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An Experimental Investigation of the Boiling Heat Transfer
on the Vertical Square Surface

Jae Kwang Kim, Jin Ho Song, Sin Kim, Sang Baik Kim and Hee Dong Kim
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Abstract

An experimental study was carried out to identify the various regimes of natural convective pool
boiling and to determine the boiling heat transfer curve and Critical Heat Flux(CHF) on a vertical
square surface having a 70 mm width and a 70 mm height. The heater made of copper block with
embedded cartridge heaters is submerged in a water tank at atmospheric pressure. As the heat flux
increases from 100kW/m’' to 1.2MW/mr', the heat transfer regime migrates from the nucleate boiling to
the film boiling. The boiling heat transfer data are fitted by Rohsenow type correlation. An explosive
vapor generation on the heated surface, whose size and frequency are characterized by the heat flux, is
visualized using a high speed digital imaging system.
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Fig. 1 Configuration for the In-Vessel Retention
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Fig. 2 Schematic diagram of the test facility
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Fig. 3  Heater block and the thermocouples
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Fig. 4 The input power and the heat flux
dissipated on the heater surface
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(b)

Fig. 9 The side (a) and front (b) view of iso-
lated bubbles on the vertical surface
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Fig. 11 The wavy bubbles on the vertical surface at about 0.8 MW/m’ ((a)—>(b)—(c)—(a)) and the

{d) is front view of (¢)
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Fig. 12 The wavy bubbles on the vertical surface at about 1.0 MW/m' ((a)—(b)y—(cy—(a)) and the

(d) is front view of (c)

B M= oF 0.1 MW/m 0)Ete] Q4o R
g W fFEd gt dd¥ez Jtgdd 3
4 Fel Aol d&o] oF 142 kWi B UMY %
Staz, 7tEd AgRiol o 62 kW/m'z JH v
Steh ol o2 Kol FARFA fEol o @
dojuA dAddel dFS vxe R ¢ F 3l
o z27]d EHEEE 9} 0.1 Kris ¢ v]-&2 3
2HTy 7}, AZro) A BAEE PaHow
A7tk oF 500 sec JM]*J WZ5do] Aol
A 8E ReoldA dulF ddoz Hojwr}
B s Aol Ewsie @z AFo
Fig. 149 Zo] ZAIHo] oot ¢+3e ghujF o
Aol A A3 e Bojtirt dulg ddow
d3] Helrh =W h¥e arx wWlsiz @&
ok

4. R 3 AHE

Woig 2ANM 44 stddede $z
of el 4A 9% 2 9V AFE 23

12e Adg Yty

AHdY 2 8E Rohsenow A#2AE& o] L3ld
fitting & < AU (47 HAxo A7, Fig.
8 A1) 71&q FyH Fe YA A<
Nishikawa®} HEA59 vBlwd v A&t A,
E3E A4 NIEE o = YAk

a1& Oxg sHiEtg o] &3 A EE g8t
o, 7]¥ AEo|l AA Isolated bubble layerSt
Wavy bubble layerZ UH = AL @&} c) 0.3
Mw/m olstell el 71X A% L Isolated bubble
layer2 T7HE 4 ded, o wo= Y|¥E
Mz BAHA flo] 71499 249 59 ma} o
TR 2 ool Me Ao E  Wavy
bubble layer?} #EE ) o] JHojME 7T S0
BAAEA A, A, ojge HAo| wtE=
F7IHQ ¥ B Yo Zr¥5E 7]
EAS 8 FrUle wexe AL 238 &
pei=



1244 AN - $05 -3

80
800 4 —— T _wal(T1-T4}
T owalTS~T8) % 280
no T_wak(18-T12)
<& 500 T wan(T13-T18r] 240
= - Flux{T1-T4)
E 400 o Frseryy 17203
* w-Fluxte-112) ] 00 ®
2 Film boiling o Flux{T13-T48) -
i w00 region 4180 S
o 2
L Nucleat boiling J 108
cegion a
> " ol -4 140 O
100 4 .
I g ‘ 20
o) — ]
R e s T v . s —] 100
o 100 200 300 400 500 800 700 800 200
Time(sec)
Fig. 13 Heat flux and wall temperature var-
iation
300 1.088
——- Pressure
Film boiling —o— T_wali(T4~T4) 1 1.085
O 250 rogion o T_wal(T8~T8) ] 4084
2 -‘ - T_nu(‘re-‘nzg 1089
T s T_wal(T13~T1 3
v -
£ 0] 1 oazg
(] {10012
o o
2 10808
E 1504 Nucleats boiling
< egion 1079
S 1078
100 4
41077
; x T T y T T v
0 100 200 300 400 500 800 700 800 9800
Time(sec)
Fig. 14 Pressure variation as wall temper-

ature decreases

Z 7
B dATeE Barler 4z $37]) AT HA
of o AL At

oo

(1) Jung, D. S, Venart, J. E. and Sousa, A. C.
M., 1987, "Effects of Enhanced Surfaces
Surface Orientation on Nucleate and Film Boiling
Heat Transfer in R-1.," Int J Heat Mass
Transfer 30, 2627~2639.

(2) Liang, HS., Yang, W. J. and Vrable, D. L.
1998, "Feasibility Study of Immersion Cooling of
Multi-graphite Composite Surfaces,” Proceedings of
11th IHTC. Korea, Vol.2, pp. 512~526.

and

/}_].71}\111 -7

(3 Yoon, H. J. and Suh, K. Y., 2000,
"Two-dimensional Analysis for the External Vessel
Cooling Experiment, Journal of Korean Nuclear
Society, 32(4), p. 140..

(4) Yang, S. H., Back, W. P,, Chang. S. H,, 1997,
“Pool Boiling Critical Heat Flux of Water on
Small Plates: Effects of Surface Orientation and
Size," International Communications in Heat and
Mass Transfer, Vol. 24(8), pp. 1093~1102.

(5) Chung, F. B., Haddad, K. H., 1997, "A Hydro-
dynamic Critical Heat Flux Model for Satured
Pool Boiling on A Downward Facing Curved
Heating surface,” Int. J. Heat Mass Transfer, Vol.
40, No. 6, pp. 1291~1302.

(6) Pitts, C. C. and Leppert, G., 1966, "The
Critical Heat Flux for Electrically Heated Wires in
Satured Pool Boiling," Int. J Heat Transfer, Vol.
9, pp. 365~377.

(7) Hesse, G., 1973, "Heat Transfer in Nucleate
Boiling, Maximum Heat Flux and Transition Boiling,"
Int. J. Heat Mass Transfer, Vol. 16, pp. 1611~1627.

(8) Bui, T. D. and Dhir, V. K., 1985, "Transition
Boiling Heat Transfer on A Vertical Surface,”
Transactions of ASME, Vol. 107, pp. 756~763.

(9) Galloway, J. E. and Mudawar, I, 1993, "CHF
Mechanism in Flow Boiling from A Short Heated
Wall -
with The Aid of Photomicrography and High
Speed Video Imaging," Int. J. Heat Transfer, Vol.
36, pp. 2511~2526.

(10) Nishikawa, K., Fujita, Y., Uchida, S. and
Ohta, H., 1984, "Effect of Surface Configuration
on Nuclear Boiling Heat Transfer," Int. J Heat
Mass Transfer, Vol. 27, pp. 1559~1571.

(11) Bae, S. W., Kim M. H, Lee, H. C., 2000,
"Wall Heat
Boiling under a Constant Temperature Condition in
a Binary Mixture System,” Journal of KSME B,
24(9), pp. 1239~1246.

(12) Rohsenow, W. M., 1973, Boiling in Hand
Book of Heat Transfer, McGrow-Hill, New York,
pp. 13~28.

1, Examination of Near-wall Conditions

Flux Behavior of Nucleate Pool



