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The heat transfer charscteristics. of volume=

' zeatad boiling pools are of importance in the safety -

inalysis of hypothetical core disruptive accidents in
1igquid metal fast breeder reactors. Investigations
.2%0 the heat transfer and hydrodynamic behavior of
such volumesheated toiling pools have heen few, The
axigting work ia b»oiling pool heat transfer is .
raviaved, and current modeling efforts are described.
‘he current experiment is discussed in detail, and

. significant improvements in experimental -technigues
ire described. The data for local convective bounde
ity heat transfer coefficient and pooleaveraged void

_ irsction are presented for the bubbly flow regime
sver a range of dimensionless power, J s_lu_,' wup to*

nity, and wall angles of 90° (vertical), 75%, and

30%, . ‘The data are compafed to -existing.correlations |

Zor local heat transfer and to a one-dimensional
irift flux model for local and average vaid fraction,
It is shown thst the drift flux model predicted
che axperimental data fér average void fraction in
- zhe bubbly flow regime well when btamad upon the net
~ Seiling power.  However, it was demonscraced that the
_2xisting correlations for local and average boundary
h2eat flux (based on Gustavson's data) underpredicted
the present data by as much as a factor of 2 or mora.
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‘The heat transfer characteristics of volume=
2ated boiling pools are of importance in the safety
nalvsis of hypothctical core disruptive accidents
HCDA) in liquid metal fast breeder reactors (LMFBR).
n gensral, thesa pocls would be- compoud of molten
uel and steel’ .avd would generate heat aa a. reault of

fission product decay, The fluid dynamic charac-
teristics, as well as the containability of such
boiling syscems, would depend incimatelv on the heat
loads applied to the surrounding boundaries. In
addition, the thermodynamic and hydrodynamic states
of the boiling mixture might decermine the initial or
boundary conditions for seperate but related phenom-
ena, such as nuclear recriticality, 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
genaration rate, void fraction, and local boundary
heat flux from such volume=boiling pools. It is the
purpose of this paper to present new experimental
daca for local boundery 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 transfar from liquid pools with an
internal heat source. A brief review of this licer~
ature may be found inf other sources [1,2] and will
not be included here. However, investigations into
the heat transfer and hydrodynamic behavior of

~volume-heated boiling pools have been few and none
are known teo exist prior to this decade.

The earliest known attempt to consider the heat
cransfer from volume-heated boiling pools is the work
performed at Argonne National Laboratory by Stein, et
al. [3]. 1In this work, a solution of NaCl and water
was boiled in an open container by joule heating.

The average d« rd and hori 1 heat fluxes were
measured by thermocouples soldered in small dead-end
holes in tha plates making up the alectrodes and
base, and in the coolant system,

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

IIAR.IIA w

Nu, = .677[Pr/(.952 + Pr)]

where Nuy = 0,x/(kT), Ra = PrGr, and Gr = g8aTx'/u’.

The forced convection regime was shown to be corre-
latad by the relatcion,

1/3 . 172 )

Nuc = ,664 Pr

Re
where Nuc -}ch/ (kAT) and Re = stlv. Both relatiens

are valid only for laminar flow conditions., For
convenicncc. a thermal convection reference vclocil:y.
rc' was drfinaed as

R M A I
and an' equivalent free stcream velocity, VB, vas
defined as balow; .

. 0.72 -
VB - 40 QB ; . )

it was reported that for V_/V_. <. 0.2, forced convec~

B IC =
tion heat transfer was negligible and Eq. 1 applind.
For V NTC > 3, O. thermal convection was nesligible
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ind Eq. 2 applied. For values of VB/V‘IC intermediace

z0 cthese valuas, mixed convection existed. The
rasults of this invastigation indicated that downward
_heat fluxes were found to be significantly larger
_chan predictions from conduction theory would indi-
:ate; in addition, at the higher boiling heat fluxes,
- 1orizontal heat transfer was found to be signifi-
:antly larger than values calculated by thermal
:onvection alone, and could be correlated empirically
oy the laninar forced convection model,

The next actampt to experimentally characterize
soundary heat transfer from volume~hoiling pools was
che work of Gabor, et al. [4] from Argonne National

. .aboratory. In their work, they used simulant
. solutions of Znso,' in water, Base plates of two

lengths (191 and 381 mm) and three electrode heights
- (6%, ll4, 230 um) ware used, The volumetric boiling
sower was supplied by joule heating as in the previ-
sus work., The electrodes and base plate were used as
che heat. transfer. surfaces; thermocouples were buried
- wlfway into the copper places for temperature
1easurements, seven into the base plate, and two in
2ach of the electrodes. Boundary heat 1 were
‘teasured by calculating the enthalpy increase of the
4ater coolant flowing in coils of copper tubing
srazed to the backs of the electrodes. In these
sests, Che heat transfer rate to the vertical elec~
crode was measured in two segments; for the 114 ma
sool depth, the electrode was split into separately-
:00led segmencs of 25 mm at the top and §9 mm at the
Sottom. For the 230 mm pool depth, the electrode was
splic into a 25 mm upper segment and a 205 mm lower
segment. The opposite electrode was unsegmented and
sf the same overall length,
The u:f.os of the boundary heat fluxes,

2upp¢r/Q10wer’ were 1nvucigaud as a function of .
che boiling heat tlux, QB It was found that for low
50iling heat flux (QB less rh.m 3.5 cal/sec cnz for
zhe 230 mm pool; % leu than 6 cal/uc en? for the
‘114 mm pool), the ratio Qupper/ Y over

3f 1.5 to 2, in agreement with the prediction from
-herml convection theory. For high boiling heat

“lux (QB greater than 4.5 cal/cn sec for the 230 mm
pool; @ 1y Sreater than 9 cal/cm sec for the 114

sool), the heat flux ratio was more nurly equal
unity and equal to the heat flux to the unsplic
slectrode, The data was correlated in terms of a
Nusselt number and Reynolds number based on che
superficial vapor velocity. Tha Prandtl number was
issigned saparate exponential weight of 0, 1/3, and
1/2 powers. Aa a result, a new model was presented
for horizontal heat flux based on bubble~induced
lamina® forced convection of the form

/2

Nu = C Re (5)

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

While the studias reported g0 fir have contri-
‘buted to the understanding of some hydrodynamic and -
heat cransfer procasses occurring in internally
hearied boiling pools, thay do not provide a mechan-
istic model for predicting local boundary heat
transfer or void fraction In such pools. Recognizing
chis shortcoming, Gustavson, et al. [2] undertook an

was in the range

invegtigacion into the local distribution of boundary -
heat transfer and void fraction in internally heated
boiling pools. 1In their work, they also considered a
rectangular pool of ZﬂSO6 and water, joule heated by

passing a=c current through che pool betwesn two
electrodes. Instcad of using the alectrode as the
heat’ transfer surface, an instrumented test plate was
installed, designed to allow measurement of local
heat transfer to thermally isolacted segments. Each
segnent was cooled by flowing water through separate
cooling channels, and each flow rate was separately
controlled to insure an isothermal pool-side surface
temperature. =The heat flux tc each segment was
measured by measuring the temperature rise and the
flow rate of the coolant for each segment., The
surface temperature of sach segment was determined by
extrapolating the interior thermocouple reading at
the segrent cencerline to the test wall surface
across 0.38 mm of aluminum and 0,76 mm Teflon sheet,
vhich vas 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 the 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 coeificient in these tests was
reported to be + 40 percent.

The authors proposed that boundary heat transfer
from volume~heated boiling pools was a mixed
convection=type heat transfer phenomenon ia which the
effects were superimpcsable, They proposed, for
laminar flow, that the thermal convective component
be modeled as

NuN(x) - .,62[Gt(_x)Pr]° (6)

where Gr(x) was the local Grashof nuaber based on the
average pool film density difference, and NuN(x) now

represented the local natural heac transfer correla-
tion where x wes measured along the heat transfer

surface dewnward from the free surface. The forced
convective component was reprasented by
IIZP‘_II:! o

Nuc(x) = .332 Re(x)

vhare Re(x) is the local Reynolds number based on the
superficial vapor velocity at the pool surface. The
nathod of modeling thz combined nacural/forced
convection from a volume=boiling pool consisted of
correlating tha ratio

Ys= W 8)
to the group
N
N

where Nu was the effaccive Nusselt number for the
combined heat -a-for process. Following a general
correlation pro. + [5] it was suggested that the
functional form .~ :h. correlation should be

1/n

Ky

Y=+ ] (10)

whera n was determined by a best fit evaluation of
the data. "alternate forms of Eqs. 6 and 7 were
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aroposed for the case of curbulent hu: transfer,
The correlation was tesced against the messured
averace heat transfer data from their teats. The
best agreement was obcained using ctha lnzmr réla-
tions and a value of n = 1, :

. ANALYTICAL MODELING

The data of Gustavson, et al. represent the
first data available for local convective heat .
transfer coafficient from volums-heated boiling
pools. The present authors conceived from the
availsble data that the mode of heat tzansfer,
inscesd of resembling mixed convaction in which the
sffecta were approximscaly superimposed, more closely
approximated an enhanced mode of natural convection
boundary layer flow and heat transfer [1]. The
phenomenon of bourndary layer flow and heat tranafer
is depicted in Fig. 1, It is asaumed thac che vapor
rising through the pool causes a net liquid drift
upward, which encountars tha frae surface and is
forced to return downward along the cold boundary.
In this case, the net bouyancy effect is due cto the
liquid-to=two=phase dansity difference. The heat
transfer distribution from the volumetrically boiling
pool to the boundary exidits behavior not unlike a
single=phase nacural convection boundary layer,
enhanced by the flow of net liquid recirculation due
to upward vapor drag through che central iiquid and
downward along the walls. With this poiat of view in
mind, single~phsse natural convection bouadsry layer
theory coupled with the bouyancy affect of the
two-phase flow in che bulk liquid wss used to sttempt
to correlate the Nusselt number to a modified
Rayleigh number.

The Grashof number may be written as [1]

Or* (x) = 8,00, = 920 X M2 (1)
where the dengity diitcn,m:o is

oy = 0g) =0 =[(1 = ad,, +ap ] (12)
1f :lt is assumed that a0, << (1 = u)p'._, this
reduces to ]

(o, =0 =0 =L =0ads,, ($5)
and Eq. 11 becomes

* S ) . 3,2
Cr (x,0) = g oplp, = (1 ~ado, lox"fug 14

Furthermore, if the bounjary is inclined from the
vectical by an angle 9 {n such a ranasr that the
boundary layer remaing atcached ts the wall, the
ungle of inclination may be usad to define che
effactive gravicational component in the direction of
flow, 8,e¢ = & Cos 8,and Eq. 14.becomas .

6r'(x,0,0) = gCosals, =1 - w0, Jo a2 (150)
|
‘1t o, > Py = Pra chiu uducu to the simple
fora belows:
i 3
“Ge" (xy0,8) n ACST X (15)

Ve

The experimental data of Gustavson, et al, were
correlated on the basis of wodified single=phase

" natural convection theory of the form indicated

bolov,

°'27" (16a)

Nux) = Sltcr*(x._cT) - Pr]

and

Nu(x) . xztcr (x,a) pr]° -25 (16b)

in vhich the properties used vare the measursd
properties for the zinc sulfste solucion at the

- appropriate film temperature. The value Ki was

do:emiﬁéd from a log-linear least-squaras fit to the
data, and the forms of the correlations are

Nu(x) = .7816x"(x,3) - Pr1®+ (172)
and .
Na(x) = .76[Gr" (x,a) « Pr}®+2S (17b)

The experimental daca, as well as the log=linear

least squares fit to the daca as performed in Eq. 1l7a
are shown in Fig, 2. The scatter in che correlation
was basicslly the experimental scatter, and no finer
structure was obsarved, The daca appeared to bnhave
sinmilar to laminar natural convection aad fell in the

range Ba*' < 1011 for chs most part. As demonstrated
ia Eqs. 16a,b, the mlgnit:ud’. of the coefficient, Ki.

was not a sansitive function of the void fraceion
[i.a., use of @ vs a(x)]. The use of the iverage void
fracction, u, wag attractive since it eliminated the
requirament of detailed kinowladge of the locsl void
distribucion, a(x), which is significantly more
difficult to maasure and computa.

. In order to use this correlation to predict the
effects of boundary heet transfer from volume-heated
boiling pools, knowledge of the pool-average void
fraction, as saen in Eq, 16b, is raquired.

The void discribution may bs calculatsd based on
2 one-dimeansional two-phase drift flux model {1].
Consider a volume-heated boiling pool in which tha
volumetric vapor source may be written as
1 -
_— Q (1-0a)
v Reg
vhere the term (1 ~ o) signifies that the local heat
genaration occurs only in the liquid and I' is the

vapor source (gmlcn sec). For most low pmr
boiling pools in which the avaporated ligqnid is
"made-up," the liquid volume flux will be nsgiigible
in cosparison to the vapsr volums flux, The stesdy
state vapor mass conservation equation my be wricten
a8

(18)

dj Q‘ (1 - E)

dx ook £ 19’)

£g

The relation between the supsrficial vupbr iuiocity,
jB' and. che drift velocity, Vsj, may be writtsn as

[GR




<3 >

= (20)

- ¢°<j> + Ve

where the notation < > indicates a cross=sectional
arsa average quntiﬁy. 1f we assuma <J> v <] > and

cthe distributicn parsmeter c « 1,2, this reduces
to

<¢>V

-« ¢ o> (21)

<j‘> - =
Assuning that the drift vﬁloc'i:y, vn, can ba repre-
sented as

oy = UCL - o)? (22)

wheran=0 for churn-:urhﬁlmt flow, and n = 2 for
bSabbly flow and dropping :ho bracket notation, Eq. 19

" zation power.

. operating voltage was again indicated.

bacomes
d -]
5 [ﬁll:—&z-] - R(L - @) 23
° .
subject to the initial condition
a=0at =0’ (24)
. & "'H
vhere § = x/H, and X = Bh 7> = 1g/Us. Equation
Py g =

23 has been numerically integrated by two algorithms,
an Euler predictor=corrector mathod and a fourth
order Runge-Kutta method, with good agreement. Ths
average void fraction, a is defined as i
Em-l

Em

h (25).

The results of the local void fraction calcu=
lation were compared to the local void fraction data
of Gustavson, et al,, for four salacted experi~
mental runs for a value of K = 1,75, Although
agreement between calculation and expsriment waa poor
on a local basis, the avarage void fraction for che

four runs, u““ 40, agreed quitc wall with the
l“l.

calculated average void frection, & Yeale

. Although the data of Gustaveon, et al. tend to
support che concepts of boundary laysr heat transfer
and one-dimensional drift flux two-phase vapor
distribution modeling for pools in the bubbly flow
regime, the uncertainty in the measurements performed
make it difficult to differentiata the degree of
agresmsnt with the varicus models proposed, as well
as to idancify the various flow regime transition
criteria for hydrodyramic .and heat transfer behavior.
In particular, the conditions for transition from
bubbly flow to churt~turbulent flow are -not clear,
nor are ths changes in che associlated hydrodynamic
&nd heat transfer behavior. A4s a result, it is

“difficult to extrapolate thesa results to other hear
tranefer syetems of intereet, in particular the )

. bshavior of internally-heated boiling pocls of
nuclear fuel in an HCDA, which may exist at power
levals bayond the range of the previous work. = For
these raasons, the cxporincnt deecribad herein vas

. undlrnkon.

EXPERIMENT
Pool Description

A schematic view of the ovenll pool construc=
tion is sedn 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 nucleation., The #lec~
trodes, as well as the walls and base, may ba sup~
plied with cooling water flow to eliminate prefer~
ential surface nucleation if neceseary. Evapor—
acive and boiling vapor loeses were recovered throush
a malke-up water flow port connected to a constant
lwcl wc:l.t adju-:cd to H + The net make-up water

flow rate wvas meesured and couvertod to gross vapori-
The make-up flow was introduced from
the pool bottom into a baffled space to pre~heat the
water to 1'- at and prevent inlet subcooling effects.’

No boiling occurrad in this space. The antire pool
was constructed of lexan with the exception of the
copper electrodes and boron nitride test plate.

The boiling and nonboiling depchs of the pool
were measured with a volrage probe connected to a
precision traversing mechanism, The 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 lowsred until the
In this
fashion, visual observations of pool depth were
eliminated and more objective measurément of Ro and

HB wae possible. The uncertainty in this measurement

was essentially the fluctuation in pool height while
boiling. .

Test Plate

The test wall was constructed ot ‘lexan and wvas
machined in such a fashion that the base of the test
wall was continuously inclinable from the vertical
pasition 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 receesed into the lexan
wall with the pooleside surface flush with the lexan
and in direct contszct with che boiling pool. Tha
material hae heat ¢ransfer 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
ease of machining, made BN an ideal material for
these tests. In addition, no electrically-insulating
covering was necessary, sliminating contact heat
cransfer resistance e2nd temperature extrapolation.
The back surface of the EN test plate was cooled by
flowing water. A sepsrate flow loop wae designed to
supply a continuous flow of water, 15-20 tpm, to
remove the heat transfered to the wall. The flow
rate vas designed to be high enough that the convec-
tive rasiatance to heat transfer in the coolant loop
wes negligikla. The entire back surfece of the BN
vas axposed to the ccolant flow. This eliminated
charnel -coolant effects, aa well as hot and cold
spets from coll cooling techniques,

Test Plate Instrumentation

The BN was instrumentad with chromel-alumel
thermocouples for local heat transfsr measurements.
The thermocouples were 0.0234 cm dismeter stainless

. steal=clad mtcrothermocouples, which were machined

.the isolated chromel and alumsl leads.

flat at the junction and eleztro-gold-placed with
0.00254 cm of gold £orming the hot junction acroes
A schematic

=G




£ the crosg=eectionally polished and zold-plated-
{erothermocouples is shown in Fig. 4. The tharmo-
-cuples wars individually calibrated at the ice poinc
«d steam point taking local barcmetric pressure into
‘ccount, and tha averags calibration data for each
‘as compared to NBS type K data. It waa found that
.11 tha ;old-gland thermocouples cslibrated to
dchin + .07 “C from the ateam to tha ice point.

‘he gold-plated microthermecouples ware than cemented
ato 26 locationa in the BN wall, 19 on the front at
«27 cm incervals, and 7 on the back at 3.81 ca
ntervals., They were installed in such a manner that
‘he measuring jurction was flush with the wall
urface wichin an estimated + .0025 c» tolerance and
ementad i place under a microscope. The gold=
lated junction thus comprised part of the test wall
urface. Heat losses along the thermocouple sheath
‘are negligible since the leads wsre immersed in the
late at least 50 diameters. .

‘ata_Acquisition

The thermocouples were connacted to a 150 °F +*
2 % oven=type reference juaction along with a
hermocoupla in the bulk pool, and the data wae then
outed to the automated data acquisition system. The
entralized dats acquisition and analysis system was
onstructed around an HPF 9640 system, consisting of a
1 MX minicomputer with 112 kilowords of centrel
emory, 7.5 magaword cartridge disk, and 9 track
agnetic tape transport. Control of the system was
ccomplished by interactive softwara, which received
ransfer parameters from the experimenter and pro-
teded to scan the deta channels upon commund., The
hermocouples ware scenned by a 300 channel guarded
rossbar acennar, which transfered data to an inte-
rating digital voltmeter with microvolt resolution.
ach thermocouple was sequantially sampled until the
tandard deviation of the output converged to a
reset criterion or the maximum sample linit was
xceeded, At this point, the scanner proceedad to
he next thermocouple and rcpeated the same procedure
ntil all 27 thermocouples had been integrated. The
2w deta was transferred to magnetic tape and prelim-
nary engineering calculetions were performed to
onvaert tha thermocouple output and system proparties
nto local convective heat transfer coefficient and
verage pool void frxction.

ESULTS
The experiments have been performed over a range
£ volumatric vnporintion powsr up to J 3_/0 =1,

ocal heat fluxes along the inclined boundary were
eesured ae indiceted in Bq. 26

k1!!t{(r£1.-am:(")
a- rpool _-

- - T, (%) .
back -
h(x) = T,, “® (26)

Scuracy of these measurements :La estimated te be
ithin + 5 perdent. The tests raported herein do not
ave loul. void fraction neasuremsnts included, but
ather are correleted only on an overall average
aeis. The pool=-average void fuc:ion was measured

s indicated in Eq. 27, .

Ty - 8)/Ey

1th an estimated aeeuticy of + 3 percent.

27

6w

wall angles investigated ware 90° +

. varied by a factor of 3 in this

. For the boiling experiments presented here, the
* .59 (vertical)

and 75° + .5°. The local boundary boiling heat
transfer coefﬂcienu measured indicated a spacial
distribution similar to the behavior suggested by the
boundary layer analyses in Eqs., 10 and 17. A typical
profile of local beundary heat transfer coefficient
from a volume=boiling pool in che bubbly flow regime
is presentad in Fig, 5 and compared to the predic-
tions of Eq. 10 and 17. 1In the bubbly flow regime,
the local heat transfer coefficient was seen to be
greatest at the pool surface (x = 0) and decrease
monotonically as the depth increased. In addition,
it wvas evident that the local convective heet flux
cis#s, and 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 varietion of & fastor of 1.5
to 2 veported previously [2,4]. Comparison of tha
local heat transfar coefficient distribution for
these experiments to those reported by Gustivsan [2]
indicate that the present meesurements exceed the
pravious measurements in magnituds by as much as a
factor of 2.

The locel heat transfer distribution was inte-
grated to yield the zverage heat transfer coefiicient
defined as

(28)

The average heat transfar data for 9000, 7500, anc
6000 seriss runs (indicating the wall angle measured
from horizontal) are presented in Table 1 and com~

pared to the celculations of Eg. 17 and Eq. 10 (for

a= 0,7 and 1,0), The data confirm that the experi-
asntally ceasured average heat tranefer coefficients
exceed the pradictions of both heat transfer rela-
tions available (derivad from Gustavgon's daca) by a i
factor of approximately 2. The detsiled local data :
elso confirm this observation, The bast ap-eement
was achieved with Eq. 17.

The average void fraction data were correlated
as a function of the dimsnsionless suparficial vaper
velocity, 3 ‘_,‘U.. and are presented in Fig. 6. The

dimensionless superficial vapor valocity was based on
the total vaporization power applied to the pool,
which includes the evaporative losses, aa vell as
boiling logses. The_data indicate that for the
bubbly flow regime, a is a very sensitive function of
the power, and_small chenges in power may cause large
variations in . Reproducibility is indicated by the
over-lapping data points, end agreement is excellent,
A threshold value of j /U, below which the pool

will be volume=heated but nonboning, has been
observed previously and is also seen hers. This
indicates ths magnitude of the svaporative losses
from the pool and is subtracted from the applied
vaporization power to yield the nnt power for boiling -
indicated below
-
(1'.10_) jg./U ../ ) (29)

It iv observed that for the range of J /U, 1n

which the void fraction is less e.usi:ivc to the
power, thig corrsction is negligible. This will be -
particularly true in the ehurn-:urbuhnl: flow regime,

Equation 23 was solved Eor a corruponding to’



g
¢

V""au prassnted .in. Table 1 and Fig, 7

/0" (e botling pover) and bubbily flov.

. The measursed and - calculated avcngl ‘void fractions

‘It is observed
cthac“the calculated average void !nc::lon dats

©- predict the lxpnti-cnul dats m]..l vlun buod on :hc

B true boiling power dquity. d. IU ) X and that

: r:hc agruun: improves for incnu:lug 5.
- bution of average void fraction as a function of -

- dimensionless superficial vapor valocity indicacas

" that the bubbly flow exiats up to J.
: “muly equal to unity.

o avctagn void
appgoximately 0.60 to app:
‘boundary layer-type naturs of the boiling ‘ieat

approxi-

Flow: Tegima cuusiuon to
churn=turbulent - flow occurs at higher value.of .

13'_”._.1 /U‘, the pool behavior becomss chaotic, and :ho '

trac::lou is

‘\urv.d to collapee from v
:L-toly 0,40. Ths . .

‘transfer coefficient appears.to be uphc.d by a more

tearly uniform distribution spatially, which. oxpu::l.--

-ences ‘large fluctuations tupouuy.

"coucnusrons

For volume-heated boiling pools eharactn-istic

~ af cthe kind investigated here and in the bubbly nov

regi.nu, the following conclusions can be udo-
(J.) Boundary hear transfer from .
- volime=boiling pools in the

- bubbly- flow. regime bahaved
similar to natural convection=
type boundary lnyu' heat tzansfer,
The spatisl variation in tha
local heat ttansfer coutticun: :

' WAS a8 great as a factor of::

. 3=5 slong the wall, with thc i
greatest heat transfer at or .-
near the pool surface. The |
data ceported here for local ’
convective heat transfer co-
sfficient exceeded those =~
previcusly réported (2} by a

 factor of 2 or more., . -

- (2) Fer boundary layer-type heat
. . transfer from volume-boiling .
pocls in tha bubbly flow regime,
the effect of small angle of
- .inclination of the boundury.
from vertical was wmodeled by.
defining an effective gravi-
- gational cowponeat slong thé
»‘nll as Lndicltd bule'; -
g.“_-gm.‘o ‘ (30)
where 8 1is th. nglo ot in=
.. clination from chy vertical. S
“(3) The bubbly £low regxime persisted . '
L torav:luoofj /v up to -

unity, | In this tlov regime,
the pool underwent periodic -
swelling due to subcooling from’
the returning cold boundary. .
- layer fluid into the pool bottom.
: . The pool exhibited a stracified .
L .-state wich a boiling region ovar
- an essantiilly nonboiling single
: phase region below, The depth
. " ., of the nonboiling. rugion dc-q "~
; unud as :he volysm :ric

The du:::l.-

‘ating Boiling Pools,™ .
: Trapltcr Conference, St. Louis, MO, pp 78~80. (1976).

A, -

e

"+ vaporization source increassd. .
(4) The maxiwum averige void frac~ '
7" -tiea obaserved 'in bubbly flow
régime: vas in the cange of 0.55
. to 0.60 at jz_[u approxia -

- mately unity. In chis range of-

" power, transicion to a churne
turbulent flow tayime was ob- :
served in which boiling pouc:ucod
to. the posl bottom, and & sudden”
collapae in average pool void. -
Zeaction waa observed from’ ap-

- proximately 0.55-0.60 to 0.30.
(5) 1In the bubbly flow regime, it
..was observed that surface avapo-
-rative loseas were nonnegligibla .
" for poole with large surface=-to-
volume ratio, and that a signifi-
 cant fruction of the volumetric
pover . density went into these
lossas. The net boiling power
was defined as che total vapori-
zetion powsr minue the eavaporativa
loases. . It was found that cal-
culation of the pool-average void
fraction by means of a one~ -
dimensional drift flux model
based on the net boiling power
‘agreead well with the axperi-
mental data independant of the
wall angle. Agrasment batween - .
calculated and measured avarage
void fuction hprovnd tcr in=
. creasing power.
(6) .The average void Enc:ion in tha

bubbly flow. regime was found to -

_ be very sensitive to the volu=
matric ‘bolling power. Small -

" changes in 5:—’“ were
oburvcd to cause large vari-
.ations in the pool—avongo
void fraction. S
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