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Abstract

Nucleate pool boiling experiments for R11 under a constant wall temperature condition were carried
out. A microscale heater array was used for the heating and the measurement of high temporal and
spatial resolution by the Wheatstone bridge circuit. Very sensitive heat flow rate data were obtained by
the control for the surface condition with high time resolution. The measured heat flow rate shows a
discernable peak at the initial growth stage and reaches an almost constant value. In the thermal
growth region, bubble shows a growth proportional to t"*. The bubble growth behavior is analyzed
with a dimensionless parameter to compare with the previous results in the same scale. As the wall
superheat increases, the departure diameter and the departure time increase, and the waiting time
decreases. But the asymptotic growth rate is not affected by the wall superheat change. The effect of
the wall superheat is resolved into the suggested growth equation. Dimensionless parameters of time
and bubble radius characterize the thermal growth behavior well, irrespective of wall condition. The
comparison between the result of this study and the previous results shows a good agreement at the
thermal growth region. The quantitative analysis for the heat transfer mechanism is conducted with the
measured heat flow rate behavior and the bubble growth behavior. The required heat flow rate for the
volume change of the observed bubble is about twice as much as the instantaneous heat flow rate
supplied from the wall.
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Fig. 1 Schematics of the experimental apparatus

olgldt st o2 HE Fig 39 FAH A 2
o] 7|E9 ¥ A, 71X Hu do] YA
d T3 gz sMgEwge HEdd FH
AXE AAHF A 772 BG A
Aol sx aga oluX e HEHLZE 7153}
ot 7159 HAFEZHH Fig. 39) A, B, C, D
9] 3717} ALHEL A, B, C, DY AVE o4&
gl 71X ¥4 Moz RE ke st
AR g3 o] ALt § Jon, o] ZHE
1z AA AL Fota Frte vAFE At

BT
_2 1
V[/ = ?WB”A ( )
D 124
V= B’( J E= [—=—— 2
L= 3L L (CB%Y 2
V= Vo + V,= %m}, (3)
1 3 D 3
R= (732,4 + IB‘(D-— D D @)

wok 7 FANN ST F A gl
AT 71Ee) AH WS BB FHgl
W, rlxz 2FYE 299LT V)T wPe o
&% ge BAZ 7S Aok

: . dV dR
g=mhy= pvhfgw =dnp,hy R 7 5



636 DA -

23 MY

2 AgoA E2Hste gES 298 oA
e AMdHE J1E AT JtE ¥d g o
AetA FABH7] fsl Aoz FolA QrHE
Agelet, 7+ 3|gd Qsbd AL 12 bit A
=24 EAHAD, 9 Age 12 voluk A
& dAgs s oA 23E 00015 Vol
o Ao 7127 AHALS o H& Hgo]
2 volglx, olo wtg} At SHd g Hu o
2= 0.075 %7 Eoh

71X A7l EFY 71EL JEAE AL
g, 7ZIE7 de= YAl Txn 293 A3 100
pmel dAFHE YA F£7t 30702 SHFHAUG
wald | Aol 3333 pymrt HiEd, 98 AL
oM 71x 3718 SAHAY o =1 A9 247}
dAsloe 249 sxe HAA RS0 0241
mmeO| et olgEte ZE AF FHA ojA
HAd 94 + 138 %7t Bt

7tg "#@wel ulA3SEE OMEGAAHY €AY
HA71E o]43tq BAH 053°Ce AL 7t
Aa e SAYE AEske BAsgT

EERA 4 SINEy,

0.168 msec 1.168 msec 2.168 msec

4.168 msec

o
S0,

3.168 msec

5.168 msec

Fig. 2 Side view of bubble growth at Twa=35°C

Fig. 3 Bubble geometry to calculate bubble volume
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Table 1 Experimental conditions

. Psys Twan Tsa AT
Fluid (anyn) co | co|co | ™
R11 1 35.0 23.7 113 13.8
R11 1 37.1 237 134 164
R11 1 38.9 237 15.2 18.6
R11 1 40.9 23.7 17.2 21.1
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Table 2 Experimental results

Psys | Twan | Tea | AT Ta ta Ra tw
(atm) | CC) [ CC) | (°C) (msec)| (mm) | (msec)
35.0 11.3113.843.168 | 0.318 {53.176
37.1 134 [16.44.928 | 0.407 [48.008
! 38.9 27 15.2]18.6|5.760 | 0.501 | 23.868
40.9 17.2121.116.328 | 0.496 | 11.254
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Fig. 12 Measured heat flow rate of heaters around
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