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ABSTRACT

Burnour data with low pressure Freon-173 for
even- and odd- numberéd peripheral rod clusters
with relarively lorge spacings were used o deroe
equations i ferms of dimensionless paramerers
sugpested by Baraeit, The equations which are
for three different flow regimes for each rod geor:-
eiry feven or odd) were found o predict birnotit
dara with maximum RMS deviation being 384,

INTRODUCTION

For large rod spacings, bumoul data and cormela

tivns are practically nonexistent. Based on experi-
mtenls in o simpler annular geometry, Bemath [1]
derived a set equations which sometimes applied to
mod bundles with large specings but i is still pot
clear if these cquations are applicable for the latter
s,

Ina preceding study Berger and Akaho [2] reported
burnoot results for Freon-113 obtained i a low
pressure moge of 1013 - 163kPa (pfp, = 205 -
113} for even- and odd-numbered peripheral mod
clusters as illustmted in Figure 1. The rods with a
dismeter of 4. T6mm were unl formly. spaced in the
free flow area. The geamelrical characlenstics of
the tested clusters are listed i Table 1. The spac-
ings are relatively large, 314 - 11.03mm, Signifi-
cant differences in the beliviour of bumoul condi-
tions were noticed for evens and odds.  These
abservations sre found 1o be consistent with those
made by Macbeth [3]. For cach geomelry, three
flow regimes called A-{bumout of dryout Lype],
C-({bumout in nucleate boiling) and B-{intennediate
belween A and C) were identificd, which is consis-
fent with earlier fnvestigitions of Katto [4] and
Dukler [5).
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Apint fromihe C-region for even-numbered clusters
the burnout data followed the single linear ¢,-AH,
relationship as discussed for instance in Collier's
koak [6]. In the C-regron for evens there cooumed
0 change of slope of the ¢,-AH; lines a3 also no-
ticed by Kirby et ol [7] with low pressure waler in
linrular gecmetry

The exit quality, %,, fora given AH, and mass flow
mle i was determined from the energy balince on
the test section as
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Takde 1: Charscleristlos of Tested Clusters
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The warialicn of hutusei fnthe Jow prosuie mnge
was (uwd B0 follow as expovential relativeship of

1he sieple foamy
hJ_.!_’.r (2}
@ | B

wiere  is dillerent for tho varisus Bow mgimes
bub of equal valug il the geometry of vod clusice
{even or med) is the sauee.

bn 1% repon ihe bomoul daw e correlaged i
erms ol disessioalosy paramiters |Bat can be
faund in the scaling laws derived by Benseit (8],
The inelbod al adcilysis with (Be semphlyime -
sumphiond which paade the denvalion al cjuinsis
posaibic is expluined. The boundarics betwctn Ila_-c
Bl regianis ane eslahinld. -ﬁ-lw._d‘xh'd-t:ﬂ-lﬂ!
e gredion for deorminang The exd guslgy @i
which » beeak will oedar i Une bunsiut-cxi quakily
pelazicaship in the C-regime.  The iguations do
fiwed from, exponmeis wath Fresn 1Y barmoo)
daig were used 1o prodic) warer duin oid the passs-
bility of applping thein 1o ther saiwraled liguids
was folikiied.

z CORRBELATING EQUATIONS

Barnell [8] suggested (5 following relatieship fog
hurmiol in ssisied Doss:
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The dimersionless pasmmeters should permit ihe
mindelling of bugmoul results from ooc salurdicd
fuid o aecdher, eg. from Freos- 113 io water

n A= "-I“I
e L

Thoy wene later found o be suitabie sbso for
scaling burmoul Duxes in suboooled Freon-103 [9.
Tio-adipl e expression [or the presesd case the
fellemwing assemptions woe made;

{a} The lest dimensmonless graup was nogheo-
edl since, in the wested mnge of pressuse, the vans-
tigws of op end & wore soall wed the otber Lenns
apprac im the reenmineng groups This i alse
cogaistent with the fedinps of Foaes 2od Halfnwn
140} and of Adsdevey o 8 [l]: |h-.|rq'|,1||d k B
animporiand and have wa effect on 4,

({3 B owiEd fardser staled thal ke &, valucs
follow & Hpear refatiosship with AH, Therefom ax
can Wikl

Al

- I - ———
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which €an be eapresacd im the forn

4 Mf,}
8, =dlf1rg-t {5)
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ahere Bexig and #," 5 b bansoul lux al oo
subcoaking (A=K sdich cxn be comclased in the

o
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The 1erm Gy"ip froen Egn. (3 was modified 1o
Gopip "y because o wae found that Gepinm
menmins faidy conslaot for 8 padicular coolans
wilkin e i6sl presssare renge i for Feean-113 in
the mnge of 1003 - 165kPa. This spplies to other
coclists ie. MO, Freogs-112, NH, and Hp for
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dml[j'ﬂﬂuinﬁl:wm!m-lis Thaas,
it becomes possible to wary he parumeter
Ly - -thp,tpmnd:pnﬂ:nt} aned 10y
were kepl conslanl.

mmmwtuﬂ.nminmmeﬂﬂmm
wat lmited o bwo for each of the rod
configuntions {eves or odd). Themtare, it had 10
be sssumed ihat the dependemce on Lid, was
Im:ﬂhﬁlit-hulﬂlﬁ'ullilrmudlﬁrs [+, 12].

Consequently,

ﬂ'f{m] i

The a" o Bppsriog on the BHS of BEgn (5} can
b corelated in derms of the paraqERcr 53
in Eqn. (&) which is finally expressed w5

i .._Eip- x F '!“ B
m;ﬂ .HP-L 4 ;'
Ly
Hyghy 2 F _.F.llﬁ
Py

The ¢, dats were abgined fromm ibe Enlersecis it
e, AH, lines with 1be 4, - anis, In view of it
difficalixs in meintaining AH, = [, the et puer s ed]
valuea wese used instend of dimat RICASAENC RS,
The @, dala cxpressed in ihe dimenskonless for
a5 op ithe LHS of Equ (#) was plotled agains!
G *pipyp, for fimed pup, (and henee fixed peessucc)
and for a given cluster yielded 8 cume with
dierent sbopes in the Mow regimes. The praphical
representation of Une #," data for e G-mod {ewen]
and Sueh wre presentid in Figs. 2 snd § reapociives
By, o G pach clusier geomclry soconfig b
Equ. ()

The form of Equi¥) w valid in all Flow Tegimes
cxoept [af e evem-chesters in the Coregime which
i chamcierisad by bigh Plow mabes,  Heke, the
dependence of g, on [aH/H,) T represented EY

ﬂﬂqﬁuﬁihmui[wﬂ#ch-‘zn!ﬂuptnr
1hé ¢, - &H, line, Eqo. t:}iuﬂ:mfn.u-ﬁﬁt.dl.u

H
b, = Hi\l * xrr.?:l ()

The skapo K in Eqrs. {5} and () could be detsr
mined by chousing an arbitrary waboe el (AH), sod
expressing the carresponding bumes fluxes -5
frund on the &,-AH, line in 1be torms of the param-
ceers in Equu(8).
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Since &, is mlased W 4," by EqaiS) or (4] as:

hJH- {10}
ﬂ-ﬂ{ r_ﬂ"
ke alape K, bocomes
H‘:l" "ﬁ = l:ll]
%" TEuy, | ‘]

By was comelated in the same way as @,” i lonns

of ke dimcnsionless paramecters. Boproicnling the

slope at sey pressure as B wilh My as {1}, then

Ean {11} can he mewrizlen using the carmeltcd
{ Hph

Torens:
ﬁ-iﬂp pi g
xpr-J';{ Hl_l- fp{p:""‘_p F_...r dh !

SEea

Using the expcrmimentad sesull presomcd i Equ.(l),
" and £, cin be relnled 1o tke waluds &1 1 Bar,
8" and $,," respectively s

¢;-¢;,[&] !ﬂdtﬂ'tﬂu[-&}

Suhatinating for @ and &% in Eqa. (10) wsing the
capressions {13} gives the eapression

i TAM |
e el
) (gl omy) v
The sbowe equation is vakid for auy pressure greasr
than 1 bag, and Tor 1 bar comditions, it simplifics 1o

e A 15)
L P T
o = 021 » o)
"9

12

Mow dividing Equ{14) by Equil5), shows ibal

(et -}

(e S ha) -1

fos & specified cluster geomnelry in & faw regime
where @ valoe remaiss the sanse. Thas, the change

of K wilh prossurs i given by

b (als) 5,

Eqn.( 1 2h can be modificd using fusd -pmpmmm'
Freon-015 at 1 bar [pfp, = 205, [Hgh
1459k 1kg| 1o deseimise an expoession for ?:a
lesdiag to

TEREERN

Mo, il is possible to delermine K, (1B slope of 4,
- &M, line for any presture geeater than | Bas) by
relating it o K, caboulaled from Eqid(18) ueing
:l:pn-.ud-nn {17

in the limuted pressore mnge of (be presenl EXpen-
meints (013 - 1ﬂkh}thﬁﬂ|iﬂi-t|nﬂ-"l¢ i anall
and there fore, ki Eqno(d) is lLrnn,EI-]' dipendent on
pressure. Mommalling s and $," yiells 3 eosificize
K which i vilually isdipeadem of pressure, @
beaist in dhe Jested ringe.

i Expressinn for §,"

T formes of expressions wene dedived for predict-
ing the valwes. Ooe foom is applicable to dats in
those Mow mgimes where * $N"p"H, v,
Gy"pipp, fuBowed a lincar relalionsbip for fixed
e, and yidg.  The other fomm o equation = valid
lor regiones where the vanation with Gy"p"p, wes
expanential. I owas found ouf thal the variaton
weilly pyfin, was exponential aod it was staled carlse
that the vanation with 1A, wax sssumed o be
Iypertokic, Thus the caplicil farm of Egin(6) s
either

L,

/ ":J[" :"5!':: ] [' * ":l_-.lh_] Erl_

{19}

—"ﬁ: 'E['.:;:E| [’ " 'r“l.,J l

(20
Eqn.( 19) applies 1o daty in fow regimes A asd B
of even chusters (o A aad © of the odd-cluaters. |a
fow regime © of even-geometry snd B ol odd
configuration Eqn.(20) is spplicable.
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Differenl rumerical valees of the exponents and
coellicient kive been ehtained for the even- end
odd- numbered chastors in each of the hree Dow
reginees, A list of then is provided in Table 2

In arfer to delermine the parameter i associated
with Eqei®) when bumout valees. are within H-
(high enthalpy) regime for the C-regime of even-
e red clslors, snoiber bumout valoe calfed g
weas obasimed al the iuterseot of the Homgime line

Table Iia) Constants and Exponents of Egn. (19
Geomatry Flerw e gime o, w Bt £y o, w1
ey ok TAlR i} 0.5
Fwen
b | 17 4k oEs? 1440 Li1L2
s 5 xm 4380 0061
e
c LT ] 0TS T80 Lo 0]
Table 2(b} Constmnts and Exponents of Egn.(20
Gigm ey Frorss B plenc k, % &0 k¢ b w
Fuam C L7 180 [ e 31D
el [ pL AL TR ils i 5

i) Expressions for K
Expressioss Tor determising the pammcicr K {a
measure of socpwess of the g, -AH, line woik
derived to correspond fo §," comelatod equations
(1% amd (200 Tn the light of 1k preceding discus-
$i0m, only expressions for the 1 bar cosdition, K,
act provided and values at higher pressures in the
bested mage can he determined using Equ {17} If
K, is sisply denotcd a5 K. ihe expression relevanl
i the negimes covered by Egn(i9) ie

i5d

Pw, s e s iy

i
i | P

T,

o —— 1

L= :1_‘1 hr.,"_.l

(21}
Similarly, for the rgimes coversd by By 200

s (I /d by
el )

(22}

For the Caegime of even<Clusices she expaneit
O and consianks k, - &, have different values for
the L-ghw) aod H-[high} enthalpy regimes. The
commtans mssociated with Eqna. (21} and {23) are
lisicd in Tabies 3a) and Xb) respectively.

withs the @, -axis (a1 AH, = 0 see Figd.). Followiag
the siime proceduse as belore §,' was correlated i
terms of ibe paramciers in Equi6). Sinoe &, s mn
arbibrary quantity which has o physicsl significant
il was then expressed in terms of §,° the exirape-
lated value for L-regine at A, = 0 and the coelfi-
cieet 8 defined as
p-oiep 3

Teus, from the venalions of ¢," armd . In lenns of
the dimensicnless pumbers (he parameler § simpdi-
fie L the Form

oopad
o tp, 10,9036 [1,/d,]
pie, [ 10,0858 11,70,

(24)

fi=s.07

(i) Murnout « Exit Quanibty
(g = Wt Relationship

I the litcratuee one finds bumaul (Ruscs expresscd
in terms of exit guantity, ¥, 17 we define

Oy, = @yl M= GiAy and d, = 44.F,

then AH, can be replaced by 3., in Eqn. (1)
AH ad, 1 (25}
A R QR e, Al . |y

Heg  GHpgdy gy e



Tahle MHa) Comstanis of Eqn.i21)

1: rr..,.p}"' e ipipl p.:I

Mow the tenm AHMH in Eges.(5) and (%) o be
elievinsted uting exproskion (26). &, |3 then made
subject of the squatices both sides of the equations

nT

imamriy Pl RBrgime £ Ty T o 1
A 264 EA T )
i B *H L 130 14
A Qg 1M Ba
o n e L9 [0 ab
Table 3t} Cosstants and Expenents of Eqn.(22)
oy Fios Bogins Eisdlpre K i iy B k, ¥ 30" 5]
e 145 Al D04k
Evea C L o)
1
|
i a%s s A8 aur |
Cidd H = EIT
§ 20 10 nmT
meahiplicd by v p" The squalios sommespond-
g ke hinear g, - &, relaomship of Egn. (5)
T EATLCTE S | AR beromnes
£ e bl n Egdontang J ll.,|'" L
e Rt
[P - 0
E . Biltgs ™ =
5 a : 1 Sh ¥ o T
B 3 i Lo {isarl G Faipy s - gl :
: . ; (27}
} s : The identical relation correspondiag to Eqn%) s
B "_,." H |1'.11=1:: 'hr
Bl ]
*w"J ;
- 15 un‘*‘.-'.-"r. 1Y
R, Wi mi
E F“Hnu;-hm Hear Fluzes (#," . ey L
#,7) of 6-Rod Clustes, C-Regimes. I [ [ ”
d _‘n+ IBI“’WE”I,:I "}l‘
Milliplylag fhe et term oa e RHS by {28y
) (5
Ii,'l"?]ml'{n HJ'I{'I"'PI' "Rl yoe e 15 vt 10y - Y, s

terms of the paremeters Gy®pin™p,. pip, snd Lod,
only by substiuting the redovand §," expressions for
different Maw regimes in Eqeo(27) smd (26). The
relalimnship correspontding o Eqn{19) thea be-

Comas |
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(29)

Similarly, 1he relaopship for b Mo sepames
sanialving Eqn.(30) &

""’ i 143

r---""-I

E, JI:‘!:"‘!.| ' H £

".z"';;n X =I :-: ki
{30}

I the H-{high) enchalpy segime of C-flow regime

of ¢ven mambered nod closters, subshilion of

Egn.(30) in Egn{28) folbowed by ressrengensen
gives the eijuation:

anE, i-IUFJ ';';"‘n [ e ;H

(31)

The mnges of 3, Tor ike differem Now mgimes are
found Fram  Equi23) using the corrciponding
values of AH/M,. Eqa(31) should culy be wsed
fur exil qualities below e point of break o the 4,

4 line.

“fiv)  Criterion for n break in
By - W Telativeship
It has been menticoed (Bal for evei-nombered
periphenal rods in the C-replime (Bigh mass veloo-
tw) the relationabip berween ¢, and AH M, o g, i
represented by bwoo straight lines with differe
slapes. K, {low enthalpy and K (high eothalpy)
The quankily 3., where lkese two lists inbersact can
he found from Bgre. (27) and {28} Wi desale the
Eloge Ky and the bumoul flux ¢, ie Eqe [27) and
cormepinding Ky and g,y in Egn{28).  For the
imersect gy, = 4y p Vieking:
o Likc-K) Bl a5
K=K,

whire
Sy 41
| Pttt A .F. it
E ﬁ[ ﬂrﬂi’*kﬁlﬂnjf
E:u:E
[p?’p,]

Sebstiluting for ¢y .I'I'h"'i'l it the expression of
Eqn. {200 which satisfics h' data in the C-regime
of even-numbered clusten :ru:hk the relativaship:

(=]

"':'[. i ] .-.l “
it [ e F; 1w Ry fE e h 'E-“
o By - H
PR C
1'-": '-.Il_l # -1
ey, - FI. ‘-3_!}

Exif quality valwes greases than i.,™ compuled from
Egn {33} would be cxpected 10 lie in the Leregion
wihereas smather anes dre shsociated with Haregime
(high subcooling on inlet and bence lovw qualily af
cxith

v Naundaries for Flow Reglons

For ihe comed! sehection of the set of equations
peedicting bumoui in & givea flow regime the
bosmdaries of this regime must be specified. Bt is
Kikely that tragsition regimes exist which Be be-
paen ibe three pripcipe] regions presested in the
studies of Eans [4] end Dulder [5] and in this
work,  However, §f these trmition regimes sre
meglected then the boundaries belween sdmcent
flow megices can be obteined by oquating e
-r.T"rF'l"“t CEpTEATiGas {150 and (200 relovant 1o
fovat pegimes A and B and regimes B and C respec-
tvely. By fallowing this method we obiain for

) Even-numbered Rod Clusiers
The bousdaory, between regimes A ard B b deter
mifed By solving the equation
4
1/ d = AT-1) L) p Tl i ¥
e

ot 140Gy ol ) ‘[ E}"‘"‘
(o] 1-te, 067 pie) Py

(35)

The boundary bebacen regimes B oand C ix deler
mriimead frcan

Lpd, = (¥ - INIE), - FOE) 94
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() Odd-mumhered Rod Chisiers
The bompdary between regimes A and B is ohtaimed
from

Wy = (0 =100, - vyl OB
whemr

{e,}..“, e .]‘EI_’:EE} P

Ez "r
o B L

F‘J'“.Fj_

Finafly for the boundiry berween B and © flow
pegiznes, (e equation that i valid is of the fomm
I, = (E-Dle) -Bik)l 4

wheie
& ﬂ&
!'l 1 '[l-‘lj:l Prtﬁ | lf_{]“-" &
e,y vy P,
[ i

The sebicripis A, B and C in all exprasions stand
foy 1he flow regimes,

The solurlon of Egne. (34 - 41) for Gy pipp, for
Freon-143 al 1 bar are shows wa Fig.3 lor even-
gromelry and in Figf for the odd configunation as
wiertical lines

DIECUSSION AND COMCLUSION

The equatioss Bave boen checked sgainal exper-
menial resulis obined esing the even and odd-
sambered md clustens inthe differem fow regimes
ini Freon-T13. Oithe whole, safisfuctory ggmement
it found betwors predicted amd ¢xpesimental
regalts. For ihe clasiens of even geometry; ke
maximum RMS - devistion of the esperimental
values for the A-reglme & 238% and the ondard
devialion .77, Comtilenng the clusiers of odd
irramgement, 1he sgreemonl is oven bedler with o

41|- el Lhn

L] ]
N .l'lh,-'l.l ',

Varistion of  §,%"%p," with
G p, in Flow Wmﬂ-;‘{ £ Hod
and 4-Rod Clussers (Evess).

lh"ﬁ L LY

e

MoM W M W o :ﬁ;_I
'i'.“F‘"'r.“'l
Figs: Variation of 5% H, with
G *p, in Flow Regimes of 5Rod
and 3-Riod Clusters (O,

nuximzm RMS of 2 38% snd standard deviation of
$2.13%. I can be seen that 18 deviations for sach
Erometry (even or odd) are quite Emall asd this
implies thet bunoust beat flux gre well predicted by
a particulae s22 of egailions for & cemiin peometri-
tal pattern of rod-cluser.,

Mo equitions were found in the literature which
cowld cormespond 1o the prometrical charscieristics
of the lested mdd chiesters st (Be low pressires ueed
i thas siudy,  However, for the cumcierstio of
the peesent S-rod and 6-rod chasiers, Machell [13]
derived equation for bodling water at 69 bars {pyip,
= 2006} and Tong's cormelation W3 [14] for weier
81 132 bars {pfp, = 7.2) ought o be paitable for B
sod C- flow regimes, slbeit of high pressores, In

ny Jeurnal of the Vavarsily of Soieace ind Toclnalogy, Knasi Vohane 15, Mucban 3 & 5. [959



onfer t0 achieve a meaningful compantan, the
scaling facfors based om Eqnii} were med o
compate 1be bumowt Muxes sl high pressures and
thben scaled from high pressure 1o low pressure.
The phot of ¢, vs. p for water system shown in
Collier's [6] book was used (o extrapolate the curee
for 69 bars and 138 bars 10 844 bars {correspond-
ing to I bar of Freon-113) w obesin ihe pressue
scaling factors of 1.57 and 3.40 respeciively.

The burmoul Beal Buxes obtiined i this maneer
were compared for the even-numbered cliesters in
Fig.7 and in Fig.8 for odd-pumbered clusier with
predictions uging the equations. The compamneon
shows measonablic sgreement with the cotrelalions
in ihe B-regime and in the low exil quality region
of the C-regime a8 far a5 the absolue valees of ¢,
are comcerned, However, al high (Bow mtes and
bigher exit qualities, ibe present resulis are substan-
tially kigher tham those predicted by both cormela.
Hons. This & obwvicusly dus to the break and
change in slope which is not reflected in the water-
correletions developed for high pressure systems.
O ibe other hand, the comparison in Fig.8 shows
ibe anomalous behaviowr of the odd-numbensd
custers. Siace rod clusters in puclesr reacions sre
normally of (ke even type therefore will have
provided the data on which Macketh's comelution
iz hased, one would pod expect il 1o predict bumaoist
valiees for the apomaloss clusiers cormectly.
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i 5 correlstion
WMMmmmmﬂfmm:c
{1} derived for anpuli and Bowring's j15] equation
for uniformly beated tubes indicate large deviations
in mass velocity regime, as shown in Fig.9. Quali-
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l-lii'i'ﬂj'. thig GBAEAVEILON & COBEIBIEnr wilh the
Fesuldt that b rnost date in ciroalr lubes, ansuli and
o bundbes do podl follow the same irerd.  Howew-
er, Uhe trends followed by low pressure burnow
duts in (ke above meptionsd geometries could be
confinmed by experiments ueder dow pressuse
condileng,

The cormluing equateans weds develeped in lenea
of 1he dimensiondess propenics suggested in
Eqou{f] for a modelling Muid, Freon-113. in order
o asscss their more geneml validity the presest
cormelaticn mast be adopted for other coolasts. The
original expression Gy™p® propesed by Bameh
was modified o Gy*

pepy. It is boped ibat the equations cam ke used
fo predict ike burnowot dats for say other saturated
fhald in the density ratic, pfp, = 208 - 129 fpvesli-
gaced jm thas study, Heece, o reference pressuse P
is chasem al which the densily ik is fhe same s
for Fream-113 ar | bar, be paip, = 205 This means
thia the Eqaa.(19) and {20) would be sehstinued by
Ihe [Maid properties of 1he coolant.

In oeder B0 obdain this momre geneml form The

comesponding o pfp, of 205 is denoted as
F.. 3o thai the = Gy"pip"p, becomes
G B P P Mow, we could expect thal il in
differesd  liguids the t=ms LAk, pfp, and
Gy"pip"p., are equal then the lerm $,%"p H,,
will be equal fon. The paremeter K cam be deder-
mined for aoy pressure (withia ibe pp, mnge of
208 - 125 in this smdy) usdng Eqn.(i7T) with K,
becomming. K, and (Hy), a3 (Hy)... K, masi be
evalusied wsing Muid proporties a1 p., (0, = 205)
and v = dipyp. Vdp,,

The fluid properies of Hy0, Frepn-22 amd MNH,
were used far Frtd.l;'h'ng q,'f"“'.l'p,"l-]‘ wilues fene
ihe derived el of equations for pip, = 203 asd
plogied in Fig. 10 amd for pip, = 13300 Fig 10, All
calculated valees [l an one ling Wgether aith the
Freaop:J 13 dals, but for a conclusive prood 1hat
equations are uvnivenally applicable, experimental
data for diffezent {beids are necessany.

In sunzmary, modelling of the bumoail bheat flux bas
been demnosimied lor evem- and odd- pembered
peripheral rods.  The deviatioss lor each gecaeiry
[even oF odd) ar: quste amall asd (ks Emplics tha
burscut heat Muses are well predicied by a particu-
far 51 of equations for a cerinin gesmetnidal pattem
of & rel-clustes,

]

A, flow area (=)
£y o, Constanis in Eqms. (19} & (21)

specific beat al constant
preasuce, (Klkg™C)
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d, heated Wydraulic dismeter = 4 % fow
areahested perimetar{m),
e mass velociy (kg'm®-5)
enthslpy of vaporizalion,
(kI kg)
AH enthalpy of sabeoaling (kKlig)
k thermal coaductivily of Ligaid

(EW/m'C)

k, - k; Constants in Eqns.(17) and (19)

l,  beated Jength (m)
th s flow rate (ki) -
P,  bested perimeter {m)
P absalule pressure (Nim’)
Q,  ermout power (KWim')
Greck Symbeals
13 paramctes, Eqn.(24)
Y PP JEp (m'/N)
iy density of liguid phase (kg'm™)
p. density of vapour phase (kgim’)
B exponent, Eqn.[19)
a expanent, Eqn.(20)
v expanent, Eqn {20
(N trarmaut heat fux (KWim®)
Mote:
- &, measured - §, predicted
oy, mupured
—
&, REFERENCES

.

Bewmath, L, A Theary of Locsl-Boiling
Bumout snd Iz Applicalion 1o Exisling
Diata, Chemical Engineering Frogress

[ ]

1D

(E8

Symposium serics 56, Mo 3, pp.95 - 116
(1960, -

Berger, FF. and Akabo, EH.K., Effect of
Rod Bundle Geometry (Even-Chid} on
Bumoul, Procerdings of Fh Tatermations!
Heul Trarsfer Conference, paper FHIE,
Munich, Ger., pp 267272 {1953)
Macheth, BV, Odds and Evens. A Foo-
meals far Enfuncing the Dryoul in Boaling
Weler Reacior Fuel Chamnels, UKAEA
Bepoat, AEEW-R (1354)

Karto, Y., fGeneral Foitwres of CHF of
fprced Convectinn Bodling in Usitormly
Heated Vertical Tubes with Zor [Enlet
Subcooling., fatermativnal fouwrnal Meat
& Mass Trongfer, Vol.23, pp. 493-504.
(L

Drakbes, A E, Modelling Twe Phase Flow
aed Meat Transfer, Sth fat. Hea! Troasgfer
Conferemce, Tarpnlo, Canada,
Aug[1978),

Collier, 1.G., Convection atd Condensa-
tion, MeGraw HEl Publizhing Corp.,
(1972

Kirby, (), Sanifodh, R. and Kinngir,
TH, A Viswal Shuedy of Farced Cosvectian
Bailing, P I, AEEW-R2EL, {1555),
Bameit, .G, The Scaling of Fosced Can.
vection Buoiking Heat Transfer, AEEW-R
134, (1963)

Cocifield, Jr., R Dy, Rehner Jr, W. M.,
and Tong, L. 5., A Subcosbed DB [oves-
tigation of Freon-113 and its Similarity 1o
Subcooled Water DNB Dmbs, Nuclear
Engineeriag and Design, Wal.11, pp.143-
153, (1969)

Tomes, ). K., and Holiman, H, W., Critical
Heat Flux of Boiling Water is & sod bun-
die g5 4 prelude 1o Boiling Potassim,
Paper No. TORHT-22, ASME Fluid and
Heal Trangfer Meeting, Detron, (1970}
Alsdvev, 1. T, Goddor, [.-G.. Dodonay, L.
0., sed Fedyniky, 0. 5., Hest Transfer to
Baoiling Potassions in Uriforely Heated
Tubes, Heal TrongferSov. Rex 14}
Pl 426, (1965,

Bamnet, F. G, Investigathon inlo the Valid-
ity of Cenain Hypolbesis irnplicd by vari-
ous Burnous Correlabions, AEEW R-214,
[ib63), ;

Macheth B V., The Bumout Phenomenss
in Forced Convective Boiling, Advarcesin
Chemical Engineering, Yol7, pp 107
{1965)

Tong, L. 5., Predicizan of Depertsce [rem
Mucleate Bailing for an Askally MonUni-



form Heat Flux Distnbution, J. Meel

Energy, Vol. 21, pp 241-248, {1957,

Bowring, B. W., A Simple bul Accurate 3
Foansd Tube Usiform Heat Flux, Eryow

Comelation over Pressure Range 0.7 -

1TMMN/m? (100-2500 psia), AEEW-R

789, {1972}

laf me U ity of Sesence and Technology, Kamasi Yoluma 15, Nesbers T & 3, 1903



