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The MAPLE-X10 (Multipurpose Applied Physics
Lattice Experimental-NRX 19 M W ) reactor 
developed by AECL Research [ 1 ] u a light-water- 
cooled pool-type reactor. The reactor it currently 
being built at AECL's Chalk River Laboratories,
and w i l l  b ebe used as a dedicated isotope producer. 
The non-equilibrium effects of subcooled boilinq are 
predicted to strongly affect the transient behaviour 
of the reactor under some postulated upset 
conditions in MAPLE-X10. It is necessary to be 
able to predict the local subcooled void fraction 
accurately to be able to determine the core 
pressure d r o p ,the m a s sflux and void reactivity
effects.

C A T H E N A ,  a n  a d v a n c e d t w o - f l u i d  
thermalhydraulics code [2,3],was wed to predict
the void fractions during subcooled bboiling for 
conditions measuredin the MAPLE single-pin heat 
transfer teat facilities at  AECL's Whiteshell
Laboratories (WL) and at the University of British
Columbia (UBC). Subcooled boiling void fractions
must be predicted accurately by CATHENA, espe-
cially if the code is intended to simulate the void-
reactivity feedback effect on powerin the MAPLE- 
X10 reactor. The data p r o v i d evoid fractions 
measured at a fixed location near the top of the 
FuelElement Simulator (FES) for high flows (WL) 
and for low flows (U(UBC). These data sever 
pressures between 110 and 328 kPa, local 
subcool ingsbetween 8 and 66 C and flow 
velocities from 0.1 to 1.0 m/s Good agreement 
was obtained with CATHENA void fraction 
calculations for the majority of the cases analyzed.

n a light-water-cooled reactor such u the 
AAPLE-XlO, the coolant b predicted to boil in 
the high heat flux under m e  poftulitd accident 
conditiam. Before bulk boilin( bÃ§fins a 

condition exilti where the l o d  tempemtore of th 
heated d u e  exceeds the lou l  liquid saturation 
temperature, u d  the bulk liquid temperature i~ 
leu than it* kÃ§ saturation temperature. Under 
thin condition, heat trader to the liquid raises 
the liquid temperature adjacent to the heated 
d t c e  to it8 ntoration kmperiturt, uaaing local 
vwpour to be generated. Thin noo-equilibrium 
phenomenon ia referred to u iubcooled boiling. 
Griffith et el. 141 pointed out that there are two 
diftinct subcooled regioni: (1) the wall void mglon, 
and (2) the detached void region. 

Many rabcooled boiling void d e b  WOT identified 
in a literatwe survey, but none w u  suitable for 
the MAPLE-Xi0 finned-fuel pin geometrha and 
operating conditione. Chatoorgoon e t  d. [f] 
reviewed the existing subcooled boiling void 
models. Their work preiented three levelm of 
gentration-conden~ation void models: (1) the 
exponential model, (2) the mechanistic model and 
(3) t h e  the rma l  non-equilibrium model.  
CATHENA <ua a subcooled void model developed 
for MAPLE-XI0 finned-fuel pin geometoiu m d  
operttixg conditions bawd on the two-fluid non- 
homageaeool ud nbn-equilibrium approach 

Thim paper will briefly ducribe: the experiment! 
performed it WL and UBC, the subcooled boiling 
void model amd in CATHENA to calculate the 
void fraction, the patarnetera that affect the 
CATHENA void fraction calculation, u d  tke 
comparison of s imula t ion  reaul te  w i t h  
experimental bt*. 

Experiment* performed at WL and UBC cover the 
range of conditiow expected for the MAPLE-X10 
reactor under poitulated upset aad  accident 
conditions. Table 1 shows the  range of 



The experimental remits from WL ~ n d  UBC 
mrwd u the bull far the eampuiwou if &him 
paper. Experiment! performed at UBC WWÃ 
cond~@& &t niocitia betwÃ§e 0.12 u d  1.10 m/s 
uteÃ§ thÃ exptriinenta it WL wen conducted at 
velocitua between 0.6 ud 6.0 m/s. Tit d a b  in 
the averlap region between the two velocity reom 
wÃ§t c o m p d  auost euh  oÃ§h for coluutency. 

The hut truisfÃ§ (ft nclh  at is ainiilu- 
to the f-ty located at WL. The procedurtt 
wed to conduct the expcrimenti at WL and CBC 
ua tlio Â¥unilar Therefore only the WL b u t  
ficilitywillbtdctcribed. 

Figure I shoiÃ  ̂ B Khematic flow di&gnm bf the 
MAPL&.X10 BUgIe-pin heat tnunftr test facility. 
The experimental appwatw congbti of a wurg* 
tide, two hut exchingen, flow-circniBtion pump 
driven by a vd~bit.Â¥pee motor, the tat weetion, 
u d  interccmnecting p i p .  The tÃ§w nction iÃ 
mule from glass tibing to dlow direct vkual 
ob~rvtioa of tin heat trmifbr phenomeaa. The 
17-mm ud 24-nus I.D. dm tabu were d to 
investigate the Ã‡ffec of die hydraulic diameter on 
tlwhebttrwurferrite. 

A Fad Element Sirnulitor (FES] ii locattd hdde 

the g i m  tube. The tot&I length of the FES u 
0.62 m, including a 0.02-m Â¥dubati b r u i  weetion 
&tbothendioftheFES. T h e F E S b m a d e t m m  
a thin-w4ld stunleu iteel fbe coated with 
duminum oxide and cl*d with u outer ilaminum 
sheath baring either eight ar tea longitudjnti, 
ne teagslu  fiu. The exid power dutribution 
doBgthelengthoftheFBSnnnifooo. Them 
d u e  ewmetry is identical to the tctnal driver 
&-fin u d  Moly 10-fin fuel pinÃ uied in  Uhe 
MAPL&X10 rttrtor. Fi(Ã§ 2 Am8 both heittr* 
with their d i d .  Hut wu gwmated h the 
tot Ã êetio by dinetly heatins the ~tlinlM1 ittel 
tube from a gt.bilutd DC p ~ ~ w  Â¥apply 

Tht f o l h k g  parameters, most Ãˆhow in F i  1, 
wire m e u d  in euh  experiment: 

* He average crou-iectlon&l void fraction w u  
incuared at 8 d ~ g l e  location by a (ingle- 
beam g ~ ~ m h  denmitometer. The gamma 
dkE&OtBeM W M  h t e d  5.0 l S j W w  of 
tittend of heated portioD of th> FES. 

The balk coolut (Ti.), shei.6h (T&) uul fia 
tip (fa) tunperktua were -and by K- 
type aermocoaplei. 

Tk* mlÃ§ ud outlet d m t  ttlttperitnrn (T) 
were monitored by ruutanee  temporitare 
detecton. 

The sbK>Iute inlet ud outlet p n n u m  (P) 
*lofig with the wart drop Ã§. e d  third 
d the h d  netion were -wed uliag 
RoKmout differxntiil pnuare truunutten. 

The power input w n  aaleulkted from the 
voltage md current meuwed at the healer. 

ta addition, the Ouet of Nnclette B o ' i  (Om] 
and thw Quiet of Significant Void (WV) points 
vet* determid during u t h  experiment by &ud 
obMrvatiaudwittthe*ldofartrobelight. 

Before each exptriment w u  performed, the w t e r  
w thoroughly d e g ~ a e d  t o  p a n e  t h e  
~oapndtMtbie Ã§ tlu* they would not iffect 
the ke*l tnufer wtudy. The inlet temperature, 
pros- ud coolul flow rate wirt kept wmtint 



daring d void *tiox experiment. Tin bpat  
power W Ã  the only pÃ§iÃ§Ã§n vend. 

Two void modeli &ddy e&eted in CATHENA 
when derdepmat work becan ea a tabcooled 
boiling mid Buxiel fur tin MAPLE.Xl0: die liquid 
~lpcrln&ted hypwbolic tugeat void modd m d  the 
H n w x  ud ?011 Ã ôi model 181. Bec*iuÃ the 
Huuwx d Nicoll void model ia more pbicxily 
hued it w uÃ̂ eue for prediction of MAPLE- 
XlO type eonditwns. Based on mi initial 
uieHmeat, U wu decided to implement the 
MAPLE-X10 nbeooled boiling void modd within 
the CATHENA code. 

Figure* 3 m i  4 eorapu* the p d i e t i o u  of the 
sub& void pro% ifing tile Hucox m d  Nicoll 
void modd and the MAPLE-?Kl0 m b k d  boiling 
Ã ôi model it hi* (low rate* m d  law flow rat- 
reÃ§pÃ§ttivd Fw the high-flow-rat* experiment 
down b Figure X, tin Hueox end Nicoll void 
model predicted no mid fraction until the input 

nulicd 1M.S kW, wh- the MAPLE-XI0 
subcooled boiliq void laode1 predicted void 
fract ion i n  better  acreemeat  with the  
expÃ§rim*nt dats. Figure 1 ehow tbat the 
Huuox d NicoU wid d l  eveTUtim&ted the 
power to obtain the &itid point of net void 
pwm&ina. For the low-floir-nke aperimeat, tile 
MAPLK-XI0 nbcoolfd boiling void model m d  the 
~ d ~ v o & d  model pedicted a &xitar 
void proTik beyond the Ow point, M shown in 
Film* 4. ii Â noted tlut tin Bmcox ud N i d  
d d  model doÃ Bat d e r  any wall-void mgion. 
Bued ox 8% iiiveatiptioB, the &cox u d  Nicoll 
Void model Ã§> couldend to be hadequate for 
MAPLE-XI0 coiulUiou. 

Subeookd boi- void mod& that uc formulated 
for the Ugb-pmuw* eaadittoa* typiad of power 
muton *re cenÃ§nll not directly a p p l i b l e  tm 
lew preuoru. Thit f u t  ha* ken confirmed by 
EvugtHui ud Lupoli IT). TliÃ need to M o p  a 
better void raodd for MAPLE-X10 conditions 
prompted (he cumiit work. 

The MAPLEXI0 eabcoolÃ§ boiling void model 
Â¥le la CATHENA Includu both renoas  of 
nbcooled Imilhf: tbe region betweea ONB m d  
OSV (the wall-void &) Ã‘ the qioa beyond 
OSV (the detuhed-void -ion). Till OSV pout 

- Ã u htoMetion betwen the will-void md 
the d(tuhed-void ngiou. The OSV poiat w u  
dÃ§tÃ§nnin (ruduoDy by plottins th* e%pe&md 
void diwuttrirti profile, a* illuttrattd in Figum 
6. The slope of the void proffl* in till deteched- 
voidrepoBi*si&hotIrlllkerth&nthellopeof 
the void profile h the will-Told nrioa. 

The void frution i* modelltd mmhaabtlul ly 
beyond the O$V point (detached-void region]. 
However, the void Ãˆlcflitio {a the wdbvoid 
region is determined by a simple correlitioa 
d n r i r e d f r o m , t h e ~ f f l e d k t * b u e t h i t w ~ a d t o  
develop the O W  correlation. The will-void 
comlltion ii d e d i  below. 

The w a r n i d  c o n t l i t h  docribo the thickurn of 
the babble b o i u d u y  layer undÃ§ which bubblx 
may be g=z~eratwi. When the ~ u r f u e  heat flax la 
below the ONB lift flax, no bubbit fonti&iion i~ 
eilcdxtfd mid dl the heat flax from the heated 
surf*ce is tnmfencd to the sulx;oolÃ§ liquid . 
The coolut finÃ a b lWe.pitUa liquid. WhtB 
the d a e e  h ~ t  flax exceed* tlw ONB kni nus, 
bat mudM below (he OSV h u t  flax, bubble* 
Â ¥ t a r t t o t e r m o n t h e k u t i l  Tk*y 
at theM bubbia coUqme immedi*tely b a r n  of 
inttiuire wadeBiktion, bat Â¥OB of (hex bobbin 
win remain ittkf&d to or slide doag she kcm&d 
ratfade. The formktim of th* will void in thu 
m&n is computed by linear intapeutiof between 
t h e t w o ~ O m u d O S V f l ~  

q" = Int flax from t&* w d  lorfu* (~ / in1}  
Q& = ONB heat flux (w/rna) 



low-iabcooling u d  l4w.flow ditfeu. Rouhui ciktil&ted by Equttkin (4) when Implemented in 
191 dtriftd the following expreaiiui for CATHENA. The vdd generittd la the will-void 

region w u  uluned  to have a o  effect OK the 
<Om = <*PÃˆ/ ($1 t l u o r a t i k p h ~ h  ulcxl*tioÃˆ SOW-, (In wall 

void b used in the reactor kinetic* calculation. 
when BY rtdudat the Tthw of kin w*U void by a half. 

Â¥a. the reactor power increue due to l a  negative ' ' oX@243B*P * * wmtivity f t e d b Ã §  &n the r e k t t Ã  kinatics vapour tktebim on t mbdellitg, r e m l l i  in a p d a  ukt i la tbn &at I* 

Ph  = hÃ§ate perimeter ( conwmtiyt- 

IJ = avertge babble radius at  deputur* 
print (in). 

R o a h d  derived Equation (1) for p m w e s  
between 0.1 u d  10 MP*. Evuifeluti et Â¥ made 
a umilw derivation 171. Koamoatm i h o d  t&*t 
the k b U e  sin &t 08V Jecnua with i u c m d ~ g  
velocity [lo]. Bued on the litentnre and the 
u d y i i i  of the aTulabIe MAPLE-XlO d i f ,  the 
MAPLE-XI0 OOBV ippon to iltpend p r i m e  on 
three puametern: the geometry, the local 
mibcoolfau of the coolmi iiqaid, ud ito vriocity. 
The MAPLE-X10 %V wrrel&tiou is (iren u: 

P, = ratio of the fuel f ix erora-uctloaal uu 
to the refereace fuel pis cross-sÃ§ctioan 
wa4. 

Figure 6 compue i  the MAPLE-XI0 Â ¥ ~ a  
correlation with the experimental data. Hit root 
m<u iquue (B.MS) error M *4T%. Tlm mw w u  
c e n x d  mkiriy bueann of the d i f f io l ty  of 
m d g  inch a low void M i a  with high 
i~tt tr t ty. Beuan of thu ~xcÃ§rtÃˆm the wdl- 
void fraction in rtduced to a half of the 4-v 

The void fraction computed in the dettchcd-void 
region ie the  >et remit  of two competing 
mechmian*: void gÃ§nÃ§nti tad  tondÃ§tt<*tion 
Section* 4.3 and 4.3 briefly dencribei how 
CATHENA nodeli the void g e n e n t h  and - compon-, reiptttiÃˆd~ 

The void ge~ention earnpeneat la CATHENA i< 
modeUed k g $  the m e a n t  of heat partitioned 
bttwwa v ~ p o Ã §  generation and heating the 
mbcoohd HQQHL Tlie heat Ihx obtained from the 
O W  correlation b wed u the unowt  of h a t  
(IBX gdng into the mbcooled liquid to r s k  tht 
liquid temperature while the rtnituider (dB- 
bet- the heat flux from the bated nrfka l i d  
the OSV k t  flux) torn into fe~emtiii< (kÃ mid. 

The void feaerktion is a direct function of the 
Â¥pllttin factor (FBI. The iplitting f u l o r  I* 
defined an the fraction of t i e  wall heat flax 
to- to (kÃ tibcooled liquid. The remdadCT 
(1.0 - FB) watrilmtn to v ~ p o n ~  generation. Tbe 
iplittiag friction 4 u u W  in the CATHENA 
mbcooted Toid inodd m given below. 

The CATHENA condenittion r&te I* a stromg 
fuDctiol of tic interfidil (liquid to vweaf] heat 
truuffr eoeffifioit, which i> tam depndi OB the 
bttofubl u~ per unit volunw. Thin depadi on 
the bubble HM ud tto nlitive vdatity. 

The babble &a k a rather d i v e  puunetÃ§ in 
t*lcÃ§lttia the condeneÃˆtio rate, f d  e9 will 
altfanrtdy *ffÃ§c the votd calculation. The babble 
diuMtcr calculated by Wills [Ill wu 4 in the 
C A m N A  conde~satimn modei for the void 



friction region (>LO%), while a fixed bubble 

in the void-friction region below 1.0%. The 
bubble number, Nh, Ã determined w that the 

into the liquid phue. In addition, the muimum 
babble diameter ia limited t o  20% of the 
equivalent hydraulfc diameter. The bubble 
diameter mlktioiuilip w u  cho*en to avoid p k a t i a l  
iiMtabilitia and to represent bubbly flow which 
w u  obMmd in the espdnents. h s e  of (hu 
limit and the small hydraulic diameter in them 
experimenU, 20% of the equivalent hydraulic 
dimeter u uftd u the bubble diameter for d l  I the CUB 8imahMd. 

A nmi tmty  analy8u of parameter! affecting the 
void generation m d  eondcuktion component! in 
CATRENA h u  (wo iavotigatad. The c&lcul&on 
of the void generation component in CATHENA, 
u motioned eulier, d e p d  primarily on which I 03V mode1 fa Mhcted. M u y  pomneten in the 
CATHENA conden~*tion model will affect the 
condenf&tion c&lculatiox, but the most seaiitive 
puuarter  it the bubble dhue ta .  A high-flow- 
rate experiment and a low-flow-rate experiment 
wen thus simulated aimg different OSV model* 
u d  bubble diunetaa for thh .nritMty mtudy. 

The modeb propoÃ§c bf Roger* et d. [I], Saha 
u d  Zubw [12], u d  Eucex and W i l l  161 were 
e d  ia the taiitivity etid7. The R o w  Ã§ 

al. model was formulated for conditions of low 
subcooling, low preuure ruge ,  and low coolut  
velocity; the Roger* et a1. model w u  formul&tui 
for u n f i  date s i m i  to tint a d  in the S d a  
md Z u k  model for O W .  On the other hmd. 
the Emcox u d  NicoU model was formnlattd for 
lufh-prerun condition!. Figures T u d  8 di i lay  
the void fraction pmdiatiou of each model for the 
high-flcnr-rate u d  the low-flow-mte experiments. 
All thru modela undweÃ t̂imÃ t̂ the void friction 
for both flow r&tu becuue the OSV point w u  
predicted to occur at a higher paw-. 

, A* mentioned earlier, the bubble dimeter  nwd 
Ã§ 30% of the hydraulic diameter. In this ' d t i v i t y  mdyiu ,  the bubble diuneta !Â varied 
between 15% u d  25% of the hydraulic diameter. 1 Figures 9 m d  10 show that the void fraction 

inenand u the bubble i i Ã  increuxd. T h i l  
iadiuta that th* widfantion ntÃ c*kdat(d in 
CATHENA i n c n u e l  m the bubble diam*twr 
decreua. 

Table 2 ~ummarbes Â¥I the Â¥unulate  cue^ u d  
the dmitlited coaditiou. HO~wer, the iftilf of 
only a few (elected experiment! ue compared with 
CATHENA predictiau in tka wps. 

- 

Cue Fim Inlet PrtM. Fhnr Ratdale8 Temp. 
N~~iberGtoinetrr (kP*l ILIsl PC1 

rigusen ,11 t o  22 compare the void fraction 
cilcniltiolu ud Â¥xp9unent for the WI, date u d  
F i i  23 to 28 do th( nnu far tke UBC dita. 
Oily 8-fin experimubd d e b  from tJBC w*fn 
Kulable, u d  thsy I* iaalnded for compiriion. 



The Input power venut void traction Ut plotted 
for CATHENA ulculttiolu ud eaiapuÃ§ with the 
experinMBtd dÃ̂ t* la ge.smtl, tbe mbeooled void 
friction Ãˆlculate by CATHENA i# in good 
Â¥greemen with the rxpmmfiitti date. 

The void friction calcutattd t* the wait-void 
rugion by the CATHENA code w u  m y  lower 
thu the txptriment*! vilue*. Howew, the eode'm 
prediction* of tie point of 88t vaponr (aaerftion 
(die OSV point) ud the mount  of void fraction 
beyond she OSV poht  were in good agw8mot 
with the expwbentxl dkta. It b important to 
pmdict the ONB and OSV point# accurately 
be- (line points we uÃ§e to determine the 
unount of void in the wi l l  and detiched mion!. 
General obiervations oil the CATHENA void 
ctleutetioni for WI, ud UBC date under vuiom 
conditio~i *n given ia Sections &I Â¥a a2 

Void experimentm were performed at  *trioat 
wnditioit for both geometriÃ§i driver 8-fm a d  
Moly target 10-fia fael pini. Most of the 
experiment4 wo* ptrfonned from Â¥ingIt-phu flow 
until a critical h u t  flux (CHF) w u  reiehed or 
the fuel pin failed. Niftfteea (Xptrimental em- 
covering  virion^ eoaditioat and geometrh were 
uJnuIl.ted M shown ia T&Ie 2. Twelve out of 
the ainetMn experiment*! cue* i re  reported in 
ttt. PÃ̂ P<T 

Tin MAPLEX-10 &cooled boiling void model 
predicted the void fr ict ion to within the 
mewuremeat emor of the experimental void 
fraction tet inlet pre~ure i  betwun 110 and 180 
~PÃˆ u &own in Fignrel 11 to 11. For idet  
prexurel between 120 *ad 272 kPa, the void 
fractiou uleultted by the MAPLE-XI0 mnbeoobd 
boiliq void model were ilÃ̂  in good agrÃ§emtn 
with the experiment*! dat& for both re&m of 
~ b c d b g  at variou* power*, iubcoalmfi u d  {low 
ÃˆtÃ§ u d ~ o w  la r i g u c m  I6 to 20. ThiÃ 
ftgreetnent in (Uributed te the ucon.te prwl\elws 
of the OSV point  by the  MAPLE OSV 
corrtlÃ t̂ion 

Two &fa driver fuel tupcrimettt wtf* ihnttlued 
for P- above 300 kP>. &urn 21 u d  22 
indicate that the CATHENA void predictionm fit 
in agcwm& with the ccpcrimnitil data. 

is Ttble 2. Figurn 31 to 26 compare the 
0.4- pnJktian* with experimental data for 
three of the niae upaimenti. 11 general, a- 
MAPLE-XI0 ~ i b c o o l Ã §  boiling void me 
predicthi matched the exp&meat&l data Ã § r Ã  
within the detached-void region, b i t  ilightly 
aateÃ‘timtc bha remitt for bha d - v o i d  tegion. 

Ovqcdl, the MAPLEX10 #ubcooted boiling void 
model in the CATHENA cede iccarately up@med 
the magnitude m d  the profile of net void 
generelion well for. the majority ef the cue8 
rimulated. The following guiÃ§r  c b n c l ~ n ~  are 
n o d .  

The MAPLE-X10 mbeooled boiling void 
model h the C A T m N A  Cede g e n ~ b l l y  
predicted &lightly lower void frictions far low 
flow nteÃ (flow ntu < 0.9 m/i) *ad ÃˆHghtl 
oTereÃ§tiniÃˆtt the wid traction at h i g h  flow 
Ã t̂ in the dc6Kbed-void ngion. 

Generally, Ike CATHENA code prudi ' the 
OSV point and the void friction bÃ‡wa the 
OSV point with better ~ccur*cy thta models 
currently available la the literature. 

The mthon wish to thank Lei HembrofT, Ken 
MecÃ‡uo and Glenn H u w l  for ptrforrniilg (he 
experimeata a t  WL, and Brie Bibeaa for 
performing the expenmeBtl nt UBC. 
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Fi. 1: Companion between H&BCOX u>d Nicon 
Void Model u d  MAPLE-XlO Void 
Madd for the Hi&-Flow-R*te Cu* 
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i &. 7: St~itiTity Andy& of OSV Modeb for Fig. 9: &ntitivity Aa&lyds of Bubble Diameter 
Hi(h-Flow-RÃˆt Experiment for High-Fl6w-Rtt* Experiment 

Fig. 10: SenritivitT AnJyiu of Babble Diameter 
fur Low-Flow-Rite Experiment 

-. 8 



Fix. 11: CATHENA Predictioa veriui WL 
Experiment far &Fin Fad 

&. II: CATHENA Prediction vcraua WL 
ExpoTinent lot S-Ta F d  



I Fig. 1& CATHENA Predictioa venw WL 
ExperinuBt for &Fin Fad 

Fig. IT: CATEENA Prediction TUIII WL 
ExpenBUBt for &Fin F d  



Fig. 16: CATHENA Prediction v w 4 ~  WL 
PkqmimÃ§a far B-Fm Fad 

Fig. 26: CATHENA Prediction v Ã § r ~ n  WL Fig. IS: CATEENA Predictim V ~ H W  WL 
ExptrimtDt for 10-Fin Fuel Experiment for &Fin FntI I 



Fit. 35: CATHENA Prediction venui UBC 
Exptriinentfort--Fad 

I Iff. 34: CATHENA Prediction v e n w  UBC 
Experiment for &-Fin Fad 



4 = nth of the f lew uc* of the given 
gtometry to the ratio of the flow u~ of 

- the driver Sfin fad geometry 

FR = 15am Interpolated Auction 

1 G = mixture mus flax (kg/(m *a)) 

h = liquid enthalpy (J/kg) 

h_, = liquid ~ l t h d p y  at l~urat ion  (J/ks) 

#'I, = mixunm(-x_,0.005), (ubcooliag number . . 
P = preu~n ( N J ~ )  

p, = ratio of the fuel pu cros*<>ectioml in* 

to the rtference fad pia crou-xctiond 
Â¥f 

* 

Wgv = wall heat Box at O W  point (w/m3) 
if = avcragi babble radio* &t departure paint 

,w 
RÃ§ = GeDi./p, BeyaoU* number Ã§vdute *t 

bttik condition 

= vÂ¡ fraction Ã§ OSV bat flux 

= void frutwa in the wall-void region 




