~ l.e. if the flow romains
lami = no significant change in U valus can be expeoted.

Reforring to Test "C" (Table X), ‘the Ecynolsis Bumber for the flow
in the third effect of the control run = pssunming 2 viecosity of ¢he
watreatsd concentrats of say 100 op and a density of 65 Ibvsfouble £4% -

0.115 2 0.6 2 65 x 164
wonld have been mbout W w 65. Assuming a

maxd reduction in viscowelity of 1 ¢ 10 end a doubling of the weloclity,
the Roynnlds Fumber sf'ter trestment would have been about 1,300,
g Tor dﬁ&%ﬂblﬁg infl :leats bolling, it is

o such as Tue

probable/
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probabls that some turbulence would ocour in the non-beiling section
wvew af thiw Jow B
would be expeated,

iIn pm%&@u a 2021 dncresse inm the wlde Busher ag s result

By D inatancs,
in Test "A"‘ {Table X} treatment of stickwater with 1U% pilchard gut
m:-em the EI veluas of the first, seocond anl third effects by

: sped progter inorease of @ wal v
in ths ssoond effect na compared with the first (high temperatm-o)
affect odserved in all sreatnent ia indicative of
the ater lesgth of the non-bolling seetisn in the former. Iun
Teat "3* {Tabls X}, the U_ value in the first effect decroased with
ennyne ires $; but dhis ¢ b & 30
tazperatures,; uhich was a weskness of the sarlier triple effect tesis,

The sngyme {resitnont of siiclorsster has the following advantages

but ithe effect is inconsisteni, snd may at times bo insipnifi=
canks It would, thersfors, be unwise to bass a design on the
highesnt of the obeerved cosfilclients;

2) for maximm effsctivencas, the treated stickwater should be
kspt at s temperaturs between 100°F and 150°F Por at least half
an howr. This way 1ve nooling and sloring the raw stlick-
water, which normslly enters the first effoct at about 180°F.
{n the other 3 carrisr may also be introduced
into the final effects of vacuum concentrators (which operate
at or near the optimum reaction temporaturel, In such case
the sariler affscts would not bensfis from the tresizents

3) the wiscoaity reduotion effected by the enzymes not only aids
heat - sfer, bt slse fachliliiates nixing concenirate with

the pressceake, or its conwersioh €0 «

risd solubless The
conceniration of maashanker stickwatser is virtually izpossible
githout the of enmynes 4o prevent tube blockages ss demeribed
in Chapter I1Ij _
4) in most mzohm canneries the disposal of the viscera presents
s prodblen, and ite wse as s silckwater additive i likely 4o bo
welcomad r#agamihn of the effsctiveness of the {treatnment.

Tae advantages offered by syne treaitment of stickwsier are lar
1y intangible and A4ifficult o express in economic terms. If, however,
the enzymesn are available 2t nominal ocost as in pilchard viscera, ths
n from Lis use,

ﬁ’mt@@i@& BPReaT i hs
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C. FORCED CIRCUIATION

i1l experimental evidemos poinis to the final effect as boing the

bottienack 40 heat transfer in oconventional concemirators. 7o produce

Lghoar, and with liguid velooltles with natural
ion of 0.5 f4/ses or lower, 1% is inevitable that the flow in the
non~-boiling ssotion of the tubes is laminsr. Forced circulstilion, %o be
affeuiive, sho lied 8% s sufficlent rate f0 cause
turbulence in the nnn-bomng section. Failing this, 1l.e. if the
acocelerated flow remaing Jaminar, the redustion in the length of the boll-
ing weme may lower inmtesd of valee the wverage U walues, as wan found
in Teat "0 {Table XI).

To view of the
seotion, it " be : 22 low an 2,000
as the minimus requiresd to snsure adsguate turmlence. Then, assuming
that concendrate has a viscosity of 100 op, the lowest desirsbls
eirculation velocity in a fypiecal plant would be
= 18 fi/mec.

0,135 x 65 ® 30

Reference to Table XIX and to the literature (31) indicates that
st this liquid velocity s tube im prectically eliminated,
and the foroed oom-aﬁnn miaiianxhir nay be used o estimaite the heat
tranafer coefficlents, l.e.

) %a 0e8 . p.0od
Assuning for oxanpla kw 0,2 ’BTIJ/:q.ft-."F.Er. and C = 0.5 ETU/Ib,

Ao 8 z gosa.a%

= 190 BTU/sg.ft. °F. Hr,

1
* 000
Even Af allowance is made for the Sieder and Tate v&snosity sorrection,
wrwise to accepl o prm%&aal
ﬁ volus in excess of say 2@@ %T‘iflﬂm?‘h ®p, Hre Thie is » ¥,

would be warnly welcomed by the mratuwa.
To egtizmate the horas-ix to maintain this ciroulstion

rade, 5 CONRBBIVE for would be about .

0.01. Assuming contraction and en]a.rgmant soefficlients of 0.5 and 1.0

4% 0.01 x o ?15 + .5 » 1.0) 182 = 4.28 xlg-z s 22 fast.

hmmg/
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Asmuming the concemtrate has s demsity of ",’0 1ha/cabio £t., this ia
alent 0 & nett :

22 x 70 x 18 T‘xo.llﬁ -
559 . 0.525 Hr.

¢ seiandria with 230 tudem sach,
m web e power unimmt 4 ﬂnm be 460 x 0,525 « 250 HP, The
brake horse-power reguirement would be maié.erab}: higher. The capital

and the _opes g cost of a ; :
“which sould economically be juntiﬁed evan by douhling the ﬁbat transfer

j.:n cxiaﬁ:tng plmt.

T s

R Forced circulation at less than the theorstical minimum rate (18

" #t/sec in the uample just discunsed) need not be without merit. The
iments (Table XI) suggest that i tv is
higher than about 5 fi/sec., it s mlikely to caume the 'Ci‘& value to
:!mrtm by nnz.-; than & nominal smount. )
i dow rales o placse of e
ireatnemt as & means of preventing tube blockages by maasbanker o

on the degres to which the _
sone i compensated bty the corrempondingly greater coefficient in the
non=-boiling mone, An invesiization into the economic jusiification
of fox lation in this repglon wo » extonsive tonts
than oonld be undertaken as part of the prosent Progranid

The essential festure of injecting air into the base of a heated
slation calandria i that 1¢ @Mm the non—
gle t2 & : : bransler o
non-boinng two-phage systems has 'bun utensinly investignted and

A useful snalysis was made by Urcothuis and Hendal {34}, who azsem-
bled €heir axp-rimnm data in torms of tvo-:phase chnoldl ¥amber

Do

sorgy potential of the injected alr)
I$ appears that the presence and ths effect of the bcuin,g gone - with

used 0 these sxperime

(1) Mr in;}aatinn rates in exsess of asbout 2 litres per min. per

values/

vy would @
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values were nlm considerably higher than those caloulated by
Hondal's method (34)e  Although
soalysis of heat trensfer with airwlif reulation i atill s matier
 for speculation, it is possibls to explain its action qualitatively.
awes the circoulstion rate aw showm
in Tebles XII and XIV., This taken by itsslf will tsnd to ralse ha
if the flow in the non-boiling section is turbdulemt, or leave it
wn sd if the flow ie laminar.  Superimposed on this ia
’tna sffect of zwo-phasa inatead of single phase heat transfer in the
non-boiling seotion. o Groothuls and Hen
heat tranefer changes from lsminar %o furbulent over a oriticul range
ef 4{wo-phase Royno].ﬁs Humbers in exactly the same way as single pha.u
hand ; g d W L ;

could beat be correlated by 26°°39 and "gurbulent® Nusselt Fumbers by
Q.B‘f}

water) with Table XV {¢esta with corn ayn:p). Air injection appears
wmach effective an o promotar of heat drans

'mrkiag fiuid is water than when it is corm syrup. In a iypleal

tent with water (Table XIV, ¥C%), injection of 0.555 litrss of air

per te raised the b valus from 210 BIU/aq.ft. “p, Hr. to

560 BTU/nq.fte °F, Hr,

: of eatizmated vl ging
45 to 1,000 res, alr &ﬁaecﬁ@m rates of from 1 11%%?:&1:; to
10 litres/min had %o be used %o achieve improvements in the U valuss
of bel 8
of the rate of increase of heat transfer cnefﬂcients with increasing
alr injection rates.

résulis in an inovresass in the rate of tempaw%ure rige of the liquid
in the nﬂn—bos.nng zones, Hence the length of the non-boiling sone
sl the benefit of its comversion fo & two-phss

‘hest transfer han _besn calculated for each of the test runs in Tabls
£11x.
i im Fig&

16 (a) and the corresponding P=V disgraa_in Pig. 16 (b).

Patting/
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Putting V¥ » Vork performed. Compressng air. ft.1lbs/lb.

Pou Atnospheric pressurs 1vs/8q.Lt.
‘ Plu Air presmure at injeotion point i
Py= Mir pressure in plemm "
V1- Specific volume of air at
injection pressure cubic f£t./1b,
V,» Specific volume of air in plenum "

w = Yeight of air injected 1bs/sec.

- -

From first principles, the work represented Ly any IV dlagram is given

n=l
vy ‘ rlvl - Pz'?z P,‘,vz i n _
- n-1 " nel P,

It was asgsvned that

a) Compression is adiabatic, i.e. n= 1.4

b) The pressure of the air at the compressor inlet is the same as
the plemm pressure

©) The pressure at the point of air injsction is equal to the
plenum pregsure plus the equivalent of a 10 £t. head of water.

d) The specific volums Vg of the air entering the compreasor is
equal to the apecific volume of dry air at J00°F (the assumed
inlet temperature to the compressor) multiplied by ;_g

' 2

The weight of air injected per second was caloulated by converting the
observed injectlon rate from Litres/min to cubic ft./sec. and dividing
by 13.5, the nozinal specific volume of the ambient air. Hence the

I.H.P. was caleulated as 550“ and the results included in Tadle XIIX,

It will de observed that the I.H.P, varies consideradbly from run to
run; e.ge from 0,0015 EP {0 achisve a 31¥ improvement in U, with stick-
water of 40% 758 {run 87), to 0.0525 HP to achieve a 100% improvement
in U with stickwater of 66% TSS (run 90). .It is fundamentally 1@0391‘)10—
dus to wvariations of ths physlical properties “of stickwater to deduce a cor—
relation which permits the horse power required to achiave a given improve-
nent in U to be praaontld graphically in a oomprohmiblo manner,

e i, o

e A P s e ™ M, s 2 e 4

Hmlever, the following is s 1ist extracted froa Ta.blo XIII of the
I.H.P. requirel to achieve U_ values of about 200 BTU/eq.ft. °P. mHr.
by air-1ift circulation s

Bun TSS [T (Contro 7, (teast

No. % | s*1/s .ft.%F Hr. Biﬂzgg.ft.zF.Hr. I.H.P.

85 42 . 129 207 0.0104

93 50 139 202 0.0267
94 50 - 139 222 0.0473

103 a2 119 : 203 0, 0056

102 42 119 , 23 0.0132

80 575 77 184 T 0.0267

91 59 137 . 196 0,040

Comparing/



 Comparing these figures with i3 0.529 HP estimatel to be required
%o achieve & U value of 200 BTU/sqatt, “F. Hre by forosd circulaticn
suggoeets that the sams could be achiwwwl by alr-1irt ciproulation using
less than a tenth of the powsre.

 The application of air-1ift cirmalation to exisiing plant involves
a rmmber of secondary problems whichmm 4ifficult ¢to stuipon a
lsboratory scale. The more isporemb of these are 3=

1) the uniform distribution of ale to individual tubes in the

 oalandriag

2} the affsct of the g@wgm @ir o the condemser pepmcity; and

szrtheloﬁs, the axperiments ik air-1ift cirvoulption appear
sufficlently prosising to warrant £odier tesis on a seml-industzial
HE2 16,

F. THROTTLED CINCULATIOR

" Techmleally, throttled circulalion ds a type of forted circulation,
tut its action is quite different. Fuoroeed circulation iz & "brutie
force™ method of raising the heatl Srnzuler cosfficient of the non-
boiling section 4o a mimilar level = that of the boilimz mne (which
is generally eliminated in the proctss)s

Throttied cirtmlation, roqﬁb:ing e !orcs, im aized at maintain-

!f-fn; ﬁﬁm%in

Thiz can be achisved by :

a) reducing the hydranlic hesi n the liquid in the hested tube,
thus permitiing boiling ¢t cmmersce nt a lover tempermture; or by

b) reducing the velooity of the Lignid in the non-heliling section to
ensure that it attalns its Dilimg tenperature ad the lowest
possible levely or by

¢} & combination of {a) and ()

The head on the 1iquid in ther hasted tubs is most comvemiently
reduced by means of s throtiling waluve &n the return live, ths degree of
throtiling being measured by the Lipail level in a mancPeter tude con-
nected to a polnt oclose to 4the in¥ 4 4o {the heated tude-

The velocity of the ligquid lesh e heated tube im best repulated Wy
seans of & oalibrated pump interpested ixy the return lives.

Although the two throitling mivthoim are based on @iffsrent lines of
ressoning and differ in principls, theix action caanot Ye separated in
practice. When, for instancs, tie kwad on the 1iquil entering the heated
tube is reduced, it is inevitable timt the velocity is reduced as well.

Sinilarly/



Similarly, controlling ths veloolly of the liquid flowing into the
haated tude involves s break in the return line end a reduction of
head.

The sffect of throttling by valve has besn stulled, Kirschbaun
{20}, for instance, found that when ovaporating water in a vertical tubs
4 mo long, 40 mm. I.D., the b value rose by an average of 60% when the
spparent liquid level in the heated tube was reduced from 75% to 40%
of its length.

The U, valus obssrved by Kerr (35) in an industrisl ew.poratcr,

2 ouilein. A
Eo reference has been found o throtiling at constant velocity,
or to throtiling spplied to the conceniration of viscous ligquids.

The results of the sxperiments sumsarised in Table XVI are there—
fm of interest, firstly because they confirm the feasibility of
throttling hy puwp, and secondly because they suggest that throtiling
is effective when concentrating stickwater fo Total Splids contents
even as high as 6070, . -

.The peak in the range of U values obssrved at certaln intermedinte
pumping rates {e.g. in Test "E" with suorose molution) is analogous o
the peak in h_ values found by Kirschbaum (20) for certsin intermediate

me &emg m i2 an indliestion of 8 reduction in heat iransfer in
_ 2 water, this dm
ocaused by formation of d.ry spots in the boiling sone, but when conocsn~
trating & solution like suocrose, parts of the tube may becone coated

with everdried natter.

Consider, for instsuce, Tun 163 (Test “E")s Tho cobserved rate of
digtillation during this run was 27.4 1bs water per hour, The weight
of liquid entering the tube was 0,0104 x 0,057 x 3,600 x 62 « smay

135 ltefur, of which 135 x 5822 o 90 1be. was dry matter. The

svaporation of 27.4 1be. of waler from the produst impllies that 1t must
have left the tube with a molids contemt of( 13;2;92 - 84%,

At such concentirations sucrose solutions as well as stickwatisy
conconirate are semi-solid, and would rapidly foul the tube surfaces.
The liguid velocliy at which the = WaH
Tomt "E" was 0.23 £t/sec., and the distillation rate was 43.7 lbs/hr.
By the same calculation az before, the solids content of the liquid
leaving the tube would in this case have been about 72%, a rise of 5%
per pams, Bhich evidently did nol have a serious effsct on heat transfer
in the boiling sone. '

1t/
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I% musk bs convluied that when resiriocting the circulation of
igh solids condantrations, the measuwrenend and cunirel of
iroulating velesity is mere critical than the head of llgnid 4n
the baated tuba. In such cases, throitling by neans of s callbrated
punp or sianiisy positive di coment device would bes prefaraple o
throttling by valve.

It 1w apparvent Trom Table XVI that the highast 1iquid veldocity
1ikely to be reguired for thro hout 0,25 £4/sse.
Henoe,; for a typlcal effect camprising two calandria of 230 twhes
2achy the threttling e ol y & mazimm capacity of

 0.25 x 0,010 x 4%@ = 6.@ £ 60 = 450 gallons/mis,
In then:;r, thmttling sots as a source rathsr than a consumer of
il Aspoming le, that the throtiliizg schion
Sust consldered is aemimlant t¢ maintaining a difference of gy two
fowst head within the system, this for a circulation welocity of 0.29%
£4/sec. 15 eguivalent fo &

{& positive drive would in practice be Pitied to overcome ihe fluid
friction in the system).

Thus, although ik lacement of a
be high, its power consumpiion would only be nominmal.

In all but the final offects of existing plant throttiims by wa
should prove satislasclory, as the o« ation rate is not critical.
Altemﬁvaly, it may be ponzlidle to devise a control mechanisa vhershy
the firo 4 intain & neasursd, pro-get
rate of flow.

the aim should be to maintain the lowest rate of flow consistent
with svolding sxosssive thickenming of the duct on its paagsage Lhroug
the heated tube., The optimum liquid velooity for this purpose can only
ha determined Ty wriment, it, onoe establiished, it should
Erollied directly and not Yy means of sscondary verishles sucys aw the
hydrsulio head.




HEAT TRANSFER AND TER ECORNONICS OF STICKWATER CONCENTRATION

However ¢bvicus the mimtagu of inoreasing the c:ﬂaiu:qy aef &
ﬁwwﬂ%m themfits. MW 4o boost the capaoity
of a given siickwater concéentrator must therefore be related to the

® 4o im o Dunciien of its chemioal
m;aesitiun and its notritional proparties.

oon&mad fish solubles prepara& Prom pﬂahar&l on the basiam of 504

totnl molidss %
200
4,90
D00
9,00
% %
Caloium (Ga) 0.87 Hagnesima (fig) .- 0,016
; {P) ©.8% - 1.87
Iron {¥e) 0,025 Potaseium Oxide xzo) 1.93
% of Protein % of Protein
Arginine  4.38 Teyptophane 0.35
579 : 1.51
4.87 2,35
4.67 0,58
Izoleucine 2T3 10,90
Yaline 2.98 Clutanic Acid B.44
; 2:33
Vitamine
g par 1b
& ¢ 9 Pantothenie Aoid 18.00

¥icotinic dcid 150,00

The mutritional properties of stickwater comcenirats camot bs
gty I@Hmdefim O it

fl} 7. I.R.I. anal;ne:, though incomplete for certain minerals and
v different/
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partioular inporisns ”
of erude ;rotsiu, gpeaific amine m&:, vitamina orF growﬂ: fantors™,

nl};ingprieeefﬁxﬁmalm owpmdwﬁhardinarymal, it is
permissidle to assign the same yriae %o the atickwater solids,
ton *at nearest station”, or asbout RE75 per ton nt the factaxy. Pox
Piak neal wiil . : 3 g4 , 91% "

« BA2.50 per ton on a dry dasis, To arrive at the

o 75 x &2
otical selling price of stickws

must be wade for dryise it frow the solstures content at which 4t
leaves the concenirator (say 5U%) to the moisture content of the full

menl {U%)s A member of the Fish Industry with considerable

zot valus of the tlzy

A as BTG per 1
The ocost of processing atich‘ater econcentrats can be sstimated
wlng valoniation is

the plant speaified in Chapier IIX.
The salient featurem quoted for this §1a.nt ¥ere &
B water oL

brealn&ms, ths overall npeci.fio mmption is

a 0,475 1ba/1v,.)
Power requirexent s &0 Horse Power ‘
Cost s R§8,000 ax woiks,

4 factory instaliling & piant of this size would expeci {o process
an average of 50,000 fons of raw fish per anmm., The average lsngth
of & § n as alpght
The individual charges can be broken down as follows:

| E58,000 x%;ég- « B66,700.

waditfarﬁwtubwatthamdofthismd. Allowing

66,700 M = 174800




diffarsnt tines particular imporiance has been attached %o iis content
of cruds protein, spescific amine noids, vitamine or “growth factors™,
The probles has been extensively investipatod s.#. by Lakeesvela {(37)
snd ¥Wiechers and Laudscher {38).

in praciice the concentrate is uvwsually inocorporsied with the
presscake $o produce full meal. As no difference is made in the
solling price of full meal as compared with oxdinary meal, it is
pamissﬁ.hle to sszign the mame pﬁ.cs %o the atickwater solids.

to ?5:% = BH2.50 per ton o3 a dry basis, To arrive at the

hypotheiical selling price of stickwater vomoenirate, mn allowsnce
must bs mads for drying 1t from the moisture content at which it
leaves the concentrator {say 50%) %o the moisture content of the full
meal (9%)s A member of the Fishing Industry with considerable
experience in this field has sugpested a figure between B and RS aa
being reasomable {39}, in which case the market value of the dry
#oli:!s in commarcisl siicikwator can be taken as E75 per ton.

The cost of processing sitlckwater conoentrate can be estimated
by way of = worked exampls. The follewing caloulation iz based om

The salient features quoted for this plant were -
Evaporation & 38,000 pounds water per hour
Stean connumption @ lg,ggg pounds per hour
Specific stesn consmption = Ag-'-— = 0,42 1bs/ib,
{tc allow for starting and azipéeigg, cleaning and
breakiowns, the overall specifisc conmumption im
taken as 0,475 1bs/1b.)
Pover requirsment : €0 Horne Powsr ‘
Cost 3 ) B58,000 ex woiks.

4 factory installing a plant of this sise would expect to process
an aversge of 50,000 fons of raw fish per annms, The averages length
crnﬁahingmmncanho takan as elrht months.

Mo Ay wh B b vroken down as Pollowss

1) __;___g. lowing 15% for transport ani ersction, the total
cont of the plant in operating condition will be

100
Amnsone the 1ife of the shell ¢o be six years, and allow no
aredit for the ftubes nt the end of this peried. Allowing
10% for interest and mainienance, the anmal charge will be

66,700 (3-5:-}5%'—39 - R17,800

| 58,000 x 222 . Reg,700.

2) Building/
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Assume the floor space required is 20 £4 = 50 £
of sonstruciion B4 per mg. 4. Then ths cost of
thamzungnuw $ B4,000 and the anmml charge at 155 s

labour charge per season of eight wonths will be R3,600,
Allowing for overtime and off-meason smployment, the anmual

fish i3 ove Henos
enmeal Wmum ¥L11 bs 50,000 %% w 22,500 tons,
requiring 22,500 x 0.475 » 10,700 tons of steam. The cost of

toam dn & looslity such as ¥alvis Bay is abous R2.50 j
hence the ammual charge will be 526,800,
5) Power., The awmge cont of a&agm&wg inclunding EVA charges

sayr $on.

Bay 1,500 hourg. The aamaal charge will thus be

60 x 0,746 x 1,500 x S5z = may R1,500,
. The processing cost is the sum of itens 1~ 5 3
. Plant B17,800
Building
Lahour
Steam
Power

which Lz equivs

ient ¢s -
% = B2,30 per tom of svaporation
To avrive at the produstion cost, .the cont of €
water) must be added to the processing cost.
saloulating the charge for stickwater.
I looked upor as 8 vaste o, which créates & wuisance when it s
returned to the sea, its value is nil. I¢ can alse be argusd that
because the Pish has ¢o be cocked
centrifuged,; the stickwater should bear the cost of 1:ra-proﬂensing. 'fat

concentrate at a reasonable profit.

The/
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The most practicsl course is to base the value of the solids in
the stiockwater on the price which the factory pays for the raw fish.

Raw fish contains an sverage of 0% dry matter (22% solids and
8% fat), anl its average puvchase price is R10,00 per ton.  Stick-
water containing 9% TSS should then bs charged out stl"——g‘—i- 3,00
per ton.

A cost of 23,00 per ton of stickwater is equivalent to 3°0 * 433

= B3, 30 par ton nfummﬁon, which in turn is equivalent ¢o a yisld
2—'.:2_.9235_2
At R75,00 per ton, the value of 198 1bs. of dry sclide is 1,‘5,-;’5‘-.0—%9-8-
m X{e40a

The awsrage working profit operating this concentrator is thersfore
of the order of

B7.40 ~ {2.30 + 3.30) = 311,80 per ton of evaporation,

Joter This figure has bsen calonlated only zs sn example. It is based
on hypothetical valuss of raw saterial and finished product, snd it can
therefore not be umsed for comparative purposes.

w 198 lbs. of dry solids,

It was ghown in Chapter IXII that the !! values for the first, msecond
and third effects of this plant are about 260, 160 and 63 BTU/sq.ft. F.Hr,
respectively. The gross Ua valus wae caloulsted ”1, 00: ;"8;‘000
« 115 B7U.

Suppose that by applying air-1ift circulation the U  valus for the
third effect wers increased to 150 BTU/sqeft.’P.Hr., and that the v
valueg of the other effects remalin the sane,

The new gross U walus is given by

‘é‘é‘é‘ N 110 . 'i'%'b' = 179 Bm/gq.rt.&.ar.

The most direct way of turning a higher Gross U wvalus into profit
is to reduce the size of ths plant (or its replacement). - Assume that
the cost of components such as pumps and condensers which remain
waffectsd by an increase in the U, value is about 25% of that of the
¥hole plant. For estimating the cost of scaled~down plant, Zimmerman
and Lavine (40) recommend using the "six-tenths® factor.

The ex works cost of the smaller plant is therefore sstimated as

ob
HREEESE L SRR (—75 = 14,500 + 43,500 L% - Ra7,800

The erected cost of the smaller plant will be 47,800 x 122 « 555000,

and the revised annual charge = 55,000 x 3___'1_ R14,700 per anmime

Reference to Tnble XIII indioates that the pover required to
achieves this increase in U value by means of air-lif¢ circulation
woutll not excoeed 0.02 I.H.P. per tube, or 0.02 ¥ 460 = say 10 H.P.

- for the whole effect. Suppose this is equivalent to a real power

roquirenent /
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requimaent of 25 HePay and smpltal equipment costing say IE $000,
If ¢he latter is treated as pmrt of the main plant, the anrmanl charge

would ve 2,000 x 2L . w5 plas
25 % Qd’é& T 1,500 mp oSS 10@ w RSE0 Por

The nett anmual eaving won'ld thus be {17,800 - 24,700} - (534 + 560)

m R2,000 equivalent 4o W = 8,9 canta por ton evaporation.

This repregents a %m = 3.9% reduction in processing cost.

If 1% iz sasuxed that the Lop ment in gress U wlue were
achisved at no extra cost, foy instance by throttling or ensyme treate
ment, t;za total anmuial mavidtge vould be B3,100 orgt%g% = 6.0% of the
procsssing : ;

Jinos the cost of siem is the major processing expsnse, an
vasent in plant @apac:ﬁy should prefarably be spplied %o reduce

o _— oving this is by

ﬂrs‘%, second and third effecis of 4his p?;m% are ??"F 33@? and 112%p
respectively. The inbalgwes of the teupera‘mra gradisnts is a result

#Ploating” calandria of this ¢pe of plant as m fourth effect, btut
bave then bsen wnabls to Bke lm all the siickwaters

Lot 1t be aseumed that Yy ecploying air-14f%t clirculstion,
threttling or enzyme irsatismi, the capacity of a four effent plant
triple effect plant opera-fsl without aid 4o heat transfer.

The spapific plean colsyeptlion of & icm]l plant conve
four sffect operation would Mly be 0a42 2-1 - 0.315, or for
practical pm-pcsea #ay 0,375 ibs/lb,

anrial. mav be 0,1 x 2 52,500 % 2250 w H5,600,
Using the "ui:-tenﬁu!" fastor, the costof a plant with one extn,
alffect in estizated to be

584000 = 25 58,000 = 15
100 1C0

= 14,500 + 43,500 x 114 » B64,100

Henows f
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Henve the revised annusl chavge will be

64,300 x 315 ¥ 26,7
100 x 100 -

an incrsase of 19,700 « 17,800 « E1,S
swing R1,I00 p.a. for =13t sirculntion as bofore, the nedt
anmual saving becomes 5,600 = (1,900 + 1,100) « 02,600

24600 = 100
51,700

R13,700

- 5% of the proceasing vost.

If the capaclity of tha plant can be maintainasd at no sxtra cost,
Gage Ny throttline or ensy kmend, the oxpected mavine dus do
operating a fourth effect would be

rpalney cont.

Two other methods that suppest themsslves Tor capitalising a
higher graggﬁ value are 3
a) decreasing the overall temperature gradient by lowering
the live steam temperature. This 2ipght pormit the
operation of a back pressuvs 1y powsr to
the rest of the reduction planty or
gza:u.m\% by reising
1% :}.s a basterioe

»)

practice, €k g of the presscake -~ CONOBY~
trate mixturs entering the drier should excesd 1850°F,

isiming the temperature in the final effect would result
in & podsrate saving of live stean normally used to pre~
heat the concentraie prior to mixing, and might also bave
the benellt, imporitant thoug
Plgures, of sliminzting a potential spurces of bacterial

{:Gntaminaticn.

higher saving in processing cost than has been estimated for the
two worked sxamples, yet poientialily, the most lzmportant sdvantage

beat trangler in

imposaivle to express in

» aysteme might in practice reeult ima

ating conoenirators iz that 1%
__provides Tessrve capacity.

- P o e o e,

The history of fish meal production in South Africa has been one
of zustained axpansion. Host fish meal plants are repularly replaced
with unlts of largsr capacity, But the enlarged stickwatar plant fo
mateh the meal plant iz generally only installed when the ariginal
plant has to be scrapped on account of wesr and tear. Unfier present

Witions, 4% is thus gomelimes wvoidable for factories to have to
run & propocilon of thelr stickwater to wasie for one O BOPS ERABONBE.

It alsc happene that z concentrator is just capable of handling

whon 1% is clesn, but sufferz a oritical loss in

s@ymityf
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capacity due fo foullng between cleaning
considerabls part of the stickwater that is producsed has 4o be
Tun o waste.

vom Flg 2 that & factory processing
50,000 tons of raw fish will produce about <-X20.000

Cw 87,500 ter, conts 13 95% mlidu@

Hﬂﬁylwﬁe’?%isiamwmt&&uﬁngaﬁema, this

00 x90xi10x
is equivalent to a loss of revenue of 300 ¥ 100

= B18,500, rater calls
for an svaporation of adbout 2,700 ( 50 } w gay 2,200 tons of water.

The Conoce

8 will sonst 2.30 x 2,200 w 900,
dssuming that boesting the capacity of the plant by air 1lifting
penditers of B1,100 {as discussed om p.66),

sted from utilising the stickwaler
cthereize run to waste will be 312,500. Eo progressive fishmeal

of thi

B oriars
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APPERDIX I

THE PHYSICAL PROPERTIES OF STICKWATER AT DIFFERENT

SOLIDS CONCERTRATIONS, AND AQUEOUS SOLUTIONS OF
.CORN _SYRUP AND CARE SUGAR

A.  STICKWATER
HNots: MNost of the data on stickwater were first published by
the writer as Progress Report No. 54 of the Fishing
Initustry Ressarch Inatitute, University of Cape Town.

Stickwater is neither chemically purs nor physically homogeneous.
Ite composition and its physical properties have besn shown to vary
for differont spocies of fish, and also depend on the condition of
the fish at tho time when it in processed., The tesis that follow
have confirmed this, particularly in the case of the apparent vie—
cosity of stickwater at high total solids concentrations, It has
nevertheleas been possidle to achieve the principal purpose of thias
investigntion, which was to estimate the order of magnitude of the
physical properties concerned, and tha variations to be expected
froa sample to sample,

1. Viscosity A _
The object was to obtain seta of curves showing the variation of

vigoosity with temperature and with solids content of the concentrate.
Purthermore, in order to utilize the data in the relevant flow and

heat transfer calculations, it was essential that the viscosities should
be determined in absolute units (centistokes or centipoises) and not in
the relative units (soconds or degrees) used in most industrial vis-
coneters,

After a fow preliminary tests it was establiahed that the atandard
U~tube method, as deascribed in B.S.3. 188 of 1937, could be used satis-
factorily with most stickwaters of moderats solids concentrations. is
has been pointed out by Thomson et al (1), the torm "viscosity” becomes
vagus as the golids content of any given sample is increaned %o high
valuss, as it is affected by thixotropy, gelation during test, eto.s
and indeed, reliabls readings at viscosities above about 100 centistokes
were often obtained with 4ifficulty when using standard U~tubesn., These
difficulties generally disappeared when the viscosity of the sample was
reduced, by lowering its solids content by dilution with distilled
water., Vherever readings at high viscosities were therefore difficult
or imposmible to obtain, it was considered permissible to extrapolate
to a limited extpnt from the more exacti readings obtained at lower
solids contents. .

The solids concentrations of the samples under test were determined

vy/
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by~ Mfmcxtoaeter, A few chocks confirmed previous findings by

St—arer mnd Lewis {2) that the go-called "Total Soluble Solids"

conitent ©F stickwater conoentirste as determined dy refractometer
is s Wt 1y closer to the ™Total Solids* content (1.e. includes

nowst of The Insoluble Solids). PFor conveniense, refractomster

resaling e reported as *é TSS by refractometer” were employed as

stsanlari e |

Tae UT-tubes wears calibrated, and the shole teat procedure laid
dowwm i3 B3.5.5. 188 was followel in detail. The samples of con-
cawnirats wWere prepared in the ladoratory from coemercial stickwater
ammdt frora fish which on the average hal been processed not more than
223 owrs sfter catchs The siickwater was concentrated in a ladora-
too1r trizple effect svaporator, which in operation {s.g. in regard to
- tepapemtuares in individual effects) closely followed industrial prao-
tidcs, Where Btickwmater or concentrate had to be kept for any length
of tine, the ssmples were storsd at 32°F. In no case was the
zambirisl stored for so long that signs of putrefaction had decome
owwilent,

A twotal of eight untreated pilchard concentrates wore examined,
am=d thy esults are mmmarised in Fig. 4.I (1). This ilJustrates
tree vriamtion of wviscosity with 4 TSS by refractometer. As some of
thie curvves weres prrattically coincident, only the weiphted averags
cemirve fox al]l the sazples, as vell as the curves for the most viscous
arrd the mwost fluld saples, have been plotted. The portions of the
twarvey & xam unbroke are within the region for which good clear
reedipg=s were obtained by direct measurement. The dotted upper por-
t=4me iacve heen extirapolated as the realings obtained by U~tube vis-
cescmtyrin ¥are indefinite. '

Umo shown dottet An Fig, A.I (1) is a curve representing the
av-vwrag of the vimocosity deteminations for two samples of maasbanker
s-:ticknter, The difference in viscosity between these particular
8:saples =mnd the awerage Pilchard mtickwater 1s striking, and bears
owut the comtention of factory managers that maasbanker stickwater is
wyuh wree A1fficuldt to process than pilchard stickwater. _

nesss gurves can best be interpreted in conjunction with Pig,
Al (2} ¥hich shows the waristionm of viscosity with tezperature for
as typiceml sample ©f concentrate, ¥hen plotted on a seni~log scale,
axll curwres re2ain virtually parallel to the pure water base~line,
emvwn iy to the highest msolids concentrations, for which reliable
raliyges vore obtained,

i» TU-tudbea could no longsr be used at spparent viscosities above
amdout 10 contistokes, atianpis were made to obtain a picture of the
=il pxcoperties of thick concentrate by using a rotational viscometer.

The/
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by refractoneter. A few checks confirmed previocus findings by
Stanier and Le
content of stickwater concentrate as determined by refractometer
is zotually clomer to the "Total SolidsY content {i.e. includes

The U-tubes wers calibrated, and the shole tesi procedure Isid
down in B.S.5. 188 wus followed in detail. The samples of con~
' 1 in the Jaboratory Lrom relal stlckwaier
mads from ﬁsh which on the average had been processed not more than
24 re after catsh. The stickwater wes concenirated inm a labora-
poration {s.g. in
temperatures in individual effacts) closely followed indusirial prace
tice, Where siickeater or concenirate had 4o be kepdt for any lsngt
of time, the samples were stored at 12°f.  In no case was the
matsrial stored for so long that algns of putrefaction had become

- the varistion of vﬁawnw with % 33 by rofractomater. 4m sows of
the curves wvers practically colncident, only the welghted average

e Tor & as well za the curves for the most vispous
and the moat fluid samples, have baen plotted. The portions of the
curves drawn wnmbroken are within the :ngi@a for which good clear
The dotisd upper po

cometors were indefinite.,

Almo shown dotted in Pig, A.T (1) is & curve repressnting the

average of the viscosity deterninations for two samples of massbanker
The difference in viscoally be :

a typical sasple of concentrate. V¥hen plotted on a semi-log scale,
all curves resain virtually parallsl to the pures water bass-line,
concentrations, Cor which reliadble

sven up to the highest mol
roa.dingn ware obiained.

about 100 centistokes, atiumpts were made to obiain a picture of the
£luid propsriies of thick concentrats by using a rotational viscometer.




Viecosity in Centistokes

VAHIATION OF VISCUSLYY wWiid PRRCENTAQE SOLUBLE SOLLIDS FOR PILCEARD AND MAASBANKER STICEKWATER

FIG. A.I (1) 3
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Viscosity in Centistokes
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wld
spindles in the test fluld, and measures the resuliing drag on a
wieoiﬁaﬁ, which can be sslected via an eight-zpeed gearbox, & curve
of shesr rate {or r.p.n.) versus shear siress (or deflection on the
grbitrary O -~ 100 soale) can be plotied. If the flow characterie
of & given fluid cowply with the Fewtonian definition of vi-ooa:lty,
sll the polints should 1ie on & stralght Iine throw : ek
3 was conlirmed by calibeating the instrumwent with & xpeci&i typs
of mineral oil supplied for the purpose by a local 04l Compeny., The
calibration curve im indicated in Fig. 4.1 {3). Also sk im the
speed of rotation versus deflection curve for s ityploal sample of
stickwater concentirate at 46% TSS and 121°F. The instrment wan

B vd at 1ts 1 4 practical spes
taken after ons mimite. It was then ewitched {o the next hig;er
speed (3 Fepeme) and resiings taken st the beg
of the one minule dwell period. This procedurs was wmate& for the

intermediate velooities {6 T.peB., 12 rep.m. ani 30 r.p.a.) up to the

. osity of 60 rep.m. Fithoud siopp inmirument, the
velecities were then reduced and readings taken at one minute interwvals
28 during the "up® run. The &h&yu af the
letliention at any gilven
tested,

These ilests sugge
thick concentrate: 1t is both pssudcphatiu and thizntropio.
Studdes such as by Filkinson {(3) of the £luld mechanics of non-Hewtonian
Fivide b shown that both effscts can be closzified mathemeiically,
but the a.pplication of the relevant expressions to problems of flow
truna vad sufficient L verification.
It appears Wﬂwaﬂy dangercoas in the case of s locssly definsd
ligquid such as stickwater concemntrate, to over-simplify a limited
wental resulis in an sffort 4o £1% them %o theorles
which have boen developed for fluids of entirely different character.

In such cases 1t is more gatisfactory to selsct the
which most closely approsches tho definidion of Hewionlan wiscoslty,
¥ith ihe uniarsta.nding that the a 1:3 arent vissosity thus determined

Referring to i?is. 4.1 (3)s it seems that the ghape of ths line
A~B is the nont easily defined featurs of the stress — strain curve,.

that for this pa.rticula,r nampls the apparent viscomsity - as dstermined
Yy the Brookfisld Viscomeder — is sbout 55 centipoises., The frus
viscosity of the sauple of minsral oll was 330 centipoises, defsrmined
by the aasme method.

Tha/



STRESS~STRAIN CURVES OF SAMPLES OF MINERAL OIL AND PlLUHARD STLCKWATER

FIG, AT (3) 5.
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Appendix I - Y -

The spparent yield value {mocale defiection *BY for sero spindle
revolutions), and tha- thimtrop.ic behaviour of the product are
fmportant in slitus
punped atariing from reet. The starting-up power required would in

aral tloes higher the by the slope of the

fiow chamteriaﬁa of the fluid guite closely. Pnauﬂnpmticitx
and tmm axre of major inpoxtanea only when the £fluid is uniig-

nwise to atlach too much meaning to

the apparent vianonity a0 d.aﬁmd., and it hae maquently never been
ed to m _ Bf s ;

of the fluid friotion of any mx:ls of concentrate uhich was too thiak

to give reliable readings Yy T~tube. : '

2. [Thermal Conductivity
The nyparatns used for determining the thermal conductivity of

nine diffever prsenirate ssoples at twelve different solides contents
by refraciometer is disgrammatically illwstrated in Pig. 4.1 {4).
The liquid wnier test was Filled into ihs mpace marked ”kiqui& dinc".

The upper brass

The lowe : i st the temperniure of
meliing ics by cirmﬂating ics watsr through the ¥*oold tank™,

Several miwinarx nms were carried out with distilled water,
ad al a fanperature belwsen ?@*

through the insulation was deteramined (as m/ He/° F  temperaturs
difference batween "hot plate” and the amblent air). This figure for

P Hr,) was subsequently applisd as
a correction factor to the power input as determined during the runs
with witickws soncenirate. (gﬁgn the operating 1
selected, to keep the heat loss o ewbout 10% of ¢h h
abaence of signiﬁmt convection effects was confirmed hgr eouparing
the heat trans h dlatililed water with &

of 1% pelatine in 4istillsd water{set firmly in the test can at the
time of the temt)s The rates of heat conduction were practically
identionl, thus r

ing out major convection ers

The/
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THY, THERMAL CONDUCTIVITY OF STICKWATER CONCENTRATE

PIG. A.T (5)
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resulte of the fests with stickwater soncentrats are shown
in Pige 4.I {5). 1In view of the variasble composition of the
n&%&xi&ig the agrocment cun bo considered satlsfactory. A relation
of sufficient accuracy for most calculsiions can be expressed as

k {concantrate) » k¥ {water) (1 - 0.0056 x % 7SS by refractometer).

3s Density
The density of meven samples of stickwater concenirate at

different nolids oo
mined, ueing staniard 25 c.c. specific gravity bottles, The
dsterminations wers carrisd out at room temperaturs (68%F), amd
are plottsd in Pig. AT {6},

Curve "A" represents the decrsase of dannit;r of a given sasple
{"5*) as it was ihi owrs by the addition of distilled water
from an original 55.7% 1S5 by refractometer. The lineavity of
this ocurve conflrms the soundnoss of the method.

This suggesis that the Bolids in the concentrate have a denaity
of 624 (1 + 0u4) = 875 ibs.feubio Poot {at rocn temperature),

This sgrees wall with the sverage particle density for pilchard
meal of 88.9 1bs,/ocublo foot previously reported hy Nachenine and
Pietarss {4}, (It wust be remembered

of grentsr denmity
density of bones as 1.8 to 2.0).

4. Specific Heat

The method follcwed was as deseribed in the Diotionsry of fpplied
?hysics {6)e A total of ten random samples of concentrate were tested
at different % 199 {by refractometer), and the results are plotisd in
Pig. A.l i?). A1l determinations wers carried out between 70° and
80°%,

The curve approximatsly follews the relation : Spscific Head
{concentrats) = Specific Heat {water) (1 — 0.065 x % TS3 of concentrate
by relfra tor) .

Thie agreeonm reasonably well with the spesific heat of sbous
0.25 BTU/1b, which has at various times been dstermined for ordinary
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dppendix I gl =

e Beiling Peint
The ebject was 1o estimate the extent teo which the beiling peint ef

giickwatesr cencenivate deparis frem thad of wailer, measored ad warim
gsub-animespharic pressures. Absut 500 c.c.'s ef a fypical smaple of
cencentrate el % n salids cencentratien wag belled wmnier refiux in &
1 3itre Cipsk held in an eleotrically hested Isemantie. The prossure wns
raintained at any selecied eub-atmespheric level by applying a censtant
vagmam. The ensad of belling abasrved vieually, snd ths steady
touperature of the liguid was measured with s mercury in glass thermeseter.
In Pig, A.I1 (B), the tmparatura versus pressurs curves sbtained
for twe different samplies 34 ntrate at twe Aiffsrent percentapew
TH3 have been pietteﬁ, tegother with the saluratien line fer water as
ebtained from mteas tables. I will Bs edbssres g
eenventratisns and a$ sbselute prossures ef frem 2 in. %0 4 im of
BETCUTY; i.9. under cenditions met with in the finmal effects f con—
merolal plant, the beiling peint slavation may be ef ibe erder of
10% - 15“?‘. This oan have a significant effect on the leval at
which belling commences in the evaperaier tubes, as discussed in the
taxt.

B. CORE STYRDP

Selutione of corn syr
werking flulds, en acocsunt ef their Newienlian viscosity. TFHsntien
ig nade in the Jliterature of the varistien ef the vimwity #f these

It was, therefers, considered saflor te moasure the visc-sity sl the
suppilied by a lecal manufasturer, rather Shan %

Yashburnta (7) figzures which are usually queted, but which :sa net
cover the range of {emperatures and selids cencentrations dealt with
in thess tenis. :

The identical method using B.8.5. U~tubes was empleyed as
desoribed fer siickwater in the precveding sectlien. The visceslly
versus % T3S ourve at 120°F fer this material is shewn in Fig. A.T (9).

The Belling Point Elevatien ef this sanple, mesasured at twe
Lbed fer sticke

erent cencentratiens
water, and is shewn in Pig. A.I {10).

G SUCHOSE § _
Seiutiens of suorese fer use as woriing fiuids were made up by
disselving commercial cans sugar in water. In view ef the reputed
censiatency of the compe pagar, the relewvant oritical

physical data were all taken frem the Internatiemal Critical Tables {3)




*J,'ql/nzg  %eeg oryroedg

T
-+ Aed
i 4 }
I
I b §- 4
i
+
e
H - 1 o
w p [T
Mt Hitt
| A
rF il
I T
o +
HE M
] ot T
} s "
T 1
L T
| | 1
T T N I
H 14 b o &
2 Esnnas !
1 ISREST ARG ; o
MR B : R
ot :lvlfn+|.v -4 4
- -~k 43 1* + 11
f 1
™ T
3
B . ,
B r_....blﬂ
_ w by 1+ +
—— N B P ; ! —_
g4 Tiﬁh. 44 -1 : Lo
Tt Wlw ¢
IERN SRAPRNREEE §0) H T T &
S - + - +of - + .
5 RERBaaRS e Ayu ki aaidvdaunans 2
34— dm N 3 4
w_.qm Mx SRET. WA u + nn b
HE Wt L it —_— . i ¢
TIT3 CTT -
44 b bt W 3 4+t : +-4+4 JIHI.(. ¥ F
t 11.'M| B e -t -+ ~+-—4 f'l—.c ~+ m...h -
Racudx Sxasian: aty samEaud: S umed PN
+—+ - s @HWT..M!T. - k H»» - - h.ﬂ 4&“«%% bt .y..rL..r..M M»Hl ~”ore
b £ » fted oo y +- A o ot I il e & e
1Fk1u. HJx { ...._.,lexl_! + m 4 } Amf b 4. % . +- 4o )
e R = L + 4 : —r PA. o ,_..._ - b b e <
b+ ¢ vy ..wa..ﬂm!.v..v:vv. - B ﬁ&l dm pents s — o p - S
{ o L H ! wv“lunhl i i
Sdheih = N DO RS B 9% SRR t anuddns B
SEDBSNae u SERSAGE! B t n - et 7]
e d i i g 1 1 — — g
SR RSS N SE N (NN SERSNOEREE i T &
R S BEE A . S SRR NS °
T ’ - $
‘o : ) I : o
e~ — . 3 ¥
tf——- ; + t + +H b=
' - I. llu + 44 F4- .
i b - : @
- g H. - ,?I& M‘lenm- + flw o
i R :
M T T T ae - Y
' gt dobote b el gyt it Ay
+ |—11i|ﬂ r..fl!!.‘.vl «ﬂl.ft*ilw.:a ¢ ..I.W%n.Tl ~- +
Cidei J IS DI S SRR it ot dfop o o
o A ESy inanmas _L+_rﬂw14+r.w++ $ : &
kil . » H
+ ‘ by b4 e g ———t I:?S "
kquw e f.«‘lwrful'.fcf.-f,_ai A o .Ml 41
bt } ' e i e e B e 2
B il o e T R T it T ROt e an ot ot
1.1..;1\.??&1.%]&444..14 v gt b s L‘tvll«u r—b- +
H m N ! 14.4I&:H - Im.,_v)Tw + —— ]
nae & . . b Ardemiprdrg 3 H
1_ ! F—IWQ WHMFIM-T[ o .r\.ww T . !
+ . 2unt " * T B
T S 4o .PJ Ellwn_. + ‘.lf+i ¥ —gatg -
4 JIT]ILl L jtidt +
+ I ++¢ SNSEES e
v 2sadsannnts IIARBEASAS YREE SN N1 a
¥4 -+ 4+ mﬁr - »|uur 3 4
T T R R
: RSN S EESE SRENSERe N
: EREn PSR NS RBA:
t4 ¢ T...LLhI.»i T nﬁ,m-v.m.?? TEE St o wn o o
TR re e : A
EISREaTYE eu: T%lmrlrﬁri 1 !
" e S N ot
Bull T e
ty o M +1 44t !
Lfﬁ“ ~+—4 x#!«.lw.l__.Lr -
4 .w 4§ vri_rn'LLYT_IY 2 b w;ﬂ_.
N6 RS S S ANE A NGN E AR RS R
HIDE W \ B NEaN M
+ . ‘= " "
s e - - by 4 - % ‘ ¥
4 1 4.2 thh S P
"y SRF Y . L. Ll
) L ._wnh? g e p.._.vr 4 + - + 44
t s & mﬁ.i D-&w + e X «urp.u.l..l.r.r,.
N% MMJ._J E 4 r..mv..ir.H 4 Pt = e o t %1 + v.llwu r...’mr‘#“l.
r.* [N B9 i - rﬂﬁ?&!f& AITA.Aﬁ..Tué.v.q*l-.lw.r.lq
< - U N t-e w;wi.: - b d ety og - &+
iy 11: RN BUR AR i 144 m . *
: 1445, .o e il ‘ 4 4 $
R sesabh BanEEGRe 28 1ol B notod ST Bouana)
@) o (=) ~ (Yo,
L3 - . - [
— O o] o o

: HWATER CONCTUNTRATY
{u® to BOOF)

[N

AT OF

Hw

SPUCIFI"

hl
Y

TH!

"G A I (7)

( temperature range



. A

PR S ;hil.:u,{r..w...tﬁ — L
f . . HRAEE AR

vInjrredusy SutrTog

Absolute Pressure : Inches Mercury

SATURATION LINES OF STICKAATER CONCENTRATE

FIG. AoI (8) H




10,000

8,000

6,000

4,000

2,000

:

g

o\
3

oo
8

g

Visooaity : Centistokes

80

- 60

40

20}

10

60

65

FIG. 4.7 (9) =

70

Percentage 7SS (by Refractometer)
VISCOSITY vs, TSS of CORN SYRUP

15

80

as determined experimentally (at 120°F),

85

90



]

- e s ks e

Ao - e

W b iy =

USRS w+..,.:.....,;_. [ AN

i
e s

16

12
Abgsolute Pressure : Inches Mercury

i i g s g bt e s

FIG. A.I (10) : SATURATIOK LINES OF CORN SYRUP

230
220
210
200

150
1uv0

eangeaoduwe],



Appendix I

EEPERERCES

) S g@a&ogog J@mﬁ, &wgs, ﬁ@iﬁ@d, Rm&@' and zﬁlary ﬁann
surement ¢f the Visceaity of Herzing Selubles”,
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2s der, CGole, sl Dowls, A.dey Flshing Industey Rawm*@h
Inatitude, University of Cape Town, Eendebesch. Priwvate

Communications,

3e H&&kinﬁ0§§ golﬂog "Hon~1
Londen, {1960} p.20.

san Fress,

4. Hachenius, ReJe, and Piaterme, A.RE., "The Particle Density of
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Hemearch Inﬂ%i’%@%e, Ualvers Town, Hondebosch
(2958)  p. 3.
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Constanta™, lovgmans, Ocveen & Co., London {1948) p. 30

6. Ulasebrook, Sir Richard, *A mctionar: of Applied Physics", Vol. I,
{MacHilian & Uo., London (1922) p» 35

o

7. Washburn, E.We., and Shelton, G.H., "The Viscosities and Surface
Tonsions of Sods-lime~Silica Glasses at High Temperatures®,
Undversity of Illinois Engineering * riment Station,
Bulletin No. 340 (1924) 24.

B. International Critical Tables (¥olraw-Hill, Few York. (1926)



APPENDIX II

TESCRIPTION OF FLOW METERS

' In the few flow measurements on natural circulstion evaporators
that have been made, for instante hy Foust, Baker and Badger (1), the
working fluid vas always water, and the minimum velooity adout 1 ft/sec.

In these cases the velocity could be measured Wy standaxrd devices

such as Pilot Tubes or Orifice Plates. The use of obstruction meters
wnder conditions yprevailing in the fimml effect of & mtickwater concen—
frator must be sonsidered questionable for the following reasonss

1.

20

3.

4.

the meximum dynamic “head” of the stream is too small, partian—
larly at the low ciroulating wvelocities coourring in practice.

At & 11quid velooity of say 0.1 ft/sec., it is _0.1° = 0.000156
ZTx2
feet, which, for a concentrate density of say 70 lba/oubic foot,

is equal %o & pressure of 0.011 1bs/sg.f¢. The measurement of
pressures of thisz:oxder not only requires the use of an sdvanced
and costly (Bell-typs) micromancmeter, but the differential
pressure readings dus to the flow of the fluid would probably

be obsoured by variations in the static hydraulic hesd on the
pressure tappings} |
uncertainty about the rheclogioal behaviour of stickwater con—
centrate {see Appeniix I) would mecessitate the re-oalibration
of the orifice plate or similar device for each new sample of
concentrate useds '

the gumminess of the thick concentrate snd the pressnce of sus-
pended solids must be expectsd to lead to cbastruction of the
pressure tappings and other fittinga; and

the pressure drops dus to the obdstructing device are undesirsble

 in view of the low propelling force which maintains the flow in

natural olreulation evaporators.

The only reliable method of measuring the wvelocities of liquids sush

as stickwater concentrats withou$ interfering with their flow appears to

be hy magnetic induction. Suitadly eised flow meters of this type were
offered Yy several well-known instrument makers, but their cost is of the
order of B1,000, which {& more than ¢ould reasonably be spent for the tests
wder discussion.

However; rather than sabandon the ides of measuring, or at least

estimating, the circulation velooity, s mmber of other methods were teatsd.

i, Cold/



Appendix II (115

4) Cold water injection.

This is ilinstrated dis ; (1) The
tochniqus comsiate of Injecting about 10 to 15 cublic centimetres of ice
cooled water into the return tube ak point "BE®, The ohilled liguid

wnd produces an observable
aaﬂectiau of the needle of the potentiometsr vis sultiadbly located

The timed interwval b@mgn :m;gm%;lm of the liguid

touperature uhangos at points *C® or D" is an indiocation of the velooity
of the liquid in the fube.
in analysis was made by the writer (2} of the correlation of the

interval betwsen injection and deflection, snd the known liquid veloclty
welng pd rute, but the er oould not
be reduced tc lems than about = 20%. The errors are chiuﬂy dus ¢o the

: ; 435 ey the ast of iﬁ&@@tﬁﬂﬁ&
at ali theoretical mwyliﬂaﬁiﬁm 8 series of testis wawm
carried out with water and stickwater concentrate of 40% TSS, in which

in Tables A.IX {X) nd &.II {11}

The oaloulated liguid velcoities were plotted ageinst the reciprooal
ol the timed Interwal, and the best siraight line through ail the
poinis, as shown in Fig. AJI {2). In converting the weight of collected
liguid to volume, the densities of the water and the concentirate were
taken as 62.4 and 70 1bm. foubic foot respectively. It will be observed
that the marimus devistion of any two readings from the atraight lins is
about 5.2 4. per me0., which at the corvespo 3
por Bes. involves an error of gbout 7 per cemt. It is alsc noticeabls
that even with conoentrate of 40% TS3 the observed intervals are extremely
clowe 4o Shoss for weie

Selected readings taken on the straight 1line in Plge 4.II (2) were
correctsd for the true demsity of waler at 160°F (61.0 :umjmao foot
inatesd of 62.4 Ibs./oubie foot) mnd raplof
This curve waz used whensver liguid veloolty determinations were mads up
to Bue Ho. 110,

Tests to aniomate the timing of the interval between water injectionm
and defiection of the galvanoneter needle were only mdontﬂ; mcusrulg
5 ming 414 not

warrant its p-rrection.
the cireulating velociiy ower a wide range af annﬁﬁ%iana, but it had the




Compressed Air ) l
¢ ~
—
13" welded )
tee pieces [‘)""‘*‘ A
Ice :
Fater\ Solenoid =
Tank va.l}w &
)/ *
N\ _}_ B
I.C. N
thermo~
couple
Y
- c
 —J
)
2 ©
&
P~
K
&
a
] _A
E .
Al
t-
<
|
I.c- - h.".
therac~ S “.
couple L o
_X_ D
Press %/ [
Button (( ‘
&
A
Potentioneter '-[é_
-

-

FIG. A.IT (1). DIAGRAMMATIC ARRANGENENT FOR VELOCITY MEBASUREMENT
._BY COLD WATER INJECTION




TABLE A.IX (I

CALIBRATION OF COLD WATER INJECTION METHOD
FOR LIQUID VELOCITY NEASURENENT IN EXPERINENTAL APPARATUS

Cold water pressure : 10-15 psi. - liquid temperature approx. 160°F,

WATER
Test Measured | Caloulated Equivalent Timed Interval to travel
o Puzp Liquid Velocity in 35 5 £t, in 47.5 ma.
Discharge nm, tube tube
1ta/sec. | ft/sec. | Ave.Tt/soc, Secs. Ave, secs,
1 - 00976 1055 : ﬁ.:;
0.963 1.53 1.54 4:8 4.1
. . 4.6
2 1-44 2629 3’5
1-39 2.22 2024 gng 3’5
1439 2.22 32
3 1.7 2.72 2.8
| ) 2.8 "
269 2.9 : e
1067 2.66 2.9
4 177 2.81 2.7
1.69 2.76 2.7
1.78 2,83 2.80 2.7 2’7,
1.77 2,81 2.7
5 1'95 3010 gog
1.95 3.10 3.0 2.4 2.5
2.5
6 213 | 3.40 2.3
.4
2.20 3.51 345 2.4 2.3
2.3
'7 2.46 3094 2.0
2,0 |
2.37 1.76 3.84 . 2.1 2.05
2.40 3.81 2.1
8 3.08 4.81 1.6
1.7
3¢w 4‘71 4.79 107 N 1’7
1.7
9 3.4 '5041 v iOg
3,46 5,49 5+45 1.5 1.5
: | 1.4
10 0.45 0.71 . gog
0,46 0.73 0.72 - 9.8 9.8
‘ 9'7




TABLE A.ITI (II

CALIBRATION OF COLD WATER INJECTION METHOD
- FOR _LIQUID VELOCITY MEASURERENT IN EXPERIWENTAL APPARATUS

36-44% 153 (By Refractomoter) Temperature approx 160°F. Denaity approx.
70 lba/ou.ft.

CONCENETRATE

Teat Moasured Caloculated FEquiwvalent Liquid Timed Interval %o
Bo | Punp Velocity in 35 mm. tude travel 5 ft. in 47.5
- mmg’ L . tudbe
1bs/sec, £4/a0c, Ave. ft/sec. . Secs. |Ave. secs.
‘ . 4.7
l 1.11 1054, R . 4.5
' 1.55 :-2 4.55
2 1.70 2.35 ; 3.4
3.3
1.67 2.30 2.3 3.3 3¢3
1.66 2.28 ' 3.3
3 2.03 2.82 . . g.g
2.05 2.82 : 2082 ‘ 2:8 2.8
. . : 2.8
4 2,15 2,96 | - : g.;
2,08 2.86 2.51 ' 2.7 2.7
. . < 2.8
5 2,28 3.15 a2 | g-g . 5
y . ' . 2
2.24} ;.09 o 2.5
6 2.56 3.54 s 2.§
53 2. 2.3
2-55 3.53 _ 2.3
1 2.88 3.98 ‘ 2.0
2.1
2.82 3.88 3.93 2.0 2.0
. : 2.0
8 3.37 4.66 i.g
3.3 4.58 4.62 1.8 1.8
1.8
9 3.88 534 i..g
3.50 5.36 5+33 1.5 1.3
| 1.5
10 0.34 0.47 11,6
11.4
0.35 0,48 11.7
- 0.47 12.4 12,9
. : - . - - 12,0
0.33 " 0.46 15.4
14.6
j 14.4 |
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Appendix IT {111)

following limitations:
1. it was unrelisble when the timed interwval madod about 12

{i.0, vhen the liquid welocity in 4

to below 0.5 £4. per ﬂo.).

at point "C" =
inohes as "DY - tub ange of liguid
velooities that could be messured with confidence to below about
Te) £, w 880,

; due o ;immpleta niging of the .'uqeoted water with the uozxeenmh ‘
and aotion of the sold Ilould wif the {elowly
Both «ffects would be &mw&x to rome

r &

mittent, as for :l.nsta.m when "surging” ocours in the heatsd tube.
1% im then imposmible ¢o arrive at an accsptable amagu velooity

3e

whils a heat transfsr teat is in progress, ilthm the dijution
and cocling dus to » single injection are negligibvle {about
injection when operaiing at 50% 138}, the
sTTOr becomes appreciabtle as the musber of nadings increasss,

In view of thaao &iffioulities mnother method of flov mmasurenent was
pd and tested.

B) !t‘nrs_;run Vane,

arq s An Plg. A.IX {4). :
is suspended under tension Wy & steel wire, which is anchorsd at both ends
of the weturn tube, Tension is maintained by a falrly stiff spring
Botation of the : the viewing windows at 4" and
#3%, The viewing windows consist of short giass rods with polished ends
pasning wrse Indicaior
n't 2% is one fifth of that of the wane itself at "i%, as the ratic of
their distances from mwwmmpﬂiﬂ is 1 2 5 The coarse
royolution.
The device was calibrated against the weighed discharge from s oir-
culating puvp us described in the pr weding seotion, smd the test dz2ia are
shown in Table 4.II (IIX), 4s the device is a form of obstruotion metar,

%&@f
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TABLE A.IT (I1IX)

CALIBRATION OF TORSION VANE USED FOR

LIQUID VELOCITY MEASUREMENTS IN EXPERINENTAL APPARATUS

WATER

pegp | FATER | MEASUEED DISCHARGE | CALCULATED EQUIVALENT | OBSERVED

TEMP. FROM PP LIQUID VELOCITY IN VANE DE-

35 mm. TURE FLECTION
Op Ave. 1bs/amec, £t/sec., Revs.
1 15 3.71 5.75 3.85
2 15 3.17 4,92 2.45

3 75 . 2,31 3.58 1.80 .
4 75 1.88 2,92 1.18
5 75 1.44 2.23 0.69
6 75 1.01 1.56 0.31
1 & 2.27 3.54 1.78
8 84 1.85 2.89 1.21
9 1.44 2.25 0.69
10 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 C.33




VELOCITY MEASUREMENT BY TORSION VANE : CALIBRATION CURVE

FIG. A.ITI (5) s
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Liquid Velocity in 35 mm.
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.éggandix 1L {4v)

The dsflection of the vane would be expected to be roughly proportional
te the sguare of the liguid velocity. This was confirmed by plotiing
tie rTelsvant curve as shown in Fig. A.IT (5). The experimental points
are found %o be very nearly on a siraight line passing through the
origing and a calidration curws was drewn from points on this line.
This flow indlioator proved reliable and 1%s calibration did not
change significantly during eeveral monius of uswe. It was frese of
ssveral of the ssjor shoricomings of ihe injsotion methody 1t gave
continuous instead of intermitient readingsy it involved no cooling
or dilution of the working fluid, and it could be used at low
yeiocitiss. TFub when ihe viscosity of the medium (siickwaber
concentrate or corn syrup) exonseded about 100 centipoises, i.e. when
the flow patters in the fube was fully laminsr; the movement of the
vane becaze irregular, and no lonper corresponded to the calibration.
This flov meter was nevertheless successfully used to measure the flow
rates in Rune ¥oss 131 do 132 {air-lift oirculation with water),

REPERLDBECES

3@ ?0%%@ A.S@g mrg E‘}Qﬂq Rﬁ@ :",’,v g-z#wg hmﬁ -&m. Emﬁt.
Chome Engree, 35, (1935}, 45~ T1

2s  Wachenlus, H.J., "Hethod for Estimaling the Liguid Velooity
in Conceaoirator Tubes™, Twellih Annual Beport, Fishing
Industry Research Inatitute, Universiiy of Cape Town,
Rondebosch (1958) . 48.



APPEEDIX IIT

SPECIHEE S ETS OP REREADIHNGS

AND CALCULATIONS

The tests which are desoribed in this section have beesn selected

of experizenis.
Test {a) 4z & typical example of how the apparatus Was oparntad in
triple effect, Particulsrs arve given of all resdings snd oal
ani of the method by which heat baslanceas were estadlished.
Test {b) 1s of intersst booause 1% ahows that alrlift clrculation
even when spplied only to the effoct of o triple effect plant, can
cause a re-arrangement of tha heat transfer pattern of the plant as a
Test {o) 11lumtrates how -aingle - awm opposed to triple - sffect
a@emﬂm facllitaten a closer control of the test variables, reduces

Test (d) shows how the imolation of individual thermocouples

dssoribed in Pig. 8 Chapter IV, made 41t poselible to

tube wall temparaturds, instead of the sverage ilesmperature registered

by the fovr thermecouples spaced equidistantly along the length of ths
dings in this test may

rendings in test (o).

H.B. Although tha

run nuabhers wers sudse

wtly 2

Tcs"h {a)/



SPECIKEE S3ETS OF READINGS

ARD CALCULATIONS

The tests which sre described is this gsotlon have been smelected .
heonuse they illustrais the mest imporient festures of different VIS
of experinents.

rezple of how the &w&m ns operatsd in
$riple effect. glven of all 2 and lonlations,
and of the pethod by which heat balances were sstablished.

Test (b) is of intsrest beoause 1% shows that sirlift cirouletion,
sven when applied only to the final effect of s tripls effsct plant, cen
cause s ro-arrangement of tha heat transfer pattern of the plant es &

Test (o) illustrates how -gingle - ps opposed %o triple - effect
speration facilitates o clossr control of the %esd varisbles, reduces

sudings to be taken mnd produces more conslstent results,

Teat (d) shows how the isolation of individual thermocouples
tor IV, made it possible to measurs the
$ube wall temperatures, instesd of the mversge temperature registered
'@y the fo v thermocouplen _ &iatm%&g aleng the lsungth of the
tubs, The resdings in this tesd mey be : L4
roadinga in test (o). o
made consetutively., the
run mmbers wers subssgusntly re-arranged to sult the text.

L &fi

Test (a)/



Appendix III (111)
| RUR Ro. 47 (CONTROL) : RRADINGS
Jemperatures and Pressures
e Firat Bffect Second Effect Third Effect
Jacket Liquid | Jacket Liquid Jacket Liquid
Preas | Temp Tonp | Press Tenp | Press, |{Teup Preoas, |Texp
psi | °F % | pei &% invag| °F | in vac R=
10,00 |29.5 | 277 | =239 | 9.0 | 236] 193 | 11 |192] 28.1Y 104
10.30 { 30.0 2711 237 9.0 237 194 n 194 28,1 | 107
11.00 | 29,0 | 2716 232 | 7.5 | 233 2192 11 | 28,1 | 103
11.30 | 30.0 | 277 23 | 9.0 | 236] 196 10 {197 28,1 | 108
Ave. Temp. °F 277 236 236 198 194 106
Ave, Temp.
Dife, 30? 41 42 8
Condensate Collecteld
Period From First From Second From Third Fron
. Bffoct Jacket | Effect Jacket | Effect Jacket Condenner
10,00 - 10.39 17.6 1bs, 11.4 1lbs. 8.8 1bs. 8.8 1lbs.
10.30 - 11,00 17.8 1be. 11.0 1bs. 8.8 1dns, 9.3 1bs.
11.00 - 11.30 179 1ba, 11,2 1b=. 8.8 1bs. 8.8 1bs,
Average distilla- ‘
tion rates 1lbs/hr 35.5 22.4 17.6 17.9
"Flash®: 1bs/nd?) 1.8 0.5 0.4 -
Total 3?.3 22.9 18.0 17;9
Naterial Balance
Veight of Liquid®) | Pirst Effect Second Effeot Third Bffect
entering 72 1bvs/kr. 49 1bs/nr. 31 1bvs/hr.
leaving @ 49 1bs/br. 31 1bs/kr. 13 1bs/hr.
Concentration (735% Refraotometer
Liquid Raw Stickwater in Pirst Effect | in Second Effect |in Third Eff,
% 7SS 8.3 15 22 46
dverage feel tenpsraturs 3 190°F
iverage amblent temperature : 69°F
W‘

a



Appendix IIT {iv)
Run Beo. 47 {eontd,)
Velocity Heasurements
Pirst Effect | Second Effect | Third Effect
Timed interval over five 4.0 secn. 4.5 secs. 8,0 {?) mecs.
fest, except readings (a) 4.0 ® 4.5 " 9.0 () *
to (e), which were timed 4,0 " 5.0 7 3,0 (a) *
over one foot, as veloocity 4.0 # 4.5 " 2.5 (b) *
to00 low, 400 o 205 (c) b
3.0 (a) =
25 (9) d
Average 4.0 secs,. 4.5 mecs. 2.7 seos.
sonverted toitrno i )
velooity in heated tude Ly ' o
using calibration curve 1.95 £4/sec. | 1.7 ft/sec. | 0.6 £t/sec.

RUN Xoe.

TRST) & READINGS

Temperatures and i’rosmms

Tine ., First Effect Second Effect Third Effect
Jacket | liquid { Jacket Iiquid | Jacket Liquid

Pross Press | Temp | Tenp | Press (Temp | Press |[Temp .

psl 121, ‘1‘3;9 pet | °F % |in,vao| °F | in vac| °F
Se45 | 32,0 | 275 236 [11.0 | 237 195 | 9.0 | 194 28.1| 96
10.15 | 31.0 | 273 235 [11.5 | 236| 201 | 6,0 | 200 | 27.9 |100
10.45 | 31.0 | 271 234 {135 | 235| 200 | 6.0 |199 | 27.8 [103
11.15 | 30,5 | 271 230 [10,0 | 230 194 | 8.0 | 194 | 27.8 | 99
Ave. Teap. °F 273 234 234 198

97 - 29.

Condennats Collected

———

Period . From First Prom Second |. From Third From
Effect Jacket | Rffect Jacket | Effect Jackst Condenser
9e45 = 10.15 21.1 1lbs. 13.4 1bsm, 12.4 1bs, 13.2 lbs.
10.15 —-— 10045 2006 Ib'. 1301 lbgc 12.6 Ib'. 1307 IBSO
10.45 -~ 11.15 21.1 lbs,. 13.0 1bs, 12.2 lbs, 13.0 lbs.
dverage distilla~ )
tion rate: lba/hr 41.9 26.3 24.6 26.6
"Flagh™s 1bs/br 2.1 0.6 0.5 -
Total 44.0 26.9 29.1 26.6




Appendixz III
Run No. §§ !contd.)

(v)

Haterial Balance

Weight of Liquid | First Bffeot Second Bffect Third Effect
entering: 95 1bs/hr. - 68 1bs/hr, . 45 1bs/hr.
leaving 1 68 1bta/nr. 45 1bvs/nr. 19 1bs/hr.

Concentration (7SS4 by Refractomster)-
Iiquid | Raw Stickwater | 4in First Effeot | in Second Effect| in Thira Eff,

% 733 8.1 11.7 19.5 46.7

Average Feed Temperature 1 190°F
Average Ambient Temperature : 78°F
Voloolity Feasurements
First Effect Second Effect Thira Effect
Timed interval 4.5 Beca,. 5+5 seos. 5.5 mecs,
over five faot 4.5 " 55 M 6,0 %
5.0 ® 6.0 *
5.0 " 6.0 ®
dverage 4.5 mecsa, 5.25 secs, 5.5 neon.
Reading converted to true
veloalty in heated tube
by using calibtration curve 1.7 £t/sec. 1.4 £t/se0. 1.22 £1/mec.




sjpendix ITY

(v1)

HEAT BALARCE

Run Fo. Control
Heat Entering and Lesvink? | First Effect | Second Effect Third Effect
BT0/hour e oUT ™ ovr | .I¥ OUT
3 "
ﬂi;?a:;!.ck'ater feed an& 1.1.0,650 10,000 9,300 5,020 4,870 960
Transmitted thrm@@ 43,750 | 26,550 126,550 |20,600 |20,600 | 19,800
heated surface : .
with condensats from ja.nkog ) 9,150 4,670 2,920
Radiation "A" (B)) 2,340 1,750 520
Radiation "B"@ 6,240 2,170 1,630
Totals o) 54,400 | 54,280 |35,850 34,210 | 25,470 | 25,830
Heat Transmitted: -
(s) Calenlated on eougll) :
densate froz stean 28,360 19,710 16,050
Jackst
{v) Calculated on con—g'z)
 densed distillate 28,220 17,390 16,290
Average of {a) and (b) @3) 28,290 18,550 16,170
Apparent U vnlue(ml ‘
BT /aq.Tte °F hr, 256 - 164 68

Cross U mueGs) BTU/8qett.“F.hr  136.5

Mm

Bun No. 64 _ (0.3% Rhozyme BS added)

Heat Entering and lLeaving First Effect Second Effect Third Effect
BTU/hour 1N oUT IN ouT IN ouT
With stickwater feed and
discharge 14,050 13!850 13,200 74500 Ts250 1,270
Transmitted through heated
surface 51,600 |31,200 [31,200 | 28,800 | 28,800 | 29,400
¥ith oondensate from Jascket 10,600 5,430 4,140
Radimtion "A" 2,180 1,680 290
Radiation "B" 5,850 2,030 1,560
Totals 65,650 |63,680 |44,400 | 45,440 | 36,050 | 36,660
!(Isz);t Transmi tteds "
a) calculated on condensate
() from steam jacket 35,150 23,740 23,100
b} oalculated on condensed v
distillate 33,060 23,830 23,490
Average of (a) and (b) | 34,100 23,780 23,300
Apparent U valus BTU/sq.ft.°F.hr 324 244 88
Oross U valus BTU/sq.ft.°F.hr. 173

-

e ————=f




{vit)

EOTES
{Zeferring to Hunbers on Data Sheets

I Baromeier res B WO ; :
the abdbsolute pressure in the thiesd effeot ple:mm is therefore not
known. The tendency obeerved in later temis for the liquid
tomperature in the third effeut recveiver i bs slipghily highsy
than the saturation temperature of water at the corresponding
shaoluie pressure, is doe to the bolling polnt elewntion of
the concentrate disocussed in Appendix I,

2+ Flosh in the firat offect lp due to the stesw trap discharg! .
jackst condensate o the atmosgphere. In preliminsry tests the
tampera.tm of the condsneste just ahea& of tha stesm irap was
man BLrTed
temperatmm érop Vo atmosphere was thersfore about 50°}", and

wodpht of condensate collected x 50

1,000 Iba/hr.
The temperature of the condenszte Jjust shead of the second
eff'ect ateam trap was found 4o be about the ssme as in the
jacket itself, and “flazh™ was thersfore caloulated as

wflank® was estinated ze

1,000

1ba/ B

The tﬂmpemtm drop between the third effect ;[a.eknt and the
sollecting flssk, which was kept under about 17 in. ¥
was ostimated as 20°F, and "£lash® was acoordingly caloulated as
ght of condensate oollecied x 20

1,000 iba/hr,

3¢ The uaight of nqnm entering the first effect wam estimated hy

aff'ect evaporaior, l.e.

= Total welght of _ ZISS of M
condengate S nP Conoonirate - ;’%TSS o? Haw Stickwaier

in this instances: 58,8 = R ”56 '3 - T2 Iha/hr.
ng and leaving th nd

effects wore caleulatsd by subiracting or adding the welghts of
condensate collected from the corresponding steam jackets.

LTSS of Concentrate

x y

4o 411 sensible and total heats were caleulated as from 32°F. is the
sensible heats are in all cases small compared with the latent haats,
the specific hsat of all liguids war taken constant as 1 {1t




(w144}

S5« Caloulated as (waight of liquid) x (Temperature -~ 32), allowance
: made for coo F ghe 1iguid in $he fesd lines. On the

basin of a preiiaimry test, the temparature of the ligquid enter-
ang the first effect was taken as 10°F below the average tmgem-—

the liguid transferred to the mecond effect; and 5°F for the nqm
d to the third effect.

6. Calonlated as (Total weight of condensate) x {Total heats obtained
from Stesm Tables).

7T¢ Calcoulated as {Total weight of condensate) x {Stess jacket
temparature ~ 32°P),

8. Zadiation A" mignifies the conwve radiation hoat loms
from the bm!.y of the mpuntor mhsling the =team jacket. This
cﬂnea%ing tﬁe aon&enaata darﬁng an interval of one hour. The
radiation loss thus measurel asm average of two teats was

Radiation "A" « 14 x {Temperstur
liquid - Ambient temperatura).

9« Hadiation "B" signifies the vonvention and rediation heat loas
from the steam jJackets and the stean lines feeding them. It
wap determined in a similar mermer as Badiastiom "A%, In the
came of the firss effect jacket inmcluding the mbeam 1d . the
boiler, this hest loss was found to bey O BTU/“P.hr.  For the
nnd third effect jackets and stean linss this figure wnse

10.

o heat ontering and heat lssving
individunl effecis are in part dus to igncriag the changes in
liquid densities and boiling poinis; with tempsrature ani molids
content,. The significance of these a
discussed in Chapter IV,

¥l Othar possibis errcors are

11 Caloulated as @ Total heat {ransmitied
Heat in condensate lese Radiation "B"

12. Caloulated as @ Neat in distillate (colleotel from the next jacket,
or the condenser] x latent heat plus Radfation "A" plus/mimus Heat
to heat or cool the feed. R.g. for Run 47, firet effect, this equals
22.9 x 955 + 14 (236 ~ 69) + 236 - (190 - 10} x 72
= 21,850 + 2,340 + 4,030 « 28,220 BM/hr.

13l 4z there was no reason tv consider either 1l er 12 a8 the mors

accurate, the avarage wae taken as the bLest working figure for heat
tranamitted,

14. Calculated/



Appendix IIT {ix)

14. Calculated as average figure for heat transsittsd divided by the heat-
ing surface (2.7 sqe ft.) and the nominal temperature difference
between steam and liquid,.

15. Calculated as the sun of the heat transferred in the individual
effects divided by the overall temperaturs gradient and the heating
. surface par effect (2.7 sq. ft.)

rTEsT (b)

Triple %ffect Operation with Stickwater
Run Fumberss 24 and 25 3 {Tadle )

se3 To determine the effect of injecting air into
the lower end of the heated tube in the third
affect.
Working fluid: Stickwater prepared by dilution of pilchard
concentrate atored at 0°F
Air injsction: was conirolled by means of a needle valve which

allowed alr to be sucked into the base of the
return bend jeoining the heated tube and the return
tube of the third effect of the apparatus. The
alr flow was maintained at 2 litres per minuts,
measured at anbient temperaturs and pressure,
Condition of Flants The tubes were cleansd before the start of the
control run, but not clsaned between runs.
Velocity measurement: By cold water injection. See Appendix II.

Calculationas The saxe notes regarding the data sheets and heat
balance calculations apply as for the prsvious
- tent, ,
Conclusions The injection of 2 litres of air per minute into

the base of the heated tube of the third effect
resulied in an increass of the gross U value of 46%.
It is noteworthy that the improvement in U walues
was as great (approximately 100%) in the second

a8 in the third effect, and that the increases

in circulation velocity are of a different ordasr.



Appendix III | (=)

RUX No. 24 {CONTRCL) s READIRGS

Temperatures and Pressures

Time .| TFirst Fffect Sscond Effect Third Effect
' Jacket Liquid| Jacket ' [Liquid Jacket Liquid
Pregs | Tezxp | Tenmp Press | Tempi Temp Press | Temp | Preas {Temp
pel °F SF psi °p Op in vac gg‘ in wvag °r

3.00 30 275 251 15 248 204 5.0 204 25.5 | 133
J.30 30 275 251 15 250 202 T0 201 25.5 | 126
4.00 30 273 251 15 247 197 9,0 196 25%5.5 | 121 .
4.30 30 272 251 15 247 198 8.0 198 25.5 | 128
iverage Temp °F 274 251 248 200 200 127

Average Temp. oy 23 48 73

fe

Differance

Condensate Collscted

Pexriod ¥rom First From Second From Third From
Effect Jacket Effeact Jacket Effect Jaocket Condenser
3.00 - 3030 13.55 1bs 8.40 1bs 6+40 1ba 5.3 1bs
3,30 — 4.00 13.40 1bs 6.75 1bs 5.50 1bs 4.9 1bs
4.0 = 4.30 | 12,75 1bs 7.00 1bs 5,30 1bs 4.9 1vs,
Average distilla- _
tion rates 1bs/hr 26.5 14.8 11.5 10.4
"Flash"s lbs/hr 1.3 0.6 0.2 -
Total 27.8 15.4 11.7 10.4

— =

¥atarial Balance

Waight of Liquial Pirst Effect Second Effeot Third Effect
sntering 3 46 3 19
leaving 1 k3 } 19 .9

Concentration (T33% Rofractometer

S—

- Liquid Raw Sticloater | in First Effect in Second Effect | in Third Effect

——

% 7SS 9.0 15 23 48

Average Tesd Temppsrature @ 190"?
Average Amblent Temperature : 78°F




Appeniix IIX (=)
Bun No. 24 (contd.
Valocity Keasurements
- )
First Effect Second Effect Third Effeoct
Tined interval over five 55 545 11.5
fset (seconis) 5.5 5.7 10.5
5.4 5.8 10,7
Average 5.47 seca. 5.67 secs. 10,9 meos.
Asading converted to true
velocity in heated tubs by
using calibration curve 1.3 ft/sec 1.3 £t/aec 0.5 £t/sec

RUY No. TEST) &  READINGS

Tenperatures and Fressures

First Effect Second Effect Third Effect
Pime Jacket Liquid Jacke+t Liquid Jacket Iiquiq
Press | Temp mp | Press | Temp | Temp Prens Temp | Presas Tsnp
pai Op 1'3? pst | °F 9 in vag °F | in vag| °F
11.30 30 279 246 13 | 244 203 6.0 (203 | 25.5 136 -
12.10 3 273 247 1) {243 204 5.0 (205 | 25.5 | 134 -
12.35 | 29.5 | 272 244 13 | 240 201 6.0 (201 | 25.5 127 -
1.00 30 275 245 12 | 243 202 6.0 203 | 25.5 133
Average Temp °F 274 245 242 203 203 132
Averages Tempe.
Difference °F 29 9 Y2 !

m
Condensate Colleoted

Pariod Fron Firast From Second Frdm Third Fron
Effect Jacket Befect Jacket Effect Jacket Condenser
31.30 -~ 12.00 19.60 1bs 11.5 1ibs 10,6 1hs 10.8 1bs
12,00 - 12.30 19.45 1b=s 11.6 1bs 10,0 1bs 10.2 1bs
12,30 - 1,00 19.25 1bs 12.0 1lbas 1C.6 lbs 10.6 1ba
Average Distilla~-
tion rates 1bs/hr 38,9 23.4 20.8 21.1
"Flash"s 1bs/hr 1.9 0.8 0.4 -
Total 40,8 24.2 21.2 2l.1

T ————

¥aterial Balance

Weight of Liquid | First Zffect | Seconi Effect Third Effect
sntering 80 56 35
leaving s 56 35 14




Appendix IIT (xt1)
Run Ho. 25 (contd.) ' : ,
conctntratiog !TSS ﬁ by Rafmtomotar)

Iiquid | Raw Stickwater | in Pirst Effect | in Second Effect | in Third Effect
4Ts3 8.5 12 21 50
Average Feed Teapersiture 1 170°p

Aversge Ambient Temperature 2 78°F |

Yelocity HNeasurements

First Effeot Sacond Effect Third Effect
Timed interval 3.3 4.1 ) 4.4
over five feet 3.5 4.2 3.6
(9.031 3.4 ' 4.0 42
Average 3.4 seocs, 4.1 gocg,. 4.1 seas,

Reading oonveried %o
trun walocity in
heated tube by 2.3 fi/ssc 1.8 £t/sec, 1.8 £¢/sec,
using calibration
ourve

Wm‘




Appendix TIT (x211)

: HEAT _BALANCE
SR Run No. 24 (Contrel)
Heat entering and leaving First Effect Second Effect Third Effect
BIU/bx m | oo 1% ouR I8 our
With “"""'g::h:;g sl 6,800 | 6,800 | 6,500 | 3,200 | 3,100 900
Transsitted through ' ' S
‘heated surface .- | 32,700 | 17,900 | 17,900 | 13,400 | 13,400 | 11,600
With condensate from jacket 6,700 .1 3,300 2,000
Radiation "i" 2,400 1,700 700
MSﬁm HBH . 5,9% . ’ . 2,2& . ) 1’600
Totals - 39,500 | 39,700 | 24,400 | 23,600 | 16,500 | 16,800
Heat Transmitted: :
(a) Calculated on Condensate | A _ ( .
from stean jacket 20,100 12,400 9,800
(b) Caloulated from Condenmed
Mistillate 20,200 11,600 9,900
Average of (a) and (b) 20,150 . 12,000 9,850
Apparent U valus BTU/sq.ft.
_ Pohre 324 93 50
Gross U Value B3T0/eq.f4.°F.bx 1105

W

RBun 26  « 2 L/min air injected

Heat sntering and leaving Firat Effect Second Effect Third Effect
BT0/hr 1§ ouT m |oor | IN oUT
With Stickwater feed and .
discharge 10,200 | 11,900 | 11,400 | 6,000 | 5,800 | 1,400
tt.:urfa.cog hoated 147,900 | 28,100 | 28,100 | 24,300 | 24,300 | 23,600 4
Hiw condensate from jacket 9,900 5,100 3,600
Raliation "A* . 2,300 1,700 800
Badiation npe 5,306 2’100 1,600
Totals 58,100 | 57,500 | 39,500 | 19,200 | 30,100 | 31,000

Heat Tranamitted:
() Calculated on Condensate

" from stean jacket 32,700 20,900 19,100
{b) Caleulated on Condensed
 Distillate ,32,100 20,200 - 19,800
" iverage of (s) and (b) 32,400 20,500 19,400
| t U valus BTU/sq.ft.

Apparen S he 434 95 | 101

Groes U valus BTU/8q.2t.°F.hre




Appendix IIT

(x114)

HEAT 3BALAHCE

- A le Ko. g& !conm:l!

Heat entering and leaving First Effect Second Effect Third Effect
BTU/br B oUT In ouP I8 our
with stickwater ¥ . '
s a::: M;; and 6,800 _6,800 6,500‘ 3,200 | 3,100 900
Transmitted through ‘ ' ' '
heated surface | 32,700 | 17,500 | 17,900 | 13,400 | 13,400 | 11,600
With condensate from jacket 6,700 | 3,300 2,000
Badiation "A" 2,400 1,700 700
HEadistion "B" 5,900 _ 2,200 1,600
Totals - 39,500 | 39,700 | 24,400 | 23,600 | 16,500 | 16,800
Heat Transmitted: ’ '
(s) Caloulated on Condensate | . - )
from steam jacket 20,100 12,400 - 9,800
(v) Caloulated from Conde
Average of (a) and (b) 20,150 12,000 9,850
Apparent U walue m/gq.ft.
: P hr, 324 93 50
Gross U Value BTU/sq.f+.%P.hr 105

W

25 .= 2 L/min air injected

Heat sntering and leaving Firat Effect Second Effect Third Effect
BTU/hr 1§ ouT m | our IN OUT
With Stickwater fesd and .
discharge 10,200 { 11,900 | 11,400 | 6,000 | 5,800 | 1,400
Tranmitted through heated | 49,900 | 28,100 | 28,100 | 24,300 | 24,300 | 23,600 |
¥1th sondensate from jacket 9,900 5,100 3,600
Radiation "A" 2,300 1,700 800 |
Radiation “R% 5,300 2,100 1,600
Totals 58,100 | 57,500 | 39,500 | 39,200 { 30,200 | 31,000
Heat Transoitted:
{a) Calculated on Condsnsate
fron stean Jacket 32,7C0 20,900 19,100
(b) Caleulated on Condensed
Diztillate .32,100 20,200 - 19,800
Average of (2) ant {b) 32,400 20,500 19,400
Apparent U valus 3TU/sq.ft.
of.hr. 434 195 4 101




Appendix IIX

(xiv)
rE3?* {e)

Single Effect Operation with Stickwater Concentrate

Run Nos. 6} and 106 {Tadle )

Purposs 3 Todoumimtbtm-etotinjocungdrintotholmrond
of the heated tube,

Apparatusi The improved asseably ar heated tube and sieanm jacket described

. in Chapter IV was used; in addition to providing = sharper

" division of heated and unheatsd tubs sections, this also
pormitted the average tuds wall temperature to be measuved.

Workinz Fluids Stickwater concentrate processed at Eout Bay Camning Co.,

Adr eotion:

Condition of
Plants

Concluxion:

16/4/1962. T.5.S. (Refractometsr) 63%. Had been used for
earlier tests at 63% and 404 7SS (thinned down with water)
Reconcentrated to 63% for tests 63 and 106 in laboratory
evsporator.

Air was drawn into the bottom of the return (heated) tude via
s Rotameter and & 3 in. diameter injection nossle. The air flow
was controlled Yy means of a clip on the rubber air hose. The
air flow was maintained at 5 litres per mimute, measured at
aablent teaperaturs and pressure.

The plant had besn operated for about 8 hours without cleaning
before runs 63 and 106 were made.

Air injection at the rate of 5 litres per rminute resulted in

an improvement in the average film coefficient of heat transfer
of 30%. This was achieved in a'pito of a high (62.5%) solids
content of the concentrate. - - -



Appendixz ITT (xv)

BUN _HNo, 6 CONTROLJ 3 READINOS

mm-
Time from start of Run: Hins, 0 10 20 30 40 Averages
" n Bottom 1.97 | 1.90 |1.90 | 1,91 1.91 - 1;'3 ;?
Tube Wall Tempesrature: Top . 4.22 | 4.20 | 4.20 | 4.2)1 | 4.20
» " " Upper balfi4.23 | 4.22 | 4.22 | 4.22 | 4.21 42 :giﬁ-
“ » " Lower half |4.22 | 4.20 | 4,20 | 4021 | 4420 | = ,000
" " " Bottom 422 | 4.20 | 4.20 | 4.21 | 4.19
Stean Temperature:  Top 4,32 | 4.30 | 4.30 | 4.31 | 4.30 | 431 milli-
o " Bottom- f. 32 [ 4.30 1 4.30 | 4.31 | 4.30 - lvolo%'fa

Temperature Difference ¢t Tube ¥all -~ Liquid 1 2g:!'_'.

Average Feed Tempesrature @ 111°?. Feed Heat Cain or Losss BTU/Hr, : YNeg.
Average Ambient Temperature s 3_2_:?;. Radiation Loss 1 BTU/Hr, : 18 x 46 = 800

) Hiscsllaneous .
Vacunm ¢ 27.25 ine Hg.3} Barometer 3 29.81 in. Hg. 3 Plenunm Pressure 3 1.26 psi
TSS_of Concsntrate (By Refractemeter) : 62.5%
Air Injection : XNil - Control

Condensats Collectsd

Tine from Start of Bun: Nins 0 10 20 30 40 | Average | Average
5 L/8r. | Lbs/Hr.

Litres ) . 3.0 ) 5.6 8.2 10.9 13,6 o

Iitres/10 min, interval 0 | 2.6 | 2.6 | 2.7 2.7 199 | 354

Heat of Evsporation s BTU/Hr. s 1025 x 35.1 = 35,900 -
Total Heat Transmitted s BTU/Hr. 3 35,900 + 800 = 36,700,

‘h - 6,700 - lanm!oft.oF.Hro
R




Appendix ITI (xvi)

RUN Ko, 106 (TEST) : READINGS

ratures

Tine from Start of Runi Mins o 10 20 30 Averages
Liquid Tezperature : Top 1.94] 1,91 [ 1.93 | 1.94 | 1.90 millivolis

" " Bottonm | 1.86{1.86 {1.88 [1.88 - 116°p
Tube Wall Temperaturs : Top . 4.20 | 4418 | 4.17 .4.\2’1 4.17 millivolts
w " hid Upper half 4.18 4.18 4.17 [ 4417 . o
.. " Lover half | 4.18| 4.17 |4.17 | 4.17 200 ¥

d " ” Bottom 4.18 | 4417 | 4.17 | 4.16
Steam Tempsrature 3 Top 4.29 | 4.28 {4.29 | 4.28 40,29 nillivolts
" n Bottom 4.29 | 4.28 | 4.29 | 4.28 -213%

Tenperature Differsnce : Tube Wall - Liquid s 92°F

Average Fesd Temperature 1@ 11§°1‘-’. Feed Heat Gain or loss : BTU/Hr.: Neg.
Average labient Temperature 3 68°P. Badiation loss t mfﬂr.t 18 x 48 « 850

¥iscellrneous
Vacuum t 27.25 in, Bg.j Barometer t 29.80 in. Hg.3 Plamm Pressurs 1 1,25 psi.
ITSS of Concentrate (By Refractometer) 1 62.5%
Air Injection s 5.0 Litre/min.

Condensate Collected

Time from Start of Run s dina, o 10 20 30 Average

Average
L/Hr. Lbﬂ/hrt

Litres v 2.4 | 5.6 [ 9.0 | 12,7
11 tres/10 min. Interval 0 3.2 | 3.4 3.7 20.6 453

Heat of Evaporation : BTU/Hr. 1 1027 x 45.5 « 46,750
Total Heat Transmitted : BTU/Hr.s 46,750 + 850 = 47,600,

600 o .
n, ":f%é"x'g? - 180 BTU/aq.ft, °P. Hr.




E Hos. 39' 151 and 43

fondition of ipparatus

{Ta'bh XV}
T dobermin

of ithe circulating liquid

(b} The reproducibility of tests carried

Bz liquld inte the bot
the. Tising section via a & in, gear pump driven by a
gpeed D.C. m The throttled flow -

v 1iguid ve by

not mmd; ﬂfurring hmvtr to Buns 111 and 112

{Table XV} it would be Wcua to have basn of the
r of 1.5 24/ :

The tube was cleansd befors the test wasz staried,

; ation rate to 0.1 Fi/mec, {(as

of 1.5 ft/sec.) incressed the fiim coefficient of

head & r Wy about 217,

The reproducibility of successive rune appears to

e of the order of 1%

Pall of the Sube ¥ rabure slong

its length lmgguts that during natural ciroulation,

boiling was

whereas with throttled circulation it probably atarted

cloae to the tube inlet.




Appendix ITX (xvas)
RUN _No, 39 ~ THROTTLED FLOW — WATER (CONTROL) READINGS

Tﬂntmt
Time from Start of Run 3 Ninutes 0 10| 20 | 30 Average
Liquid Temperature Top 3.34 | 3.35/3.3413.36 3.35-n1mvosts
- ’ - 1!5'5 F
" " m*m 3.34 3.34 3034 3034 3.34 nillivolts
=175 F
Average temperaturs of liquid entsring heated tube 2 3.34 zmillivolis = 115°P
Tube Wall Teaperature Top 4.20 | 4.20/4.18/4.18] 4.19 millivolts = 209°F
" . Upper half | 4.25 | 4.25(4.2514+25| 4.25 millivolts = 211,5°P
" . " Lower half | 4422 | 4.24]4.23[4.23| 4.23 millivolts = 210,5°F
" ” ~ " Bottom 4,00 | 3.98{3.99[4.00| 3.99 millivolts = 201°F
_Average Tudes Wall Temperature 3 4.16 millivolts «' 208°p
Steas Tempsrature Top 4432 | 4.324.32(4.31| 4.32 nillivolts
- " " Botton 4.32 | 4.32{4.32(4.31 - 214°F

Temperaturs Difference 3 Tude Wall — Liquid entering Heated Tudbe 1 AT = 33°F

Average Peed Temperaturs 1 180°F 3 Yeed Heat Gain or Losss =(38.4 x 5) « =200 BTG/
Average Ambient Temperaturs 3 74°F; Radiation Losa: +(18 x 101) « 1,800 BTU/hr.

Prezoures

Vacum 8 15.93 in. Hz.y Barometsr 3 29.88 in, Hz.s
Absolute Plemm Pressure 3 6.84 psi

Condensate Collsctad

Time from Start of Bun s Minutes | O | 10| 20| 30| Average | Ave
Litre/hr. Lbl’:/.g:.
Itres ‘ , 2.0 | 4.9 | 7.8 {10.7 ' .
Litres/10 min. interval _ 0 2.9 | 2.9 2.9 17.4 38.4

Heat of Evaporation s (994 x 38.4) = 38,200 37U/hr.
Total Heat Transmitted s (38,200 + 1,800 — 200) .= 39,800 DBTU/hr.

800 o -

— spomo— ——
AP e




Appendiy ITT (xvits)

RUR _No. 39 - THROTTLED FLOW -~ WATER {CONTROL) READINGS

T ratures

Time from Start of Bun s Ninutes 0 10| 20 | 30 Average
Liquid Temperaturs Top 3.34 | 3.36{3.34{3.36]| 3.35 aillivolts
. ’ - 1:2.5 P
b " Bottom 3.34 3.34 3.34 3.34 3034 milliyolts
- 175 F
Average temperaturs of liquid entsring heated tube $ 3.34 millivolts = 175°F
Tube Wall Temperaturs Top 4.20 | 4.20/4.18/4.18{ 4.19 millivolts = 209°F
" = i, Upper hal? | 4.25 | 4.25|4.25[4.25| 4.25 millivolts = 211,57
L " Lower half | 4.22 | 4.24(4.23/4.23| 4.23 m111ivolts = 210.5°
w = " " Bottom 4.00 | 3,98(3.99(4.00] 3.99 millivolts = 201°F
_Average Tudbs Wall Teaperature & 4,15 millivolts =’ 208°%r l
Steam Teapsrature Top 4032 | 8.3214432(4.31| 4.32 nillivolts
" " Bottom 4.32 | 4.3214.3214.31 « 214°F

temperaturs JiTference 3 Tube Wall - Liquid entering Heated Tude 3 AT = 33" F

iverage Feed Temperature 3 180°F §  Feed Heat Cain or Lomss -(38.4 x 5) = =200 BTD,
iverage Ambient Temperaturs s 74°F; Radiation Loss: +(18 x 101) w» 1,800 BTU/br .

Pressucres

Vacuum & 15,95 in. Hg.y Barometer 3 29.88 in, Hg.3
Absolute Plemum Pressure 6.84 psi

Condensate Collscted

Time froa Start of Run s Kinutes o 10 20 30! Average | Ave
. ) Litro/hr. Lbs. .
Iitres . _ L | 2.0 | 4.9 | T.8 |20.7 . 4o
Litres/10 min. interval 0 |29 29| 29| M4 38.4

W

Heat of Evaporation s (994 x 38.4) = 38,200 BTU/hr. .
Yotal Heat Transmitted : (38,200 + 1,800 - 200) = 39,800 BTU/hr,

800 o .
h, - 5133—;3—3 = 418 BTU/sq.ft. °P. Hr,




Appendix I11 {(xix)
RUR No. 16) -~ THROTTLED FLOW - WATER ‘TEST! READINGS

Texpsraturss
Time from Start of Bun = Hinutes 0 10 | 20 | 30 Average
Liguid Teaperature Top 3,33 | 3.33 3-33 3.33 | 3.33 mili_-';s 1is
" . Botton 3.28 | 3.27 [3.27 | 3.26 | 3.27 millivglts
' - = 172°F
Average temperature of liquid entering Heated Tube ¢ 3.27 millivelts = 172°F
Tube ¥all Tesperature s Top . 4,17 { 4417 | 4+17{ 4418 | 4.17 millivolts = 208°F
" n " Upper half| 4.18 | 4.18| 4.18(4.19 | 4.18 millivolts = 208.5°
" - o Lower half| 4,17 | 4,17 | 4.17[4.18 | 4,17 millivolts = 208°F
.. " _Bottoa 4.16 | 4.16 | 4216(4.17 | 4.16 millivolts = 208°F
Avorgg- Tubo Wall Teaperature 3 4.17 millivolis = ﬁ%’
Steam Texperature Top 4,30 | 4.30| 4.3%| 4430 | 4.30 millivolts
" . Bottom 4,30 | 4.30 4.31] 4.30 - 213°F

Teaperature Difference 3 Tubs Wall — Liquid entering Heated Tube 1+ oT = 36°F

Average Teed Temperaturs 3 180°F 3 Fesd Heat Oain or Loss: —(50,8 x 6) = =300 BTU/hr,
Average imblent Temperatures 74°F; Hadiation Loms: + (18 x 100} = 1,800 BTU/hr.

Pressures, etc.

Vaowzm 3 15.95 in. Hg. 3 Barometer t 29.86 in., Hges
Avsolute Plenum Pressure i §.82 psi; Throttling Pump Speed 13 2 100 rpm

Liquid Velooity in 35 mmm Tube (from Pump calibration) 3 0.1 £t/ssc.

Condensate Collected

Tise from Start of Bun s Rins B ¢ 10 20 30 Ave Avvrz
' Litre e | Lba, .
Litres o - 16,5 | 20.3 | 24.2 | 28.0
- : 23.0 50.8
Litres/10 min, interval 0 | 3.8] 3.9 3.8

Heat of Evaporation 3 (994 x 50.8) = 50,500 BTU/Er.
|Total Heat Transmitted 3 (50,500 + 1,800 — 300) = 52,000 BTU/Er.

| 2,000 0
ha'-wi‘x__'ig' BTU/sg. £t. °F. Hr.

e % improvemsnt over average control = %% x 100 «° f219‘




Appendix III (xx)

BUN _No, 40 - THROTTLED FLOW — WATER -(CONTROL)READINGS

ratures
Time from Start of Bun t Ninmutes 0 | 10 | 20} 30| 40 | Average
Liquid Temperaturs  Top 3.35 | 3435 { 3.33| 3432} 3.32 | 3.34 = 175°F
" n Bottom 3.33( 3033 3.32{ 3.31] 3.31( 3.32 = 174°P
Average Temperature of liquid entering Heated Tube 1 3.32 millivolts = 115°F.
Tube Wall Tempsraturs 3 Top 4.18 | 4.20 | 4.20| 4.21| 4.21 | 4.20 = 209°F
. . " Upper half | 4.27 | 4027 | 4.29| 4.30] 4.30 | 4.29 = 213°7
LI " lower balf | 4.25 | 4.24 | 4.25| 4.26] 4.26 | 4.25 » 221°F
# w " Bottom 4402 | 4,01 | 4.00| 4.03| 4.01 | 4.01 = 201.5%F
Average Tubs Wall Temperaturs : 4.19 millivolts = &ol?
Stean ‘I‘mpcraturc s TOP 832 | 432 | 4,32 4,132 4.32 o
" " Bottom 4.32 | 4.32| 4.32| 4.32| 4,32 | 432 =214F

Temperaturs Difference : Tube Wall - Liguid sntering Heated Tube 3 AT = 35°F

Average Feed Temperature t 179°F; Feed Heat Gain or Loss: -(40.5 x 5) = -200 BTU/Hr,
Average Ambient Temperatures 74°F; Radiation loss: +(18 x 100) « 1,800 BTU/Hr,

: Iressures
Vacwum ¢ 15.95 in. Hg.s Barometer 3 29.84 in. Hg.
Absolute Plenum Pressure : 6.80 psi.

Condensate Collscted

Time from Start of Run : Hina, 0 10 20 30| 40 | Average | Average
itre/Hr. | Lbs/Hr
Iitresn 1.0 4-0 701 10.1 13.2
18.3 40.4
Litres/10 min. interval 0o | 3.0 3.1 3.0 3.1 .
—

Jeat of Bvaporation : (994 x 40.4) =~ 40,100 BTU/Ar.
Total Heat Tranzmitted : (40,100 + 1,800 — 200) « 41,700 BTU/Hr.

1,700 : o
h, . 5533-7!—5 = 414 BIU/eq.ft. °F. Er.




APPERDIX IV

REDUCING THE VISCOSITY OF STICKWATER BY ERZYME TREATWERET

McEride et al {1) have reported on the remarkable reduction in
the visconity of herring solubles that can he sffected by treatment
with certain enzyme preparations. Fig. 4.IV (1), extracted from a
publication by the Pimshing Industiry Research Institute (2), 1llus~-
trates that mimilar effecis can be obtained with pilohard and maas—
banker concentrate.

Different percentagea of commercial enxyme preparations were
added to sanples of stickwater obtained from a loeal factory.
Barlier tests at F.I.R.I. {3) had indicated that homogenized pil-
chard viscera was also a powerful hydrolysing agent. This materisl,
freshly frosen and stored at G°?, was therefore also included in the
list of preparations that were tested,

The temperature of each sample of atickwater was maintained at
approximately 130°F for one hour after the engyme hal been added.

The viscosity of the liquid was determined bafore and after treat—
ment by standard U-tube, as described in Appendix I. The percentage
of enzyme added was calculated on the dry matter in the stickwater,
an dstermined by refractometer, The molisture content of pilchard

. gut was determined and found to be roughly 75% The percentage of
dry pilchard gut added was therefore taken as one guarter of its

wet weight,

The following conclusions can be drawm from an inspection of

Pig. A.IV (1) s

a) variations in the viscosity reduction of stickwater by
ensyme treatment may cover the entire range from 90% to 10%;

b) the treatment is about twice as effective with maasbanker
stickwater as with pilchard atlokwater; B

¢) there is little to choose between individual oommercial
enzyne preparations. The choice would primarily be one
of costy and .

4} homogenized pilchard gut can be quite as effective as any
of the commercial preparations, when compared on a dry
basis,

The considerable variation in the effectiveness of engyme treat-
ment is probably dus to the same factors which were responsible in

the case of the herring solubles (1), i.s. soasonal variations
in the composition of the raw fishy differences in the potency of the
additives from batch to batch {particularly in the case of pilchard
gut); and pre-history of the raw fish between catch and process.

The coat of the most popular commercial engyme preparation is

currently/
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Vigcosity of Treated Stickwater as Percentage of Viscosity of Control
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gatinated that pmassing the gut wiih s machine of this sise womld
cost not more than about B2 par 4on or say 0.1 centse per pound. 7The
addition of say 5,-; of wot gut to the stickwatsr based on ite dry matter

into

The smurplus gut from each factory could be pressrved by freesing.
It is entimated that freesing might add a maxioum of 0,15 cents, and
storage at 0°? for say 3 months night add snoiher 0.3 cents per gmmd

% practice
adtar 4o
& milig

e aarlier @?ﬁi@am 4o not bonefit
i by other consliders-

tions a8 disoussed in Chapter VIII,
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APPENDIX V

THE PRFSSURE DROP IN THE BOILING SECTION OF EVAPORATOR TUBES

In Mpter VII the following expressién was derived for the loss of
head over s finite length of tube 13

VoAV VAV
AP 14BRm 1 [AH L ‘e _ 1
AT * 1T+ TTe v (AL)F;'( + Bn P ) {1 + GvjaL

To illustrats the use of this expression under practical conditions,
the sano assumptions aro made as for the worked example in Chapter VII 3
Tube dismeter s 0,115 ft.
Donsity of 1iquid & 70 lbs/cubic ft.
Specific voluse of wapour s 200 cudbic f£1./1b.
Maximum and minizmam viscosity of liquid ¢ 500 cp and 1 op.
Assume also that vapour is heing genesrated at a typical rate of
50 1bs/hr., and that the 1iquid velooity in the non-boiling section is
2.0 ft/s0c. at ths lower, and 0.4 £t/ssc. at the higher viscosity.
The corresponding liquid flow rates are 1.45 1bs/ssc. and 0.29 1bs,/sec.
. Conmlder first the hydrostatic term at the maximum flow rate 3
A% Tube At Midpoint 1/10 of Bofl~  1/20 of Boil~

Outlet = of Boiling ing Section ing Seotion
Ssgtion
Yoo Ibs/sec. 0,014 . 0,007 0.0013 0,0007
ws 1bs/ssc,  1.45 1.45 .45 2.45
- :
Ra = =2 0.0097 0.0048 0.0009T 0.00048
bt

LA ' o
RY = In T 136 68 13.6 6.8

L . .
i = 0.0073 0.0145 0.069 0.128

1 4 Bn

These valuss of J~r7 have been plotted as shown in Pig, 4.V. (1)
and 4t will be noted that s

a) except at the very commencement of the boiling section the term
is omally i.0. over practically the whole extsnt of tha boiling
section the density of the liquid-vapour mixture is much less
than that of the 1iquid only ) :

b) . even major changes in the assumed flow rates wy and w; oannot
slgnificantly alter this condition.

The oaloulation of 1232 for the reduced flow rate of 0,29 lbe/sec.
if therefore omitted.

Consider/



e Priotion fop
mﬁm@& 3

ii\ﬂ = Pressure drop dus fto vapour lmagined flowing by

itmelf. 1b/{ng.ft.) {£%.)

whe

dua 4o 1«

and the mmmement of the boiling section will be considered.
At the lower viscosity level and with a flow rate of 1.45 lb/sac., the

g& L0

mg Yy iteslf 1. 1

For o for fa 0,006,
2
AP 4 = 0.006 = 2% v 70
ﬁ@meiﬁ&é - SRl o mgx mwfm (£3.)

At the fube outlet the

Factor is 0,006,

(A )G ® 0115 x 2 2 32 x 200 = 1.1% 115/(55'1-1?'3.) (ft.)




and the superfisial wapour velooity = 135 £i/sec.

AP 2
M")G 3.115 T2 x 32 x 200 ° 0,37 1b/{eq.4.) (£2.)

{%‘%w . 0,91 x 3.3° w 9.9 1b/(sq.2t.) (£5.)

a viscosity of 500 op, and a circulating valoodity of 9.4 ﬂ/m. are 8
at tube outlet 3 0,65 £4. liquid/rt.
ot midepoint 8 0.47 £He Iguid/Pi.
v 0.145 £%. liquid/Pe.
hawe also bean plotisd L

iatlon in viscosity far out
stioal lindlts of muy of the other

ape head loss, howsve
moesleration head and to divids by the

....... : beitwesn the

af
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sl mver

regpoctively. The mgreemont of the caleulated figures with such
exparimental data az ars awvailable therefore appears reasonsble.

However, in view of the conjectural nalure of the pressure
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T ¢ Temperaturs Dogs Fo

LT Tepperature Gradient between Tudbe
¥all and Bulk of Liquid

A To Temperature Uradient betwesen Steam
ani Bulk of liquid

v Tempsrature Biss of lLigquid in Fon-
Boiling Tube Saction

t . Time Hours

. % Overall Heat Transfer Cosflficlisnt betwesn o
Steam and Bulk of Liquid BTU/BgeTts Fo Hre

ﬂa Average overall Heat Transfer
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UG Grogs overall Heat Trangfer Cosfficient
azsspuming Single Effect Operation of
a ¥ulti-~-Effect Plant
Y @& Specific Volume Cubic £4./1b.
VL Speaific Volume of Liquid
‘IG Specific Volume of Cas or Vapour
v &t Velocity £t. Jusc,
vy Valocity of Liguid
Yo Velooity of Uam or Vapour
¥ s Vork performed per Pound of Air . Ft.1lba/1b.
w s Hass Flow Rate 1vs/sec.
' w, Hass Flow Rate of Liquid
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[’ TDensity of Liquid .
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