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Study on Bubble Growth and Departure Near Wall
in Vertical Narrow Rectangular Channel

XU Jian-jun, CHEN Bing-de, WANG Xiao-jun
(Key Laboratory of Bubble Physics & Natural Circulation ,
Nuclear Power Institute of China, Chengdu 610041, China)

Abstract: It is very important to visually study bubble growth and departure for better
understanding of boiling heat transfer in a narrow channel. Bubble growth and departure
in a narrow rectangular under atmosphere pressure were visually observed by the wide
and narrow side of narrow rectangular channel using high speed digital camera. There is
a small interface between the bubble base and heated surface when the bubble is growing
in the nucleate site, and the growing bubble shape is almost spherical. The bubble
growth laws in different sites are almost uniform under the condition of the same ther-
mal parameters, but bubble departure diameters are obvious distinct because of different
sizes of nucleate sites. The bubble growth rate in a narrow rectangular channel is small,
and the bubble departure time is long, the bubble growth diameter can be predicted
using the amendatory Zuber expression. The effect of thermal parameters on bubble

departure diameters of the mean was statistically analyzed in the camera view. Bubble
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departure diameters of the mean decrease with increasing heat flux, bubble departure

diameters of the mean decrease with increasing inlet subcooling, and bubble departure

diameters of the mean decrease with increasing bulk velocity.

Key words: bubble growth; bubble departure; bubble diameter; narrow rectangular channel
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Fig. 1 Schematic diagram of experimental apparatus

a

S [l s b

H T PN PRI A A A R s R A L AR A DGR
A5 B R BORE LKA R AL S5 AR 7 A
IR 8 B AR 0 S R A B A 10 A A 2 o
RN NEREN IO AT

1 XWEEMIWAE

IR AT B AT . R DR UE S 56 S %
rh/ NI R AR UE PE L R i O AR RS A K )
FIHESAE R SL 50 KBTI IR sl Jr . SEER
AP 1A A A A HE B b e [l IR
FEE R F B la, 5256 B 4 1m R ~F 42 mm X
8 mm, A RN FE SN 300 mm, BLIE Ay
o SEIA R 2 R R AR G2 A PR
B M e R 4L R . AR 1b R L 7R
AT OB A JEBE 3 ol A )V 4R T8 75 4%
i 18, [F] B X R 25 A A B Y 3 SR AT
K An0 >t . 52 BUE JE 78 5% i 3 1Y 57 R T Ak .
S B — T H 2 A B g I R R A A 5
— THT FH S A e TR 42 0 BT A R R R R S
PRL R . RT3 AR By 1 T T 7
T AT R R O P S B T A
BEAR T L AR i A B AN b iR L FE R
ROMPAE FIEATE T 12 %F 61 T RIE P
8 o FH R 00 B T I B RUA ORI

JE bk
b E ﬂﬂﬁ/

[1] ’V/u
savm A A 4 o
WL AT PR s b .

7% ?__|9 | N
R %

I[] 1]

SRR

S 46 B A T T



11

TR AR 7R 4 o A TR 2 8 PN O B PRI A IS R B T Y

1351

2 AIALNE A EFRIGHELERE

K H PhantomV9. 0 5y 3 4% 18 A0OUL 5¢ B 1>
TR AL A K A 2k #2 . PhantomV9. 0 %
0, 1y AR AR Jie R WUl 10 000, I IE A 5E
L e MR L AR R Sk . ARWFSTIE
PR BRI B 3k o e KRR 1+ 1, Bk
#1454 Nikon/200mmF/4D/macro 1 + 1, %
FERIA A 3 800 WL, 7EfR RICRAER 1+ 1 4
PFF S X L A RS 3 576 X576,

TRV EHE D & 1L >R A Phantom V9. 0
e R AR A A Al A0 45 1 44 Phantom Camera
Control H i I & T BE7F 47 8048 A0 B i B /]
AT BAR TRIE AT S B A IR s 3
SRS RS . VR RO A A o R L R
Wi BRI 5 an &l 2 TR . a 1B 4351
SR VL 55 RE T ) TR A RS B A IR Y
1 Bl ALk 3 0 DL D B R IE I A

a \
DX
- ek Iy
3 /
B

B2 FOR SR E AR R DT

Fig. 2 Calculational method for bubble equivalent diameter
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Fig. 3 Visualization of bubble growth and departure from narrow side

tn=79.5°C.g=31.1 kW/m?,G=139. 2 kg/(m® * s)
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Fig. 4 Visualization of bubble growth and departure from wide side
tw=79.5 C,q=31.1 kW/m?,G=139. 2 kg/(m? « s)

3.2 RiB&EK

B 5 7t ) — 4R 46 2 1 A ) A AL A Ak 9
HWHER L. AR ERE B AR
Hh o B IS ) PR 0 P A I B AR T s HL
TERIAG B BE VR A K R A JE R A K
ARG . (AT AR AR R A TS5
B ARG E AR P A K AR S A A A AR
A A A R A A P OE A K 48 T
— B0, HAH R R 25 48 2020 9. AR T VR A
BN TA) 2 AN T DR O S OO B R AR A
[l PR — 2 M A 2 O AN [R) 3 7
A KA R I AN W] 2R R R T IR
IR IR) R X VG I S AR A T R R

0.30 . 0
E 0.25F
> 0.20F - .
XH m —700°
;El [ ] - Aoe ¢ 20%
g oasp e o
e e ® " Ll
2 0.10F - o fhr2
fd Ao A A3
0.05 [yAe v {&IEZuber 243,
00 | | B=7.59|>< 1074
0 400 800 1200 1 600
fif 1] /ms

HAZ AL 25 7 ORST o VR 5t 85 Ik ) LA % 5 B AR
R MBI B AN LA » 85 £ B BRlO0L S ol 5 S )
AL SRAE A BGRIB IR B BLAR . ik — D IR A T
A2 ORGP I B AR 22 1 ) 9 A BB R
M. BRI LT R RN d (0D =
Br'.d N EHAR. B 0 H R B n 98 4L
Zuber JF A TRIBAE K ML T2«
2b
d() = ﬁ]a«/y?t— Bt D

Ja = e AT (2)
ovhig

For s e 0 HOSE TR s AT o O BE T 1 A 5
IR A s 7 IR B

025 0
b m
L
g 020f ot
E Y 13.8%
\ *® um .
¥ o0.15f .7
.Fm] o.
K o 4
21 0.10f . = IR
B un o ZfbrS
P 0.051 A Bfts6
: v Zuber2yz;
B=9.8 x 10~*
0.00 L L L
0 400 800 1200 1600
it Al /ms

K5 RIETEAFEZ R RER
Fig. 5 Bubble growth in different nucleate sites
a: T 1,,=79.5 C,q=31.1 kW/m?,G=139. 2 kg/(m? * s);
b: TH 2,t,=74.5 C,q=46.33 kW/m?,G=253. 6 kg/(m? « s)
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Fig. 6 Effect of heat flux on bubble growth
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