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ABSTRACT

VelocTTy and temperature pfoffles in mercury are reported for
vertical flow in a pfpe at Reynolds numbers of approximafeiy 3.3 x lo%
and 5.4 x 10* with variation in heat flux. At a Reynolds number
~ 3,3 x 10" profiles ‘are reported for Thermal calming lengths of ap-

proximately 17, 36, 6! and 84.

The velocity prdfi!es, temperature profiles anvausselT numbers
are shown to be sfrdngly infiuenced by free convection effects. Cor-
relations are presented whereby the amount of ‘distortion of the velocity
profile from the isothermal profile under given conditions may be estl-
mated, and the value of the Nusselt number under given conditlons may

be predicted.
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CHAPTER |

COMBINED FREE AND FORCED CONVECTION IN TURBULENT PIPE FLOW

f.1 INTRODUCT ION

The effect of free convection on Thé JélociTy and temperature profiie
in turbuient forced convection has either been neglected or regarded as
lnsign1ffcan+ by Thé majority of investigators in this fleld of research to
date. A numerical study of The‘problem by Ojalvo and Grosh 1] In 1962
showed, however, that free convection effegfs could influence velocity and

temperature profiles to a marked extent.

More recently Horsten [2] carried out an experimental study of thls
problem in turbuient pipe f[ow-of mercury under conditionhs of constant wall
heat flux. His results confirm that even at low heat fluxes the veJocl+y
and temperature profiles distort significaany. - The resulting eddy
diffusivities of heat and momentum and heat transfer coefficients are also
shown to be affected by free convection effects. A problem that arises,
however, is whefher the measured proflles were fully developed, or whether

the observed effects were due to profile development..

» The effect of thermal entry length on the Nusselt number [n furbulent
flow of Ilquid metals was reviewed by Kays [3] in [966. The survey shows
that the greater +hé Reynolds number the longer it takes the Nusselt number
to reach its final value. Typlically for a Reynolds number of 50 000 the
Nusselt number onlygassumes its final value after an L/D = 35 and at a
Reynolds number of 100 000 the flnal value of the Nusselt number is only

assumed after an L/D = 45,
More recently Azer [4] aﬁa]ysed‘fhe problem of thermal entry length

and suggested the Interpolation formila

0.827

0.701 Pe”*S (1'|)
0. 155_0.63

7.0 Q025 Pr

L/D =
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(where L is the thermal entrance length) be used 1o establish when
flow is fully developed. L/D values obtained using this equation are low
compared to the data reported by Kays. Typically for a Reynolds number
~of 50 000 with Pe = 1300 and Pr = 0.024 an L/D ratio of 21.1 is obtained.

Since none of the work on thermal entrance lengths has been based on
a knoewledge of both the actual velocity and temperature profiles an experi=
mental determination of these profiles would be desirable.

Briefly, the objec¢tives of this thesis were :

(1) To extend and confirm the work done by Horsten i.e.
measure non=isothermal velocity and temperature profiies
using tThe same loop as he did.

(11) To attempt a correlation of the effect of free con-
vection on velocity and temperature profiles, eddy
diffusivities and Nusselt numbers.

(ii1) To examine the effect of thermal entry length on the
velocity and temperature profile with a view to
establishing whether fully developed flow was reached
in the experimental equipment used.

Experiments were carried out to measure velocity and temperature profiles
at Re = 54 000 for L/D = 84 and at Re = 33 000 for various L/D ratios and
a variety of heat fluxes. The basis for the deTermina+|on‘of eddy
diffusivities of heat and momentum from such measured profiles is set

out in the following section.

1.2 THE EQUATIONS OF MOMENTUM ANDrENERGY

The equation of motion in cylindrical coordinates for a fluid flowing

in a pipe is [5]

ou au u, au ou N
0 ——>'<‘ +——lk- x+u —-§R.
9.\ of r ar rooy X 39X ax
7 oT 9T . g
(L3 ey o L Wx oxx 2x
<r-ar (rTrx) Y r oY T T :% e 9c * . (1.2)

The corresponding equation of energy is [5]

aT T , v AT
*p <ar "YU T Ux 8x> (r ariap)

3q,  9q . Bu,  Bu
LI TR S T 13 ¥, _x
T ax> T<8T> <r T A T/ 8x>
p |

*  viscous dissipation terms. - ' | (1.3
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The following assumptions are made :
(i) Flow is fully developed.
(i)  Wall heat flux is uniform i.e. 2T7/&x= const., A .[I].

(iii) Flow is vertically upward in the positive x-direction
ile. ur = l]w = O.

(iv) Viscous dissipation is negligible.
(v)  Axial heat conduction is negligibie.

(vi) The fiuid is essentially incompressible and the overall increase
in velocity due to heating is negligible. The continuity
equation may thus be expressed as aux/ax = 0,

(vii) Static pressure is constant across any cross-section i.e.
dp/dr = 3p/d3Y = 0.

(viii) All fluid properties (except the density) in the driving force
term are constant and evaluated at the mean cup fTemperature.

(ix) The flow is single phase (i.e. fiquid phase)

(x) ~ There is no s!lip at the wall i.e. the velocity at the wall = O,
(xi) wa = T = 0.
For turbulent fiow the shear stress is expressed as [6]
ou
- - X =t
o 9Ty . * pu UL (1.4)
where - _§§ is the laminar contribution and pu;u; is the turbulent

contribution to the shear stress.

The heat flux is analogously expressed as

~q_ - -S—I * oo, UITT (1.5)
Where k %; Is the laminar and pCp u;T' the turbulent component of the
heat flux.

The eddy viscosity (or eddy diffusivity of momentum, ¢, first suggested

M’
by Boussinesq (see Brodkey [67] ), is defined as

T L L x (1.6)
Xr M ar

u

and similarly the eddy diffusivity of heat is defined as

ulTyY = 9T

r eHé—r: (1.7

and hence the momentum equation becomes

g .14 n dux
-p.gc i [:gc r Cleg,/v) —EF:} (1.8)

and the energy equafion:becomes \

d

o
X|o

T .1 g ar
pCp U o - Far [:kr(l+eH/a) = (1.9)



where v= 1/p, the kinematic¢ viscosity and
o= k/pCp, the thermal diffusivity.

The density variation in the body force term on the left-hand side of

- equation (1.8) may be expressed as

= by [l—B(T~TaV)]. (1.10)
%f may be evaluated from the friction factor relationship [7]
dp g __ Zuu ‘
5; + Oy 5 - g f Re (1.1 h
c

¥

where Pay is the mean.fluid density and by definition is

-‘.= 1: ‘ 4
| Oavv 2 é ondn . (1.12)
Py must thus be evaluated aT_TaV where
_ ¥
TaV =2 é Tndp . | (1.13)‘
and not at the mean cup temperature,
T =2 /'~ Tndn . (1.14)
m ou .

Using the dimensionless parameters

n=r/R
U.= ux/um
6=T-T
av
¢ = 2k6
. - 2
| pav U, Cp AD ,
_pgv 8 g Cp AD*
and Ra = - ;
K
equaflon (1.8) comblned with (1. 10) and (1. 11) becomes

—H—E<IGN>:] ‘%?—&Sf% | 'UJ%

and equation (1. 9) becomes

A £l ntive /a)-4§] ~g , (1.16)
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Equaflons (I 15) and (I 16) can be rearranged to glve The eddy
diffusivities of momentum and heat :'

Ra [ ¢ndn ; '
[—é—-—_f——-dzsfnen]

eM/v = 7 @ e i (i
and .n 5
' . 0.5.£" Undn 18
€H/a = -—-r-‘-a$-——-— - | ('. .9)
dn

Experlmenfal defermlnafion of *he velocnfy and Temperafure disfrlbuflon
»Wl|| now allow calculaflon of the eddy dlffusnv1+|es of heat and momenfum



CHAPTER * 2

! EXPERIMENTAL EQUIPMENT

2.1 THE TEST LOOP.

The mercury #esf?loop which had previously been used by Horsten [2]
is shown schematically In flg. 2.1. All the sections were constructed
from type 316 seamless 'stainless steel tubtng.  Mercury. flowed vertically
upward through an 18 ft 7 In. length of tubing with an |.D. of 1.968 In.
and 0.D. of 2.047 in. 5 '

The top portion of the loop Is shown In fig. 2.2. [+ was construc-
ted out of 1.624 [n. |.D. tubing and contained a Saunders diaphragm valve,
an orlfice meter (incorporating flange taps) and an expansion chamber.

A 12 In. centrifugal pump was used to pump the mercury around the loop.

- |+ was mounted at the +op of the loop so as to minimize static pressure

on the pump glanding. fThe;pump was belt driven by a 3 h.p. motor through

a sliding~pulliey varlable speed drive and a 10 to | reduction gearbox.
Speeds could be varied from 70 to 300 r.p.m. -Mon?foring of the pump speed
with a tachometer gave less than a 1% fluctuation over many hours of running
time [2]. The motor, variable speed drive and reduction gearbox were
attached to a steel frahe supported -on rubbef pads on a concrete platform

to minimize the transmission of vibrations to the flcw loop .

The Inner pump casling was .made of .cast Iron and was epoxy painted to
prevent rusting and\con+amlna+ion ofA+He mercury. Theé pump shaft was
glanded with an asbestos impregnated teflon bush. The latter material
' was rigid and had the lubricating properties of teflon but did not "flow"
as teflon does. e

Control of the mercury. flow rate was -achteved by varying the pump
speed .and .utilizing a Saunders diaphragm valve on the pump outiet. A
mercury manomefer,_connécfed to the orifice meter flange taps, lndfca+ed
the flow rate.

. The vertlcal and bottom horizontal return pipes (0.788 In. 1.D.)
were fitted with .25 In. diameter stainless steel wafer'jackefs; the
water flowing counter - currently to the mercury.” Two 6 ft. metal
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pillars, situated immediately under each vértical leg of the test loop and
bolted to the ground floor, supported the loop. Wooden clamps, situated at
the level of two laboratory landings and attached to the outside of the

asbestos rope insuiation (see section 2.2), held the loop veffléally;

The loop was filled through the expansion chamber. The top and
bottom cross sections were at a slight angle -to the horizontal and gas vents
were provided at the orifice plate and the pump so that gas trapped In the
|oop during filling could be released. A drain valve was provided at the
bottom of the loop. In case of emergency the mercury could be dratned Into
a stalnless steel tank but under nthal conditions the mercury was dralned

Into polythene storage bottles when necessary.

2.2 THE TEST SECTION

As mentioned in the previous section, the test secT]on was made from
an I8 f+ 7 In. length of seamless stalnless steel tubing with an 1.D. of
1.968 in. and an 0.D. of 2.047 In. '

Two mixing cups were welded onto each end of the test section. The
design of the mixing cups ensured complete mixing of the mercury and hence

accurate intet and outlet temperatures could be measured.

A 5/16 in. diameter hole, through which the probe was Inserted was
drilled Into the tube 2 ft+ 7 In. from the top end and a nozzle to which
the probe traversing mechanism could be attached was sflver soldered about
Thfs hole.  Silver solder was used to prevent disTorTfon o* the tube but
had to be carefully covered with an epoxy cement to prevent con+amfnaffon

of the mercury.

The test section was evenly wound with | in. wide and 0.032 In. thick
chromei C heating tape. The length of heated test sectton to the probe tip
was |13 f+ 8.5 In. and the distance between the top and bottom lugs was
l4 f+ 7 in. There were || diameters of unheated pipe before the start of
the test section and 17 diameters of bipe above the probe tip, 5 of which

were heated and 12 unheated.

To obtain different heating lengths, steel hose clips, provided with
power cable connections, were clamped around the heating Eibbon at distances
of 33 In., 72 in. and 119.25 In. below the probe t1p.  Non-Isothermal
velocity and temperature profiles could thus be measured at thermal calming
lengths of 16.8, 35.6, 60.6 and 83.6.
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2.3 TEST SECTION HEATING

‘The supply voltdage was passed through a 74 amp, 220 volt Foster
voltage stabllizer and then through a variable transformer capable of pro-
viding 100 amps at 160 volts. The minimum oufputiyplfage of the trans-
former was 60 volts. - For high heat Input runs +hé fransformer wasvcon- ,
nected dlrectly to the heating ribbon, but for low heat Input runs an ad~"
dittonal reslstance was Insefrted into the clircult to glve the required
poWer output. Power consumed was measured by timing the revoiuttons -on
a callbrated domesflc‘KWH meter rated to take 80 amps at 220 volts. An
ammeter and a voltmeter were also Included In the circult. During all
non-fsothermal experimental runs one of the power cables remalned connected
to the top of the heaflng ribbon while the other power cable was connected

to elther of the four other power connechons provlded.

The heatling ribbon was electrically insulated from the pipe by‘meahs
of asbestos paper olued to the plpe with sodium stiicate and ‘covered wah
a2 In. woven flbre-glass ribbon.  Successtive wlndlngs of The heaTIng Tape
were spaced by /16 In diameter asbesTos string. Hose clamps, provlded at
regular Intervals, held the heating ribbon In position. The clamps were
also Insulated from the heating tape by means of asbestos paper and flbre-
glass flbbon. Provnslon for the probe nozzle was made by CuTTlng a seml~-
circle out of each of two ‘successlve heaTIng Tape wlndlngs. HeaTIng Tape-?

to-tube reslstance was approximately 4 x IO4 ‘ohms when the Insulation was

PR

| dfy;’ff~

The test sectlion was thermally Insulafé@ﬁby +wo'layeré of 374 In.
asbestos rope wound fairly léosely to glve maiTmum Tnsulation. Prefdrmed
fibre-glass steam plpe lagging (I 1/4 In. thick) was flnally placed
around the asbestos rope, cutting heat losses to less than 2%.

2.4 THE PROBE

To enable simultaneous measurement of veloclity and temperature pro-
- files, a probe was constructed to serve as a comblned pltofstatic tube
and lron-constantan thermocouple. Flgure 2.3 I's.a dimensloned drawing of

the-probe and. fig. 2.4 is a photograph of the probe tip.

' The outer tube was 10 gauge (0.077 In. I.D. and 0.128 In. 0.D.) and
the Tnner tube 18 gauge (0.032 in |.D. and 0.048 In. 0.D.) stainless steel
tubing. The goose-neck impact tube was 25 gauge (0.010 fn. 1.D. and
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FIGURE 2.5 THE PROBE ASSEMBLED IN THE TEST SECTION
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0.020 In. 0.D.) stalnless steel hypodermic tubing, tapered to 0.015 In.
at the probe tip. |

Two grooves, 0.016 in. wide and 0.016 In. deep, were made down the
sldes of the outer tube to accommodate the thermocouple wires. Six
0.020 In, diameter static holes were drilled Into the outer tube 1.3 tn.
downstream from the probe tip. The static holes and thermocouple wire

were equally spaced at 45° to each other as shown In flg. 2.3,

At the probe tlp tightly fitting wire colls were placed around the
Impact and Inner tubes keeplng them concentric to one another and to the
outer tube. The tubes and springs were firmiy held together by means of

an epoxy cement.

The thermocouple was made of 30 gauge (0.010 In. 0.D.) Iron wire and
34 gauge (0.0067 In. 0.D.) constantan wire. The bead had an average 0.D.
of 0.0225 In. To minimize Interference In the flow around the probe tip
the thermocouple bead was placed 0.25 In. downstream from the tip. The
wires were carefully placed into the grooves provided and cemented In with
an epoxy cement. After drying, the epoxy was machlined flush with the outer
tube. Epoxy cement was also used to streamline the impact tube, thermo-
.couple bead and wlres to the outer tube. The exposed bead was covered
with a very thin layer of epoxy lacquer to avold direct contact of the
bead with the mercury. Fig. 2.3 shows how the thermocouple bead was posi-
tloned on the side of the Impact tube. The overall width of the bead plus -
the Impact tube was 0.047 In.

The impact tube was goose-necked, thus enabling the probe tip to
touch the test section tube wall before the rest of the probe. This
also enabled readings near to the wall to be taken and facllltated probe

positioning.

At the rear of the probe the inner and outer tubes were agaln con-
centrically positioned by means of a steel coll placed around the inner tube.

An epoxy cement was used to hold the tubes together and form a seal.

Four holes (0.030 in., 1.D.) driiled Into the outer tube and surrounded
by a manifold provided a take-off point for static pressure measurement.
A pressure tubs fitting at the end of the Inner tube enabled the impact

pressure to be measured.

A Tufnol terminal block provided with small brass electrical con-

nectors was posltloned next to the manifold and served to joln the thermo-
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couple extension leads to the thermocoup le wires.

Detalls of the probe traversing mechanism are ngen by Horsten Cz1.

2,5 PRESSURE MEASUREMENT

Fig. 2.6 Is a photograph of the pressure measuring and transducing
system. Only a brief description of the system will follow and further
detalls may be found in Horsten's Ph.D thesis [2].

An inverted Dwyer hook gauge situated at the top of the system was
used for calibration whereas the rest of the system measured pressure sig-

nals and transduced them to d.c. voltages.

Static and Impact pressures were transmitted from the probe, by
means of nylon pressure tublng, to two reservoirs half filled with mercury
and half fllled with water. These reservoirs had large cross-se¢+lonal
areas, thus minimizing any offset pressures which could be caused by flow
of mercury In the pressure tubes. Two water lines TransmITTed the pres-
sures from the reservolrs to the ports of a Whittaker Corp. model Pace
P 0 9D differentlal pressure transducer, having a range of 0 to | In. water,
and activated by a model C D |0 carrier demodulator giving an output range
of O - 10 volts d.c. The transduced pressure slignals (in the form of d.c.
voltages) were electrically flltered to remove high frequency fluctuations

and recorded on a 10 In. Beckman pen recorder.

The pressure measuring system was under a statlc pressure of approxi-

mately 30 p.s.I.

2.6. THERMOCOUPLES AND TEMPERATURE MEASUREMENT

Mixing cup, pump outlet, Inside and outside Insulation temperatures
were obtained from lron-constantan thermocouples. The thermocouples
were epoxy cemented into 4 In. lengths of 1/8 In. stalnless steel tubing

held

wlth the bead protruding sllghtly. The thermocoupie sheaths were,In
position by Conax flttings and sealed with teflon bushes.

All thermocouples (Including the probe thermocouple) were con-
nected to leads of the same materlal and taken fo a multiway switch from
which thelr Individual e.m.f.'s could be monitored. E.m.f.'s were
measured relfative to an lron-constantan thermocouple placed In a double
walled PYC contalner, fllled with crushed ice. A model 887 AB Fluke



FIGURE 2.6 DIFFERENTIAL PRESSURE MEASURING SYSTEM
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di fferential voltmeter provided direct reading of thermocouple E.m.f.'s.

The e.m.f. from the probe thermocouple was offset by a voltage
* approximately equal but opposite to the e.m.f. measured at the pipe centre.

This voltage was tapped off two Mallory mercury cells and remained very

steady. Offset e.m.f.'s were recorded directly on a Series BD Kipp and
Zonen Mlcrograph. Since the maximum offset voltage was less than 500 pY
the full range of the recorder could always be utilized. The maximum

sensltivity of the recorder was 0.05 mV  full scale, thus enabling very small

temperature differences to be measured.

By offsetting the probe thermocouple e.m.f.'s. far more accurate -tem-
perature readings could be made than by recording e.m.f.'s directly, parti-

cularly as this technlque enabled better utl ITzatlon of the recorder scale.

2.7 COOLING WATER

The cooling water system, tn which water flowed couhTer—currenT!y tTo
the mercury, is described by Horsten [2]. Cooling water temperature could
be controiled within % O.IOF, giving control over the mercury Inlet tem-
perature to within ¥ 0.2°F.

2.8 OPERATION

2.8.1 Cleaning and Filling

Before commencing.any experimental woﬁk the fesf loop and the mercury
were thoroughly cledned as described by Horsten [2]. To ensure that the
loop had no leaks, it was pressure tested at 100 p.s.1.g. before I+ was
filled. To avold oxidation of the mercury, all the alr was evacuated
from the loop and replaéed by niTrogen; This procedure was repeated
five times before the loop was filled with mercury. During fiillng,
nitrogen was bled lnfohfhe foop thus avoiding any alr belng sucked in

With the mercury.

2.8.2 Probe Installation and Positioning

The probe was fitted into the traversing mechanlism before being
careful ly Inserted Thrbdgh the hole in the pipe and the traversling mecha-
nism screwed onto the pipe nozzle. The probe was vertically positioned
by visual observation through the test seéTion exit, making use of Its

reflection In the mercﬁry. A strip of 0.0015 in. thick paper was used
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as a feeler gauge to determine the posffibn of the pFobe tip relafIVG to the
tube wall. The probe was screwed in towards the wall untll it just nipped
the paper and a lock nut was tightened to prevent it from belng advanced
beyond this point. Thus, the probe couid be advanced to within 0.0015 in.
of the wall and retracted to a radial position of y/R = 1.20, 1ts position
being Indicated on a dlal gauge which could read to 0.000 2 In. Fig. 2.6
Is a photograph of the assembied probe mechanism and dial gauge In poszlon,

with part of the Tnsulation removed from the test section.

To ensure that no alr remalned trapped In the probe or its leads,
some of the mercury was allowed to run back out of the reservoirs and through
the probe while the nylon pressure tubing was being tapped. Tapplng the
tubing helped to dislodge any air bubbles which were stuck to the tube walils.

2.8.3 Start Up
After long idle periods, It was found that the heating ribbon-to-tube

resistance would drop significantly due to water belng absorbed by the
sodlum silicate. Thus, after long Inoperative periods, iTAwas necessary
to heat the loop with very low currents to avoid shorting between the
heating tape and the test sectlion tube. '

The procedures deait with so far were not done‘regularly, but only
when the need arose. In the section to follow normal experimenfal opera-

ting procedures will be discussed.

2.8.4 Operating Procedure

The following steps outline briefly the operating procedure for measu-

ring non-isothermal velocity and temperature profiles:

(n The pump was switched on and the variable speed drive ad-
justed to glve the desired flow rate. Finer adjustments
were made by uflllzing the Saunders dlaphragm valve situ=~

ated Immediately below the pump.

(i1)  The coolling water system was put into operafldn and for
those runs In which a temperature controller was used,

the water heaters and con+ro|1er were switched on.
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(111) The bottom power cable was connected to one of Its ﬁower
connectlions to give the required heating length. For low
heat Input runs, the additional resistance was Included in
the heating circult and the power turned on. The tfrans-
former was then adjusted to give the desired heating rate
which, at this stage, was set according to the voltmeter

and the ammeter.

(tv)  The reference ﬁhekmocouple was Immersed In [ts Ice bath

and allowed to reach a steady temperature of 329F.

(v) The pressure transducer demodulator, filter circuit and
Beckman pen recorder were switched on, a zero position and
recorder scale were chosen, and the pressure measuring

system callbrated.

(vl) While steady state was being reached all mlinor adjustments
to the flow rate, heat Input and cooling water temperature
were made. A perlod of 2 - 3 hours was allowed for the

loop to attain steady state conditlons.

(vi1} Once steady state had been reached the probe was posttioned
at the centre of the tube, the offset voltage source and
Kipp Micrograph swiltched on, and the probe e.m.f. offset
by an equal and opposite Voltage from the mercury celis.
A sultable recorder scale and zero position were chosen

and temperature and veloclty readings commenced.

(vili) Pressure differentials and probe thermocouple e.m.f.'s.
were recorded at discrete y/R intervals. Because of the
large capacltance of the condensors and the flne hypo-
dermic Impact tube, it took at least 3 minutes for the
differential pressure measuring system to respond to any
changes in radial posltion. Recorder tracings of about
20 minutes at each radlal poslition were thus necessary.
The temperature was not recorded for such long periods
at each polnt since the response of the thermocouple was

fast. The temperature was, however, referred back to
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a radial posttion of y/R = 0.50 at regular Intervals to
ensure that any mjnor changes in temperature level would
not affect the +emperé+ure profiie. Zero readings were
checked from Tihe to time and where any drift occurred the
necessary adjustments were made. After comple+lon of each
run, recorder traclings were averaged by eye and the averaged
values tabulated.

At the end of each run the reslistance of the probe thermo-
couple clrcuit was measured and In some cases the differential

. sYstem . )}
pressure measuring was recalibrated.

uring all the non-Isothermal runs the following parameters were"

d at regular Inferva1sl

. The pressure drop across the oriflce meter.

Heat Inpu+, by timing a set number of revo-
lutTons of the KWH meter disc.

Infet and outiet mixing cup temperatures.

The temperature after the pump.

5. Inside and outside insulation fémpéﬁé#ures.
Cool Ing water temperature an§:ﬁ$8W'ra+e.
7. The offset voltage.
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CHAPTER 3

EXPERIMENTAL RESULTS

5.1 iNTRODUCTiON

‘Table 3. l summarlzes the eXperImen1al conditions uhder thch velo=

cl+y and +empera+ure profiles were méasured,

TABLE 3.1

EXPERIMENTAL CONDITIONS

o . : 5
Tm( F) 4 Tw “c Fr
(°F)

Run Re i q _ L/
(x1073%) | tBtu/nr/ 4 | Ra/Re

10.0241 | 0.644 83.6
0.0236 | 0.83] 83.6
]0.0231 | 1.107 | 83.6.
{0.0210 1 3.609 83.6
10.0212 | 3.887 | 60.5
0.0224 | 3.986 35.6
0.0236 | 1.861 | 83.6
0.0233 | 1.713 | 60.6
0.0238 | 1.767 | 35.6
0.0243 | 1.93} | 16.8
0.0235 | 0.810 | 83.5
0.0238 | 0.855 | €0.6
10.0240 | 0.859 | 35.6

1591 76.52 | 7.73
2064 | 82.22 |11.20
2762 | 87.79 |13.83
3824 115.16 [14.06
3836 | 112.56 |14.25
3842 | 96.77 |13.78
1595 82.00 | 7.9
1590 86.16 8.0z
34.0 1569 79.45 | 8.34
32.5 1703 73.64 | 7.49
tr o35 ‘669 83.33 | 4.57
12 | 30.7 | 682 79.15 | 4.46
13 | 306 | 675 77.77 | 4.67

53,9
541
55. 1
36.6
35,8
35.2
3241
33,7

O W O~ O Ul b N
S W W

O © O

3.1

723

74.64

3.59

10.0242

0.898

16.8

1-1 | 52.2 0 56.54 0 - 0 0
-2 | 31.3 0 59.0 0 - 0 0
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Temperature and velocity profiles were measured simultaneously by
usingAThe combined thermocouple andlp1+o+-s+a+ic tube probe: The data

agreed well with those obtained by Horsien [27] using the same test loop.

Profiles were measured at Reynolds numbers of approximately 33 000
and 54 000 and an L/D of 83.6. Further non-isothermal proflies were
measured at a Reynolds number of 33 0CO for L/D ratios of 60.6, 35.6
and 16.8. Heat fluxes in the range 670 - 3840 Btu/hr ft2 were used.

Isothermal velocity profiies were measured at Re &= 33 000 and 54 000.

3.2 VELOCITY AND TEMPERATURE PROFILES

Experimental data together with the computed results are tabulated in

appendix E. The calculation procedure is'given in appendix A.

The mean velocity compufed by intcaration of the veloclty proflle
was geherally in good agreement with the mean veloclity obtained from
the orifice meter. Small differences in these two veloclties were
probably due to residualvinequaIETIes of temperature in the leads from,
the Impact and static Tubes to the pressure fransducer even though the
leads were taken out horizontally so as fo minimize the temperature
difference effecf.‘ For isothermal runs, the Integrated mean velocity

agreed exactly with the orifice meter veloclty.

The agreemeni between the orifice meter and the heat balance velo-=
cities was not as good as the agreement between the orifice meter and in-
tegrafied mean velocities even though heat losses amounted to less than
2% of the total heat input. The worst disagreement was, however, only
7.5%. The most |lkely reason for this discrepancy is inaccuracy of
the KWH meter. Dimensionless parameters reported in appendix E were

computed using the integrated mean velocity.

Since heat losses amounted to less than 2% the axial temperature
gradient should be | inear Cil. This is experimentally confirmed with
mean temperatures based on a |inear interpolation between test section
inlet and outlet temperatures being only slightly higher than that

measured at the probe (see appendix A for details).

3.3 ENTRANCE LENGTH EFFECTS

To study the entrance length effect, sections of the heating coll
were reconnected to give L/D ratios of 6.8, 35.6, 60.6 and 83.6 (see
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chapter 2) before the probe was reached. Strice the total iengfh of
the test saction to the probe was constant, this meant that the hydro-
dynamic calming length to the probe was constant, but +ha+ the calming
lengfh before the start of heating was variable. The relationships

are given in Table 3.2.

TABLE 3.2

CALMING LENGTHS TO THE PROBE

Heated Entrance 1 Hydrodynamic calming| Total hydrody-
Length, L/D length before start namic entrance
of heating, x/D length.
0 94.6 94.6
16.8 77.8 94.6
35.6 59 94.6
60.6 34 | | 94.6
85.6 I 94.6

Developing veloéiTy and temperature profiles are shown in figs.
3.1 - 3.4 at a Reynolds number of = 33 COO.

Hinze [8] recommends that Nikuradse's value of x/D = 40 be re-
garded as a minimum value for the Isothermal velocity profile to develop
fully. Thus, for runs where L/D ¢ 35.6 (i.e. x/D » 59) the lsothermal
velocity profile can be assumed to have been fully developed before

heating began.

it is seen that distortion from the expected pseudo-parabolic velocity
profile already exists at an L/D ratio as low as 16.8. At a giVen heat
flux, distortion of the velocity profile Increases unti! flow becomes
fully developed. For all the cases considered 1t appears that both the
veloclty and temperature profiles are fully developed for an L/D » 60.6.
Slight differences observed between velocity profiles measured at an L/D

of 60.6 and 83.6 arelsma!! and within the bounds of experimental error.
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FIGURE 3.1 DEVELOPING VELOCITY PROFILES
At Re * 3.3x30" ; Ra %'1:4x10°
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13 .
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L/D

5T

0 0.2 0.4 0.6 0.8 1.0
y/R
" FIGURE 3.2 DEVELOPING VELOCITY PROFILES
At.Re = 3.3x]0" ; Ra =~ 5.,0x!0"
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FIGURE 3.3 DEVELOPING VELOCITY. PROFILES
| At Re = 3.3x10* ; Ra = 2.5xI0%
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02 0.4

FIGURE 3.4 DEVELOPING TEMPERATURE PROFILES

y/R

0.6

C.8

At Re = 3,3x10%; Ra = 2.5xI0"
f. Run Mo. 13; L/D = 35.6
2. Run No. 12; L/D = 61.6
3. Run No. 11; L/D = 83.6
4. Run No. 14; L/D = 16.8

1.0
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From the results 1t appears that at high heat fluxes the veloclty proflie
develops more rapldly, for example at a Raylelgh number of 1.39 x 10%

+the velocity profiles are all very similar at L/D ratios of 83.6, 60.6
and 35.6. |

The shape of the temperature profile appears to be more convex at
low thermal heating lengths. It appears, however, that the temperature
proflle approaches its final shape before the veloclity profile. At
Raylelgh numbers of approximately 5.9 x 10* and 1.37 x 10° there Is

hardly any dlfference between the developling temperature profiles.

The data are too Incomplete to allow determination of the exact entry
lengths required for fully developed flow to be reached but from the
results 11 appears reasonable to assume, however, that fully developed

veloclty and temperature profiles are reached in the experimental

equipment used.

3.4 VELOCITY AND TEMPERATURE PROFILE TRENDS

Fully developed velocity profites (l.e. for L/D = 83.6) are shown
In flgé. 3.5 - 3.6, ' The results confirm the distortion observed by

“Horsten [2].

From the reported veloclity profiles It Is clear that at a particular
Reynolds number the degree of distortion increases with heat Input.
Horsten [27] has polnted out that at high heat fluxes a point of satu-
ratlon Is reached beyond which an Increase In the heat flux does not

cause any further distortion of the veloclty profile.

Fully developed temperature proflles are plotted In figs. 3.7 - 3.8 as

® versus y/R where ¢ Is defined as

" (3.1)

In the range of Reynolds numbers and heat fluxes used In this Investigation
1+ Is clear that +hé temperature profile becomes more convex with Increa-
sing heat flux. Horsten [ Z] has observed, however, that at very low

heat fluxes the temperature profile: again becomes more convex. The
polnt at which the temperature profile ts least convex corresponds to

the point at thch‘The velocity profile changes from having a max|mum
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FIGURE 3.6 VYELOCITY PROFILES AT Re = 3.3x10%; L/D = 82.6
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af The plpe ¢centre:to having a maxfme velocITy at some ofher radial
pos;flon As in The case of the veloclfy proflle Horsfen has polnfed
out that IT appears that the Temperafurgfgléo reaches a saTuraTlon
polnf beyond which: furfher heaflng causes no furfher distortion of the

profile
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CHAPTER 4

DISCUSSION OF RESULTS CONCLUSIONS AND RECOMENDAT [ONS

4.1 EDDY DIFFUSIVITIES OF MOMENTUM

On the basisvof the measured velocity and-temperature profiles the

eddy diffusivity of?momenfum, s May be calculated from the equation

g * | = -Rafléndn - 0.25fRen (4.1
v 8
; au
dn
Eddy diffusivities of momentum are shown in figs 4.1 - 4.2 and are

tabulated In Appendl% D.

From equation (4.1) it Is clear that, in regions where the velocity
profile is fairly fl?T, a small percentage error in The'velocify wou | d
cause a large percenﬁage error in dU/dn and hence in sM/v. TheVTrend
In eM/v with heat flux and y/R is similar to that reported by Horsten [2]

although the agreemehf in eM/v values is only fair.

In some cases e&/v values fend to = @ near the point at which‘The
velocity profile goes through a maximum. Clearly, from equation (4.1,
"The numerator (or dr%vlng force) in the first ferm on the right hand slde
of the equation and %he denominator (or slope of the velocity profile)
must pass through zefo at the same radial position ofherwlse EM/v values
will tend to = =, (ExperimenTally, the difference between the positions
at which these two guantities went through zero was never greater than
39 of the total radius.

At thls stage no general correlation of sM/v values Is apparent.

Attempts to correlate EM/RU* with Ra and y/R also proved unsuccessful.

4.2 EDDY DIFFUSIVITIES OF HEAT

The eddy diffusivity of heat Is computed from the equation

A n
EH/a + | = 0.5 fo Undn (4.2)

d¢
N
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Eddy diffusivities of heat are shown In figs 4.3 - 4.4 and the

results are tabulated in Appendix D.

The agreement between eH/a values for fully developed flow In this
work and those reported by Horsten [2] is good. The reason why eH/a

values compare better than ¢,/v values do, is explained by *he fact that

M
the siope of the temperature profile (up to a radial position of y/R =
0.8) is geherally greater than it Is for the velocffy profitle and hence

d$/dn is not as sensitive to experimental error.

At this stage no general correlation of eH/a values Is apparent.

4.3 THE RATIO OF EDDY DIFFUSIVITIES

The ratio of the eddy diffusivities of heat to momentum, o, (which
is an Indication of the relative rates of heat to momentum fransfer) are

shown In figs 4.5 - 4.6 and are tabulated 1n Appendix D.

At Re = 3.3 x 10" the curves shown are an average of o values at
thermal entrance lengths of 83.6 and 60.6. The data of Horsten [2]
and Buhr [10] are also Included. © values were calculated from the
smoothed eH/a and eM/v curves. Since both eH/a and eM/v values were
obtained by differentiation, the accuracy of ¢ values is |Imited.
This 1s particularly evident from fig 4.5 (Re = 5.4 x 10*) where no
general trend in o with heat flux and y/R is apparent. However, at
Re = 3.3 x 10" there appears to be a trend in 0 values and the dashed
lines in f1g. 4.6 show the frend with Ra and y/R.

4.4 CORRELATION OF NON-{SOTHERMAL VELOGITY PROFILES

It has already been pointed out that the degree of distortion of the
velocity profile at a particular Reynolds number increases wlth Increasing
Raylelgh number unti! a point of saturation Is reached. Closer inves-
tigation shows that u/um may be correlated by .using Ra/Re as the cor-
refating parameter, At a particular radial position the value of u/um
Is approximately constant for a particular value of Ra/Re.  Thus, by
plotting u/um versus Ra/Re at a fixed radial position, the behaviour
of the veloclty profile at that poslTIQn may be observed. The same

technique was tried using v/u* versus Ra/Re but the results obtalned
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yietded no Improvement on those using u/um;

Curves of u/um versus Ra/Re for a number of radial posltlons are
shown In fig 4.7. The data cover a Reynolds number range of 20,000 -
60,000 for L/D > 60 and Include +he data of Horsten [2] and Hochrelter
[9]. The scatter Is less than = 4% and thus non-1sotherma] veloclty
profiles can be predlcted wilth good accuracy in the range of Reynolds
numbers and heat fiuxes considered In thls work. The data of Hoch-
relter [91], measured at Re = 9.0 x 10* in a 1.434 Inch diamater pipe
(L/D = 65), lie very close to the smoothed curves, which Indlcates
that the corfrelation 1s Tndependant of pipe dlameter of L/D, provided
flow Is fully developed. 1t also appears that the correlation can be

extended over a wider Reynolds number range.

1+ shouid be noted that there must be a small Reynolds number effect
on the correlation &ince at Ra = 0 the proflles are known to be dlfferent
but the dlfference Is small for the Reynolds number range consldered.

From fig 4.7 11 Is seen that beyond a Valuec of Ra/Re = 0.4 the dis-
tortton of the velocity profile 1s significant. Beyond a value of
Ra/Re '~ 4 only very small changes in u/u_ are noticed which confirms the
observation made by Morsten [2]] that a point of saturation In the velociity
I's reached beyond which any increase in Ra/Re causes no further signifl-
cant disfortion of the veloclty profile.

Flg 4.8 shows the velocity profiles for various values of Ra/Re,

reconstructed using the correlation of fig 4.7.

4.5 NUSSELT NUMBERS

4.5.1 Veloclty and Temperature Profile Effects on the Nusselt Number

ideally, 1f both the temperature and ‘the veloclty profile in a plpe

can be predicted, the Nusselt number -coutd be evaluated from the equation:

‘Nu = hD = . q x D (4.3)
k T-T k

and no correlation for the Nusselt number Ft+self would be necéssary
s'incey'[w would be avéfJab1e and'Tm could be calculated from the pre-
dicted profiles. Aftempts to predict the ftemperature profile have to
date been uhsuccessful. Buhr [10] proposed a correlation parameter,
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(4.4)

for corFeiafing temperature profiles.buf as has been pointed out by
Horsten [2] data obtalned from the present equipment show very 1ittle
agreement with this correlation particularly as this correlatlion does
not make allowance for ® va!pes to reach a minimum and then agaln to
fncrease.  Although Buhr [10] found the correlation to work fairly
well 1t appears that the Russian data used by him were for non-fully
developed flow. Thus, the Inclusion of D/L In equation (4.4) pro-
bably accounted for both fully and non-fully developed flow conditions.

Attempts to cortelate the temperature profile against Ra/Re proved
unsuccessful and thus a method of determining Nusselt numbers directly

would be desirable.

Many of the Nusselt numbers calculated to date have been erroneousliy
computed on the assumptlon that an Isothermal veloclty distribution exists
“under non-lsothermal conditions. Nusselt numbers.computed on this basis
would be too low since the mean cup temperature based on an lsothermal
velocity distribution would be lower than that based on the actual non-
1sothermal veloclty distribution.

To t1lustrate the effect of the veloclty profile on the Nusselt
number, Nusselt numbers were computed using bbfh the Isofherma1 and non-
Tsothermal vefoclity profiiles 1n conjunctton with the corresponding tem-
perature proflle and thls effect is 11tustrated graphicalily 1n flg 4.9
as a plot of

Nu ‘thon-Tsothermal) - Nu ("Isothermai') (4.5)

Nu ("isothermal™)

versus Ra/Re. Detalls of the calculation procedure appear In Appendix

A
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- 4.,5.2 Nusselt Number Correlation

Cieafly, the Nusselt number is rot only a function of forced con-
vection parameters but aiso of free convection parameters. Horsten [2]
demons+fa+ed the effect of free convection on the Nusselt riumber by
plotting Nu versus Z with Pe as parameter. The parame+er Ra/Re is used
here in preference t6 Z, for the reasons mentioned eariler. An equation

of the form
Nu = a+ b Pe" + d (Ra/Re) + e(Ra/Re)? + f(Ra/Re)? (4.6)

was used to describe the Nusselt number. Thls form retalns the
Mar+fnei|l—Lyon [1|] form of the equation for Ra = O while for Ra > 0
the free convection effect is described by a third order polynomial.
Equation (4.6) was fitted to Nusselt numbers fepor*ed in this work for
an L/D = 83.6 and to the Nusselt numbers reported by Horsten [2]. The
coefficlents were dgiefmlhed using ThevNew}OﬁfRaphson technique for
soiVTng a set of non=-|inear equations. i1+ was found that a = 5.8,

b = 0.026 and c = 0.74. .

0.74 \s Ra/Re--Is shown in fig 4.10 and shows

A plot of Nu - 0.026 Pe
the data of Buhr [10] in addition to the data used for the origlnal cor-
relation. The data ‘of Buhr [10] are in falr-agreement with the predicted
values despite the-fact that his Nusselt numbers were computed on the
assumption of an isothermal ve]oclfy distribution. Data repotrted by
other investigators have not been Included in fig. 4.10 since these
data were elther comphfed under conditions of nan-fully developed flow
or-on overal| measurements rather than using actual velocity @na tem-

perature profiles.

Equation (4.6) predicts an Tnitlal drop Tn the Nusselt number from
the isothermal value ‘as Ra/Re 1s Increased from zero, and after going
through a minimum Nu values increase again. I+ appears that a point is
reached where free convection has no further effect on the Nussel?
number i.e. beyond q}éerTaIn value of Ra/Re the value of Nu-0.026 PeO'74

‘remalns constant.

The effect of free convection on the Nusse'lt number Ts also 1llus-

trated Tn fig 4.kl where¥the Nusselt number.is ‘plotted as a function
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of the Peciet number with Ra/Re as parameter.

4.6

(1)

(it

CONCLUSIONS

The conclusions drawn from this work are:

Readings taken with the comblned probe are reproducible and

confirm the work of Horsten [2].

In turbulent non-isothermal flow of mercury the degres of
distortion from the pseudo-parabolic shape of the velocity
profile depends on the parameter Ra/Re.  The effect of
Ra/Re on u/um has been correlated and for a value of

Ra/Re > 0.4 free convection effects on the velocity profile
become slgnificani in the range of Reynolds and Rayleigh

numbers considered in this work.,

(it1) The temperature profiie Is also affected by free convection-

{iv)

(v)

(vi)

In turbulent non-isothermal flow of- mercury.

The velocity and temperature profiles distort even at low
heating lengths and the higher the heat input the more
rapidly do the profiles develops . The polnt at which flow
becomes fully developed is unknown but i+ appears that fully

developed flow was attained in the equipment for an L/D > 60.

Eddy diffusivities of heat and momentum are affected by free
convection effects but sfnce both of these depend on the
differentiation of the appropriate profile they are subject
to large errors and no general correlation can be drawn

about the variation observed.

Heat transfer coefficients are not only affected by forced
convection but also by free convection and these affects

have been correlated in the range of data considered. Free

- convection effects on the Nusselt number provide an'exp!ana-

tion as fo why there Is so much scatter In reported Nusselt
numbers for liquid metals. Early workers had attributed

this scatter to thermal contact resistance at the tube wall.
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4.7 RECOMENDAT IONS

As a result of this investigation It is recommended that future

work in this field be conducted aiong the following lines:

(1) The present method of defermlnfng eddy diffuslvities should

be abandoned because they are so susceptible to error.

(i1) Since the velocity profile and Nusselt numbers can be pre-
dicted fairly accurately.in the range of Reynolds and
Raylelgh numbers considered in this work extensions to these
prédlcTIonS'should be made. The Reynolds number effect
should be Included in the veloclty profile correlation so
that the correlation can be extended to cover both lower .
and higher Reynolds numbers than those considered In thls
work. Emphasis should be placed on obtalning Nusse !+
number data at large Ra/Re values(where free¢ convection

effects are.slgnificant).

(111) On the basls of this work [+ appears feasible, with a little
more work, to obTaIn a correlatlion of when the flow becomes

fully developed.

{iv) With sufficlient entrance length data, a correlation of the
Nusselt number in the entrance region would also be made

possible.

(v) In the system used, free and forced convective flow were co-
current. A study of heated, verticai downward flow (in
which case free and forced convective flow would be counter-
current) should be carried out with a view to extending
the existing vélocITy proff]e and Nusselt number corre-
lations. Only once all the problems for the above two
cases have been sorted out would it be worthwhile studying
the case of horizontal flow. For horizontal flow the
momentum and energy equations would be far more difflculf
to handle due to the fact that the temperature and veloclty

profiles would be»gsiﬁeTrical.
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NOMENCLATURE

a, b, ¢, Polymoniai coefficients

d, e, f
A Axlal temperatufe,  dT/dx,  F/ft
cp Pressure coefficient of pitot-stdtic probe
'Cp Specific heaf at constant pressure, Btu/ 1b°F
Co erfice meter coefficient
D Pipe dlameter,  ft
Dor Ortfice meter diameter, t
f Dimensionless friction factor, 29, Tw/pum2
g Acceleration due fo gravity, ft/hr?
9, ' Acceleraffon due to gravity paréllel to plipe axis,
| f+/hr2
% . Gravitational constant, — 4.17 x 10° 1 Ib /ib, hr?
| 6 Fluid mass flow rate, Ib/hr
h Heat transfer cosfficlent, Btu/hr f12 OF
k Therma | conductivity, Btu/hr f+ °F
L Heating téngth, ft
P Static fluld pressure, b /f+
P Mean impact pressure at pitot tube tip, lb_f/f'r2
q Heat flux, Btu/hr ft2
Q. Heat flux; Btu/hr
r Distance measured along a radius from the pipe centre, ft
+ Time, h;s
T Fluid temperature at radius r, °F
T .Temperafuée fluctuation at radius r, °F
Tav ‘ Arithmetic mean temperature at a fixed axial poslflon,'oF
T Mean fluid temperature at a flxed axlal position, °F
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FiUid *ehpe?aque at the wall at a fixed axiali

W
| position, °F
u Fluid véloc1+y parallel to tube axis at radius r, ft/hr
u! TUrbuieﬁT velocity fluctuation Tn x difection, ft/hr
ul | Turbulerit Veiocf+y fluctuation In r directlon, ft/hr
U Average fluid velocity, f+/hr
u* ' DImenSlénleSs velocity, u/u*
u* Friction velocity, umf77§\, ft/sec
| 3600
uo VeioclT? at cenTré of plpe, f+/ﬁr
U g Velocity thiough orlifice meter, ff/hf
§] DImen#Toniess fluld velocity, u/um
v Fluid vélocify parallel to fube axls at radius r, ft/sec
X Difectlon of mean flow and distance along plpe axis,
y Radial distance from wall, ft
y+ Dimensionless radfal distance from wall,  yu*/v
Y Yanfoy%kif's free gonvection criterion, Gr*/Re*2
Z . Free convection parameter, (Ra/Re).{D/L)
a Thermal diffusivity, k/pcp, F+2/hr
B Coefficient of thermal expansion, OF
By Orlficg meter parameter, ratio of orlfice diameter to
pipe diameter
Ah Pressure differential, in. of fluid
Ap Pressure differenttal, 1b./ft?
M Eddy diffusivity of momentum,  ft2/hr

H Eddy diffusivity of heat, £+2/hr
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DImehS]Ohiess Fadius, 2r/D

Radlal temperature difference, T-TaQ, °F
Fluld viscosity, Ib /ft hr

Kinetic viscosity, w/p, ft2/nhr

Density, 1b /ft*

Diffusivity ratlo  te/ey)

Fluld shear stress; 1b*/f+2

Fluld sheat stress at the wall,  Ib./ft?

Dimensioniess tempefrature d1fference, vﬁke/padumcpADz

: TTW=TO/TW~TC) dimenstonless temperature difference ratio

Angular coordinate, radians

‘Dimensionless Groups

‘Nu
Nq]
Re
Re¥
Pr
Ra

Gr*

Pa

Nusselt nuimber = hD/k

"|sothermal® Nusselt number

Reynolds number = Du_o/u

Friction Reynolds number, ReV%/2

Prandt! number = qpu/k

Ray Iéigh numbér = Gr* Pr = p 28 gCpAD"/nk

‘Grashof nhumber based -on ‘Fadlal temperature difference,

p 2B 9(T,~T )D%/u

Brashof nurber = ‘p2RgAD™/u?

Peclet number ='Re.Pr
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APPENDIX A

CALCULAT [ON PROCEDURE

Run number 7 has been chosen for the purpose of illustrating the
calculation procedure utilized in processing a non-isothermal run.
For the Isothermal case only parts of run |-2 are processed where the

technique differs from that used to piocess non-isothermal runs.

A.1 OVERALL MEASUREMENTS

A.l.l Heat Balance

The heat input measured on the KVH neter is 3.46 KWH and from table
B.3 the percentage error In this reading is 2.73% 1.e. corrected heat

Input

il

3.56 KWH
{2 150 Btu/hr.

The Iniet mixing cup thermocouple e.m.f. measured on a Fluke
Differential Voltmeter is 0.832 nV.

Thus inlet mixing cup temperature (ses table B.2)
49.43 + (0.832 - 0.5) x 34.108
“ 60, 76°F

and simitari{y for the other thermccouples:

1

11

Thermocouple e.m.f.(mv)Temp. (OF)
Intet mixing cup 0.832 60.76
Outlet mixing cup {.508 83.65
Inside Tnsulation 3.043 135.02
Outside insulation | 2.043 101.62
The iemperature difference over tie Insutation = 33.40°F
and the mean insulation temperature = 118.32%F
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The thermal conductivity of the fibre-glass Insulation, k, Is

glven by:
kK = 0.01878 + 0.000034 T (°F)
= 0.0228  Btu/hr £+ OF
insufation thickness = 1.25 in.

and the log mean area of the Insulation (see Horsten[27])
20.64 f+2

i

i

Heat loss 20.64 x 33.4 x 0.0228 x 12/1.25

{51 Btu/hr

}.24% loss.

% Net heat Input = 12 000 Btu/hr.

Since L/D = 83.6 the inslde area of the heated tube = 7.525 f+2.
Net wall heat flux = | 595 Btu/hr/f+2

The heat gained by the mercury as [+ flows up the plpe Is

Tout
0 = G Jyy, Cpot (A.1)

The sepclific heat of mercury, Cp (see Appendix C)
= 0.03348 - 0.0000036 T (°F)
and hence the mass flow. G, can be computed:

G = | 595

(0.03348 T - 0.00C0018 T#)¥¥"°%
60+76

15 820 {b/hr.

The mean temperature In the test section Is 72.21°F and hence
p = 845.4 Ib/f+% (see appendix C).

~The mean velocity Is thus

u = 46 = 4 x 144 x 15 820
m D70 T x (1.968)% x 845.4 x 3 600

C.246 ft/sec.

This velocity, based on the heat balance, will be referred to

as the heat balance mean veloclty.
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A. 1.2 Meah Velocity,

1

The orifice meter equation (see appendix B) is

i = 3.29ffh (Gn mercury) (A.2)

Prgreury
Thé témperature difference betwéen the outléet mixing cup and the
pump was neveér more than about 1°F and thus the temperature at the orifice
meter was takeh to be equal to the ouilet mixing cup temperature.
At the outlet mixing cup temperaturé of 83.65°F +he density of
mercury 1s 844.4 1b/#+° (see appendix C}.  The pressure drop across

the orifice meter was 4.20 cm. mercury.

o 3.29 %, 20
J842.4

0.232 ft/sec.

[ ol
i

A.2 VELOCITY PROFILE

Point velocities wefe measured with a pitot-static tube. For the
non-1sothermal runs no pitot-tube corrections were made since ho data
is available on pi+6+—$ube errors in a temperature field. On the basis
of corrections made to pitot=tubes in isothermal flow (see later in this
section) cortections are expected to bé negligible for non-1sothermal
flow.

The pitot=static tube equation used in this investigation is

12 p-merc':u‘ry

where 6h 1S the pressure difference betwaen the impact and static
pressures In Inches of water. The mercury density used In equation

(A.3) was computed from point temperatures.

The transducer callbration for run 7 is (see appendix B.4):

Ah (inches water) = -0.00283 + 0,00238 A chart.
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Typlcally at y/R = 0.70, 53.0 chart divisions were recorded and

hence

-0,00283 + 0.00238 x 53.0

0.123 inches water.

Ah

1t

At thls radial pésiTTon the Temperafure was 79.09°F and hence
- L e 3
Prercury 844.8 1b/ft3.
The density of water at the calibrating temperature of 70%F is
62.3 1b/f1® and hence the polnt velocity is

{2 x 32.17 x 62.3 x 0.125
N "844.8 x 12

0.221 ft/sec.

<
f

fl.

The mean veloclty Is obtained by Integrating the veloclty profile, l.e.

- 1 ; .
u = 2 fo‘T“v e dn (A.4)
o

m
where P Is evaluated at Tm and for run 7 O = 844.6 Ib/¥t3 and hence
u = 0.235 ft/sec.

For more detalls on the numericai technique used 16 Integrate the

velocity profile see appendix D.

The velocities obtained from the heat balance, orifice me+er.and
from integration ars thus 0.246, 0.232 and 0.235 ft/sec. respectively.
The largest difference between velocities is 6%. The Integrated mean
velocity was used to compute dimensionless parameters etc.

For Isothermal runs, readings near the wall were corrected for

turbuience agcording to the relationship

R
Vmeasured

f
"
i
TN
[}
%} =
[y TN
-
e
Dy
=
L
b4
W
N
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The “+urbuience lnfenci*y is obTa(ned from Laufer s air dafa as

suogesTed by Horsfen [2] and Hochretl ter [G]
Considering run | -~ 2

At y/R = 0,04, y* =33.60, "= 14.40and y ___ = 0.188 ft/sec.

The turbulence intensity from Laufer's data (see Rein[12]) Is 2;45

) 1
v = 0.188 [[| - (2.45/14,40)>7°
0.185 ft/sec.

The velociTIes were only correcfed for Turbulence effecTs up to y = 60
since beyond this radlal p051+ion the correc*lon dmounTs to (ess Than 17
No correction was made for y due +o the effec+lve cenTre of +he Impac+
Tube being displaced stnce this had very |tttle effec+ on a ploT of U

versus y/R.

A.3 TEMPERATURE PROFIJLE

Point temperatures were measured bty means of an IrohfcohefanTan
thermocouple. The-caiibra+ion is the same as- that used for the other

+hermocoup! es and- appears in tabie B.2.

The offset e.m.f. from the probe TherhoCouple was recorded on a
miliivolt recorder. External resistance changed the recorder scale

factor by the ratio:

Internal resistance + External resistance
Internai resistance :

Operating conditions were:

Reference voltage = 1.347 nmV

Resistance of thermocouple
plus reference voltage

system = 697 ohms
Range of recorder = 0.5m full scale deflection
Internal reSisTanoe = 5 000 ohms
Effective recorder scale
factor = 0.5 (5 000 + 6971
5000 )

= 0.569 mV full-scale.
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At y/R = 0.70 the average chart reading was 4.2 dlvisions dnd represents
a difference of |

4,2 x 0.569 = 0,024 mV

Q

from the teference voiiage;
1.347 + 0.024
1.371 mv.

Thermocouple voltage

IS

79.09% {(see appendix B.2).
The centre 11he temperature = 78.83°F
T-T = 0.26°F .

Polnt +empefa+u?es are recorded as T - Tc in appendix E.

Temperature

A3.1 Wall Temperature
The siope of the.temperature profile at the wall is calculated from

a modified form of Fourier's law

[Ldar 1 = =Rq, . (A.6)
W k
= - 1.968 x 1 595
2 x 12 5.17
= - 25,.28%/unit (y/R).

This siope was fitted by eye to the data near the wall, giving an
ex+rapoTa+ed wall temperature of 86.82°F.

A.3.2 Mean. Temperature

The:méénvmixed.cup temperature at the probe was obtained by Tnte-

grating the eQUainn

Tm = IO T’ up ‘nmd‘ n A.7)

Joupndn

and 1s. 82.00°F.

The distance between the probe tip and the top of the heating
ribbon = 0.875 ft,and the total heated length = 14.6 ft. The mean
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probe temperature caﬁ also be calculated from Iinear Ih+erpoia+ibn

between Inlet and ou+lé+ mixing cup temperatures.

—
it

Outlet temperature - (lnlet-Outlet temperature) x 0.875
LR —Ti g — ;

—
H

83.65 - (83.65 - 60.76) x 0,0599
82.28%. .

The difference between the interpolated and jn+egra+ed mean tem-

perature Is only Sma[l and this Is the case for most of the funs.

The arlthmetic ﬁean temperature 1s computed from the equation

S o T 4 1
T, = 201 Tndn (A.9)

and 1s 82,02°F .

A.4 DIMENSIONLESS PARAMETERS

At the infegraféd mean probe *empera+uré of 82.00% the relevant

physical propertles of mercury (see appendix C) are:

p = 844,58 Ib/ft3
¥ = 1.508 centlpoise
8 = 0.000]0°%F
Kk = 5.13 Btu/hr £4°F
C, = 0.0332 Btu/ 16°F
> Reynolds number, Re = D up, P
2
= 1.968 x 0.235 x 844.58 x | 488
' 12 x 1.508
= 32 10t.

The von. Karman. friction factor Is calculated from the retationship

7]

/#
and hence f = 0.00575

i = 4.0 Iog10 (Re V) - 0.40 (A.1O)
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O+her dimens lonless parameters compufed at various radial poslfions are

computed below usihg a typical radlal position of y/R = 0.70.

y = yu*p
u
= 0.7 x 0.0126 x 844.58 x | 488 x 1 968
. 508 X2 x 42
= 6]3.8.
+
u = Vv
%
= 0,22] = 17.5.
0.0126
u/u = 0.221 x 3600 = 1.03}.
€ 0.214 x 3 600
U = ufu. = 0.221
0.235
= 0,940,
® = T -T=86.82-79.09
T 86.82 - 78.83
W C
= 0.96.
A -
T (T, =T u* pC
qw
= 7.73 x 0.0126 x 844.58 x 0.0332 x 3 600
I 595
= 6.25 .

A.5 NUSSELT NUMBERS

Nusselt numbers are computed from the equation
W (A1)

Thus for run 7 (Ra/Rg = 1.86)

Nu | .968 x 1595

17 % 5.13 %, 82
lo'z .

]
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- Seme previous workers have computed Nusselt numbers
assuming an Isothermal velocity distribution. To I1lustrate the d1f-
ference between Nusselt numbers computed on the baslis of the actual
Qeloci+y distribution and those computed ustng an isothermal veloclity
d}s+rfbu+ion, mean cup temperatures were evaluated using an lsothermal
velociTy profiie and "isothermal" Nusselt numbers computed and compated

wlth the actual Nusselt numbers.

For run 7 1sothermal veloclty profile 1 - 2 was used In evaluating

Tm("féo+hermal"), the resulting mean temperature being 81.69°F.

f

Thus Tw - Tm("isofhermal") 86.82 - 81.69

u

5. 13°F
| 1,968 x| 595
17 x5.13 5.3
= 9.58

Nu = Nu, = 10.2 ~ 9.58 = 0.0647 .
N 9.58

Nu

[

The effect of the velocity profile on the Nusselt number s 1ilustrated
graphically In fig 4.9 as a plot of

Nu - Nu, vs Ra/Re and results are tabulated In table A.l.

NuI

I

TABLE_A.!

THE EFFECT OF THE VELOCITY PROFILE ON THE NUSSELT NUMBER

oy | - O, j ’
Ra/Re | L/D Tw"Tmean( F Tw-Tmean( F) _ Nu; 1 Nu ﬁ%&?ﬂh'
{isothermal) | (non-lsothermai) ‘ 1
| 0;644 83.6 4.60 4.52 10.71 {0.9 10.0177
2 0.831 83.6 6.83 6.58 9.25 9.6 |0.0378
3 bold 83.6 8.74 8.29 9,67 [0.2 }0.055 |
4 3.6 83.6 9.74 8.88 11.40 12.5 {0.105 |
5 3.89 60.6 ! 9.61 8.67 11.82 13.!‘:O.l08
7 {.86 83.6 5.13 4.82 9.58 1 10.2 {0.0647
8 1.71 60.6 5.19 4,85 9.44 !O.] 0.0699
(] {0.810 1| 83.6 2.66 2.55 7.77 8.1 10,0424
12 0.853 | 60.6 2.66 -2.56 7.99 8.3 10.0388
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A.5.1 Nusselt Number Correlation

Nusselt numbers were correlated agalnst Pe and Ra/Re using the data
from the runs where L/D = 83.6 and the data of Horsten [2].

The form of The‘equafion used In correlating the Nusselt numbers Is
Nu = a + b Pe® + d{Ra/Re) + e(Ra/Re)? + f(Ra/Ré)? (A.12)

 Equation (A.2) was fitted fo 25 date points using the Newton-Raphscn

technlque for solving a set of non-| inear equations.

The resulting coefflicients are

5.8
= 0.026
= 0.74
-1.78
= 1.35
= ~0.17i

-+ O o O T 0
i

To fit all +he data onto one curve a plot of Nu - 0.026 Peo’74

versus Ra/Re 1s présented in fig. 4.10. A Plot of thls form tends
to exaggerate errors and a better idea of The goodness of fit can be
obtalned by referring to table A.2 where the percentage between the

actual and predicted Nusselt numbers 1s fabulated.

Typicalily for run 7,

Nu - = 10,2
Pe = 758
Ra/Re 1.86
5 0.026 P74 < 3.5
L Nu - 0.026 P74 = 6.68
and Nu calcutated from equaflon (A.12) =-9.49

M 4 error in Nusselt number

Nu - Nu {calculated) x 100
Nu

6.99% .

[}
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TABLE A.2

NUSSELT NUMBER CORRELATION DATA

| This Work
Run ~ Pe ‘Nu(giyen) Nu(Calculafed)H Ferror Nu-O.026PeQ'74_3Ra/Re
x 1207 | 10.9 10.33 5.21 5.669 0.644
2. {1274} 9.6 10.24 -6.65 4.44 0.83|
3 {1273 | 10.2 10,32 ~1.18 5.04 ol
4 768 12,5 12.32 .46 8.95 3.61
7 757 | 10.2 9.49 6.99 6.68 i.86
I 740 | 8.1 - 8.56 -5.66 4.65 0.81
{nv and T Horsten [Z]
l 428 | 11.2 1.0 1.38 8.90 5.36
2 439 9.9 10.0 | -1.49 7.55 2.84
3 462 9.4 8.53 - 9.23 6.96 1.90
4 45| 8.0 7.72 3,54 5.61 1.25
5 457 7.1 7.54 | -6.19 4.68 0.790
6 455 7.4 7.57 -2.3l 5.00 0.572
7 459 7.2 7.64 | -6.13 4.78 0.466
8 463 | 7.3 7.75 -6.19 4.86 0.343
9 723 | 12.2 12.7 ~4.29 8.7 4.02
10 753 0.3 10.5 -2.36 6.80 2.48
¥ 772 8.9 8.70 2.27 5.34 0.955
12 759 | 8.8 10.5 0.96 5.28 0.470
13 1396 | 11.3 11.06 I 2.10 5.78 0.161
14 {1426 | 10.0 10.98 - -9.84 4.39 1.37
15 1443 ] 10.8 10.75 . 0.47 5.14 |.53
16 1515 12.8 .39 1.0 6.93 0.118
ITig,nwit | 765 9. 8.69 4.45 5.56 0.620
{Tio, N1t | 758 9.4 8.64 8.04 5.88 0.935
- T20 7841 9.0 9.10 ~1.14 5.40 0.161
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AFPENDIX B

CALIBRAT ION

B.1 ORIFICE METER

, The oriflce meter had previously been calibrated by Horsten [2]
using water. The orifice diameter was 0.6875 in. and the pipe 1.D. -
was 1.624 in.

The orifice equation is

Ur ° CD | <2gcég (B.1)
/r‘:—gg\f P
where Bo = 0.6875 = 0.423
1.624
and V1 - Bé = O.9é4

Using the average over a number of runs, Hoi'sten found CD to be 0.627

and since
u ~ 2 ' : (B.2)
mo= Do x ug.
'52—
TH 0.6875)2 x 0.627 {2x32.17x27.85 Ah (cm,Hg)
T1.968 . 0.984 ‘[ ——er _
pmercury
= 3.27 B (e A (B.3)

Prercury
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B:2 THERMOCOUPLES

All the thermocouples (Including the probe thermocouple) used fn

this Investligatlon were of the lron-constantan type.

The thefmocoupies were callbrated in the range 50-160°F with re-
ference to an Iron-constantan thermocouple Tn melting Ice. Thermo-
couples were strapped to a s+andafd fhefmomefer and calibrated in elther
a stream of hot air of an {nsulated beaker of warm oll, elther method
giving the same results, Emfs were measured on a voltmeter with an

accuracy of 2 0.001 mv,

All the thermocoupies gave the same results which were itn very good
agreement with Horsten's [2] calibration of fthe same. The temperature
conversion tabie as used by Horsten was thus used in this work and Is

reproduced fn table B.2

TABLE B.2

TEMPERATURE CONVERSION FACTORS FOR
|RON-CONSTANTAN THERMOCOUPLES USED IN THIS [NVESTIGATION

mv. °F °F/mv
0.5 49.43 ,
1.0 66.49 } } ;g'égg
l.5 83,47 ) 33 637
2.0 100.28 } 33 360
2.5 116.96 = 33 338
3.0 133.63 ) 33205
3.5 [50.34 } 33 873
4.0 166.77 ) 33.02]
4.5 183.28 :
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B.3 KILOWATT-HOUR METER

Since the KWH meter was designed to operate at 220 volts It had to
be recalibrated fofifhls investigation as the voltages used were generaiiy
a lot less than 220 volts. = The calibration was performed by the Cape
Town Electricity DeparTmenT at a power factor of unity and at the con-
ditfons of each run (i.e. at the same currents and voltages). The re-
sults are tabulated In table B.3.

TABLE B.3

KWH METER CALIBRATION

: Run Volts - Amps (nggured) (a?ﬁﬁal) % error
! 75 46 3.45 3.55 2.94
2 86 52 4.49 4.61 2.60
31 100 60 6.03 6.17 2.40
4 120 70 8.44 8.55 .30
5 86.5 70 6.20 6.35 2.50
6 54 70 3.79 3.94 3.90
7 73.5 46 3.46 3.56 2.73
8 56 . 46 2.54 2.63 3.6
9 37 46 1.53 .6t | 5.41 |
10 20 46 0.880 | 0.95 6.79- |
¥ 50 30 .42 .50 57,88
12 37.8 30 1 o7 | L4 6.20
13 | 23.5 30 0.660 0.70 6.25
[1a | -3 30 0.358 0.40 11.76

gm
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B.4 THE PRESSURE MEASURING SYSTEM

B The pressure measuring system was caifbrafed by iﬁposlng a dliffer-
ehfléi‘wafer pressure across the ports of the pressure transducer.
PFesSuFe differenfials were measured by means of an Inverted Dwyeh ‘
hook gauge with an accuracy of = .001 Inches water.

Since the response of the pressure transducer was |lnear over the
range of pressure differentlals used in thls Investigation, a ffrs+

order polynomlal of the form
Ah (Inches water) = a + b A chert (B.4)

was fified to the calibration data anc used to calculate the dl ffer-
enflal pressure from recorded velocity points.

'.The transducer was callbrated before each run and In some cases
afterwards as well. 1t was found, hcwever, that the calibration never
‘changed and In fact 14 remalned constant for a number of days provided
no adjustments were made to the ampllfler galn etc. Calibration data

for run 7 aré shown Tn table B.4

TABLE B.4

CALIBRATION OF PRESSURE MEASURING SYSTEM FOR RUN. 7

Ah (inches water) A chart
0.172 73.0
0.163 70.0
0.155 66.3
0.126 54.0
0.105 45.7
0,079 33.9
0.063 27.8

The calibration equation 1s thus o
Ah (Inches water) = -0.00283 "+ 0,00238 A-chart.  Thls Is il{ustrated
graphically in flg. B.4.



)

AR (inchés water
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FIGURE B.4 DIFFERENT!AL PRESSURE TRANSDUCER CALIBRATION LINE

FOR RUN 7
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B.5 PITOT-STATIC TUBE

The pltot statlc tube was calibrated against a standard Dwyer
stalnless steel '/¢" 166 ~ 12 pocket pitot-static tube In alr. Dif-
ferentlal pressures were measured on a Flow Corporation Model M M 3
‘ml cromanometer. ‘-Thé agreement between the two probes was excellent
- and thus the pltot-static tube equation

- = v%/2g. ' B.5)
Py - P ° v /29C (B.5
was used to calculate the point velocities from recorded pressure

differentlals. cp Qas assumed to be constant and equal to | in thls
Tnvestligation.

¢

The final worklng form of equatlon (B.5) Is

- 7 (B.6)
v vzgc Ahgpwa'rer
J 2 Prercury




b- C-[ -
APPENDIX C.

PHYSICAL _PROPERTIES

The physical propertles used In thls work are the same as those used by
Buhr ‘[10] and are shown In fig. C.1. Density data for metcury were taken
from Smlthsonian tables [13] and are In good agreement with other references
C14 ,15 1. Thermal conductlvity, speclfic heat and viscoslty data were
obtained from the Ilquld - metats Handbook [15 J and flg. C.} also shows
the data given by Kutateladze et al. [14 1.

These physical propertles were spproximated by a series of stralght
I1nes by Horsten [2] over the temperature range of 60-200°F, The resulting
equations are:: -

Density: p = 851.55 ~ 0.0850 T ib/ffﬁ“

Specltic Heat: Cp = 0.03348 - 0.0000036 T Btu/1boF
Thermal Conductivity: k =4.49 + 0,00785 T Btu/kr +29F/ft,
Viscoslty (centlpotse):

6C4T<0, u =1.766-0.00315T

80<T<120, p = 1.738 - 0.0028 T

120<T<140, 1 = 1.690 - 0.0024 T .~

Buhr [10] has shown that 8, +he coefficient of Thermal expanslon is
0.00010% ™! over a wide temperature range.
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APPENDIX D

EDDY DIFFUSIVITIES

Run riumbef 7 Will be used to demonstrate the method of catculating
the eddy diffuslvities of heat and momentum.

D.1 FITTING OF .EQUATIONS.TO VELOCITY AND TEMPERATURE .PROF iLES

Veloclty and temperatuire profiles wete smoothed by hand and the
smoothed data were processed on an I8M 130 digital computer. in reglons
where the s]Ope of the velocity profile was steep, such as near the wall
and the profile peak, or where a polnt of inflection occurred, data was
fed intfo-the computer at Intervals of n = 0.02, For the rest of the
profiie data was fed in at Intervals of n = 0.05. The cOrkespondTng

femperature point was fed in for every veloclty polnt.

In the region of the velocity proflle peak a third order poiy-

romial of the form
° U=a+bn+cn® ¢ dnd (D.1)
was fTtted ¥0 the data and in the reglions where the slope was less steep
a second order polyromial of the form |
U.= a + bn + cn? (D.2)
‘was fitted using a least squares technique.

In the region of the wall a ratlonal function of the form

U= _.an {D.3)
I + bn

was used to fit fhe velocf+y data and a rational function of the form

T = a +.bn (D.4)

I +¢

was fi%fed to the temperature data using the Newton-Raphson technique

for solving a set of non-linear equations.
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For the purpose Qf differentiaticn curves were fitted to 5 points
at a time, the derivative being evaluated a+v+he centre point.
obtain dU/dn and d¢/dn at n = 0.30 (y/R = 0.70) for Fun 7 the following
data are required:

Thus, to

n 0.4 0.35 0.30 0.25 0.20
U 0.967 0.951] 0.940 0.936 0.925
¢ -0.02652 | -0.02819 | -0.02957 { -0.03026 -0.03076

Since the slope of the velocity profile ‘Is not very steep In this

reglon, a second equation Is fitted to the data - I.e.

and

and

belng evaluated over the middie interval.

U = 0.925 = 0.0934n + 0.486n2

¢ =-0.0280 - 0.0308n + 0.0866n°

4 dU = - 0.0934 + 2x0.486n
M < 0,199

d¢ = 0.0211

For fnTegrainn 6-data points were fitted at a time, the Integral

Slopes of the isothermal

veloclty profiles were determined in a similar manner to the non-

Isothermal profiles and Integration was performed using Simpson's rule.
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D:2 CALCULATION PROCEDURE

A+f+he mean pfbbe fempeﬁa#ure of 82;OO°F the relevant physical

pFOperTfe§ of mercury are:

844.58 |b/f+3

o=
p = 1.508 centipolse
B = 0.0001%F?
k = 5.13 Btu/hr f12 OF/ft
C, = 0.0332 Btu/Ib °F

At the arithmetic mean temperatire of 82,02°F the density of mercury,
(N 844.57 |b/ft>.

The eddy diffusivity of momentum is calculated from the equation

(see chapter 1).

e/v = |- Ra fg dndn - 0.25f Re n| -| (D.5)

8n
du
dn

L

The mean velocity used is the arithmetic average of the orifice

meter, integrated and heat balance velocitles.

= 1/, (0.235 + 0.232 + 0.246)

(o
i

m
= 0.238 ft/sec.
Re = D UnP
u
= 1,968 x 0.238 x 844.58 x 1488
12 x }1.508
= 32 452
Pr=C u
-+

0.0332 x 1.508 x 2.42
5.13

]

0.0236
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Ra = p5, B9 G, AD!
e

= (844 57)2x 0. @OOI :x 32.17 x O, 0332 X 1.568 x- (O 164) X 1488 X 3600

1.508 X 5. |3
= 59 800
¢ =
= 2 X 12%2x 5.13 x (T - T ")

844.58"x 0. 238 x 0. 0332 X T.568 x I I98‘x 3600

0.01013 (T - T_ ).
. ) av

-
I

0.00575

c
*
)

um/f/Z
0.238 (/0.00575/2)

1]

0.0128 ft/sec.

u

For run 7 at y/R

n

0.70, n = 0.30 and dU/dn = 0.199.

Buoyancy term - Ra fg' ¢n dn

= = £330 ¢nodn

8 x 0.30

and since J273° ¢n dn = -0.00138
34.42..

1

.. buoyancy term

fl

-0.25f Ren
-0.25 x 0.00575 x 32 452 x 0.30
= =14

Friction term
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€y = £34.42 a,ﬁ4) -1
= loll7'
Ru* v p : Ru*

. {01.7.%x 1.508 x 2 x 12
844.58 x 1.968 x 0.0128 x 1468

o

0.1169.

Isothermal eddy diffusivities of momentum are computed from a simplified

form of equation (Dfs):

e, =-0:25 fRen -l (D.6)
v du/dn. )

The eddy diffuslvity of heat is computed from the equation (see chapter 1):

= 0.5 fg ‘un dn (0.7)
n dé/dn

]
o

and since the heat flux distribution Is given as
g = 2/ yndn (D.8)

qW n .

€, Mmay be written as

H

(o} ) '
Eﬂ = q/qw | - (D.9)
o 4 d¢/dn

For run 7 at n = 0.30

q/qw 0.278

0.0211

and d¢/dn
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]

- €'H = 0.278 L -1
o 4 x 0.0211

2.298.

n

o values are computed from smoothed eH/a and eM/v curves, . - o

e] = € = £ (D.10)
H _H/a
€y ' Pr(eM7v)

Smoothed values of éH/a and eM/v are (see table D.2):

”E—H = 2“‘20
o
v
:'.. o = 2"20 .

0.0236 x 101.0
= 0.92.

At Re = 33 000 the o values computed for L/D rattos of 83.6 and

60.6 were averaged and are tabulated In table D.2.

For run 8 (L/D = 60.6) and n = 0.30 o = 1.0l and the average for

Fun 7 (L/D = 83.6) and run 8 (Re = 33 000, Ra = 58 000) Is
0 (averaged) = 0.92 + 1.0}
7
= 0.97

I+ must be polhted out that the Rayleigh numbers reported in table
as used by Ojalvo and Grosh [1],

D.1 are FbR

P = "6 = p2 ADY €

wheie RaR = Ra/ |6 pavag Cp AD : .
16 uk

For run 7: Rag = 3734.



TABLE O.

(BASED ON RUN NO. 1)

REYNOLDS NUMBER 55947, RAYLE!IGH NUMDER 2171
FRICTION FACTOR 0:90511 PRANDTL NUMBER 0.0241

UMEAN{AVERAGED) 0.406 F7/SEC
PHYSICAL PROPERTIES WERE EVALUATED AT 76.6 DEG.F.

1 ] t 1 ' - { i S ] | |
¥R U o | dWdn | de/an Puovancy Priction ey/v 1 e/Ru 1 e /o b /g |
1 I 1 1 i Term | Term | i i B ) i
b 1,00 ¢ 1,091 t -0.C3514 | 0,800 { 0.0800 & 0,00 § 0.00 { 0.0 } 0.0000 § 0.000 } 0.009 1
! 0.85 1 1.092 1 -0.03495 | 0.056 | 06.C111 1 3.83 1 =-3,50 | 4.3 | 0.0031 | 0.233 { §.0%s
b 0090 F 1,097 1 -G.G3406 1 0,107 { 0.0202 1 7.52 4 =-7.01 1 3.7 | 0.0027 | 0.351 1 0Q.108
I 0,88 1 1,099 {°-6.03360 | 0.112 1 0.0226 |  8.47 | =8.411 5.9 1 0.0028 | 0.453 { 0.1%]

[ 0.85 1 1,101 1 ~G.03%21 1 0.131 1 0.0242 | 10.58 | ~G.82 | 3.2 1 0.0023 | 0,587 § 0,153

}0.85 I 1,10k I -0.03263 | 0.096 | 0.0247 | 13.76 § =11.22 | 4.5 1 0.0032 | 9.781 { ©0.176 i
! 0,82 i 1.106 | -0.03215 | 0.525 | 0,0261 | 13.11 | -12.62 | 0.5 | 0.0003 | 0.895 | 0.198 !
1 0,80 | 1.112 } -0,03166 ¢ 0.123 1| 0,0285 { 14.43 { -15.03 | 2.2 1 0.0016 | 0.930 | 0.220 |
I 0.78 1 1,112 t -0.03108 § ©€.013 § 0,0319 | 15.72 | =15.43 1  21.0 1 0.0152 | 0.961 1 0.243 I
i 0.76 1 1,111 | -0,63031 | -0.043 1 0.0363 | 16.97 | -16.85 |  -3.7 (-0.0026 | 0.827 1 0,265

! 0,76 1 1,111 | -0,02963 | -0.057 1 0.63G7 | 18.16 I <18.24 | 0.5 & 0.0003 | 0.955 i 0.287 i

0.72 1 1,110 1 -0,02876 | -~0.038 | 0.0372 t 19.31 i -19.64 | 7.7 1 0.0055 1 1.080 1 0.310 |
] 0,70 © 1,169 I -0.02818 | -0.0357 | 0,0392 | 20.42 § -21.05 |  15.9 | 0.0114 | 1.119 1 G.332 |
| 0,68 | 1.109 | -0.02731 1 -0.029 | 0.C406 | 21.47 | -22.45 |  31.6 § 0.0228 | 1.180 i 0.354 |
! 0,66 1 1.108 | -0.0264% | -0.042 1 0.0435 § 22.%8 | -23.85 &  31.2 | 0.0225 § 1.162 i 0.576 1
I 0.64 1 1.107 | -0.02557 1 -0.052 | 0.0425 | 23.42 | -25.26 |  33.6 1 0.0242  1.342 i 0.399
! 0.62 1 1.106 ! -0,02670 1 -0.063 1 0.0450 1 24.32 | -26.56 |  36.0.1 0.0250 | 1.339 1 0.421 |
! 0.60 1 1,165 | -0,02393 1 ~0.068 | 0.0:83 ! 25.16 1 -28.07 | k1.4 1| 0.0298 1 1.290 1 G 445 |
I 0.58 & 1,103 1 -0.02277 1 ~0.076 | 0,0517 | 25.94 | -29.47 {  45.2 | 0.0326 | 1,246 § 0.465
1 0.56 1 1,102 1 -0.02170 ! -0.078 § 0.0562 | 2G.65 1 -30.87 |  52.4 & 0.9378 | 1.247 | 0.487
1 0.55 1 1,100 | -0.02064 | -0.091 | 0.0542 | 27.29 | ~32.26 |  53.2 i C.0383 { 1.348 | 0.509

40052 1 1,099 | -0.01957 § -0.102 t G.0566 ! 27,86 i ~33.68 |  55.7 1 0.0401 | 1.345 | 0.531
b 0,50 1 1,996 § -0.01841 | -0.1I7 1 0.0514 | 28,37 | =35.08 1| 55.8 § 0.0402 | 1.243 | 0.957
] 0.48 ! 1,094 % -C,01716 | -0.128 i 0.06G67 | 25.78 | ~36.49 i 58.8 1 0.0423 | 1.151 i 0.574
t 6.4 1 1.091 1 -0.01571 | -0.13% § G.C716 © 29.12 | -37.89 1 61.8 § 0.U445 | 1.081 | 0.59¢
}0.4L 1 1,082 1 -0.01426 § -0.155 1 0.0759 ¢ 29.36 | -39.30 { 62.3 i 0.0453 1 1.007 | 0.617 |
! 0.42 1 1,084 | ~0.¢1271 § -6.171 § 0,0793 I 29,50 1 ~40D.70 |  G4.2 | 0.06G3 § 1.013 | 0.639 |
[ 0,40 | 1,081 1 -0.61097 | =0.203 { 0.6822 | 29.53 1 ~42.10 |  60.7 | 0.0437 | 1.007 1 0.660 |
i 0.38 .1 1,077 1 -0.06962 § ~0.235 1 0,0861 § 23.45 ! -43.52 4  S8.5 1 0.0421 | 0.976 { 0.651
I 0.36 | 1,072 I -0.00758 | -0.279 1 0.0880 1 2%.26 I ~54.91 §  55.0 | 0.0396 1 0.995 | 0.70%

I 0.3 1 1,065 | -0.00575 § -0.323 | C,051% § 28.95 f =46.31 § 52.6 | 0.0579 | 0,967 § 0.72%
J 0,32 F 1.659 § -0.00400 | =-0.382 i 0.0557 1 28,52 | ~47.72 1 4.2 § 0.0354 | 0.942 { 0.74%
b 0.30 1 1,653 | ~0.00207 | -0.452 | 0.0G986 1 27.96 § ~49.12 & 5.7 1 0.0329 § 0.936 1 0.76% |
! 0.28 1 1.041 | 0.00005 § -0.522 | 0.2040 { 27.27 | -50.53 1  43.5 § 0.0313 § 0.885 1 0.78% |
! 0.26 | 1,620 | 0.00208 | =0.571 | 0.1083 | 26.45 I -51.93 |  43.6 § 0.031% | 0.855 { 0.80b
I 0,28 | 1.G1% | 0.G0430 | ~0.614 § 0.1317 + 25.47 i =53.33 |  G4k.3 1 0.0319 | 0.842 1 0.823
I 0.22 1 1,605 | 0.00662 | -0.656 1 0.1389 | 24.36 | -56.76 |  &5.2 1 0.0326 | 0.760 i 0.82
I 0,20 | G.98) | 0,00894 § -0.726 1 0.1228 1 23,08 | -56.14 |  &44.5 § 0.,0320 | 0.751 | 0.860
! 0.18 | 0.977 | 0.011CS5 ! -0.798 § 0.1262 | 21.63 | -57.54 § 43.9 1 0.0316 | 0.739 | 0.878 |
I ©.15 1 0,959 0.014C7 t ~0.986 ! 8.1277 | 20.02 | =58.35 §  33.5 | 0.0277 | 0.753 | 0.895 i
I 0.14 f 0.951 i G.ULG68 t -0.2S8 | 0.1262 | 18.23 | ~50.35 |  41.2 1 0.0297 § 0.807 1 0.912 |
| 0.12 1 0.910 t 0.61919 | -1.000 t 0.2335 | 16.28 | -61.76 t 4.5 § 0.0320 | 0.738 1 0.928 |
1 0,10 | 0.901 % 0.02171 1 -1.038 1 0.1426 | 14.16 { ~63.16 §  5%G.2 | 0.0333 1 0.653 § ©.943 |
i 0.08 | 0.879 ¢ .02490 § -1.131 1 0.1557-1 11.35 { ~64.56 § 5.6 } 0,0528 | 0.535 & 0.358 |
I 0:08 1. 0.853 | 0.02809 | -1.G11 1 0.1804 ! 0,33 | -65.97. 1 34,1 | 0,0246 1 0,357 | 0.972 |
I 0.0% 1 0.821 f .0.03157 t ~1.821 1 0.2131 | 6,53 | =67.37°1  32.5 1.0.0233 | 0,167 | 0.98% |
I 9,02 | 0,759 1 0.03641 | =6.160 1 0.2885 i 350 § -65.77 4  8.6-1 €.0069 t -0.134 i 0,957
I 0.00 | 0,000 | 0.0434¥9 fewessws ! 0.2551 | =0,00 1 ~70,18. 1 =0:5 i+C.0004 | =0,019'4 1,000 ¢
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‘Tf*sBLE D.1 (Continued)

EDDY DIFFUSIVITIES OF HEAT AMD MOMENTUM.

(BASED ON. RUN NO. 2)

REYNOLDS NUMBER 55404, . RAYLEIGH NUMBER 2808
FRICTION.FACTOR 0.005%0 PRANDTL NUMBER 0.0236

UMEAN(AVERAGED) 0.405 FY/SEC
PHYS!CAL PROPERTIES WERE EVALUATED AT 82.2 DEG.F.

! ! ! ! | lpuoyaney !Friction! ! ! ! |
: ¥/R : U : v : ai/an | d&e/én : Term : rerm | /v | &y/Ru : sg/e | a/q :
£ 1,00 § 0,977 I -0.03806 ! 0.000 | 0.0000 | 9.01 |  0.01 { 0.0 { 9.0000 I 0,000 : 0,000 1
L 0095 1 00979 { -0.03775 | 0.027 1 0.0058 ! 5.32 1 =-3.52 1 65.2 | G.0466 { 1,101 i 0,04% i
I 0,90 | 0.980 | -0.0372¢ 1 0.057 1 6.,0113 t 10.57 i ~7.05 1 60.2 | 0.6630 | 31.160 ¢ &.098 |
I 0.85 &t 0,084 t -0.03666 ¢ 0,065 § 0,0156 I 15.70 t -10.58 |  59.0 I 9.0422 | 1.355 | 0.147 §
| 0.80 & 0,989 1 -0.03575 I 0.123 | 0.0225 ! 20.69 { -14.11 i 52,4 | 0.0374 | 1.13% § 0.197 |
! 0.75 1 0.996G | -0.03451 1 0,164 | 0,0312 | ~25.44 § -17.64 | 46.6 1 0.0333 | G.974 | 0,247 !
b 0.70 1 1,005 1 -0.03269 1 0.202 | 6.0409 { 29.86 | -21.17 § 41.9 1 0.0300 i 0.817 | G.297 §
£ 0465 I 1,017 | -0.03040 1 0.238 | 0,050z ! 33.83 { -24.70 |  37.4 | 0.0268 § 0.735 | 0,349 |
I 0,60 1. 1.029 | -0.0276% | 0,263 { .0,0585 t 37,25 | -28.23 | 33,3 | 0.0238 1| 0.714 | 0.%01 |
P 0,55 1 1,043 1 -0.02458 | 0.279 I 0,0664 | 40.04 | -31.76 1 28,7 § 0,0205 1 0.710 i 0.5k |
I 0.50 1 1,058 1 -5.02098 1 0,278 | 0,0746 | 42.11 | -35.29 &  23.5 { 0.0168 { 0.706 { 0.509 |
I 6.48 & 1.063 1 -0.21852 1 6.255 | 0.0760 | 42.73 | -36.70 {  22.6 § 0.0162 | G.745 { 0.531 |
I C.k6 1 1,068 1 -0.01781 1 0,245 ! 0.0777 | 43,21 | -38.11 ¢ 19.7 § C.0141 | 0.778 | §.553 |
b 0.44 1 1,075t -0.0163& I 0,213 § 0.0793 | 43.56 | -39.52 1 17.9 | C.0125 § 0.81% i 0.575 |
b 0,42 § 1,077 1 -0.01477 1 0,192 % 0,0873 i 43,79 | -40,93 | 13,8 | 0.0099 i 0.711 1 0.598 I
I 0.50 1 1.080 ! -0.01317 ! 0,136 | 0,0865 § 43.85 | -42.35 § 10,0 | 0.0072 § 0.792 i 0.620 |
I 0.28 1 1.084 1 -C.01079 1 0,080 | 0.0869 | 43.77 | -43,76 | =-0.8 {-0,0005 i 0.849 1 0.643
f 0.36 | 1.083 1 -0.00972 | -0.017 | 0.0877 | 43,55 & -45.17 |  88.2 | 0.0631 | 0,397 i 0,665 |
I 0.3, 1 1,082 ! -0.007€0 § -€.109 i C.0611 1 43.19 | -46,58 |  29.8 | 0.0213 | 0.687 | 0.588 I
P0.32 1 1.079 | -0.00589 § ~0,187 | 0,102z | 42,68 | -47,99 | 27,3 | 6.0195 | 0.737 { 0.710 1
I 0.30 1 1,075 1 -C.00359 i ~-0,308 | 0.1088 | 41.99 | -49.41 1 23,1 1 0.0165 § 0,684 | 0,732 |
I 0,28 1 1,063 i -0.00160 i -0.315 | 0.1193 | 41,12 | -50,62 1 29,6 | 0,0212 | 0.584 § 0,754 |
I 0,26 1 1.062 % 0.00092 ) -0,381 | 0,1265 1 40,03 | -52,23 | 31,0 § 0,0221 § 0.535 | 0,776 |
I .0.26 1 1,055 | 0,00375 % ~0,439 | 09,1289 1 38,72 | ~53,64 | 33,01 C,0236 | 0.547 1 0,797 |
I 0,22 | 1.0k i 0.008635 | -0.593 1 0.1340 1 37,19 | -55,05 1 34,5 § 0.0246 | 0.527 § 0,638 |
{.0,20 | 1,034 3 0,00856 | -0,561 | 0,144 § 35,42 | -56.47 ! 36,4 i 0.0261 § 0,452 1 0,839 I
I 0.1 1 1.022 % 0.01181 | 0,626 f 0.1592 | 33,41 | ~57.88 | 38,3 { 0.0273 | 0.349 | 0,859 I
I 0,16 ¢ 1.000 I 0.01541 t -0.699 § 0.1756 { 31,11 | -59,29 | 39,3 | 0,0281 [ 0,251 | 0.879 }
I 8.1% 1 0.9%% 1 0,01884 § -0,788 i 0.1825 | 28.49 | ~60.70 | 39,8 { 0,0285 1 0.230 | 0,898 |
b 0.12 & 0.978 | 0,02265 ! -0.958 | 0,1847 | 25.53 1 -62,11 1 37.1 | 0.0266 | 0,240 ! 0.617 |
P 0.10 1 ©€.959 + 0.0265% t -1.182 1 0,196% | 22.25 | =63.52 |  33.9 | 0,0242 | 0.186 | 0.954 |
I 0.08 1 0.951-1 0.03004 I -1.474 § 0,2091 | 18.61 | ~64.9%5 |  30.4 | 0.0218 | 0.138 | 0.952 |
! 0.066 I 0.899 1 0.02h84°) -1,893 1 0.2175 f 14,60 ! ~66.35 ¢ 25.3 1 0.0188 | 0.112 | 0,968 |
I 0.08 't 0,860 1 £.03%41 [ -2.089 { C.246C ¢ 10,21t -67.76 i 26.5 i 0.0190 | -0.000 | 0.983 |
b 0.02 | 0.805 ! 0©,0436C 1 -6.953 { 0.2807 &  5.36 | -69.17 | 8.2 { 0.0058 | =9.112 | 0.996 |
| 0,00 1 ©0.000 ! C.05061 fssswwsw | 0,2575 1 =0.00 I i I.=0.028 { -1.000 |

~0.6 1-0.0004
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TABLE D.1 (Continued)

EDDY DIFFUSIVITIES OF HEAT AND MOMENTUM.

3 TS e o e o D W W - - e = A - o

(BASED ON RUN NO. 3}

REYNOLDS NUMBER

FRICTION FACTOR

55823,

0.,00508

UMEAN(AVERAGED) 0,495 FT/SEC

PHYS{CAL PROPERTIES WERE EVALUATED AT

RAYLEIGH NUMBER
PRANDTL NUMBER

87.8 DEG.F.

3803
0.0231

o s - 2 W8 e 4 e o s B T T e = T e Y e e A S Ak b e T - L = s L e TR R Y - S Rt ot T e e A A e s e o . T R S - . e T L e Y e o Am e AL W Ae e A

N e - " W T e YR S T e o o = AR e S e o = L) G o o e S = T e Y AR S S A e - TR B YR = e = e = e - . . v e e e o e . W 2 e om s n v

i b

i v/R k g

i ¢
B1.00 ! 2.%LS
! 6,95 t 0,96
t 0.S0 { 0.450
§f 0.85 @& 0,985
{! 0.80 !t -0.96G2
i 0.75 § 0.973
T 0,70 §F 0,984
i @6.65 § 0.895
i 6.69 ) 1,008
i 0.55 % 1.022
i6.50 1 1.035
i 0.483 1 1.0%3
i D.kB6 F 1.04M
i 6.5 §  1.049
1 &.52 1--1.052
b G.80 F 1.057
i 0.38 F 1.0588
! 0.38 1 1.082
f 0,34 I 1,065
i 6.32 1 1.088
i 0.30 & 1.070
! 0.28 & 1.072
$ 0.26 -1 1.008
1 0,248 ¢ 1.066
I 0,22 1 1.060
i 0.20 § 1.052
£ 0,18 1 1.042
i 0,16 1 1.030
V014 8 1.G2Z0
f 0.:2 1 0,937
I 0.i0 } 0,978
I 0.08 1 0,956
t 0.05 { 0.929
g4 1 0.892
I 0.02 § 0.834
1 0.00 § 0.000.

=1, 08352
-0, 83341
-0.033530
-0.0330¢
=0,0326%
~0.03179
~0,0305¢C
-0.02921
~0.02695
~0.92459
-0.,02137
~-0,01977
-G,0G1827
-0.0316727
~0.01506
-0.01334
-¢,01142
-0.0C%49
~-0.00735

- =-0.00483

-3.00285
-0.00071
0.00163
0.00399
0.00677
0.00913
0.,01191
0.01491
0.01812
0.,02133
G,02487
0.02883
.032638
0.03713
o,ou21o
G4810

LR R A B

0.0856
0.0910
0.08Gs
0.1038
0.13831
4.1103
0.111>
0.1124%
0.11¢9
0,122
6.1285

©0,1349

0.142%
€¢.1531
0.1627
0.1734
6.1831
0.1978
0.2131
0.2358
c.2727

"0.2559

IBuoyency [Friction!
I Term ! Term |
i g,07 ¢t 0,47 1§
; G.37 8 ~3.54 §
1 12,73 v -7,10
P 19,03 1 -319.65
f 25,23 1 -14,20 1
i 31.22 01 -17.75 1}
i 36.83 ! -21,31 ¢
i 82,21 7 -24.86
f- 56,97 | =-23.L1 !
P51,06 4 ~31.96G 1
V54,27 i -35.52 |
i 85,27 1 -3€.94
i 56,07t -~3%8.3C ¢
i 55,69 f ~-39.7¢8 1
1 857,32 8 -41_.20 1
t 57,35 ¢ -~k2.62 %
PO87.35 1 ~u4.04
§ 57.13 1 -b5,47 |
i 56.66 § ~LG,89 i
P 55,92 F -48,31 ¢
| 5(.92 { -49.7% |
§ 53.65 F -51.15 |
I 52,15 §.-52.57 1}
} S0.33 ) -53.99 ¢
I 48,25 1 -55.41 1
P 45,85 | -56.83 i
o &3.14 § -58.26 |
I 50,20 ¢ =-59.68 1|
! 36,689 1 -61.,10 ¢
1 32.88 | -62.52 1
i 28.66 1 -63,94 ¢
I 23.99 1 -65.36 i
t 18.85 1 -65,78
13,191 -58.20 1
1 6.93 § -59.62 1
I ~0.00t ~71,05 1t

75.6

0.CC0Q
0.0k3:
0,0453
0. 9546
0.04b44
G.0h50
0.0G472
C.0498
g.051%
0.0%13
90,0523
0.0521%
G.0558
0.0623
0.0536
0,0529
0.0552
0.054%6
0.0529
0.0532
-0.0262
-0.0642
0.0041
0.0%00
06,0140
5.0165
0.0202
0.0205
0.0213
0.0217
0.0218
0.0218
0.0191 -
0,0i84
"0.0061
-0,0004
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TABLE D.! (Contiriued)

EDDY DIFFUSIVITIES OF HEAT AND MOMENTUM.

e o e - — = e - e o m s e e e e = A A

(BASED ON RUN NO. &)

REYNOLDS NUMBER 37228, RAYLEIGH NUMBER 8254
FRICTION FACTOR - (,00557 PRANDTL NUMBER 0.0210

UMEANCAVERAGED) 0.257 FT/SEC
PHYSICAL PROPERTIES WERE EVALUATED AT 1i5.2 DEG.F.

e s v e . hal e e - . T m S S e T o e e G e N A e S S wm KAl e Y e e M e e = o e S A S - v e S . R R e e M T e e vm e O e = um e e M e e e e e - {1

! i : : ! ! i ! ! 1 i | }
o /v : ' 1/ an “ Buoyancy Friction !

‘ : JE : v ; ? ; ay/an : do/dn : Term i Term | f/¥ 1 &/Ru* 1 e /e 1 /g :
¢o1.60 L C.820 1 -0,02233 F 0,000 § G.000C 0.01 ¢ .01 1 g,0 | 0.0000 1 0,000 % 0,000 1
! 0.95 & 0.821 i -0.02225 § 0.025 ! 0.0027 1 9.2604 -2.5&§F 2GC.1 | 0.20649 & 2.739 | OLDQJI
i -0.90 ¢ 0.823 1t -0.02262 1 0,061 1 0.0059 ¢ 13.32 t -5.17 | 215.3 | 0.2192 } 2,55 | 0,082 1
l 0.85 t 0,526 1 -0.02172 V 0.105 § 0.,0088 1 27.25 4% -7.76 ¢ 184,8 t 0.1881 t 2,492 1 ~0.123% |
I 0.3 i 0.833 1 -0.02111 t O0.154% ¢ G.Ox:ig 1 35.89 i ~10.35 Y 165.0 i 0.1680 ¢ 2.763 1 0.165 1
I 3d.75 t+ 0.8%2 | -0.02050 } 0.206 ¢ 0.,0234 ¢ L4,2Y } ~12.95 | 156.8 1 0.1535 1 2.868 1 0,207 i
i .70 § G.853 1 -0.0183¢ f 0.260 1 O,U152 § 52,11 ¢t -15.546 | 139.5 ! 0.1420 i 3.111 1 0.251 i
! 0,65 t 0.857 V -0.01897 F 0.316 f 0.0180 1 59.56 | -12,13 1 130.Z ¢ 0.1326 t 3,087 t 0.195 |
i 0.60 1 0.885 1 ~-0.01896 F 0.3868 1 00,0236 §1 6bH.50 8 -20,72 § 123,3 §F 0.125% F 2.598 1| 0.340 1
i 0.55 & 0.905 1 -0.01G92 1 0.412 1 0.0305 1} 2.72 1 -23.,31 0 119.0 % O.1211 % 2.17Z2 FV 0.387 |
{ 0.50 { 0.926 i -0.01501°F O.466 F Q.U0U379 F 77.9€ i -25.30 % 11i0.8 1 0.1128 1 1.866 1| 0,435 |
i G.u45 | (0.,850 1 -0.01288 } 0.527 1 0.0L57 i 81.93 | -28.49 1| 100.4 1 0.1023 | 1,652 1 O.L8S |
! 0.40 § C.979 ¢ ~0.01859 1 O0.575 1 0,0530 t &4.%C } -31.08 | 91.6 | 0,0933 + 1.532 1V 0.537 |
! -0.35 + 1,010 1 -0.00770 } 0.609 1 0.0619 | §5.16  ~-33.68 | 83.5 | 0.0850 I 1.389 1) (.591 i
1 0.3¢ I 1,040 ) -0.00434 § 0.621 {1 0.9741 1 83.94% | -36,27 1 75.7 1 0,0771 1 1.187 1 0.648 1
1 ©.25 + 1.671 1 -0.00053 1 O.b61l4& | Q,u872 1t 380.295 | ~38.86 | 66.5 1 0.0677 1 1.01s | ©0.707 |
t 0,23 + 1.104% 1 0.00433 1 0.823 1 0,1077 1 73,76 | ~L1.L5 i 50.8 1 0.0517 + 0,783 1 0,768 |
I 0,13 | 1.113 | 0.00645 1 O.€32 1 00,1133 ! 70,20 b -LZ2.49 1 L2.8 1 0,0436 1 0,781 1 0.793 |
b 0,16 t 1.128 § 0.00898% ! 0,602 1 §.,i2i8 { ©O66.U3 } -~43,52 | 36.% 1 0,037 1 0.679 1| 0.818 |
I o0.24 } 1,10 § 0.0111% § 0,553 1 0.1381 1 81.22 | =44,56 | 29,1 1 0.0296 | 0.529 § o©C.844 |
{ 0.1z t 1,150 1 O0.01418 ! 0.292 | G.1u26 1 35.063 1| ~45,59 1| :33.4 1 £.0340 1} 0.528 1 0.870 1
i 0.10 ' 1.157 %t 0.01767 1 -0.249 % G,1732 1 L9.,33 t -46,63 f -11.7 i-0.0119 1 0.295 % 0.897 i
t 0.08 i 1,148 ¢ ©£.01695 | -1.07¢ ) 0.2813 ' L2.07 } -L7.67 1 4,2 1 0,003 § 0,146 1| 0,923 |
{ 6.08 t 1,118 § C.02557 | =2.L1&% ' 0.2297 t 33,67 I -L8,70 | 5.2 1 0.,0053 } 0,032 1 0,948 |
1 "0.04 &t 1.963-} 0.03035 | -3.359°F 0,26819 & 23.95 | -LS.74 | 6.7 | 0.0068 | -0,072 | 0,972 1
I 0.02 1| 0.355 | - 0.035u44 §-10,584 ! 0,2666 | . 12.78 t =50.78 | 2.5 1 0.0026 1 -0.068 1 0,992 4
1 L ! 0,800 1 0.04121 - 1**«**&*;1:0 2001 1 -5.00) ~51.81 | ~0.7 y-0.0007 4 -0.038 1 1.000 1
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TABLE D,i:(ConTjnued)

EDDY DIFFUSIVITIES OF HEAT AND MOMENTUM,

(BASED ON RUN MNO. 5)

REYNOLDS NUMEER 35744, ' RAYLEIGH NUMBER 8705
FRICTION FACTOR 0.00562 PRANDTL NUMBER- 0.0212

UHEANCAVERAGED) 0.248 FT/SEC
PHYSICAL PROPERTIES WERE EVALUATED AT 112.6 DEG.F,

ST RS SN ML O St R RS SR N Gn vm AT M TR SR e U M TR e fm e S M e M M W e G e m e e M TS N T M e S e e L s e G 4r = - e e e S R W M e S e A e A e e e W Y T e A e e e R S w7 W AR e e m e e . o s e e EE

i ; : i ave na | ‘ i |
Ly/R U ey aWan g ap/an (PROVeROY Felevlen; . e sree | e /a1 a/a,

z 1 i ! i Term | Term | ! g A : "
I 1.00 | | ~0.02293 { 0,000 i 0.0006 | 6.02 1 0.02 % 0.0 § 0.0000 i 0.000 | 0,000 i
I 0.85 | | -0.02285 1 0,087 | G.001% { 9.95 | =-2.50 | 110.5 | 0.1166 | 6.558 | 0.040 §
¢ 9.9C | { -0.02277 | 0.126 i 0.0038 t 15.90 t =-5.01 | 117.0 f 0.1235 | 4.275 | 0.080 |
| 0.85 ¢ | -0.02260 1 0.184 1| 0.0076 | 29.73 | =-7.52 ! 119.7 { 0.1263 i 2.976 | 0.120 |
I 0.86 .1 | -0.02211 | 0.255 | 0.0132 | 39.33 1 -10.03 | 123.6 | 0.1304 | 2.069 | 0.162 §
1 9.75 1 | -0.6212% | 0.283 | 0.0184 | 48,45 | -12.55 | 125.8 | 0.1328 | 1.763 ¢ 0.204 §
{ 0.70 t 0.8:8 | -0.02013 | 0.329 | 0.0224 | 56.92 | -15.06 | 126.2 § 0.1332 § 1.758 | 0,267 !
I 0.65 i 571 ~0.G1895 § 0.368 1 0.0257 | 64.63 | -17.57 | 126.7 1 0.1337 | 1.837 | 9.291 |
i 0.60 ¢ | -0.01766 | 0,406 | 0.0288 { 71.42 { -20.08 t 125.7 1 0.1327 1 1.926 1 0.337 |
1 0.55 I ! =0.0161¢ I ©0.435 ! 0.,0336 1 77.45 | -22.59 1 125.0 | 0.1320 { 1.862 | 0,384 |
I0.50 | | -0.G1437 | ©.459 § 0.0393 § €2.32 | -25.10 | 123.7 | 0.1306 { 1.753 | 0.433 !
Po0.65 1 | -0.01225 | ©.468 | 0.045k | €5.89 { -27.61 | 123.4 | 0.1303 | 1.662 | 0.48k i
I 0.50 | -0,00976 | 0.477 | 0.0518 { 87,93 | -30.12 | 120.3 | 0.1269 | 1.584 | 0,536 |
I0.35 | | -0.00705 | 0,503 1 0.0583 i 88.23 | ~32.63 | 100.4 | 0.1155 | 1.531 | 0.590 §
I 0.30 | -0.0C400 | 0.584 1 0.0670 | 8G.61 § =35,15 1 87,1 } 0.6919 i 1,408 | 0.G45 |
I0.25° | | -0,00055 | 0,705 ! 0.0795 | 82,75 | -37.66 | 62.9 § 0.0664 | 1,209 | 0,703 |
I 0,20 1 [ 0,00372 | 0.754 | 0.0985 { 76.21 | -40.17 |  4G.8 | 0.049% | 0.918 | 0.763 |
0,18 | | 0.00586 | 0.539 § 0.1119 1 72.69 | ~-41,17 | 57,5 | 0.0607 1 0.761 | 0.788 |
bo0.16 | | 0.00816 | 0.373 | 0.1275 | 68.56 | -42.18 1 69.7 | 0.0736 | 0.594 | 0,813 |
I 0.14 | | 0.01080 I 0.129 ! 0,14%4%4 | 63.69 | ~-43.18 | 157.7 | 0.1664 | 0.452 | 0,835 |
I0.12 1 i 0.014C1 | -0.055 1 C.1546 § 57,93 | -44,18 § =2989.5 {-0.3163 | 0,313 i 0,865 1
| 0.10 | | 0.01738& | =0.180 { 0.1766 1 51.29 | -45.19 | ~34.5 [-0.0364 | G.260 | 0.890 |
I 0.08 1 | 0.02133 ¢ -0.443 | 0.1917 | 3,54 § =46.16 | 5.0 ! 0.0053 | 0.195 | 0,915 I
| 0.06 | | 0.02480 i -1.047 | 0.2116 | 34.68 | -47.20 |  11.0 | 0.0116 | 0.110 § 0.940 |
I 0.0% | | 5.02947 § =1.695 1 0,2318 | 24.59 | -48.20 |  14.8 | 0.5156 | 0.039 § 0.964 I
I 0.02 | | 0.054%7 | =5.377 | 0.2656 | 13.07 | -49.21 | 5.7 1 .0060 | =0,071 | 0.986 !
I 0.00 | i 0.05002 Iwesaass § 0.2534 | =0,00 1 -50.21 1 ~=0.8 1-0.0008 | ~0.012 I 1.000 I
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- | | .~ IABLE 0.1 (Continued)

EDDY D%FFUSEV}TIES(OF HEAT AND MOMENTUM,

"(BASED ON RUN NO. 7)

REYNOLDS NUMBER 32452, -RAYLEQGH NUMBER 3734
FRICTION FACTOR ~0,00576 PRANDTL NUMBER £.02356

| UMEAN{AYERAGED) 0.
©- PHYSICAL: PROPERTIE

238 FI/SEC
5 WERE EVALUATED AT 82.C DEG.F,

: : : A T pssveney! f i !
Pow/R LU o i dWaEn g ap/an (DUOVEROYFRICHION, o 4y snue &/e 1 afa, |
i ! + 4 1 i Term | Terw | P { i

b 3.06 1 8,913 1 -$.03233 § C.000 § 0.0000 | 0.1G fesesess | 0,0 | 0,0000 { 0.000 § 0,090 1
£ 0,85 1 0.913 { -C.C3264 4 - 5,523 1 0.0045 ¢ 6.00 0 =2,33 1 125.9 | 0.1446 1 1,518 1 0,040 |
I 0.20 | 0.815 ! -D.03i6h ! 0.C80 F 5.GG75 1 -1%.53 ¢ ~4.66 § 119.2 1 0.1369 § 1,858 | C.091 |
I 0.85 § 0.5i0 | -0.03125 1 0,112 i ; § -7.00 1 95,0 § 0.1091 ¢ 2.872 & 0,137 i
I 0.8 1 0.925 | -0.03876 1 0.135 1 i Bl | 103.2 § 0.1186 § 3.483 § 0,184 i
§C.75 0 0,935 1 -0.03025 | G.161 ¢ i ) | 106.9 1 0.1225 t 2.955 { 0,231 |
i 0.7G ¢ 0.940.1 -0.02957 | 9.199 ! 1 ) ! 101.7 | 0.1169 % 2.298 | 0.27%
i 0.65 470,931 -0.02819 1 05205 - : { 1 93,6 1 0.1075 § 1.692 1 0.326 |
| 0,60 1 +0I3a7 §.-0.02652 1 G.30G | : 1 I 84.0 1 0.0065 t 1.379 & 0.375 |
1 0,58 1 0.872 1 -0.02563°1 0.297. | i ! f87.5 1 0.1005 | 1.270 | "0.385 |
{0.56 i U.u7E | -0.02475 1 0.30h | ] : | 87.5 1 0.1005 { 1.220 | 0.416 §
! 0.5% 1 ©£.SES ! -0.0237C i 0.307 I I 4E.95 St 3.5 10,1016 ! 1,169 | 0.43G |
[ ©.52 ! 9,991 | -0.02278 1 C.323 I 0.6542 f 50.32 4 -22.41 1 5.3 | 0.0979 1 1.1G6 i 0.456 I
| 2.50 & C.§57 | ~0,02159 1| 0,332 f 0.0591 ¢ 51.56 § -23.35 §  &3.8 1 0.0962 | 1.018 1 0.477 |
| 0.48 ! 1.GE3 i -0,02641 1 0.33G 1 0.0840 : 52.55 § -24.28 t  83.5 1 0.0959 § 0.9kh | 0,408 |
 6.46 ! 1.013 I -0.01903 ! ©.327 I G.G57C § 53,58 | -25.22 i  §5.8 { 0.0985 & 0.957 | 0,519
i 0.6L° § 1,617 1 -0.01765 1 0.307 I 0,0709 | 54.38 ! -26.15 §  40.8 { 0.1043 & 0,905 | 0.540 I
I 0.42 1 1,023 | -0.01627 { G.237 1 0.0758 ¢4 54.99 | -27.08 § 81.8 ¢ 0.0933 1 0,852 1 0,562 §
| 0.40 1 1.C30 i -0,01470 [ G.348 F 0.0827 i 55.53 | -24.02 §  77.8 t 0.089& | .763 1 0,585 §
0,38 .f 1.056 1 -0.01293 } G.317 f 0.0911 ! 55.68 ! ~28.95 F  §3.3 1 0.0957 § 0.6CL 1 ©,605 |
! 0.3 & 1lub3 | -0,011865 i G.328 } 0.0885 i 55.70 | -29.88 |  77.8 ! 0.0893 { 0.582 § 0,627 |
f 0.3% ¢ 1.05C 0 -0.0089% 1 0,335 t 04,1069 { 55.5% 1. -30.82 | 72,0 { 0.0827 1 0.519 | 0,550 §
| 0.32 -t >1.056 1 “0.00682 § C.352 § 0.1138 1 55.62  -31.76 { . .65.1 1 0.0748 | 0.576 1 0.672 !
i 0.3 b 1.05% b ~0.00836 § 0,208 1 0.1207 | 56.28 1 ~32.59 | 102.5 1 0.1178 | 0.439 | 0,095 |
I 0.2¢ + 1,058 ! -0,00199 | 0,27 | 0.3276 1 S3.24 | =33.62 |  71.7 | 0.0824 | 0.436 1 0,717 |
| 0.26 ! 1.G72 { 0.00666 | 0,259 % 0,13%5 t 51.90 | =34.56 |  €6.0 t 0.0758 § 0.376 1 0,750 |
| 8.26 1 1,077 1 0.,0036% § 0,232 § C.1&58 | 50.24 t -35.43 1 €9.8 { 0.0802 § 0,508 [ 0,763 |
I 6.22 1 1.082 @ 0.00G37 | 0.152 | 0.I517 b 48.22 1 =36.%3 1  82.1 | 0.0943 § 0.295 | 0,785 1
§.0.20 L 1.085 ! 0,06972 F 0,625 1 G.1%36 | 45.82 & ~37.%5G | 331.4 1 0.3806 i 9.408 | 0,809
! 6.18 } 1,085 i 0.91268 f -0.179 | 0.i%0k | 63.05 1 -38.30 | -27.4 §-0.0315 [ 0.582 | 0.832 |
!0.16 1 1,077 f 0,01463 I -0.39% 3 0.1%31 1 40.03 1 -39.23 | ~2.9 i-0.0033 | 0.4S6 | C.855 §
{ 0.4 ¢ 1,065 4 0,81796 | -0.53G ! C.1582 ! 36.062 ! -60.16 1 5.0 ! 0.0057 1 G.387 i 0.878
b 0.12 1 1.652 1 0,02339 F -5.762 } C.1838 | 32.9G | -41.10 1 9.7 1 0.0111 { 0,237 1 0.900 I
{ 0,10 1 1.037 { G,02511 | -0.$63 f ©.18550 1 28.79 | -%2.03 1 12.7 1 0.0145 { 0.181 1 0,921 i
i C.08 | 1.935 U 0.02923 | -1,315 | 0.2126 | 24.15 | -42.97 1 . 13.3 4 0.015% | 0.107 t 0.942 I
! 0,06 1 0,987 f 0.0335% 1 -2.269 I 0.2322 ! 15.00 1 -43.90 !  10.0 -1 0,9115 { :0.055 | g,951 i
I 0.0k 3 9,345 ¢ C.03844% | -2.557 § 0.2b56 3. 13.26°% -L&.S4 | 9.7 | 0.0111 | -0.002 { 0.980 i
I 9,02 1 35,845 | 0,04373 i -9.352 1 0.2586 | .85 4 -45.77 § 3.2 1 0.0036 | ~0.036 1 0,996 I
I G.ub 1. 0.08C | G.04875 fewcuwes | 0.2566 |} =0.G0 | -46.70 |  ~-0.7 [-0.0008 | -0.017 | 1.000 i
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TABLE D.1_ (Continued)

EDDY DIFFUSIVITIES OF HEAT AND MOMENTUM.

-, e e e . o - - " - - " ——— A "> - = -

(BASED ON RUN NO. 8)

REYNCLDS NUMBER 33760, RAYLEIGH NUMBER 3611
FRICTION FACTOR 0.006570 PRANDTL NUMBER 0.,0233

UMEAN(AVERAGED) 0,245 FT/SEC
PHYSICAL PROPERTIES WERE EVALUATED AT 8€.2 DEG.F.

- ] " - o S e = A Y A G e WP W e ST G L e e s S T e L s T T AR W e T e S L e = o e Y Mk e A S v o e ME S kv e A W e ) S A e e dn o e AR T O A A - Y e > e e e e e e o

i } { i | ! i l | t {
Poy/R P U ? | au/an | dg/an (PUOVARCY Friction ., ye spue | oo /a 1 g/, |
j i ! Term | Term | 1 i "o
] 1,00 § 0,898 t -C.03229 1 0.0G0 § 0.0CG0 1 0.03 3 0.03 i 0.0 i 0.0000 ¢t 0,900t 0,000 1
§{ 0.95 & ¢©¢.899 § ~0.03189 { Q0,012 1| 0.007¢8 ¢ 5.7t ~2.40 § 274,81 0,3048 1) ©.433 1 0,045 3
i 0.0 1 0,900 § ~-0.03138 ¢ 03.031 1 C.015C 1 11l.47 t -4.31 1 2i6.5 1 0,2402 } 0,LG7 1 0.G90 3
{ ©.35 | ©0.901 ¢ -0,03033 ! 0Q.055 ¢ 5,0202 ¢! 16.9% § =-7,21 % 176.1 ! C.1953 | 0.669 § 0.135 i
I 6,80 f 0.805 1 -0.U29%928 ! 0.6%8 | 0.021G ¢ 22,11t =-9.62 % 126.6 ¢ 0.,1404 ¢ 1.14% § ©.180
{0,775 F 0.911 ¢ -0.02788 ¢t 0.:47 | 0.,0242 §F 26,96 1 -12,03 1 100,5 ) 0.1115 ¢ 2.983 1 0.226 §
P 0,70 1. 0,920 1 -0,02738 1 0,193 | 0.U213 1 31,77 1| -1lh4.44 88.6 1 06,0982 1 2,198 1§ ©,272 1
! 0.65 - 0,931 t -0.,02779 1 0,237 1 0.0302 ¢ 36,35 | ~-16.86 ! §1.3 1 0.0802 1 1.641 1 @,31% i
i ©2.60 i 9,943 t ~0.02&00 Y1 0.278 1 0,0%X0 ¢ k0,51 f -15.25 | 75.6 1 C,0828 1 1,240t 0,367 1
i 0,55 1 0,958 & -0.622061 1 5,325 1 0.0485 1 L4.02 ) -21.606 4 67.8 1 ¢.0752 1 1.i41 i 0Q.416 |
i 0.50 1 0,976 § -0.u2082 Vv G.375 1 0.0Lu4S § KBG.77 & -24.07 1 54.5 1 C,0660 1 3i.614 1 0.466 1§
b 0085 1 0,996 ¢ -0,017C3 1 O0.%28 ) 0.2u87 I LO.,00 | -26.47 i 51.6 1 0.,0573 ¢+ 1.65%8 )} ¢©.518 1
! ¢.50 1 1,038 1 -0,015CGL § O0.u70 1 Q,0545 ¢ 50,56t -28.88 | 45,2 1 9.0501 ) 1.823 1 0.571 1%
I 0,36 | 1.028 I ~0.01405 1 0.463 { 0.063% ¢ 51,02 t -29.8L 1 L4,7 § 0,0496 1 1.32: 1 ©,593 |
i 0.306 t 1,037 1 ~-0.,01275 1 O.471 % 90,0727 + 51.32 t+ -33,81 1 42.6 Y 0,072 % 1,11Y i 0.615 1
i 0.3&% | 1.047 } -0,01106 § O0.477 1 0.0871 % 51,456 1 ~-31.77 ! Lo,3 ¥ 0.04%7 | 06.83% ) 0,638 §
! 0,32 ) 1.0%6 1 -0.00327 ! 0,501 1 (.1008 1 81.40 § -32,73 | 36,2 § 0.0402 ! 0,643 1 0,661 |
!.8.,3¢ 1 1.067 t -0.00708 I 0,492 1 C,x125 t 51,10 ! -33,70 ¢ 35,3 § 0.0381 ¢ 0.51% t  0.684 %
i 0.28 1 1.078 ) ~0.0046S I O.452 | 0,:245 & 50,52 1 ~34.66 1 3,0 1 0.06378 ¢ 0.L20 1 0.707 1
I 0.26 t+ 1.085 § ~C.00210 ! 0.383 t 0.3364 1 49,64 | -35,62 1} 35.6 + 0.0395 t C.338 | 0.730 1
1 0,24 ) 1.0%2 } 0.CG0068 i 0.231 ¢ 0,154 | &LE,L3 1 -36,58 | 1.2 F 0.0L57 & G.297 U Q.754 1
! 0.22 + 1,097 ¢ 0.,00387 I 0,157 § 0.1543 | L&,87 | -37.55 | S.4 1 0,068 ¢ 0.260 1 0.778 1
i 0,20 1 1,099t 0.00585 ¢ -0.022  0.2633 1 L&.94 | ~38.51 | ~279.9 §-0.3105 ¢ 0,228 i 0.802 |
-4 0,18 1 1,097 ¢t O.,01024 % ~0.207 t G,1722 t k2,062 f -39.47 1 ~16.0 i-0:0177 1 0,198 | ¢C.826 |
1 0,16 ) 1:080 1 0.5i383 } ~0.400 | 06,1862 1 39,89 1 -40.44 | 0.4 1 0,0008 ¢ 0,140 1 0.349 1
{ 0,14 ! 1.081 | €,C1761 | -0.593 ¢ 0.1992 & 356,72 1 ~-41.40 | 6.9 1 0.0076 I G6.095 & 0.873 |
i 0.12 t 1,067 | 0.4217% t -0.763 1 0.2361 § 33,07 1 -42,30 1 11,2 { 0.0124 1 0,086 | 0.895 1
i 6,10 t 1,09 b 0.02817 1 -0.%35 1 0.233} 1 23.%2 1 -&3,33 i 13,6 { 0.015%1 § D0.076 t 0.917 1
{ 0.08 t 1.029t 0,0303i6 1 ~1.275 1 0.2270 § 24,28 1 -44.29 1} 16,7 § 0.0163 § 0.033 1} (0.938 1
f 0,05 I 1,001 % 0.03474 1 -2,1k) 0 Q.2894L ) 18,11 } -%5.25 | .21 0,0126 § -0,035 1 0,959 4
{ 0,04 Y} 0.963 % O0O.Uud21 t -2.785 1 0.2537 1 13.33 ! -46.21 | 10.8 1 0.0120 ¢ -0.03p 1 0,978 1
[ 0.062 { 0.868 t 0.04509 } -8.958 % 0.24062 § ~§6.86 & -47.18 | 3.5 10,0039 1 9,010 % 0,995 1
i 0,00 ! 0.000 1 G.04987 {uwewzxew | 0.2564 ¢ =0.01 i ~48.14 ! -0.7 1-0,0608 i -0,024 1 1.300 i
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TABLE D. | ( Continued)

EDDY DIFFUSIVITIES OF HEAT AND MOMENTUM,

(BASED ON RUXN NO.11)

REYNOLDS NUMBER - 32125, RAYLE{1GH NUMBER 1595
FRICTION FACTOR 0.00578 : PRANDTL NUMBER 0.0235

UMEAM(AVERAGED) 0.235 FT/SEC
PHYSICAL PROPERTIES WERE EVALUATED AT 83.4 DEG.F.

i i ! ! : ! Ipptotion | [ | | |
boy/R ot U b e | aW/an g desan (PuOVarey Frictlon o,y g pus e /e 1 /g,
n i ! I ! t Term | Term | PR ! "o
i 1.00 ! 0.958 1 -0,05082 | 0.000 i 0.0000 § 0,05 | 0.05 1 0.0 1 0,0000 | 0.000 { 0.000
i 9.95 1 0,861 1 -0.05C74% i 0,060 | 0.0099 { %.05 | =2.31( 27.9f 0.0323 | 0.216 { 0,048
I 9.80 1 9,566 1 =0.0497& § 0,112 ! 0,017 ! 8.0 | =-4.63 1  29.3 | 0.0339 { 0,381 ¢ 0.096 i
I 0.85 ! ©£.972 ! -5.04881 { 0,150 t 0.0247 | 11.81 1 =-6.95 | 31.9 1 0.0370 i 0.469 ¢ 0,145 |
i .80 | 5.980 | -0.04743 i 0,189 { 0.0327 | 15.55 t =-9.27 |  32.7 1 0.0379 { 0.435 | Q.104 |
I 0.75 1 0.991 I -0.G4573 i 0.237 | G.0638 | 19.21 4 -11.59 |  31.1 f 0.0361 | 0.304 | 0,244 i
I 0,70 & 1.063 1 -0.04311 § 6,275 | 0,0579 | 22,51 § -13.91 1  30.2 1 0.0350 | 0.272 | 0.295
0,65 & 1.020 f -0.04203 1 0.302 t 0.0713 | 25.45 | =15.23 |  29.5 1 0.0362 | 0.214 | 0.347 |
{ 0.60 ! 1.035 I -0.03579 1 0.314 ! 0.0823 1 27,94 | -18.55 |  28.% | 0.0335 | G.214 | 0.400
I°0.55 1 1.051 1 -0.03155 | 0.321 ! 0,0521 I 29,92 | -20.87 |  27.1 1 0,031k | 0.232 | 0.u54 |
t 0.50 I 1.066 | -0.02678 I' 0.351 | 0.0987 | 31.34 | =23.13 | 22.2 | 0.0257 | 0.289 | 0.50 |
I 0.48 & 1.07% I -0.02462 | 90.379 1 0.1006 [ 31.7& { -24.12 t  19.1 1 0.0221 1 0.321 | 0.532 |
t 0.46 I 1,082 i -€.02277 1 0.398 i 0,1632 I 32,05 | -25.05 1  16.6 1 0.0192 | 0.342 | 0.55i |
i 0.4k I 1.080 f -0,02061 § 0.366 | 0.3076 { 32.27 i -25.97 4  16.2 | €.0187 { 0.338 { 0.577 |
{ 0.4z I 1,098 | -0.01856 | 0.331 { 0.1186 | 32.38 | ~26.90 i  15.5 | 0.0180 { 0.265 i 0.600 |
I 0.40 I 1,103 1 -0.0159% 1 ©.235 | 0.1248 ! 32.38 | ~27.83 | 18.3 1 0.0212 1 0.249 ! 0.623 |
0.38 1 1.107 § -0.01322 | 0.116 | G.1325 | 32,25 { -28.76 1  29.1 | 0,0333 1 0.220 § 0.647 |
f 0.36 1 1,108 | -0.01075 | 0.004 f 0.1333  32.00 | -29.68 | 637.G | 0.7386 | 0.257 ! 0.5670 |
t0.3% 1 1,107 1 -0,00782 § ~0.129 | 0.1364 | 31162 1 -30.61 { -8.6 1-0.0099 | 0.272 ¢ 0.694 |
i €.32 1 1,103 | -0.00536 | -0.301 i C.1387 | 31,09 § =31.54 | * 0.5 i 0.0006 { 0.509 { 0.717 |
I 0.30 ! 1.096 | -0.00228 1 -0.368 | C.3155 | 30,46 ¢ =32.67 1 4.5 1 0.0052 | 0,601 i 0.740 |
{ ©.28 1 1.087 i ~0.00165 | -0.472 | 0.1268 ! 29.74 | =35.40 { 6.8 | 0.0078 | 0.503 i 0.762 |
| 0.26 't 1.077 | 0.00186 | -0.529 | 0.1k65 ! 28.91 1 -35,52 | 9.2 1 0.0107 | 0.338 { 0.784 |
I 0.24 I 1,065 ! 0.0052k 3 -0,588 { 0.1763 | 27.9% | =35,25 | 11.4 | 0.0132 1 0.143 | 0,806 |
| 0.22 & 1.05k 'l C.C0831 { ~0.632 | 0,1832 } 26.78 | -36.13 | 13.9 1 0.01G1 § 0.123 { 0.827 |
{ 0.20 ! 1.040 f 0.012k4 I -0.680 f 0.1901 t 25.43 | =37.11 [  16.2 [ 0.0187 1 Q.115 | 0.848 1
t 0.1& 1 1.027 | 0.01658 | -0.834 | 0.2008 | 25.90 f -38,04 | 15.9 [ 0.0185 ! 0,081 | 0.868

{ 0.16 ! 1.011 i 0.0204%°{ -0.823 | 0.2138 { 22,17 | -38,96 |  198.4 | 0.0225 | 0.033 | 0.888 I
I .14 & 0.9g5 1 0.62501 | -0.845 | 0.2223 1 20.22 | -39.89 |  22.2 | 90,0258 | €.019 | 0.906
i 0.12 | 0.978 | 0.02361 I =0.907 { ©.2315 | 18,0t | -40.82 §  24.1 | 0.0279 1 =0,000 1 0,925

[ 0:10 | 0,958 1 G.03421 i =1.104 | 0.2338-% 1562 | -1.75 |  22.7 1 0.0262 | 0.008 | 0.942 |
I 0,08 1 0,933 i 06.03896 | -1.716 | 0.2361 | 12.57 ! -42.68 &  16.3 | 0,0189 t 0,016 | 0.959 |
i €.96 | G6.897 1 O0.04371 { -2.881 | 0.2345 | 10.03 ! ~43.60 §  10.6 { 0.0123 | (.00 & 0,375 |
| 0006 | 0,837 I ©0.0LB4S | =5.827 1| 0.2491 | 6.98 | ~4b.53 1 8.8 f 0.6102 § ~6,006 | 0.990 I
| 0.02 | 0,718 f ©.05291 1-10,969 | G.2768 |  3.62 | =45.46 | 2.8 | 0.0033 1 -0.095 | 1.001 |
I 0,00 | 0,006 f 0.05950 leewsasw -l 0,2500 { -0.00 | =46,39 | =~0.5 t-0.00C6.1 =0.034 | 1.000 |
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TABLE D.I (Céntinued)

EDDY DiFFUSIVIT{ES OF HEAT AND MOMENTUM.

(BASED -ON RUN NO.12)

REYNOLDS NUMBER 31385, RAYLEIGH NUMBER 1670
FRICTION FACTOR 0.00581 PRANDTL NUMBER 0.0238

UMEANCAVERAGED) 0,231 FT/SEC
PHYSICAL PROPERTIES WERE EVALUATED AT 79.2 DEG.F.

T e e e e e e e e e e e e e e e e e e e e e e o e o e o et o v ot s 7 0 e o 0 om0 e 0 0 o e e o

! l | [ | B S y ! ! | [ [
1 ¥R O+ Uy ¢ | at/an | &e/dn ,Bd?yuncyiF‘?Cti°nw S/v 1 & /RUE & /o afq, |
§ ! ! ! ! t Term § Term | 1 P 1 i
£ 1.00 1 0.955 % -0.0LG26 1| 0,000 | 0.0000 { 8,10 ywwsaxsx { 0,0 { 0,0000 1 0.000 | 0,000 I
I 0.95 | 0.957 | -0,04626 1 0.058 | 0.0082 |  3.87 .1 =-2.27 | 26,4 1 0.0512 1 0.466 | 0,048 :
I 0.90 § ©.962 § -0.04560 1 0.107 | €.0171 §  7.68 | ~L.55 1 28,3 | 0.0335 | 0.401 ! 0.09 :
b 0.85 1 0.968 1 -0.04455 ! 0.146 [ 0.0265 | 11.39 | -5.83 1  30.3 | 0.0358 ! 0.358 1 9.14k
Po0.80 1 0,976 t -0.C528% 1 0,181 | G.0339 | - 16.95 | ~-9.10 1 31.2 | 0.03G9 1 0.42% | 0,193 §
I 0,75 f U.986 & -0.G4100 | 0,216 ! 0.0395 I 18.25 | -11.38 1  30.3 | 0.0359 | 0.539 1 0,243

I 0.70 | 0,998 i -0.03889 1 0,248 | 0.0450 { 21.32 | -13.66 ! 29.% | 0,0352 1 0.631 § 0,293 |
I 0,65 1 1,012 | -0.03666 | 0.275 ! 0.0502 | 24,13 | =15.94 { 28,7 | 0,3340 1 0.715 | 0.345

i 0,60 | 1.26 1 =0.03376 1 0.304 | 0.0587 § 26.63 | ~18.22 |  26.6 | 0.0315 | 0.G93 | 0,397

! 0.55 1 1.061 | -0,03100 | 0,335 | 0.UG&5 ¢ 26.78 | -20.50 |  23.7 1 0.0280 | O0.Cuk | 0,651 |
I 0,50 1 1.053 t -0.02705 I 0.385 ! 0.0828 | 30,50 | -22.78 | 19,0 | 0.0225 | 0.526 | 0.505 |
I 0.68 1 1,066 1 -0.02548 & 0.391 | 0.0865 | 31.05 1 -23.65 1 17.8 | 0.0210 | 0.526 1 0.528 |
t 0.46 1 1.075 ' -0.02363 ! 0.406 | 0.0894 I 31.51 t -24.60 |  1G.0 1 0.C180 | 0.538 | 0.550 i
0.4 I 1,083 i -0.02179 | 0,377 | 0.1000 ¢ 31,88 t =25.51 1 15.9 { 0.G188 | 0.433 | 0.573

t 0.42 1 1,091 1 -0.01385 | ©€.330 170.1052 | 32,15t -26.42 1|  1G.3 | 0.0193 | 0.416 1 0,595

I 0.50 1 1,097 I =0.01732 | 6.279 | 0.1138 1 32.30 | -27.33 1 1633 1 0.0199 1 6.361 I 0.61i9 |
0,38 | 1,102 1 -0.01535 t 0,177 1 0.1230 | 32,34 | =28.25 1  22.1 | 0.0262 | 0.300 | 0.643 }
P 0.36 | 1,105 | -6.01272 1 0.090 | 0.129G 1 32.26 i -29.16 |  33.1 | 0.0332 & 0.285 [ 0,000 I
i 0,34 1 1,105 1 -0.00995 I 0,635 | C.24C1 | 32.G2 § -30.07 | 125.7 § 0.1674 § 0.230 | 0.G&9
i 0.32 1 1,104 1 -0.00706 § -0.067 | C.1%86 ! 31.64 ! -30.98 | ~-10.4 1-0.0123 | 0.198 | 0,713

I 0.30 1 1,103 ! -0.00417 f -0.105 1 0.1552 1 31.10 i =31.89 | 6.6 ! 0,0077 { 0.1&5 1 Q.735 |
! 0.28 | 1,099 1 -0,006075 § -0.233 I 0.1592 | "30.40 { -32.80 1 9.3 § 0.0110 | 0.192 1 0.75% |
I 6.26 & 3.093 © 0.00240 § -0,347 I 0.1631 t 29.53 f =33,71 I° 11.0 | 0.G131 1 0.198 | 9,781

I 0.25 | 1,085 b 0.00556 f -0.566 I 0.1644 | 28,49 | =34.63 | 12,2 f 0.61:4 | 0.222 | 0.804 |
{ 0.22 | 1,075t 0.0083%  -0.564 I 0.1723 1. 27.28 1 -35.5h | 12,0 t 0.0153 | 0.198 | 0.526 |
I0,20 1 1,062 I 0,01240 | ~=0.733 | 0.1335 ! 25,89 § =36.45 | 13,4 { 0.0158 { 0.155 | 0,847 |
I 0,18 | 1.085 1 0,01621 I -0.895 & 0.1973 1 24.32 { =37.36 {  13.6 | 0.0161 | 0.100 | 0.5 |
I 0.16 | 1,027 1 0.02029 | -1.097 | 0.205% 1 22.53 1 =38,27 1  13.3 | 0.0158 | 0.079 | 0.889 i
| 0.1s 1 1,002 § 0,02476 | -3.301 | 0.2105 | 20.52 1 =33,13 1 13,3 ! 0.0158 | U.073 | 0.908 |
I 0.12 | 0.973 1 0.02871 1 -1.522 | 0.2125 ¢ 18.29 | -40.10 |  13.3 | 0.0158 | 0,090 | 0.927 |
I 0.10 | 0,942 | 0.03305  -1.,717 i 02197 | 15,84 | =41.01 | 136 | 0.0163 | 0,074 1 0.0k |
£ 0,08 1 0.905 1 0.U3739 | -2,018 1 0.2282 1 13,17 | -41.92 | . 13.2 | 0.0157 | 0.051 | 0.960 |
I 0.06 t 0,805 ! 0.04239 ! -2.435 1 0.2368 | 10,26 | -42.83 1  12.4 1 0,0346 | C.U29 | 0.975 |
i 0.0% 1 0,810 t 0.04686 | -2.690 | 0.2482 i 7.10 & -43.7h 1 1206 | 0.0349 1 =0.003 | 0,383 |
I 6,02 1 0.766 1 0.65199 | -§.437 1 0.2601 4 3.68 { -44.65 1 3,9 | 0,0046 i -0.038 { 1,000 I
0,06 I 0.000 | 0.05745 teswwwswe | 0.2516 1 =-3,00 1 -45.56 & -0.G 1-0,0007 ¢ -0.005 1 1,000 |
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TABLE D.2

RATIO OF EDDY DIFFUSIVITIES

} Run | Re = 53906 Ra = 34800 Pr = ,0241 L/D = 83.6

y/R €y/V _ /o o
0.9 3,5 0.35 4.16
0.8 7.0 0.70 4.16
0.7 14.0 1.15 3.41
0.6 42 .0 1.25 .24
0.5 58.0 .20 0.86
0.4 60.0 1.13 0.78
0.3 52.0 1.0 0.78
0.2 43.5 0.77 0.74
0.7 36.0 0.47 0.54
" Run 2 Re =54 053 Ra = 44 900 Pr = 0,0236 L/D = 83.6
y/R eM/v eH/u o
0.9 [l 60.0 0.78
0.8 .05 52.5 0.85
0.7 0.8 42,0 0.81
0.6 0.72 33.0 0.93
0.5 0.72 29.0 .05
0.4 0.72 29.0 ].05
0.3 0.65 31.0 0.89
0.2 0.45 36.0 0.53
0.1 0.20 34.0 0.25
Run 3 Re = 55 062 Ra = 60 900 Pr = 0.0231 L/D = 83.6
y/R eM/v eH/a o
0.9 63.0 3.6 2.47
0.8 63.5 2.5 1.7
0.7 66.0 1.5 0.98
0.6 72.0 .05 0.63
0.5 75.5 0.82 - 0.47
0.4 76 .0 0.68 0.39
0.3 - 70.0 0.63 0.39
- 0.2 54 .0 0.505 0.40
0.1 30.0 0.25 0.36
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TABLE D.2 (Contlnued)

RATIO OF EDDY DIFFUSIVITIES

Run 4 Re=36 592 Pr=0.02/0
Ra=132 000 L/D=83.6

Run 5 Re=35 836 Pr=0.0212
Ra=139 500 L/D=60.6

y/R eM/v eH/a o eM/v | eH/a o} Megn
0.9 190 2.65 0.66 117 3.2 1.29 0.975
0.8 162 2.9 0.85 122 2.75 1.07 0.96
0.7 140 | 3.15 1.07 125 2.4 0.91 0.99
0.6 122 2.7 1.05 125 2.12 0.80 0.925
0.5 110 1.95 0.844 123 .85 0.71 0.78
0.4 92 1.50 0.78 116 1.55 0.63 0.71
0.3 75 1.15 0.73 98 [.23 0.59 0.66
0.2 52 i 0.75 - | 0.69 47 0.80 0.8l 0.75
0.1 28 0.37 0.63 13 0.30 |.09 0.86
Run 7 Re=32 101 Pr=0.0236 | Run 8 Re=33 721 Pr=0.0233
Ra=59 800 L/D=83.6 Ra=57 800 L/D=60.6
y/R eM/ v eH/ a o eM/ Vo eH/ a | o Mean
0.9 98 2.2 0.95 - - - -
0.8 104 2.51 1.02 125 2.48 0.85 0.94
0.7 101 2.2 0.92 90 2.12 1.0l 0.97
0.6 92 1.5 0.69 72 [.55 0.93 0.8l
0.5 80 1.15 0.61 59 1.12 0.82 0.72
0.4 68 0.77 0.48 46 0.80 0.75 0.62
0.3 53 0.52 0.42 35 0.55 0.68 0.55
0.2 37 0.35 0.40 24 0.35 0.63 0.52
0.1 12 0.17 0.60 13 0.15 0.3%0 0.55
Run 11 Re=31 525 Pr=0.0235 | Run 12 Re=30 719 Pr=0.0238
Ra=25 100 L/D=83.6 Ra=26 200 L/D=60.6

/R e /v | e/a o e /v | e ./a o Mean
Y M H M ™ °6
0.9 30 0.32 0.45 27 0.30 | 0.47 0.46
0.8 32 0.46 0.60 30 0.42 0.59 0.60
0.7 34 0.37 0.50 29 0.62 . 0.88 0.69
0.6 28 0.27 0.40 26 0.67 1.08 0.74
0.5 23 0.22 0.40 18 0.52 (.21 0.81
0.4 12 0.20 0.70 12 0.33 .15 0.93
0.3 7 0.17 1.02 I 0.18 0.69 0.86
0.2 16 0.15 | 0.3 Ia 0.12 0.36 0.46
0.1 22 0.12 |- 0123 13 0.06 0.19 0.39




_D-'-]"S..
TABLE D.3

ISOTHERMAL EDDY DIFFUSIVITIES OF MOMENTUM

RUN | -1

52 240
0.00518
0.402 ft/sec.

Reynolds number
Friction factor
Mean velocity

wonon o

u¥ 0.0205 ft/sec.
y/R U | du/dn 1.25 £ Re n eM/v EM/Ru*
0.90 1.216 -0.047 6.77 143 0.107
0.80 1.208 -0.148 13.5 90.2 0.0677
0.70 I.186 | =0.219 . 20.3 91.7 0.0688
0.60 [.153 1 -0.301 27. 1 90.0 0.0675
0.50 1,115 -0.373 33.8. -~ 90.5 0.0679
0.40 {.073 | -0.439 40.6 91.5 0.0687
0.30 |.025 -0.580 47.4 81.7 0.0613
0.20 0.968 | =-0.687 54. | 77.7 0.0583
0.18 0.954 | -0.768 | 55.5 71.3 0.0537
0.16 0.936 | =-0.874 | 56.8 64.0 0.0480
0.14 0.919 1 -0.985 58.2 58.1 0.0438
0.12 0.898 { =~-1.076 | 59.5 54.3 0.0408
0.10 0.874 -1.241 60.9 48.1 0.0361
0.08 0.851 -1.466 | 62.23 41.4 0.0314

RUN | =2
‘Reynolds number = 31 320
Friction factor = .00582
- Mean velocity = 0,240 ft/sec.

TLE = 0.0129 ft/sec.
y/R u du/dn }.25 f Re n €y/V €y/Ru*
0.90 1.288 | =0.074 4.56 60.6 0.072
0.80 1.214 -0.200 9.1l 44,6 0.053
0.70 1.187 -0.271 - 13,7 49,7 0.059
0.60 1.160 -0.325 18.2 55.0 0.065
0.50 1.123 .} -0.419 22.8 53.4 0.063
0.40 1.076 -0.489 | 27.3 54.8 0.065
0.30 1.024 | -0.550 31.9 57.0 0.068
0.20 0.968 | -0.751 " { 36.5 47.6 0.056
0.18 0.947 | =-0.837 } 37.5 43.8 0.052
0.16 0.930 -0.924 38.3 *40.5 0.048
0.14 0.912 -0.936 39.2 40.9. -0.049
0.12 0.893 | ~-]-.042 40.1 37.5 0.044
0.10 0,871 ~-1.183 - 41,0 33.7 0.040




APPENDIX E

EXPERIMENTAL RESULTS

The Raleigh number reported in table E.| is

Ra, = p*Bg C,, AD®

16 uk

R

All the other dlmensﬁonieés parameters and variables are defined in the

nomenc lature.



TABLE E. |

VELOCITY AND.TEMPERATURE PROF ILE MEASUREMENTS.
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_Z_H_

REYNGLDS NUMBER 53906 TEST SECTION INLET 64,21
RALEIGH NUMBER 2171 TEST SECT!ON QUTLET 77.53
PECLET KUMBER 1297. INSIDE §NSULATION 132,51
PRANGTL NUMBER 0.02406 OUTSIDE INSULATION 99,80
NUSSELT NUMEBER 10.5 CENTRE LiNE 73.33
FRICTION FACTOR 0.00510 WALL (EXTRAPOLATED) 81,11
YANTOVSKIt CRITERION 9.7 TMEAN (BY INTEGRATION) 76.59
Z CRITERION 0.00749 ARSTHMET!IC MEAN TEMPERATURE . 76.81
L/o : 83.59 THMEAN (BY INTERPOLATION) 76,73

VELOC!ITIES (FT/SEC.) HEAT INPUT

UMEAN (BY INTEGRATION) 0.399 KWH 3,55

FROM ORIFICE METER 0.400 PERCENTAGE HEAT LOSS _ 1.22

FROM HEAT BALANCE 0.421 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 1591
; ! i 1 . | 1 i 1 | . i 1
! ¥/R 1 v !y I u Vv, U I T-T, ! @ I T i /T |

o
i | i ] I 1 1 ! i |
{ 1.00 1 0.4348 | 1395,6 1 21.6 | 1.002 § 1,091 ! 0.00 § 1.09 I 10.23 ¢ 0.957 |
I 0.30 1 0,4371 ! 125,71 21.7 { 1,005 ¢ 1,087 { 0.11 | 0.98 % 10.68 | 5.959 |
! 0.30 1 0.4412 % 1117.9 % 21,9 | 1,015t 1.167 | 0.36 | 0.95 | 9,75 }{ 0.962 |
i 0.70 1 o.4418 f 979.0 1 21.9 | 1.0156 ¢! 1.109 | 0.69 [ 0.91 | 9.32 | 0.966 |
| 0.60 1 O.4404 i 8kO.1 ¢ 23.9 ¢ 1.013 ! 1.105 % 0.92 & 0.88 1 9,02 | 9.969 |
I 0.50 't 0.4371 % 701,31 21,7 1 1,005} 1,097 | 1.78 | 0,77 ! 7.89 | 0.981 |
! 0.40 1 0,8322 ) 562.4 1 23i.,5 1 06,994 ¢ 1.084 I 2,39 | 06,69 | 7.068 I 0,589 I
1 0.30 I 0.4161 1| 423,53 20.7 t 0.957 § 1.044 1 3,40 | O0.56 4§ 5.75 | 1,002 I
!l 0.20 1 0.398:¢ ¢ 284.7 1 19.8 | 0.916 ¢ 1.600 I 4.36 | O0.43 I 4,49 1 1.014 |
1 0.18 | 0.3893 ! 256.9 1 19.3 1 0.895 1 0,977 % 4.65 1 0,40 | &,11 | 1,018 i
! 0.16 1 0.3823 ¢ 229.1 1% 19.0 1 0,879 t 0.959 % 4,8% | 0.37 | 3.8 | 1,021 I
! ¢.14 f 0.3752 %t 261.4 1} 18.6 i 0,863 F 0.941 1 5,05 | 0.35 | 3.61 { 1,023 I
I 0.12 1 0.3679 ¢ 173.6 | 18.3 1 0.846 & 0.923 % 5.37 | 0,30 | 3.16 { 1.028 |
i ©.10 1 0.3605 § 145.8 ¢ 17.9 ! ©0.829 y 0.205 % 5.70 | 0,26 t 2.73 { 1,032 |
! ¢.28 1 0.,3564 { 118,060 % 17.% | 0,806 1 0.879 ! 5,93 | 0.23 1 2,43 | 1,035 |
! 0.06 I ©.,3399 ¢ 90.3 ! 1€.9 | 0,782 1 0.853 1. 6,22 | G.20 1 2,05 | 1,039 !
I 0.04 't 0.3605 1 62,54 17.9 -1 Q4,829 1 0.%05 1 6.56 | 0.15 | 1,60 | 1.043 I
1 0,02 10,3065 ¢ 34,7 { 15,2 ‘& 0,705 1 0.76% t. 7,13 | I 0,85 ¢ 1,051 |



TABLE £.1 {Continued)

‘VELOCITY AND TEMPERATURE PROFILE MEASUREMENTS,

_REYNOLDS  NUMBER . 54053 TEST SECTION INLEY £€6.30
RALESGH NUMBER , 2808 TEST SECTICGN OUTLET 83.52
PECLET NUMBER 1274, INSIDE INSULAYION 154,96
PRANDTL NUMBER 0.U2358 QUTSIDE INSULATION 111,66
NUSSELT- NUMBER 5.6 CENTRE LINE 77.60
FRICTION FACTOR 0.00508 WALL (EXTRAPOLATED) 88,80
YANTOVSKit CRITERiCHN 14,1 TMEAN (BY INTEGRAT{ON) 82.22
Z CRITERIOM _ 0.50958 ARITHMETIC MEAN TEMPERATURE $§2.41
L/D 83.59 TMEAN (BY INTERPOLATION) 82.48

VELUCITIES (FT/SEC.) HEAT IRPUT

UMEAN (BY INTEGRATION) 0.395 KWH 4.61

FROM ORIFICE METER 0.398 PERCENTAGE HEAT LOSS 1,27

FRCM HEAT BALANCE 6,423 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 2064
1 1 ! . ! . i i i ! . l !
1 y/R | v ! ¥y i u i uw/m i U ! T-T i & 7 i /T !
I ! ! i ¢ i ¢ i i =
i 1,00 1 0,3865 % 1405,4 1 19.,% | 31,0600 1 0,877 0 0,46 ¢ 1.90 & 11.32 1 0.944 )
t 0.90 | 6.3379 § 1265.6 F 19.4 t 1.9064 ! 0.981 1 0,10 1 9,39 1 11.27 I 0.945
! G.80 1 0.3%09 § 1125.7 i 19.6 ! 1,012 i ©.229 % 0.25% 1 0.27 1 13i.0% i ©.S54%7 1
! 0.76 1 0.3984 1 685.9 20, ¢ 1,031 0 1,008t 0.68 1 0.9% } lo.Gk )} 9,952 )
! 0.600 1 0.5091 1 846,11 20.5 i 1,953t 1,035t 1.35 | 0.87 t 9,95 I 0,960 |
i 0.50 t 0.k183 t 7JGE.2 1 21.8 | 1,082 ¢ 1,053 1 2,07 | O©.&1 I 9,23 I 0.969 |
b 6,40 ) 0.4268 F S566.4 1 23,4 1 1,105 % 1,075t 3.09 i 0.72 & 8.19 1 0,981 1
Po0.L30 ! 0.42487 §F k26,5 ) 23,3 0t 1,099 % 1,878t &.35 1 0.61 } 6,92 1 0.997 1
i 0.22 t 0.4075 1 288,7-1 20,4 1 1,054 ¢ 31,031 ¢ §,08 ! 0.45 § 5,17 1 1.018 1|
{ 0.1 } C.40%0 1 258,7 ! 2¢6.2 f 1,083 % 1,019 F 6.46 1 Q.42 1 4,73 1 1,022 1%
! 0.1% F 0.393%31 4 202.8 ¢t 19.7 ! 1.0:7t 0.994 § 7.1 1 0.36 } 4,10 1 1,031 i
i 0.1 10,3862 % 178,80 19,3 f 0.809 % G6.877 0 7.91 ) 0.29 I 3.3 I 1,040 1
I 6,10 1 0.3789 F 1u6.8 1 29,0 t 0.980 4 0.958 1 8.4% | 0,26 1 2,78 1. 1,047 1
) G.08 % 0,3705 ¢ 112,93 i8.6 ! 0.959 ) 0,837 1 8.77 t 0.21 ! 2.45 1 1,051 1}
i 0.06 1§ 0.353% 9¢G.,9 ¢+ 17.7 4 0,91k % 0,893 ! 8,97 1 0.19 I 2,26 I 1,053 1
bOGL0L § 0.3%74 1 62,9 1 16.9 1 -0.873 %t 0.853 1 S$.6% 1 0.13 1 1.58 I 1.061 1|
I 0.02 1} 0,3182 ! 25,0} 15,9 {1 0,823t 0.805 1 10.31 1 0.07 I 0.89 | 1.069 1
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TABLE E.1 (Contlnued)

VELOC1TYFAND TEMPERATURE PROFILE MEASUREMENTS.

- - - -

TEST SECTION INLET B 66.06

_7_3_

REYNOLDS NUMBER 55062

RALEIGH NUMBER 3809 TEST SECTION OUTLET 89.41

PECLET NUMBER 1273. INSIDE INSULATtON 185. 02

PRANDTL NUMBER 0.02312 OUTSIDE INSULATION 127.53

NUSSELT NUMBER 10.2 CENTRE LINE 82,25

FRICTION FACTOR 0.00507 WALL (EXTRAPOLATED) 96,08

YANTOVSKI| CRITERION 17.5 TMEAN (BY INTEGRATION) 87.79

Z CRITERIGH 0.01293 ARETHMETIC MEAN TEMPERATURE $7.93

L/D _ 83.59 TMEAN (BY INTERPOLATION) 28,01

VELOCITIES (FT/SEC.) HEAT INPUT

UMEAK (BY INTEGRATION) 0.399 KWH 6.17

FROA ORIFICE METER 0.399 PERCENTAGE HEAT LOSS 1.30

FROM HEAT BALANCE 0,418 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 2762
! | ; | | i | y e !
¢ YR 4 Y i ¥ bW oy wWu, ¢ U T,y @ T AT
5 i ! ! | n ! ! i i
| 1.00 1 0.3769 | 1416.6 1 18.7 1 1.00¢ | 0.945 | 0.00 | 1,00 | 10.38 1 0.937 |
{ 0.90 f 0.3781 1 1275.6 i 1€.8 ¢ 1.603 i 0.948 | 0.07 { 0.99 | 10.33 | 0,938 |
| 0.86 f 0.3847 ¢ 113k.7 1 19,1 ¢ 1.021 1 0.965 | 0.15 1 0.98 ! 10.27 & 0.939 |
P .70 1 0.394C § 993.7 § 19.6 i 1.045 ¢ 0.988 1 0.47 I 0.96 1 10.02 1 0,942 |
i 0.60 | 0.4008 | 852.8 & 19.9 1 1.063 1 1.005 ¢ 1.13 1 0.91 ! 9.55 | 0.950 |
| 0.50 1 0.,4128 1 711.8 | 20.5 | 1.095 | 1.035 | 1.73 | 0.87 | 9.04 - 0.957 |
| 0,40 1 0.4206 1 570,91 20.9 ¢ 1.116 | 1.054 | 3.42 1 0.75 [ 7.82 | 0.976 |
| 0.30 1 0.4266 | 429.,9 | 21.2 | 1.132 1 1.070 | 5.23 1 0.62 | 6.&5 | 0.996 |
| 0.25 1 0.4252 1 359.4 1 21.2 | 1.131 1 1.068 | 5.96 | 0.56 1§ 5.91 | 1.005 |
| 0,20 1 0.4202 1 289.0 | 20.9 1 1.135 1 1.054 { 7.23 1 0.47 ! 4.96 | 1.019 |
| ©.16 I 0.5098 i 232.6 f 20.4 | 1.087 | 1.028 | 8.17 § 0.40 | &.25 | 1.030 I
| 6.1L § 0.5083 § 20k.4 i 20,1 ¢ 1.073 | 1.014 I 8.86 { 0.35 | 3.73 & 1.038 |
| 0.10 1 0.3895 ! 1tz.c ! 19.& 1 1.034 t 0.977 t 9.95 | 0.28 1 2.81 1 1.050 |
i .08 1 0.381% | 119.8 ! 19,0 { 1.012 | 0.956 | 10.55 | 0.23 &' 2.48 | .1.057 |
| ©.06 10,3706 1 1.6 1 18.% | 0.983 | 0.929°1 11.22 1 0.18 1 1.96 | 1.065 |
| G.oy ! 0.3506 0 63.& 1 17.4 1 0.930 | 0.879 | 12.13 1 0.12 I 1.28 | 1.075 |
! 0,02 1 0. t  35.2 1 16.7 1. 0.889 | 0.840 | 12.86 | 0.07 I 0.74 1 1,083 |
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TAaLE E.l’(CQnT%nuéd)a_

VELOCITY AND TEMPERATURE: PROFILE MEASUREMENTS.

L R e e e ]

RUN NUMBER &

- - - -

DIMENSIONLESS PARAMETERS TEMPERATURES (DEG,F,)
REYNOLDS NUMBER ' 36592 TEST SECTION INLET 69.53
RALEIGH NUMBER 8254 TEST SECTION OUTLET 119.94
PECLET NUMBER 768, INSIDE INSULATION . 243,53
PRANDTL NUMBER 0.02100 QUTSIDE INSULATION 163.86
NUSSELT NUMBER - 12.5 CENTRE LINE 109,98
FRICTION FACTOR 0.00556 WALL (EXTRAPOLATED) 124,04
YANTOVSKI1 CRITERION 40.5 TMEAN (BY INTEGRATION) 115.16
Z CRITER{ON 0.04207 ARITHMETIC MEAN TEMPERATURE 114.92
L/0 83.54 TMEAN (BY INTERPOLATION) 116.92
VELOCITIES (FT/SEC.) HEAT INPUT
_ UMEAN (BY INTEGRATION) 0.252 KWH 8.55
, " FROM ORIFICE METER ' 0.249 PERCENTAGE HEAT LOSS 1.39
FROM HEAT BALANCE 0.269 NETT WALL HEAT FLUX{BTU/HR.SQ.FT) 3824
! | . 1 . | ! 1 1 ! i |
FOT/R v 1y 1 I wu, | U | T-T | o (I X Y !
] c 4
' ! ! ! 1 ! | I !
! 1.00 | 0.2068 | 987,11 15.5 | 1,000 } 0,820 i 0,060 1 1,00 | 5,02 | 0,955 |
! 0.80 10,2100 1 750,61 15.8 1 1,016 1 0,833 1 0.27 i 0,98 1 4,93 1 0,957 |
{ 0.70 | 6.,2170 | 692.& | 16.3 | 1,650 1| 0.861 1 0.61 ! 0.95 | 4,81 | 0,960 t
| 0.60 1 0,2212 ¢ 594.,2f 16.6 1 1,070 1 0.877 1 0.94 | 0,93 | 4.69 | 0,563 I
I 0.50 | 0.2344 | 496,01 17.6 ! 1,133 1 0.930 | 1.62 1 0,88 I 4,45 | 0.969 |
! 0.40 | 0,2469 1 397.3 1 18,6 | 1.19% 1 0,979 1 2.63 | ©0.81 1 4,09 t 0.978 |
f 0,25 1 0.2724 1 250,51 26.5 1 1,317 1 1.080 t 4,82 | 0.65 1 3.30 | 0,997 |
i G.20 1 0.2768 1 201,31 20,8 1 1.33% t 1,098 1 6.00 | 0.57 | 2,88 | 1.007 |
I 0.16 1 0.2832 1 162,11 21.3 1,370} 1.124 1 6.93 | 0,50 1 2,55 1 1,015 1
(0,16 10,2875 1 162.4 ¢ 21,6 ¢ 1,393 | 1,140 1 7.41 & 0.47 1 2,38 { 1,019 |
! 0.12 f 6.2902 1 122,81 23,6 1 1,403 1 1,151 ¢ 8.38 1 0.40 ‘1t 2,063 | 1,028 |
! 0.10 1 0.2917 ¢ 103.1 % 21.9 t 1.430 i 1.157 ¢ 8.72 1 0.38 1 1.91 1 1.031 ¢
! 0.08 1 0.2869 ¢ 83.51 2i.6 4§ 1.,387.1 1,138 1 9.66 ! 0.31 1 1.57 | 1.039 1|
I 0.06 | ©.2760°% 63,3 1 26,7 4 1.335 % 1,095 { 10,40 1 0,26 | 1,31 | 1.045 |
I 0.0% 10,2669 % 44,21 20,1 % 1,291t 1,059 1 11.7&¢ | ©.16 1 6.83 | 1.057 |
I 0,02 1 0.2621 )  26.6°1 18.2° 1 1,171 1 0,960 I 12.72 4 0.09 | 0,48 1 1.065 |

_g_g_



TABLE E.1 (Continued)

VELOC!TY AND TEMPERATURE PROFILE MEASUREMENTS.
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DIMENSIONLESS PARAMETERS TEMPERATURES (DEG.F.)
REYROLDS NUMBER 35836 TEST SECTION INLET 716.72
RALEIGH NUMBER 8705 TEST SECTION QUTLET 116,15
PECLET NUMBER 759, INSICE IMSULATION 244,00
PRANDTL NUMBER 0.02119 OUTSIDE INSULATION 173,12
NUSSELT NUMBER 13,1 CENTRE LINE 106.98
FRECTIOH FACTOR 0.,00562 WALL (EXTRAPOLATEL) 121.23
YARTOVSKiY CRITERION 43.6 : TMEAN (BY INTECRATION) 112,56
Z CRITERION 0.006438 : ARITHMETIC MEAN TEMPERATURE 112,17
L/D 60.59 TMEAN (BY INTERPCLATION) 112,96

© VELOCITIES (FT/SEC.) HEAT INPUY
UMEAN (8Y INTECRATION) 0.2438 KWH 6.35
FCM CRIFICE METER "0.239 PERCENTAGE HEAT LOSS 1,24
FRO¥ HEAT BALARCE 0.256 HETT WALL HEAT FLUX(BTU/HR,SQ.FT) 3836

- o - " - W D e - TS D W WS A e e WS G0 W M e D e e - W W W S W W S e W G ST T YR WD R T e S R D WS G %6 W R e e WP W R AP e BE P W T W U WS e = e e W

¢ y/R ) v Py I u Powu U T S P T P Of 1T/,
: i ! } i ! J ! § } ]
¢ 1,00 | 0,1974 1 852,11 15,0 i LE00 1 0,796 1 0,90 § 1.00 ! &.38 & 0,950 |
§ 0.80 1 0.2023 ¢t 762,7 ! 15.4 1 1,025 1 0,815 1 0.1% | 0.95. 4 ‘.81 I 0,952 ¢
§¢ 0,70 1 0,2107 & G6G7.% % 16.0 & 1.u68 % 0.849 1 0,67 ! 0.95 0 4.65 1 0,95 |
P 0.50 f 0.2308 0 478.,4 % 17.5 1 1,170 1 0,930 % 1.92 1 0.806 ! 4.22 1 0.967 |
! 06,30 § 0,252 ¢ 2£9,0 0 19,3 1 :.288 % 1.025 % 4,28 1 0.69 ! 3.%1 i° 0,988 |
$.0,20 1 0,2720-% 184,21 20,7 ¢ 1,379 % 1.0696 1 3.26 1 0.58 1 2.8% | 1.003 1
i 0.18 ! 06,2774 § 175,31 2.1 & 1,805 ¢! 1,113 1 6.33 I 0.55 1 2.71 i 1.007 1
i 0,16 1 0.2783 % 156.3 0 2¥,2 b 1,413 % 1,124 t° 7,26 1 0.49 1 2,39 | 1.015 |
I 0.1 §f 0,2792 % 137.4 1 21,2 1 1,815 % 1.125 % 7.74 1 0.5 1 2.z3 } 1.019 1
i 0.1z 1 0.2794 t 1lg.u b 21,2 F 1.%16 ¢ 1,126 1 8.19 | @.42 1 2,07 o 1,023 |
! 0,16 § 0,2784% t 99,51 21,2 4 l.k11E 1.1z2 1 8,94 1 0.37 1 1.82 1 1.030° 1
! 0.U8 1 56,2775 F 80.5 1 21,1 ! 1,406 1 1,118 ¢ 9,93 { ©0.29 ! 1,4 ! 1,039
I ©.06 1 0.2732 1 61.6 1! 20.8 ! 1.383 ! 1,104 | 10.84% { 0.23 ! 1,17 & 1.047 1
| 0.04 1 0.2703 ¢ %z.,6 ¢ 20,6 1 1,370 1 1,083 1 11,86 4 06.16 1 0.32 | 1.056 1
f 0.02 1 0.2562 1 23,71 19,5 % 1,2994 1.033 i 13.14 -1 0,07 1 0,38 { 1,067 |

o o o o . o T AR g 5B AP N e WP A W AR e WY Y W W S S0 W WS P Y e W o WE Gy Gw A A 4 e 4 OB W MR Y R N Ve D A M GG R S M R D e W S e e
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TABLE E. i (Continued) -

VELCCETY AND TEMPERATURI’ PROFI..E MEASUREMERNTS.
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- - - -

DIMENSIONLESS PARAMETERS TEMPERATURES (DEG.F.)
REYNOLDS NUMBER 35157 TEST sscrson INLET 75.83
RALEIGH NUMBER 8758 . TEST SECT{ON OUTLET 100.50
PECLET NUMBER 788, INSIDE INSULATION 218.56
PRANDTL NUMBER 0.02241 OUTSIDE. INSULATION 161.92
NUSSELT NUMBER 13.4 CENTRE LINE , 91.73
FRICTION FACTOR 0.06567 WALL (EXTRAPOLATED) 195,51
YANTOVSKIT CRITERION 2.1 TMEAN (BY INTEGRATION) 96.77
Z CRITERION 0.11453 ARITHMETIC MEAN TEMPERATURE 96,42
L/D 35.57 . TMEAN (BY INTERPOLATION) 97.29
VELOCITIES (FT/SEC.) : HEAT INPUT
UMEAN (BY {NTEGRATION) 0.251 , KWH 3.94
FROM ORIFICE METER 0.237 PERCENTAGE HEAT LOSS 0.97
FRCM HEAT BALANCE 0.253 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 3842
i ! I [ | | | L [
I y/R |V v 1 ¥ Iou P ww, | U bTer, ot @ 0T o/
1 | ! ! | ! ! | t 1 |
{ 1.00 t 0.1958 | 926.3 | 14,7 | 1.000 ! 5.781 f 0,00 | 1,00 | 4,71 | 0,948 I
f 0.90 | 0.1978 ! 834.,2 ) 14.8 | 1.611 1 6.790 1 0.04 | 0.99 | 4,70 | 0.945 |
{ 0,80 | 0.2066 I 742,0 i 15.5 1 1.056 | 0.825 1 0.18 | 0.98 | 4,65 | 0,950 |
| 0.70 1 0.2139 | 649.8 | 16.0 | 1.093 & 0.85% I 0.36 | 0.97 | 4.59 | 0,952 |
f 0.50 1 0.2343 | 465,51 17.6 1 1.197 | 0.335 1 1.45 i 0.89 § L.21 1 0.963 i
| ©.3 1 0.2571 1 281.1 1 19.3 I 1.314 1t 1,026 | 3.63 1 0.73 | 3,47 | 0.985 |
i 0.20 10,2706 | 189.0 1 20,3 | 1,383 | 1.080 | 5.7% | 0.58 | 2.75 | 1.007 |
| 0.18 1 0.2762 t 170.5 ! 20.7 § 1,411 1 1,102 6.21 | 0.54 | 2.59 | 1.012 |
I 0.16 | 0.2826 | 152,1 f  21.2 | 1,444 1 1.128 | 6.54 | 0.52 | 2,48 | 1.016 |
| 0.14 1 0.28%4 I 133,71 21,3 i 1,653 1 1,135 1 7.15 1 0.48 | 2.26 | 1.022 |
I 0.12 1 0.28&2 1 115,21 21,4 | 1.456 1 1.137 | 7.83 ¢ 0.4 | 2.10 1| 1.027 |
I 0,10 1 0.2852 t 96,8 & 21.% 1 1,457 ¢ 1.138 1 8.50 4 0.38 | 1.81 | 1.036 |
! ©0.08 § ©.2852 & 78,3 ! 21,3 | 1.452 1 1,134 ! 9.20 § 0.33 § 1.56 | 1.043°%
! i 0. i | . 1.438 ¢ 23 1 10,02 - 1 | o i
2 { i I 20,5 1 L i 1 o f |
t i N I 19.2 3 i ! ! i ! |
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TABLE E.| (Coritinued)

VELOCITY AND TEMPERATURE PROFILE MEASUREMENTS.
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. TEST SECTION INLET 60.75
RALEIGH NUMBER 3734 TEST SECTION OUTLET : 83.65
PECLET NUMBER 7157. INSIDE INSULATION 135,02
PRANDTL NUMBER 0.02360 OUTSIDE !NSULATION 101,62
NUSSELT NUMBER 10.2 CENTRE LINE 78.83
FRICTION FACTOR 0.980575 WALL (EXTRAPOLATED) 86.82
YANTOVSKil CRITERION 25,8 TMEAN (BY INTEGRATICN) 82.00
Z CRITERION 0.02190 ARITHMETIC MEAN TEMPERATURE 82.02
L/0 83.59 TMEAN (BY INTERPOLATION) 82.28
VELOCETIES (FT/SEC.) HEAT INPUT
UMEAN (BY INTEGRATION} 6.235 KWH 3.56
FROM ORIFICE METER 0.232 PERCENTAGE HEAT L0SS 1.24
FROM HEAT BALANCE 6.2L6 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 1595
{ { ! + ! . ! i | ! } + \ ]
i y/R § v { ha t u i u/uc i U i ,T-Tc { ¢ 1 T 1 T/Tm {
§ I { i t ! | ! l l |
{ 1.00 ¢ 0.2144 §} 875.0 % 17.0 ¢ 1,000 ¢ 0.%13 1 O0.00 {1 1.00 ‘I 6.47 I 0,961 |
{ ¢.90 ¢ 00,2155 %1 787.9 1  17.1 t 1,005t 0,917t 0.83 I 0.98 & 'G.44 ¢t 0.962 1}
f ©6.80 t 0,2177 ¢ 700,94 17.3 I 1,015 ! 0.%27 } 0.09 | 0.92 } 8.40 I 0.962 1
I} 0,70 t 0.2209 % 613.8 F 17.5 1 1.031 ¢ 0.940 f 0.26 1 0.96 | 6.25 ' 0.965 |
i 0.60 t 0,2272 % 526,71 18,9 1 1,060 1 0.967 1 0.51 ! 0.93 ! 6.065 | 06,968
{ 0,40 1 0.2432 1 352.6 1 19,3 t 1,135}t 1.0351%¢ 1.7 | 0.78 1| 5.06 1 _0,983 1
f 0.30 § 0.2490 1 285,51 19.¢ 1 1.162 1 1.060 1 2.78 1t @.G65 I 4.21 1 "0.995 %
! 0,25 {1 0.2527 v+ 222.0 1 20,1 % 1.379°%t 1,876 % 3.42 1 .0.57 | 3.69 | 1.003 !
! 0,20 1 0.2546 1 178,51 z20.2 1 1,168 } 1,084 I 4,14 | 0,48 | 3.11 I 1.012 |
Yy 0,18 { 0.2546 ¢ 161.1 t 20,2 ¢ 1.188 ¢t 1.084L 1 &4.49 1 O.43 1t 2,83 1 1,016 1}
{ 0.16 1 0.2528 1 143,7 ¢t 20,1 1 1,179 } 1,076 f &.65 1 O.41 t 2,70 i 1.01% 1}
{ 6.1t f 0.2452 1 126.2 1 19.8 i 1.166 ¢ 1.06&4 1 4,92 1 0,38 | 2,48 1 1.021 1
I 0.12 f 06,2471t 108.8 1 19.6 1 1,183 1 . 1.052°t 5.37 1 Q.32 i 2,12 1 1.027 |
1 0,08 § 0.237% 1 74,0t 18,8 ¢ 1.108 ! -1.011 § 6.18 1 0.22 ¥ 1.46 1 1,037 1
v 0.06 & 0.231h A 56.6 ¢ 18.4 % 1.079 I/ 0.985 1 6.37 { 0.20 | 1.31 | 1.039 1
I 0.04 10,2216 i 39.2 1 17.6 b 1.034 0 0,943 % 6,95 1 0,13 1 0.8 '} 1.040 i
! 0,02 I 0.1990-4 - 21.8 I 15.8 -} 0,928 16847 1 7.55- ¢ 0.05 1 I 1,653 1§
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REYNOLDS NUMSER 33721 TEST SECTION INLET 71.30
RALE!GH NUMBER 3611 TEST SECT!ON OUTLET 87.71
PECLET NUMBER 784, [NSIDE |NSULATION 140,65
PRANDTL NUMBER 0.02326 OUTSIDE INSULATION 110,08
NUSSELT NUMBER 10.1 CENTRE LINE 82,99
FRICTION FACTOR 70.00570 WALL (EXTRAPOLATED) 91.01
YANTCVSKI1 CRITERION 24.6 TMEAN (BY iNTEGRATION) , §6.16
Z CRITERCN - 0.02823 ARITHMETI1C MEAN TEMPERATURE 86,14
L/D 60.59 TMEAN (BY INTERPOLATION) 86.39
VELOCITIES (FT/SEC.) HEA] INPUT
UMEAN (BY INTEGRATION) 9.245 KViH 2.63
FROM.ORIFICE METER . 0.237 PERCENTAGE HEAT LOSS 1.15
EROM HEAT BALANCE 0.254 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 1596
! | i . . i | ! | b |
y YR O, v 4+ ¥ | 0w | wuw ; U 4 T™T, ; ¢ | T P V4
i | i ; i i | | | ! |
{ 1.00 1 0.2201 1 906.1 1 16.8 | 1.000 i 0.899 1 0.00 ! 1.00 | 6.66 1 0.963 |
| 0.50 ! 0.2205 1 815.3 ! 16.9 | 1.002 ¢! 0.900 | 0.09 | 0.98 { 6.59 | 0.964 I
| 0.80 1 0.2212 ¢ 725.8 1 16.9 1 1.005 1 0.903 1 0.33 | £.95 { 6.39 | €.967 i
| 0.60 1 0.2311 | 5L5.4 4 17.7 1 1.050 ! C.ouk | 0.81 | 0.89 | 5.99 | 0.973 |
| 0.40 § 0.2493 ¢ 365.1 1 19.1 | 1.133 1 1.018 | 1.66 | 0.79 1| 5.28 .1 0.983 |
! 0.30 f 0.2613 %t 275.0 1 20.0 | 1.3i87 F 1.067 | 2.36 § 0.70 1 4.70 1 0.991
{ 0.25 ] 0.2658 | 229.9 1 20.3 1 1.208 1 1.085 1 3,08 | 0.61 | &.10 1 0,999 I
| 0.20 | 0.269% ! 184.8 | 20.5 1§ 1.22& & 1.100 | 3.82 § 0.52 | 3.49 | 1.008 |
i 0.18 1 0.2687 ! 166.8 | 20.5 1 1.221 | 1.097 ! 4.21 -1 0.47 | 3.16 | 1.012 |
{ 0.16 1 0.2567 | 148.8 i 20.6 & 1.212 1 1.089 | 4.60 | 0.42 1 2.84 ! 1.017 |
i 0.12 1 0.2623 | 112.7 | 20.0 i 1.192 | 1.071 ! 5.28 & 0.34% | 2.28 | 1.025 |
| 0.10 {1 0.2568 f 94.7 1 19.6 t 1.167 | 1.048 | 5.76 i 0.28 { 1.87 1 1.030 §
! .08 | 0.2522 1 76.6 1 19.3 | 1.1456 1 1.030 ! 6.09 1 0,24 | 1.60 | 1.034 |
| 0.06 1| 0.2636 ! 58.6 | 28.6 1 1.107 | 0.995 | 6.4 | 0.19 ! 1.31 | 1.038 I
' 0.04 § 0.2255 | 40.6 1. 17.2 | 1.025 ¢ 0.921 1 7.16 | 0.10 ! 0,71 | 1,046 !}
i 0.02 | 0.2143 | 1 16.4 | '0.976 | 0.877 + 7.77 & 0.03 & 0.21 | 1.05% |

--...-_------------..—....—..--.-.--.——..__..__--,..,.—..-_..___--..,......;.._--__--....--------g--‘---—--—-—.‘.--------



TABLE E.|

( cnfznued)

VE..{)CH"( -AND TEMPERATUR[ PROFILE MEASUREME!\TS.
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REYNOLDS NUMBER 33993 TEST SECTION INLET 70,45
RALEIGH NUMBER 3754 TEST SECTION OUTLET 81.04
PECLET NUMBER 809. INSIDE INSULATION 134.82
PRANDTL NUMBER 0.02331 QUTSIDE INSULATIO& 104 .99
NUSSELT NUMBER 10.3 CENTRE LINE 76.02
FRICTION FACTOR 0.00576 WALL (EXTRAPOLATED) 84 .36
YANTOVSK11 CRITERION 28,1 TMEAN (BY INTEGRATION) 79,45
Z CRITERION 0.05198 ARiTHMETIC MEAN TEMPERATURE 79.39

. L/D 35.57 TMEAN (BY INTERPGLAT!ON) 79.66
VELOCITIES (FT/SEC.) HEAT INPUT
UMEAN (BY INTEGRATION) 0.250 KWH 1.01
FROM ORIFICE METER 0.237 PERCENTAGE HEAT LOSS 1.13
FROM HEAT BALANCE C.240 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 1569
i | ! i | | ! ! ]

P YR 1w : v } UV S T I 2 A I 72

i ! | !

| 1.00 1 0.2033 | 887.6 { 15.2 ! 1.000 ¢ 0.814 { 0.00 | 1.00 | 6.83 1| 0.957 I

i 0,80 ¢ 0,2107 1 7i1.0 1 15,7 & 1,037 ¢ 0,843 1 0,17 1 0.97 I G.74 1 0.959 1

i ©0.70 1 0.2190 | 622.6 1 16,4 . 1,077 1 0,876 1 0.38 ! 0.95 1§ 6.56 | 0.962 I

| 0.50 1 0.2450 | 446.0 ! 1&,3 1 1,205 1 0,980 1 1.25 i 06.85 I 5.85 1 0.972 I

f 0,40 1 0.2573 % 357.7 1 19,3 | 1.268 | 1,032 1 2,01 1 0.75 | 5,22 1 0.982 |

I 0.30 1 0.2692 % 253.4 1 20,1 1 1.324 1 1.077 1 2.78 { 0.66 1 4.59 | 0.992 |

! 0.25 | 0.2736 1 225.2 0 20,4 | 1.346 1 1,095 1 3,45 1 0.58 1 4.04 | 1,000 !

! 0.20 | 0.2752 1 181,11 20,6 ! 1.35 1 1,101 1 4,12 | 0,50 I 3.48 1 1,009 I

I 0.1%8 1 0.2745 1 163.4 ! 20,5 & 1.351 1 1.099 ! 4.1 t 0.47 1 3,24 | 1,012 |

i 0.16 1 0.2728 § 145.7 ! 20,4 | 1,342 ! 1,692 1 4,835 | 0,42 1 2,90 1 1,018 I

i 0,14 10,2703 t 128.1 1% 20.2 | 1,330 1 1,082 1 4,99 | 0.40 1 2.77 1 1,020 |

! 0.10 ! G.2640 1 92.7 & 12.7 't 1.299 | 1,056 1! 5,95 1 0,28 1 1.98 | 1,032 I

! 0,08 10,2576 | 75,11 '19.3 i 1.267 1 1,031 ! 6,43 1 0.23 1 1,59 | 1,038 I

1 0.06 10,2521 1 57.4 1 18,8 1 1.240 %' 1,009 | 6,90 ! 0.17 1 1.19 | 1,044 |

1 0,04 ) 0,2626 1 39.7 1 18.1 | 1,183 1 0,971 1 7.25 1 ©0.13 1 ©.S1 1 1,048 |

| %.62 1 e,2275 1 22,21 17,0 % 31,1191 0,810 | 7.66 1 0.08 & 0.57 1 1,053 I
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TABLE E. |- (Continued)

VELOCITY AND TEMPERATURE PRCF!iLE MEASUREMENTS,
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DIMENSIONLESS PARAMETERS TEMPERATURES (DEG.F.)
REYNOLDS NUMBER : 32469 TEST SECTION IRLET 69.09
RALE!GH NUMBER 3919 ' - TEST SECTiON OUTLET 75.08
PECLET NUMBER 790, INGIDE INSULATION 134,82
PRANDTL NUMBER 0.02433 OUTSIDE INSULATION 104,99
NUSSELT NUMBER 1.8 . CENTRE LINE 70.58
FRICTION FACTOR 0.00575 WALL (EXTRAPOLATED) 78.17
YANTOVSKE! CRiTERION 3.4 TMEAN (BY {NTEGRATION) 73.6k
Z CRITERION 0.11455 ARTTHMETIC MEAN TEMPERATURE 73,67
L/D 16,77 TMEAN (BY INTERPOLAT{ON) 73.64
VELOCITIES (FT/SEC.) HEAT iNPUT
UMEAN (BY INTEGRATION) 0.241 Kiwti 0.95
FROM ORIFICE METER 8.237 PERCENTAGE HEAT LOSS 1.0k
FROM HEAT BALANCE 0.249 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 1703
; O ; | [ | .
I yR 1 v 1y iou I /v, ¢+ U o TT, o1 @ T /T |
; | 1 | [ [ ! [ | u
I 1.00 16,2276 1 878.2 1 17,6 1 1,000 f 0,952 1 0,00 | 1.00 | 5.7&8 1 0.960 1
b 0.80 10,2304 1 703,41 17,8 1 1,014 | 0.955 1 0.64 § 0.99 | 5.75 1 0,960 {
I 0.60 1 0.2265 | 528,61 18,3 I 1,040 | 0.980 1 0,59 1 0.92 1 5.33 1 0,968 I
I 0.5¢ 1 0.2434 | L4l,3 1 18,8 1 1.971 1 1.008 1 0,97 1 0,87 7 5,03 1 0,973 |
I 0.40 10,2691 1 353,91 19.2 1 1,696 ! 1.032 1 1.82 | 0.75 | 4,37 | 0.985 |
I 0.30 1 0.254& i 26G.,5 ! 19,7 | 1,121 1 1.055 1 2,77 | Q.62 ! 3,64 1 0,997 |
i 0.25 10,2575 1 222,81 19,9 I 1,133 % 1,067 | 3,25 | 0,56 & 3,27 | 1.004 |
I 0.20 | 9.2583 % 179,11 19.9 | 1.13%6 i 1,070 1 3.82 | 0,49 1 2,83 1 1,012 I
! 0.18 ! 0.2570 ¢ 161.6 1 19,9 § 1,131 1 1.065 1 4,10 | 0.4 | 2.61 | 1.016 I
f0.16  0.2555 | 1&4.2 & 19.7 ¢ 1.323 ¢ 1.057 I 4,33 1 0.42 | 2.44 | 1,019 |
b 0,14 f 0.2529 F 126,71 19,5 1 1,113 1 1.048 & 4,48 | 0,40 | 2.32 | 1,021 !
| 0.10 § 0.2463 1 91.7 | 19.¢ 1 1.08s i 1,020 1 5,15 | 0.31 1 1.81 1 1,030 i
I 0.08 1 0.2395 % 74,31 18.5 t 1,056 f €,992 | 5.53 1 0.26 ! 1.51 | 1.035 |
i~ 0.06 ! 0.2305 1 56,81 17.8 1 1,01 i 0.955 1 5.3% 1 6.22 | 1.29 1 1.039 |
I 0,04 10,2232 1 39,31 17.2 | 0,382 1 0.925 1 6.38 | 0.1k | . 0.5 1 1,046 |
I 0.02 f 0.2091 1 21.3 1§ 18.1 | I 0.856 | 6.95 1 0.07 | I1.054 |



TABLE E.1 (Coatinued)

VELOCITY AND TEMPERATURE PROFILE MEASUREMENTS
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DIMENS |ONLESS PARAMETERS TEMPERATURES (DEG.F,)
REYNOLDS NUMBER 31525 TEST SECTION INLET 74,25
RALEIGH NUMBER 1595 TEST SECTION OUTLET 84,03
PECLET NUMBER 740, INSIDE INSULATION 103.45
PRANDTL MUMBER 0.02348 QUTSIDE INSULATION 80.03
NUSSELT NUMBER 8.1 CENTRE LINE 81.37
FRICTION FACTOR 0.00576 WALL (EXTRAPOLATED) 85,94
YANTOVSK 11 CRITERION 15,2 TMEAN (BY INTEGRATION) 83.39
Z CRITERION 0.00941 ARITHMETIC MEAN TEMPERATURE 33.47
L/D 83.59 TMEAN (BY INTERPOLATION) 83,45
VELOCITIES (FT/SEC.) HEAT IKPUT
UMEAN (BY INTEGRATION) 0.230 K 1.50
FROM ORIFICE METER 0.232 PERCENTAGE HEAT L0SS 1,98
FROM HEAT BALANCE 0.241 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 669
! ! O ! ! Lo, |
PR oY Yy 1w wu, Uo7, 0 @ g i/,
! | ! [ ! ! | | [
! 1,00 1 0.2205 1 867,61 17.3 ! 1,000 1 0.958 | 0.00 | 1.00 | 8.76 1 0,976 i
I 0.80 | 0.2254 | 695.0 | 18,2 | 1,022t 0.980 1 0.16 | 0.96 | 8.45 | 0,978 |
I 0.70 | 0.231k | 608.6 1- 18.7 | 1.050 1 1.005 I 0.29 I 0.93 | 8,20 | 0.979 |
I 0.60 1 0.2382 1 522.3 % 19.3 { 1.080 | 1,035 1 0.64 1 0.8 | 7.53 | 0,983 |
I 0.5 1 0.2452 I 436.0 | 19.8 ! 1,112 1 1.066°1 1,05 | 06.77 | 6.74 | 0,988 |
I 0.45 | 0.2501 § 392,81 20.2 | 1,134 ¢ 1.087 | 1.26 | 0.72 | 6,37 | 0.991 |
I 0.40 1 0.2540 ! 349.6 | 20.5 ! 1.152 1 1,104 | 1.40 1§ 0.69 | 6.06 | 0.993 |
I 0.35 1 0.2540 1 306.5 1 20,5 | 1.152 1 1.10% { 1.76 i 0.61 | 5.39 | 0.997 I
I 0.30 1 0.2529 1 263,51 20.6 1 1.147 I 1.099 ! 2,04 I 0,55 | &.84 | 1.000 |
I 0.25 1 0.2463 1 220,11 19,9 { 1.117 1 1.070 % 2,25 & 0.50 | 4.4 1 1,003 I
! 0.20 10,2385 1 177.0 1 19.3 | 1,083 1 1.036 i 2.60 1 0.43 1 3.77 | 1,007 I
I 0.15 1 0.2303 | -133.8 | 18.6 | 1,044 | 1.001 ¢ 3,01 | 0.3 1 2.9¢ | 1,012 |
t 0.10 1 0.2193 1 90,6} 17.7 1 0.995 | 0.953 | 3.62 1§ 0.20 | 1.82 | 1,019 |
| 0.05 1 0.205& ! 56,1 1<4557 1 0.9356 I 0.897 | 3,91 1 0.1 1 1.27 1§ 1.023 1|
{ 0.05 1 0.1997 % k7.5 % 16.1 1 0,906 3 0.868 4 3.97 4 0.13 | 1.16 | 1.023 |
f 0,03 1 0.1822 ! 30.2 1 1k.,7 & 0.827 1 0,792 1 “%.21 | 0,07 | ©0.68 1 1,026 |
! 0,02 1 0.1652 | 21.6 I 13,4 i 0.749 % 0.718 | 4,35 1 0.04 1 06.&3 1 1,028 |
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TABLE E.i (Continued)

VELOCITY AND TEMPERATURE PROFILE MEASUREMENTS,
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DiMENS | ONLESS PARAMETERS TEMPERATURES (DEG.F.)
REYNOLDS NUMBER 30719 TEST SECTION INLET 72.92
RALEIGH NUMEER 1637 TEST SECTION QUTLET 80.36
PECLET NUMBER 732. INSIDE INSULATION 99,93
PRANDTL NUMBER - 0.0238 OUTSIDE INSULATION 77.92
NUSSELT HUMBER 8.3 CENTRE LINE 77.25
FRICTION FACTOR 0.00578 WALL (EXTRAPOLATED) 31.71
YANTOVSK!I CRITERION 15.0 TMEAN (BY {NTEGRATION) 79.15
Z CRITERION 0.01349 ARITHMET§C MEAN TEMPERATURE 79. 24
L/D . 60.59 TMEAN (BY INTERPOLATION) 79.76
VELACITIES (FT/SEC.) HEAT INPUT
UMEAN (BY INTEGRATION) 0.226 KWH 1.14
FROM ORIFICE METER 0.252 PERCENTAGE HEAT LOSS 1.82
FROM HEAT BALANCE 0.239 ~ NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 682
| | ! ! | | | s { |
t ¥R 40y 4y 1w g wu, ¢ U poTT, o1 @ T T/
! ! | | ! | [ o | |
I 1.00 1 0.2159 | 855.1 1 17.7 | 1.000 | 0.955 1 0,00 1 1.00 !
[ 0.80 | 0.2206 i 684.S | 18.1 | 1.022 | G.977 | 0.14 | 0.96 |
t 0.60 | 0.2320 | S14,7 | 19,1 | 1.075 f 1.027 1 0,54 | 0,8% |
i 0.50 I 0,2394 | 28,7 1 19,7 & 1,109 { 1,060 | 0.83 1 0.81 |
{ 0.45 | 0.2440 f 387.1 1 20,1 | 1.130 | 1.080 | 0.96 ! 0.78 1
I 0.40 | 0.2480 ! 3LL.E6 | 20.% § 1,149 1 1.097 1 1,24 I 0.72 |
{ 0.35 1§ 0,2497 { 3062.9 | 20.5 [ 1.157 1 1.105 | 1.5 ! 0.64 |
| ©0.30 f 0.2482 © 259.5 | 20,5 | 1,155 : 1,103 | 1.92 1 0.56 |
| 0.25 !t 0.2464 1| 217,01 20.3 & 1,142 | 1.091 1 2.21 I 0.50 |
| 0.20 | 0,2399 ¢ 174.4 ¢ 19.7 1 1,112 § 1.062 | 2.49 1 0,44
| 0.15 | 0.2292 ! 131.9 | 18.8 i 1.062 ¢t 1.014 1 2.94 | G.56 |
| 0.10 f 0.212% 1 89.3 1 17,5 {1 0.986 ! 0.952 | 3.39 1§ 0,23 )
{ 0.05 i 0.2086 | 72,5 1 16.8 1§ 0.S48 f 0.966 i 3.59 1 0.19 I
t0.U6 1 0.1848 | 55.3 1 16.0 | 0,903 1 G.862 ! 3,85 1 0,13 |
10,04 1 0.1830 | 38.3 1 15,0 i 0.848 © 0.810 t 3.956 1 0.11 I
|- 0.62 1 0,188% 1 21.3 | 13.8 § -0.780 | 0,765 4,21 | 0,05
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TABLE E:f  (Continued)

VELOCETV "ND "'EMDERATURE PROFILE MEASUREMENTS

DIMENStONLESS PARAMETERS TEMPERATURES (DEG.F, )
REYNOLDS NUMBER 30629 TEST SECTION INLET 74,09
RALEIGH NUMBER 1644 TEST SECTION QUTLET ‘ 78.73
PECLET NUMBER : 734, INSIDE INSULATION 99.68
PRANDTL NUMBER 0.02396 OUTSIDE INSULATION ‘ 81.03
NUSSELT NUMBER 8.0 “CENTRE LINE . 75,75
FRICTION FACTOR 0.00580 WALL (EXTRAPOLATED) 80.42
YAMTOVSKII CRITERION 16.0 TMEAN (BY INTEGRAT!ON) 77.77
Z CRITERION , 0.02344 ARITHMETIC MEAN TEMPERATURE 77.88
L/D 35.57 TMEAN (BY INTERPOLATION) 78,12
VELOCITIES (FT/aEC ) HEAT INPUT
UMEAN (BY INTEGRATION) 0,226 KWH 0.70
FROM ORIFICE METER 0.230 PERCENTAGE HEAT LOSS ’ 1.57
FROM HEAT BALANCE 0.236 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 675
i | ! . ] . ! ! I I ! ! !
POy/ROE v 1y ! u f u/u, 4] b or-T, ! o T 74 I
! | i i : f ! ! i : i
i 1.00 1 0.2258 1 g86.5 1 16,5 i 1.500 0.00 1 1.00 t 8,77 i 0,974 |
! 0.80 1 0.2291 1t 678.1 1 18,38 1§ 1.0:i5 0:22 1 0,95. 1. 8,35 1 0.977 |
! 0.60 1 0.2385 1 509,86 1 19.5 § 1,057 0.82 1 0.86 | 7.62 4 0.982
i 0.50 | 0.2419 1 425,41 13,9 -t 1.4672 0.95 t 0.79 I 6.98 | 0.986 |
f 0.&5 [ 0.2451 1 383,21 20.1 i 1.0680 1.15 '+ 0,75 | 6.62 | 0,989 §
{ 0.40 f 0.258C0 1 341,11 2.2 ! 1,090 £28 1 0.72 1 6.35 1 ©¢.991 1
! 0,35 t 0.,2675 1 299.0 ' 20.3 1 1.097 1.68 f 0.64 !t 5.62 | 0.996 |
{ 0.30 & 0,2453 1 256,91 20,1 ! 1.087 1.94 1 0.58 1 5.14 1 0,999 |
{ 0.25 f 0.2408 § 214.8 I 18,8 1 1,087 2.41 1} C.&8 1 4%.25 1 1,005 |
10,20 i 0.2362 0 172,71 19.4 0 1.4947 2.69 F 0,42 1 3,72 1 1.009 1
i 0.15 | i 130,61 12,5 1 0.993 3.17 1 28,32 1 2.83 | 1,015 |
1 oo0.10 | f88.4 1 17.8 f ..0.96% 3.53 1 0,24 1 2,14 1 1.019 1
{ 0.09 ! i 71.6 1 .17.2 1 0.927 3068 0t 0018 0 167 815023 |
10,05 I 54,700 "15,9 1 0.857 L.0S F C0.12 4 1,09 4 1,027 )
L. 0.04 3§ ! 37.9°F 154 -t 0,829 4,21 1 0.10 ! 0.88 | 1.028 1§
1 0.02 b 2101 i 0.703 { 0.05 1 .0.50 1 1,031
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TABLE E. 1. {Continued)

VELOCITY AND TEMPERATURE PROFILE MEASUREMENTS.
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REYNOLDS NUMBER 31128 TEST SECTION INLET 73.49
RALEIGH NUMBER 1747 TEST SECTION QUTLET 76.16
PECLET NUMBER 755. INSIDE INSULATION 96.51
PRANDTL NUMBER 6.02624 OUTSIDE INSULATION- 77.99
NUSSELT NUMBER 9.5 CENTRE LINE 73.45
FRICTION FACTOR 0.00580 WALL (EXTRAPOLATED) 77.04
YANTOVSK1! CRITERION 12.0 TMEAN (BY INTEGRATION) 74 .64
Z CRITER!ON 0.05269 ARITHMETIC MEAN TEMPERATURE 75.75
L/D 16.77 TMEAN (BY INTERPOLATION) 75.51

VELOCITIES (FT/SEC.) HEAT INPUT
UMEAN ¢BY INTEGRATION) 0.231 KWH 0.40
FROM ORIFiCE METER 0.232 PERCENTAGE HEAT LOSS 1.45

" FROM HEAT BALANCE 0.237 NETT WALL HEAT FLUX(BTU/HR.SQ.FT) 723

! rooL, L, | ! ! R I

P ¥R 1+ Y 4 ¥ 0w} Wu, , T ¢TI, & T T

i | i | ! i | | : s !

f 1.00 1 0.2560 | 851.9 1 20.5 1 1,000 ! 1.108 1 0.00 | 1.00 1 6.35 | 0.9g4 I

{ 0.90 1 0.2555 1 767.1 1 20.5 ¢ ©0.999 i 1.106 1 0.04 1 0.98 1 6.28 | 0.985 |

I 0.80 I 0.2569 | 682.3 1 20.5 & 0.996 ¢ 1.10% | 0.11 | 0.96 1 6.16 | 0.986 |

{ 0.70 i 0.2557 1 597.6 1 20.5 1 0,395 1 1.103 1 0.20 1 0.9% | 6.00 | 0,987 |

I 0.60 1 0.2539 1 512.8 1 20.4 | 0.992 1 1.06S9 | 0.33 1 0.30 1 5.77 1| 0.989 3

[ 0.50 1 0.2517 ! 423.0 1 26.2 | G.985 f 1.090 | 0.%9 ! 0.86 1 5.48 | 0.991 |

i 0.40 1 0.248% | 343.3 1 20.0 1 0.971 ! 1.675 % 0.77 1 0.78 | %.59 | 0.99% |

| 0.30 ! 0.2423 | 258.5 | 19.5 | 0,948 § 1,051 1 1.10 | 0.89 | &4.41 { ©0.999 |

I 0.20 | 0.2325 1 173.8 | 18.7 | 0.508 { 1.007 | 1.58 1 0.58 1 3.73 | 1.00% |

{ 0,15 1§ 0.2266 § 131.4 § 1€.2 | ©.885 i 0.981 1 1.81 1 0.49 i 3.i5 | 1.008 |

| 0.10 § 0.2i5% [  89.0 | 17.3 1 0.842 i 0.933 i 2.20 f 0.38 f 2.47 1 1.01% I

| 0.0e f 0.2100 | 72,0 | 16.9 1§ 0.821 1. 0.900 F 2.39 4 0.35 | 2.1% | 1.016 I

{ 0.06 | 0.20610 { 55.1 3 16.2 1 0.785 L ©0.870 § 2.64 1 0.26 1 1.70 1 1.019 I

| 0.0 1 0.1898 i 38.1 1 15.3 1 0.752.%t 0.822 | 3.02 1 0.16 I 1.02 1 1.025 |

| 0.02 § 0.1584 i 21.2 i 12.7 {4 ©0.6319 1 0.686 ! 3.35 1 0.06 1 0.4 1§ 1.029 I
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TABLE E.2

Reyholds number = 52 240

Friction fadtor = 0.00518

u* = 0.0205 ft/sec.

Integrated mean veiocity = 0.402 f+/sec.

Oriflce meter mean velocity = 0.402 ft/sec.

Mercury temperatire = 56.54°F
y/R v U u/uC yf u'
1.0 | 0.488 | 1.21 1.0 1354 23.80
0.9 | 0.487 | 1.21 ] 0.998 |1218 23.76
0.8 | 0.484 | {.20 | 0.992 |i083 23.61
0.7 {0.476 | 1.18 | 0.975 | 948 23.22
0.6 0.458 | 1.24 0.994 | 812 22.34
0.5 | 0.446 | i.11 | 0.914 | 677 | 2i.76
0.4 | 0.429 | 1.07 | 0.879 | 54i 20.93
0.3 | 0.411 | 1.02 | 0.842 | 406 20.05
0.2 | 0.388 | 0.965 | 0.795 | 27| 18.93
0.18 | 0.380 | 0.945 { 0.779 | 244 18.54
0.16 | 0.376 | 0.935 | 0.770 | 217 18.34
0.14 | 0.365 | 0.908 | 0.748 | 190 17.80
0.12 | 0.360 | 0.896 | 0.738 | I62 17.56
0.10 | 0.35i | 0.873 | 0.719 | 135 17.12
0.08 | 0.341 | 0.848 | 0.699 | 108 16.63
0.06 | 0.329 | 0.818 { 0.674 | 81.2 | 16.05
0.04 | 0.311 { 0.774 | 0.637 | 54.1 | 15.17
0.02 | 0.286 | 0.711 | 0.586 | 27.1 { 13.95
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TABLE E.2 (contlnued)

Reynolds number

Friction factor

u*

Integrated mean veloclty

Orifice meter mean velocity =

31 320
0.00582

0.0129 ft/sec.
0.240 ft/sec.
0.240 ft/sec.

Mercury temperature = 599

y/R v U u/ug vy u®

.0 | 0.2905 | 1.23 | 1.00 | 857 22.87
0.9 | 0.294 | 1.23 | 0.997 | 771 22.79
0.8 | 0.290 | 1.21 | 0.983 | 686 22.48
0.7 | 0.285 | 1.19 | 0.966 | 600 22.09
0.6 | 0.278 | 1.16 | 0.942 | 514. | 21.55
0.5 0.269 | 1.12 { 0.912 | 428 20.85
0.4 | 0.258 | 1.08 | 0.875 | 343 20.00
0.3 [ 0.245 | 1.02 | 0.831 | 257 18.99
0.2 | 0.229 | 0.954 | 0.776 | 171 17.75
0.18 | 0.226 | 0.942 | 0.766 | 154 17.52
0.16 | 0.223 | 0.929 | 0.756 | 137 17.29
0.14 | 0.218 | 0.908 | 0.739 | 120 16.90
0.12 | 0.215 | 0.896 | 0.729 | 103 16.67
0.10 | 0.209 | 0.87]1 | 0.708 | 85.7 | 16.20
0.08 | 0.200 | 0.833 | 0.678 |~ 68.6 | 15.50
0.06 | 0.192 { 0.800 { 0.651 | 51.4 | 14.88
0.04 | 0.185 | 0.771 | 0.627 | 34.3 | 14.34
0.02 | 0.173 | 0.721 | 0.586 | 17.1 | 13.41






