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A Study on Boiling Heat Transfer in a Impinging Subcooled Water Jet System
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ABSTRACT

This paper describes the boiling heat transfer phenomena to be divided into three regions, nonboiling,
nucleate boiling and burn-out in the impinging subcooled water jet system.

In the nonboiling region, Nusselt number is a function of Prandtl number, Reynolds number and
4T,./T.s. In the nucleate boiling region, the heat flux increases with increment of the nozzle exit
velocity. But the degree of liquid subcooling does not affect the shape of the nucleate boilng curve.
The dimensionless correlations can be expressed in the form of ¢4/K; 4T,.)=C(Bo * C;*+ 4T /Vo?)
™ . (Re/We)". The burn-out heat flux increases linearly with increment of the nozzle exit velocity,
but independs of degree of subcooling and the supplementary water height.
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Bo=g¢/(L,#,V.) : Boiling number

Bu=(#—p)/P, . Buoyancy modulus
Nu=hé/K;, . Nusselt number
Re=V.B//Y : Reynolds number
We=0Vz28/7 : Weber number

Re/We=10/V,Y £ . Weber-Reynolds number

1. #&

#

ERE A B E 2 o] BRI 2
Fugo] olRojAe AL HHBEELANN &
Hligo] SAHE o|TS HEEH R
BEe F2uToYt EFHRBHRA 9y
WhAA S5, gdutdes FEERFE
ARFEFIY, FEIY, gERIdez 7
WEI, EHFYel Eame FEY We) qu
71 TE BT Sl BEsIE e mtE
FHstE RAEER didgd, dsteE ¢
Hele FEERUEL AEH] /5y F
7tol whe}l FEEhRR, BiEhER ¥ Burn-out¥@ Ao 2
W37 dojdet

ol 213l BB A THEHWoZ EREHS
B T2 BRI o EEAAE T
¥R EHY £2le Bl BA BiRS
HIFE sH= Tl 2 Bhol Burn-out®ho) o}, @ZetE ol
ol gt BHIH HIERY KR ES T
sl BT 59 A Bergles®t Rohsenow, Ruch$}
Holman® #¥ & BEY ZHBEEdAMAE
M, T, SR EE, Al A7), BEE e
B WESA e B BBl LoAs
s A JervR geda #®ES 8 U
£ FinksV& Tl &9 EHNEGHEKSE
A 2R3 e E ERBRIGAM s HREE
2 BAE FAIglel 4742 T4 YHlE
FA4e) YEl G #E AT

v RS, BHYS EnRimRA B &
E=7F 485 A A Feobs ol A7RY A
Aot g RFE&E7t 3718 ot B

:.?.
#
WEUE A BifiRol F7Hste £ FEFES

TERIA - HEILE RICE H5E F151(1993)/1

FEo] et S HH.

Burn-out #MEHE] BT FERA FEL
SRS Burn-out BWEERE TRe £
ABYQ ®KTAE Weberll, Reynolds¥, & —
whe LWER, B, EHE FoE #Rst
o, Viet 592 X3l 2 Alse FU7
AU Fol 5ol A BETE, BEE7T BRAMIR
of v]X = Ei# U3l Burn-out &L K
B (u<0.38m/s) MM i xo ot AT
Agoz wmaA, BHEE>0.71m/s) A
t BAEC et SHEAel BEstda &
&3t}

+ WEe EEmEEERe] Esvgd &%
ARV o] o] Al @A KN o b lalfZEm
HopEE ol A FEBBER SR, SR EIR R Burn-out
BiRE TH EREE, BBE =€23Y
A = XK FFF0 A9E F7 948
BHEeZ gold 43S 4¥xoz n#d3ux

g},
2. WhkE X WBAHE

21 RBRER

EEIEE S Mt Figld 2od, 3%
e8] B AHgEAC. mBkEOY E& 9
B2GKWX3) ol o8 —E BAHBREZA
#x) o] EMEHZ@(SF-3700, 5HP, 1720rpm) ol
8 7gEn, =E@AMY EFEEE 2¥
A& HAFo 4HAE ol &3 FEIAT.

BEEES H/B=20B=3mm)< X 43
33 WEIKE AT W EEAE HEAIT
B RN R2FZOUY HWBIKE E17t
e —EEE FABA FEES Bar
BE7 443% Fdsrt A8 W7tA wEA
ZAch ERE #HET L BUHEOIA oA
mEaKEOE BRE & AEE BRKEREZQO
(200W, 1/4HP, & "m) 2% & HEIUL, #
B S-S mBKIEE R E ke BEEE T
s A EAHZE(100W, 1/8HP, & Tm)E &
At Mol olstd RESFF@AM R
RHE KETEF WBE @Bl e &



12/

3

R ®
1. Heat Tank 2. Heater 3. Fu-jet Valve
4. High Pressure Pump 5. Manometer 6. Oritice
7. Nozzle 8. Guide Plate 9. Water Chamber
10. Shutter 11, Recovery Water Tank [2. Test Specimen
{3. Copper Bar 14. Thermocouple 15. Rectifier
16. Multicorder 17. Thermocouple 18. Thermometer
19. Digital Voltmeter ~ 20. Circulating Pump  2{. Water Pump

Fig.1 Schematic diagram of experimental ap-
paratus.
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Fig.2 Heating apparatus and test specimen
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Fig.3 Effect of velocity on heat flux in boiling

curve.
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Fig.4 Effect of subcooled degree on heat flux
in boiling curve.
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in nonboiling region.

R FHESS ERTREN 4T./Tu
o] BAtRE Fig6oll Al JebR viel o] @4 o
ZF7tol & HmEES 9% Jed slez
A ESE S g get FAESTE B S
AL K(DY &N BAESY S &
BRR ¢o BMERNT,—T) F718o] 2
7] @ &olr},

ol 5 RENA (AT F7+e BE 4
Ee] MAES X BRE@EANA HUSY 5
B ne —0592 A Vel a2l Fig73 2ol
ftEol S Nu » Proo(dT,/Tu)" Y 3& B30
T ReB 22 TAIEHE W BE4E AMEER
X GAFER(S/B=0)9] Hgol 2 BANL
e 28 A¥4ez ey

Nu=0595 - Re"® - P+ (4T/Toe) "*--(2)

S A FEHIMBERS NuBie BHEES B
HEES] ¥ R ¢+ Ao, @)Yy
AHEE T 23 98% 2 YElN T

4.2 %k #ME

BRI SR Rl ARG EKS MEES
Yhste YERES v BBMEAME (T, R
A HE (g/0Ly), BiR (), Hile] Mgy
K&Ky, REEN(D, KB BRERE),



Ha
b4
%EI
2
J

R - e wmE(e, o), BHRES Z1(0), EE
(G, i) BSE (4T, =5 HAEE
(Vo2 718¢ o, o) o3l duFFH
AR &L X¥ste FAATE eH 2L B
F2 Aojdr

9!~ F(Bo, Bu, Re/We, Cy ATV (3)
K/ ATml

2(3)& BYY 59} C,IT./V, € T3] Bo -
Cp - ATV HES TAUFE Fosa A
(O3 o] AT 4 U

_q¢ _ .C - "
K/ AT —‘C(B(J Cp Ajﬁsal/‘/oz)l

sal

X (Re/We)™ X Bo™ X By™:++--+++ (4)

add 2 AEE A BHHEBu)E 0.99
2 4Asy, RYY$E vad @e HEE
Jehdz glom 2 gtel Ao $9¥ 13
T glenz 449 3 383 4%
BoSt BuSl 4%e FAs712 Sk vt 4
(49 glKy/ 4T.uSt Bo(Cp - AT /Vo)ol W&
48e HESA Figs? 2ol RE BAE
)5t (BoXCp ATw/VoH) S FHiEHE —0.26
ol KBt o] AdE B AYEAY e
BEE, HEFS mold Wate o 4E &
=t

é q e/I{/ ATs«I:

C-(Bo* C,* AT,a/Voz) 026, s0narrrennrrrens (5)

T =F HoEEY @A g A
Aol A B EE 71X REEHA T BE
Z g —Hol5Z(ReWe)} EH&Y FAY
gtato] WA= Figosd Lol o) (g - 4K, 4T-
w) * (Bo* Cp~ AT /Vo)*®&, Hlhol Re/WeE
A3 @ad o o2 2 SKRTAE A

KT RE 5% 5£155(1993)/15

S/B=2.
q* ¥/K AT =16.3212X104Bo « C,
ATM/VOZ) —026 (Re/We) TO i (6)

ntz7tA 2 §/B=0, 1, 39 B¥dAxE &
Ze 2oz ZHAE.

S/B=0.
q * YK 4T, =10.1034X10*(Bo * C,

AT./Vo®) "% (Re/We) ™ cceeeirninnnnn (7

S/B=1:
q- e/}{j ATml =4.8342x 104(B0 * C/)

AT../Vo?) "% (Re/We) ~008:rrreneareeans (8)

S/B=3:

g YK 4T, =6.5621X10'(Bo - C,

AT,/ Vo?) ~0% (Re/We) 008 ewranmennseene (9)
10°
.t
W b
. Tr
EI & 8
LI °
3
5 ;
i s/B = 0
5 o ¢ ATew= 20°C
z o f 30
Py i n L

7 ] ’ 5 2 3 4
10 Re

Fig.7 Relations between Nu, Pr, 4T.w/T. and
Re in nonboiling region.



16/

2 b S/B = 2
0 : ATua=20"C
ot 30
A
104
7 °f
3
N3
<Y
s
2t
3 : L 1as el i IR AN 1
10102 2 [ 3 2 5 104 2
BoX(CpATea/ Ve?)

Fig.8 Relations between Bo « Cp 4T,./Vo® and
q * ¢/K; 4T, in nucleate boiling region.

4
10°+
T
—
94 st
p4
<
-3
[
-z 2 4 6 8
10

(BoXCpdT,m/ Vo )" (Re /We) ™

Fig.9 Relations between(Bo * Cp 4T/Vo?)™®
28(Re/We) ' and q * /K AT

o] Az} AEZHE Re/We’t S7H3 wet
gdAgAFe avteA gt Ao =8 Y
HE gRGASE REFE AN 2 7

$7t wee & % ATk
5. Burn-out #HE

Burn-out R HWHEE 2 BRFT Fig
109 JEMA vieptol o] @A TR
HzyE gold e 4% F7tTuiE
Ela glon, Fl—% B%E B¢ MiE
B #@inge] el Bum-out BiRT HAE
o}, o]9}zro] Burn-out FAF AT BEFIERE o2

™0t
e
O ! AT 0=20°C,S/B=0
51 ATmm2fCs/B=0
o a: 30 3
E - 2 40 2
~
z .
S
2
o
. o
2 3 [ 7 ] 9

Vc:(m /s )5

Fig.10 Relations between burn-out heat flux
and nozzle exit velocity.

MR BRE R ZE ®EIKEA datd o
&3 #Zol FA €.

G5 PoloBeeasseerenanini i ( 10)

A7 EFE=(Vo)st Burn-out Ef<
g G B B M, BABE
ol Al %3] Burn-out iR MEREES 0.33
ES YRR led o A%E e 93
LEol d¥EMGH FEIe HE dgA
&9 EERWM =9.6~571d=0.7~4)3
wled, B ¥ Ae Ayt eEa 3
Wage] Agdel AFALN(L)T =FHol(0)
9] b L/¢=075 ddB8F ()t =&Z(B=3
mm) 9 H b/B=3330|28 HEgwAe FEY
Ho] JUHoe g A7 W AEHEFe A2
o] FAHE Hde] duHoz FAA Heo ¥
Fxg % AgAdee] @3 dFol FE
Aoz AL #H B HEd a3z
BHE5E AL AFUILFY BV 449
0567kl vlns 2 wl A HAMG Tuigtg
etz led, o)l =Z9] 75183 He 9
oo ME Aoz A4 Hc) o]} #Eo] Bumn-
out F&Eol UF EFEEY B R
WAk, MHE e @E Fame Bk, HE
2 EAAE Fo 4%S dechn Ao



6. % A

E-EAmEE B 60mm (EC Je

ERERmEY BSKEAET d4A Aoz &
2’;%6}%

3, =EHOEE(), RESF

FEOl
T2 8o, FEdh

B8, B8 2 Burn-out B E ol 3§ KM

ERE ¢ R 920 22 FRS 4k

(1) FEBmEE, KAWL Bfike
WEECY Emdol et 25 SRR
REoz BT

(2) FERERANNE BAES S259 2
H 5 HME BBREREOZ ol 53Xl
BBREEEA A BRE A glel #
WMHEE A —EHR L Hmste] 1 4
ko] el gtk

(3) HpRy |BATAE
.
g - ¢/K; 49T.. =C(Bo - C,
(Re/We)"

(4) Burn-out BfiR & £F&x9 F7ld o
2t ded Frten gloen, RR&x9
0.55% ¢ =l g}

9o 2ol HAl

- ATy V) 0%

2 E Xk

. Bergles A.E. and Rohsenow W.M., 1964, “The
Determination of Forced Convection Surface

Trans. of the ASME.
Journa! of Heat Transfer, Ser.C, 86—3, pp.
365~-372.

. Ruch MA: and Holman ].P., 1975, “Boiling
Heat Transfer to a Freon-113 Jet Impinging
Upward onto a Flat Heated Surface”, Int. J.
Heat Mass Transfer, Vol. 18, pp.51~60.

B XK, 1987, “BIRAKEARY BEE &
ol BARE EERAY BIEET, T AEE KB
HERLr w3

. Fink J., Gaddis E.S., Vogelpoh! A., 1982, “For-

Boiling Heat Transfer”,

10.

11.

12.

13.

. K, BAMR, RIEM, 1991,

R - BT WK #5% 5192(1993)/17

ced Convection Boiling of a Mixture of Freon-
11 and Freon-113 Flowing Normal to a Cylin-
der”, proc.7th, Int. Heat Transfer. Conf.
Miinchen, Vold, FB5, pp.207~212,

. FRFRE, HATHE, &35, LEREIT, 1991,

IR A A TU—TII BT ARBERD
AR RS R, IABRBEBRERE
(B#), 5745, 538%%, pp.186~191.

. Bk —, SRER—, FTAXAE, 1989, “Hh

BEOCEHOBREEICHET AHR(ERE O
HhEE)”, AABIREGHR TEBHR), 55
%, B5113%, pp.770~775.

. R B, PTHBAN, 1975, “B R AR R

D= T FEEBOWERT, BAKRES
RCE (280D, 4148, 34155, pp.306~314.

. Vliet G.C. and Leppert G., 1964, “Critical Heat

Flux for Subcooled Water Flowing Normal to
a Cylinder”, Trans. of the ASME. Journal of
Heat Transfer, Ser.C, pp.68—~74.

“ShE kM 4
AiZKRIT MR igEd W ot
%7, BRAT - KR TRRUE, F3E, H5
5%, pp.395~403.

Hussian A K.M.F and Ramjee V., 1976, “Effe-
cts of the Axisymmetric Contraction Shape
on Incompressible Turbulent Flow”, Trans.
of the ASME. J. of Fluids Engineering, Vol.98,
No.1l, pp.58—~69.

Moffat R]., 1985, “Using Uncertainity Analy-
sis in the Planning of an Experiment”, Trans.
of the ASME. Journal of Heat Transfer, Vol.
107, pp.173~178.

%) EHE, 1980, “RV O hBVHEEY B H > T
BRIIIRRT S L EOBRBMEFE, HLK
W eRCEBR), H40%, 4013 pp.
121~128.

MA C.F.and Bergles A.E., 1986, “Jet Impinge-
ment Nucleate Boilling”, Int.J. Heat Mass
Transfer, Vol.29, No.8, pp.1095~1101.





