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The heat transfer characteristics of volumo-
boiling pools' are of importance in the safety

analysis of hypothetical core disruptive accidents in
liguid metal fast breeder reactors. . Investigations
:.-.to the heat transfer and hydrodynamic behavior of
:uch volume-heated boiling pools have been few. The
existing work in boiling pool heat transfer is
reviewed, and current modeling efforts are described.
'he current experiment is discussed in detail, and

. significant improvements in experimental techniques -
ire described. The data for local connective bound-
ary heat transfer coefficient and pool-averaged void
fraction are presented for the bubbly flow regime
:ver a range of dimensionless power,, j /])m, .up to

1'

-nicy, and wall angles of 90° (vertical), 75°, and

S0°. . The data are compared to existing correlations
for local heat transfer and to a one-dimensional
irift flux model for local and average void fraction.

It is shown that Che drift flux model predicted
the experimental data for average void fraction in
;he bubbly flow regime well when baaed upon the net
boiling power. However, it was demonstrated that the
existing correlations for local and average boundary
heat flux (baaed on Gustavson's data} underpredicted
the present data by as much, as a factor of 2 or more.
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Re Reynolds number

T Temperature

U Terminal rise velocity of

bubble ' r ; •:

V Velocity • - . . . - . '

V Drift velocity

x Coordinate (along wall)

V Defined in Eq. 8

Z Defined in Eq. 9

a Void fraction

~ Average void fraction

3 Coefficient of thermal expansion

u Dynamic viscosity

v Kineoatie viscosity

s Density

3 Hall angle from vertical

I" Volumetric vapor source

i Normalized coordinate

ubscrlots

3 Soiling

C Forced eonvective

ecf Effective

f Film

g Gas

I Liquid

" Natural conveetive

o Initial

TC Thermal convcctivc

v Vapor

w Wall

. '.» Infinity

* Modified

NTRODl'CTION

The heat transfer characteristics of voluoe-
eated boiling pools are of importance in the safety
naiysls of hypothetical core disruptive accidents
HCDA) in liquid metal fast breeder reactors (LMFBR).
n general, these pools would be composed of molten
uel and steel a/d would generate heat as a result of

fission product decay. The fluid dynamic charac-
teristics, as veil as the containabllity of such
boiling systeas, would depend intimately on the heat
loads applied to the surrounding boundaries. In
addition, the thcraodynamic and hydrodynuic states
of the boiling mixture might determine the initial or
boundary conditions for seperate but related phenom-
ena, such as nuclear rccriticality, structural
integrity, flow and freezing of multiphase fluids,
etc. Confidence in the conceptualization, as well as
computation of such hypothetical events depends to a
great deal upon the ability to predict the vapor
generation rate, void fraction, and local boundary
heat flux from such volume-boiling pools. It is the
purpose of this paper to present new experimental
data for local boundary heat transfer coefficients
and average void fraction in volume-boiling pools and
compare these results to previous experimental data,
as well as to existing empirical models.

BACKGROUND

numerous studies exist in the literature con-
cerning heat transfer from liquid pools with an
internal heat source. A brief review of this liter-
ature may be found lit other sources [1,2] and will
not be included here. However, investigations into
the heat transfer and hydrodynamic behavior of
volume-heaKed boiling pools have been few and none
are known to exist prior to this decade.

The earliest known attempt to consider the heat
transfer from volume-heated boiling pools is the work
performed at Argonne National Laboratory by Stein, et
al. [3]. In this work, a solution of NaCl and water
was boiled in an open container by joule heating.
The average downward and horizontal heat fluxes were
measured by thermocouples soldered in small dead-end
holes in the plates making up the electrodes and
base, and in the coolant systen.

A model was presented which separated the
boundary heat transfer into a natural convection and
forced convection regime. The natural convection
regime was shown to agree with the correlation below.

.677[Pr/(.952 (1)

where , Ra • PrGr, and Gr • gSATx3/v2.

The forced convection regime was shown to be corre-
lated by the relation.

Nur .664 Pr1/3

where Nuc • Qcx/(kAT) and Re • Vgx/v. Both relations

are valid only for laminar flow conditions. For
convenience, a thermal convection reference velocity,
V , was drfined as

'TC (g34Tx)1/2 - [g(Pw - P j x / p f ]
1 / 2 (3)

and an equivalent free scream velocity, V,, was
defined as below;

. 0.72
V. - 40 Qn •

it was reported that for V./v_. < 0.2, forced convec-
a . XL ̂  .

tion heat transfer was negligible and Eq. i applied.
For VgA'fg > 3.0, thermal convection was negligible
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ind Eq. 2 applied. For valuu of V«/ V
T C Intermediate

:o these values, mlxad convection axlacad. Tha
raaults of chia investigation indicated that downward
:ieat fluxes wara found to be significantly largar
:han predictions from conduction theory would indi-
cate; In addition, at tha highar boiling heat fluxes,
lorizontal heat transfer was found to be signifi-
cantly larger than values calculated by thermal
convection alone, and could be correlated empirically
Sy the laminar farced convection model.

The next atcampc to experimentally characterize
boundary heat transfer front volume-Soiling pool* vas
:he work of Gabor, et al. [4] from Argonnc National
laboratory. In their work, they uaed slaulaht

. solutions of ZnS04 in water. Base plates of two

lengths (191 and 381 on) and three electrode heights
(64, 114, 230 am) were used. The volumetric boiling
sower was supplied by joule heating aa in tha previ-
ous work. The electrodes and base plate were used as
:lte heat, transfer- surfaces; thermocouples were buried
talfway into the copper plates for temperature
neasurements, seven into the base plate, and two in
,:ach of the electrodes. Boundary heat losses ware
matured by calculating the enthalpy increase of the
vacar coolant flowing in coils of copper tubing
Grazed to the backs of the electrodes. In these
:ests, the heat transfer rate eo the vertical elee-
rrode was measured in two segments; for the 114 mm
300I depth, the electrode was split into separately-
pooled segments of 25 am at the top and 09 mn at the
iocton. For the 230 mn pool depth, the electrode was
split into a 25 mm upper segment and a 205 am lower
segment. The opposite electrode was unsegmentcd and
•>{ the sane overall length.

The ratios of the boundary heat fluxes,

'upper^lower' H t r* l n v** e lS* t t d a* • function of

:he boiling heat flux, Q_. It was found that for low
2

boiling heat flux (£)„ less than 3.5 cal/sec era for
* 2

:he 230 mm pool; Q_ less then 6 cal/sec ca for the
a • •

114 mm pool), the ratio «•• *» Che range

3t 1.5 to 2, in agreement with the prediction from
:hermal convection theory. For high boiling heat

• 2
flux (QB greater than 4.5 cal/ca sec for the 230 mm
pool; Og greater than 9 cal/cm sac for the 114 aa

pool), the heat flux ratio was more nearly equal
unity and equal to the heat flux to the unsplit
slectrode. The data was correlated in terms of a
N'usselt number and Reynolds number based on the
Superficial vapor velocity. The Prandtl nuaber was
assigned separate exponential weight of 0, 1/3, and
1/2 powers. As a result, a new model was presented
for horizontal heat flux bassd on bubble-induced
laminar forced convection of the fora

Nu - C Re1/2 (5)

where the constant C included tha effect of the
Prandtl number and the superficial vapor velocity was
defined as in Eq. 4.'

While the studies reported so far have contri-
buted to the understanding of some hydrodynamic and
heat transfer processes occurring In Internally
heated boiling pools, they do not provide a mechan-
istic model for predicting local boundary heat
transfer or void fraction in such pools. Recognizing
this shortcoming, Gustavson, et al. [2] undertook an

investigation into the local distribution of boundary
heat transfer and void fraction in internally heated
boiling pools. In '.heir work, they also considered a
rectangular pool of ZnSO, and water, joule heated by

passing a-c current through che pool between two
electrodes. Instead of using the electrode as the
heat transfer surface, an instrumented test plate was
installed, designed to allow measurement of local
heat transfer to thermally isolated segments. Each
segment was cooled by flowing water through separate
cooling channels, and each flow rate was separately
controlled Co insure an isothermal pool-side surface
temperature. The heat flux to each segment was
measured by measuring the temperature rise and the
flow race of the coolant for each segaent. Tha
surface temperature of each segment was determined by
extrapolating the interior thermocouple reading at
the segment centerline to the test wall surface
across 0.38 ma of aluminum and 0.76 mm Teflon sheet,
which was cemented to the aluminum test wall surface
for electrical insulation from the pool. A constant
level weir was connected to an inlet at the pool
bottom, which fed a steady flow of fluid to che pool
to Identically replace the losses due to vapori-
zation. In this fashion, the net power for vapori-
zation could be determined. The accuracy of the
measured heat transfer coefficient in these tests was
reported to be + 40 percent:.

The authors* proposed that boundary h*ac transfer
from volume-heated boiling pools was a mixed
convection-type heat transfer phenomenon in which the
effects were superlonosable. They proposed, for
Laminar flow, that the thermal convective component
be modeled as

,42[Grfe)Pr]
0.25 C6)

where Cr(x) was the local Grashof nuaber based on the
average pool film density difference, and NUJJ(X) now

represented tha local natural heat transfer correla-
tion where x was measured along the heat transfer
surface downward from the free surface. The forced
convective component was represented by

.332 Re(x)1/2Pr1/3 (7)

ufaire Re(x) is che local Reynolds number based on the
superficial vapor velocity at the pool surface. The
method of modeling the combined natural/forced
convection from a volume-boiling pool consisted of
correlating the ratio

to the group

Z « —2

(8)

(9)

where Nu was the effective Nusselt number for the
combined heat -asfer process. Following a general
correlation proi -<w?9, [5] it was suggested that che
functional form - ' the correlation should be

(10)

where n was determined by a best fie evaluation of
the daca. Alternate forms of Eq». 6 and 7 were
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aropoaed for eh* c««« of turbul«nt hate transfer.
The correlation was tested agalnse eh* measured
av«rag* haac transfer data fro* chair taaea. Tha
baat agreement was obtained uaiat eha laalnar re'la-
etona and a value of n « 1.

ANALYTIC*! HOOELIHC

Tha experlaental data of Guscavson, at al. were
correlated on the basis of modified single-phase
natural convection theory of the fora indicated
below,

Hu(x) - K1[Gr*(x,o) • Pr]
0.25

(16a)

Tha data of Guatavion, *e al. represent the
firat data available for local convectlve heat
transfer coefficient fro« volume-heated boiling
pools. Tha prasane authors conceived from the
available data that tha mode of haat transfer,
instead of resembling alxed convection in which the
effects were approximately superlapoaed, aere closely
approximated an enhanced node of natural convection
boundary layer flow and heat transfer [11. The
phenomenon of boundary layer flow and haat transfer
is depicted in Fig. 1. It la asauaed that tha vapor
rising through the pool causes a nee liquid drift
upward, which encounters tha free surface and is
forced to return downward along the cold boundary.
In this case, the net bouyancy effect is dun to Che
liquld-to-two-phase density difference. The heat
transfer distribution froa the volunctrically boiling
pool to the boundary exibits behavior not unlike a
single-phase natural convection boundary layer,
enhanced by the flow of net liquid recirculation due
to upward vapor drag through the central liquid and
downward along tha walls. With this point of view in
mind, single-phase natural convection boundary layar
theory coupled with the bouyancy affect of tha
two-phase flow in the bulk liquid wss used to attempt
to correlate the Nussalt number to a modified
Rayleigh nuaber.

The Grashof nuaber may be written as [1]

and

Gr*(x) -

where the density difference is

If it is assumed that ap,_ « (1 - «)p,_, this
reduces to *" *

(Pw - P.) • Pw-U -

(11)

(12)

(13)

Nu(x) - Pr]0*25 (16b)

in which the properties used tmre the measured
properties for the zinc sulfste solution at the
appropriate film temperature. The value K^ was

determined fro* a log-linear least-squares fit to the
data, and the forms of the correlation* are

Su(x) - .78[Gr*(x,e) • Pr]0" 2 5

and

Ku(x) - .76[Gr*(x,o) • Pr]0* 2 5

(17a)

(17W

The experimental data, as wall as the log-linear
least squares fit to the data as performed in Eq. 17a
are shown in Fig. 2. The scatter in the correlation
was basically tha experimental scatter, and no finer
structure was observed. The data appeared to bnhave
similar to laalnar natural convection and fall In the

range Sa < 10 for the most part. As demonstrated
la Eqs. 16a,b, the magnitude of the coefficient, K^

was not a sensitive function of the void fraction
[i.e., uie_of "a vs n(x)]. The use of the average void
fraction, a*, was attractive since it eliminated the
requirement of detailed knowledge of the locel void
distribution, a(x), which is significantly more
difficult to measure and compute.

In order to use this correlation to predict the
effects of boundary heat transfer from volume-heated
boiling pools, knowledge of the pool-average void
fraction, as seen la Eq. 16b, is required.

The void distribution may be calculated based on
a one-dimensional two-phase drift flux model [1].
Consider a volume-heated boiling pool In which tha
volumetric vapor source may be written as

and Eq. 11 becomes

,3 ...2
(14)

Furthermore, if the boundary Is Inclined froa the
vertical by an angle 8 in.such a Banner that the
boundary layer remains attached ta the wall, the
angle of Inclination nay be used to define the
effective gravitational component in the direction of
flow, tttt " g Cos S.an-i Eq. 14. becoaes

Gr*(x,o,8) gCoa9ti)w - d -
i

(15a)

If aalm » p y - otm, tills reduces to the simple

fora balowt

(15b)

(18)

where the term (1 - a) signifies that the local heat
generation oceura only in the liquid aud I* is the

2 v
vapor aource (gm/co sec). For most low power
boiling pools in which the evaporated liquid is
"made-up," the liquid volume flux will be negligible
in comparison to tha vapor volume flux. The steady
state vapor mass conservation equation may be written
a*

QB (1 - a)

Vfj
(19)

The relation between the superficial vapor velocity,
j , and the drift velocity, V,, may be written asj ,

16],
,,
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EXPERIMENT

(20)

where the notation < > indicates a cross-sectional
area avtragt quantify. If we assume <J> "- <i> and

the distribution parameter C • 1.2, this reduces
to

*a>v_.

Assuming that tht drift velocity, V ., can ba repre-
sented ma u

whtra n • 0 for churn-turbulent flew, and n • 2 for
BuB'oly flow and dropping ehs bracket notation, Eq. 19
becomes

d

dT
l - q ) n 1
" Co a J -o)

subject to the initial condition

a " 0 at 5 - 0

(23)

(24)

whara 5 x/H0 and X -
" Ho - J^/IT... Equation

23 has baan numerically intagratad by tvo algorithm*,
an Euler pradietor-corractor aathod and a fourth
ordar Runge-Kutta aathod,, with good agraamant. Tha
avaraga void fraction, a" is daflaad as

(25)

Tha rasults of tha local void fraction calcu-
lation wars compared to cha local void fraction data
of Gustavaon, et al., for four salactad experi-
mental runs for a valua of K » 1.75. Although
agreement batwaan calculation and experiment waa poor
on a local basis, tha avaraga void fraction for tha
four runs, o • ">» .40, agraad quite wall with tha

calculated avaraga void fraction, «"eaie "*

Although tha data of Guatavaon, at al. tand to
support eha concepts of boundary layer beat tranafer
and ona-dimanaional drift flux two-phase vapor
distribution nodeling for peels in tha bubbly flow
regime, tha uncertainty in tht measurements performed
make it difficult to differentiate tha degree of
agraamant with the varicua models proposed, as well
aa to identify the various flow regime transition
criteria for hydrodycamlc and heat transfer behavior.
In particular, the conditions for transition from
bubbly flow te churtt-eurbulent flew ara, not clear,
nor are tha changes in cha associated hydrodynaalc
and heat transfer behavior. As a result, it is
difficult to extrapolate these results to other heat
tranafer systems of interest, in particular tha
behavior of intsrnally-heated boiling pools of
nuclear fuel in an KCSA, which nay exist at power
levels beyond tha range of the previous work. For
these reasons, the experiment described herein was
undertaken.

Pool Description
A schematic view of the overall pool construc-

tion is seen in Fig. 3. The pool was rectangular in
cross-section, 18 cm wide x 33.5 cm long. The
electrodes were recessed into lexan walls and pol-
ished to eliminate surface nudeatlon. The «lee-
trodes, aa well as the walls and base, nay be sup-
plied with cooling water flow to eliminate prefer-
ential surface nucleation if necessary. Evapor-
ative and boiling vapor losses were recovered through
a aal:e-up water flow port connected to a constant
level weir adjusted to H . The net make-up water

flow rate was measured and converted to gross vapori-
zation power. The make-up flow was introduced from
the pool bottom into a baffled space to pre-heat the
water to I . and prevent inlet subcooling effects.

No boiling occurred in this spact. The entire pool
was constructed of lexan with the exception of the
copper electrodes and boron nitride test plate.

The boiling and nonboiling depths of the pool
were measured with a voltage probe connected to a
precision traversing mechanism. Ths conductor was
lowered by the traversing mechanism until continuity
was achieved and the voltmeter indicated the pool
voltage. The pool was powered to the operating power
and the probe was once again lowered until the
operating voltage was again indicated. In this
fashion, visual observations of pool depth were
eliminated and more objective measurement of Rg and

Hg was possible. The uncertainty ia this measurement

waa essentially the fluctuation in pool height while
boiling.

Test Plata
Tht test wall was constructed of lexan and was

machined in such a fashion that tht bast of tht test
wall was continuously inclinable from tha vtrtical
position to any inclined position. The test surface
was composed of boron nitride sheet (12.7 cm x 30.5
cm x 43 cm), machined and recessed into the lexan
wall with the pool-side surfact flush with tht lexan
and in direct contact with the boiling pool. The
material has heat transfer characteristics of an
excellent thermal conductor, but is electrically
insulating at the same time. These properties, along
with low water absorption and thermal expansion and
east of machining, made BN an ideal material for
these etscs. In addition, no electrically-insulating
covering was necessary, aliminating contact heat
transfer resistance and temperature extrapolation.
The back aurface of the EN test plate was cooled by
flowing water. A separate flow loop was designed to
supply a continuous flow of water, 15-20 tpm, te
remove tht heat transfered to tht wall. Tht flow
rate was designed to be high enough that tha eonvec-
tive resistance to heat transfer in the coolant loop
was negligible. Tha tntlre back surface of the BN
was expoasd to the coolant flow. This eliminated
channel coolant effects, as wall as hot and cold
specs from coll cooling techniques.

Test Plate Instrumentation
The BN waa instrumented with chromel-alumel

thermocouples for local heat transfer measurements.
The thermocouples were 0.0234 cm diameter stainless
steel-clad microchermocoupUs, which were machined
flat at Che Junction and elestro-Roid-plnted with
0.00254 cm of gold firming the hot junccion across
the isolated chromel and alumal leads. A schematic
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•f chc cross-tccciohally poilahad and jold-plattt!
:icrothermocouples is ihovm in Fig. 4. The tharao-,
•ouples were individually calibrated ae the ice point
.ttd sceaa point taking local barometric pressure lnco
ccount, and the average calibration data for each
•as coapared to NBS type K data. It was found that
.11 the gold-glaced theraocouples calibrated to
•Ithln + .07 c from the steaa to the ice point.
he goltt-placed microtheraocouples were Chen cemented
nco 26 locations in the BH wall, 19 on the front at
.27 ca interval*, and 7 on the back at 3.81 ca
ntervals. They were installed in such a Banner that
he aeasurlng junction was flush with the wall
urfaee within an estimated + .0025 em tolerance and
•seated la place under a microscope. The gold-
lated junction thus comprised part of the teat wall
urface. Heat losses along the thermocouple sheath
ere negligible since the leada were loaersed in the
late at least 50 diameters.

'aca Acquisition
The thermocouples were connected to a 150 F +

2 F oven-type reference Junction along with a ~
heraocouple in the bulk pool, and the data was then
outed to Che autoaeted daea acquisition system. The
entrallzed data acquisition and analysis syscca was
onstructed around an HP 9640 systea, consisting of a
1 MX minicomputer with 112 feilowords of central
emery, 7.5 megaword cartridge disk, and 9 track
agneeic tape transport. Control of the syscea was
ccompliahad by interactive software, which received
ransfsr parameters froa the experimenter and pro-
ceded to scan the data channels upon command. The
heraocouplcs were scanned by a 300 channel guarded
rossbar scanner, which transfered data to an inte-
raeing digital voltmeter with microvolt resolution.
ach thermocouple was sequentially sampled until the
Candard deviation of the output converged to a
reset criterion or the maximum sample limit wa*
xcaeded. At this point, the scanner proceeded to
he next thermocouple and repeated the seae procedure
ncil all 27 thermocouples had been integrated. The
av deta was transferred to magnetic tape and prella-
nary engineering calculations were performed to
onvert the thermocouple output and system properties
nto local convectlve heat transfer coefficient and
verage pool void fracelon.

ESUtTS

The experiments have been performed over a range
( volumetric vaporization power up to J-../U. - 1.

oeal heat fluxes along the inclined boundary were
easured as Indicated in Eq. 26

h(x) _ WTfront<*> - Tb.ck<«»
* * "pool " TfrontC*»

(26)

ceuraey of these measurements is estimated te be
ithin + 5 percent. The teats reported herein do not
ave local void fraction measurements included, but
achar are correlated only on an overall average
asis. The pool-average void fraction was measured
s indicated in Eq. 27.

«•- (H, - H0)/Hj (27)

1th an estimated accuracy of + 3 percent.

For the boiling experiments presented here, the

wall angles investigated wave 90° + .5° (vertical)

and 75° + .5°. The local boundary boiling heat
eransfer~coafficiencs measured indicated a spatial
distribution similar Co the behavior suggested by the
boundary layer analyses in Eqs. 10 and 17. A typical
profile of local boundary heat transfer coefficient
from a volume-boiling pool in the bubbly flow regime
is presented in Fig. 5 and compared Co the predic-
tions of Eq. 10 and 17. In the bubbly flow regime,
the local heat transfer coefficient was seen to be
greatest ae che pool surface (x " 0) and decrease
BonntonicaJ.lv as che depch Increased. In addition,
it was evident chat the local convective heat flux
varied by a factor of 3 in this n»«i, ssd has been
seen to vary by as much as a factor of 5 or more
along the boundary in other cases. This was in
contrast to the spatial variation of a factor of l.S
to 2 reported previously [2,4]. Comparison of che
local heat transfar coefficient distribution for
these experiments to chase reported by Guscavsan [2]
indicate chat the present measurements exceed the
previous measurements in magnitude by as much as a
factor of 2.

The local heat transfer distribution was inte-
grated to yield the average heat transfer coefficient
defined as

(28)T / h(x)dx

The average heac transfer data for 9000, 7500, and
6000 series runs (indicating the wall angle measured
from horizontal) are presented in Table 1 and com-
pared en the calculations of Eq. 17 and Eq. 10 (for
n • 0.7 and 1.0). The data confirm that the experi-
mentally measured average heat transfer coefficients
exceed the predictions of both heat transfer rela-
tions available (derived from Gustavson's data) by a
factor of approximately 2. The detailed local data
also confirm this observation. The best agreement
was achieved with Eq. 17.

The average void fraction data were correlated
as a function of che dlmsnsionless superficial vapor
velocity, J_/Ua> and are presented in Fig. 6. The

dlmensionless superficial vapor velocity was based on
the eocal vaporization power applied to Che pool,
which includes the evaporative losses, aa well as
boiling losses. The_daca indicate that for the
bubbly flow regime, a" Is a very sensitive function of
the power, and_small changes in pover aay cause large
variations in a*. Seproducibiliey is indicated by the
ever-lapping data points, and agreement is excellent.

A threshold value of J_/O,;, below which the pool

will be volume-heated but nonboiling, has been
observed previously and is also seen here. This
indicates the magnitude of the svaporaelva loasee
from the pool and is subtracted from the applied
vaporization power to yield the net power for balling
indicated below

V- " (29)

It is observed chae for Che range of J.s/u°a In

which che void fraecion is less sensitive to the
power, this correction is negligible. This will be
particularly true in the ehurn-curbulene flow regime.

Equation 23 was solved for a corresponding to
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U.) (ntc boiling powar) and bubbly flow.

Tha maaaurad and calculatad avaraga void fraction*
ara prasantad in Tabla 1 and Fig. 7. It la obaarvad
chae tha caleulatad avaraga void fraction data
pradiec tha axpariiiantal data wall whan basad on tha

crua boiling powar danalty, CJ-./O',,) , «nd that

tha agraaaant lmprovaa for incrasalug <T. The distri-
bution of avcraga void fraction aa a function of
dlaanaibniaaa auparfIclal vapor velocity Indicates
that tha bubbly flow axlacs up eo J_/ff,, approxi-

wtaly aqual to unity. Flow raglaa transition to
churn-turbulant flow occur* at hlghar valua of
iJJ eha pool bahavior baeso** chaotic, and tha.

V. avaraga void traction is ;.>iarvad:to eollapaa fro*
appraximacaly 0.60 to apf>,'» iaataly 0:>40. Tha
boundary layar-typa nature of tha boiling '.taae
eransfar coafficlant appaars to ba raplacad by a taort
marly uniform distribution spatially, 'which axpari-
aneaa larga fluctuations tamporally.

CONCLUSIONS

For voluaa-haatad boiling pools charactaristic
af tha kind invastigatad hara and In tha bubbly flow
regima, tha following conclusions can ba mada:

(1) Boundary haar. tranafar from
. [• voluma-boillng poola In tha

bubbly flow raglaa bahavad
alallar to natural convaction-
typa boundary layar haat tiansfar.
Iha spatial variation in the •]
local haae transfar coafficlant

'; • waa as gr.aac aa a factor of
3-5 along tha wall, with tbi
graatast haat transfar at or
naar eha pool aurfaca. Tho
data rsportad hara for local
convactiva haat transfar co-
if ficiant axcasdad thosa
pravlously raportad [2] by a
factor of 2 o r nora.

(2) For boundary layar-typa haac
transfar from voluaa-bolling
pools in tha bubbly flow raglaa,
tha affact of aatall angla of
Inclination of tha boundary,
froat vartlcal was aodalad by
daflnlns an afftctiva gravi-
tational cmtponant along tha

••'••• wall aa indicacad balow;

•aff (30)

O)

whara t is tha angla of in-
clination from th* vartical.
tha bubbly flow rajlaa paralatad
for a valua of j /Vm up to

unity. In thla flow raglaa,
tha pool undarwant paviodlc
smiling, dua to aubcooiing froai
tharaturnlng cold boundary

: layar fluid into tha pool bettoa/
Tha pool axhlbltad a atraclfiad
stata with a boiling raglon ovar
an asaantlally nonboillng singla
phasa raglon balow. Tha dapeh
of cha, nonbelling ragion da-
eraaaad aa' tha voluaeierlc

vaporization lourca incraaaad.
(4) Tha aaxiaua avaraga void frac-

tion obaarvad in bubbly flow
ragim was in tha rang* of 0.55
to 0.60 at j /O^ approxi-

inataiy unity. In thia range of
powar, transition to a churn-
turbulant flow ra;tiaa was ob-
saryadin which boiling panatratad
to tha pool bottom, and a auddan
collapaa in avaraga pool void
fraction waa obiarvad from ap-
proxlmataly 0.55-0.60 to 0.40.

(5) In tha bubbly flow raglaa, it
was obaarvad that surfaea avdpo-
rativa losaaa wara nonnagligibla
for poola with larga surfaca^to-
voliuaa ratio, and that a aignifl-
cant fraction of tha volumatrlc
powar danaity want into thcaa
loasas. Tha nat boiling powar
was dafinad aa tha total vapori-
zation powar minus tha avaporatlva

. loaaas. . It was found that cal-
culation of tha pool-avaraga void
fraction by maans of a ona-
dlmanaional drift flux modal
baaad on tha nat boiling powar
agraad wall with tha axpari—
mantal data indapandant of tha
wall angla. Agraamant batwaan
calculatad and maaaurad avaraga
void fraction Improvad for In-
craasing powar. .

(6) Tha avaraga void fraction in tha
bubbly flow raglaa was found to
ba vary sansltiva to tha volu-
matrlc boiling powar. Small
ehangaa in j_/t)^ wara

obaarvad to causa larga vari-
ations In tha pool-avaraga
void fraction.
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