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Dynamics Study on Bubble Wake Effect under Short Period of Microgravity
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Abstract The influences of wake on bubble dynamics under various heat fluxes have been studied
experimentally in microgravity. Results indicate that wake has little influence on bubble dynamics at
low heat fluxes, but its effect on bubble dynamics is very greater at middle or high heat fluxes. More
important, the bubble wake effect appears even more significant in microgravity. In the wake field, the
horizontal flow of the liquid on micro-pin-finned silicon chips promotes the collision, coalescence and
movement of bubbles, and the vertical flow of liquid phase can exert an upward force on bubbles, which
can effectively shorten the growth cycle and decrease the departure radius of bubbles. Furthermore,
subcooled liquid in wake field can create a negative pressure zone in bubbles and the fresh liquid can
easily be inhaled into the micro-pin-finned structure covered by bubbles, which can supply sufficient
liquid for the growth of bubble, avoiding film boiling. The interaction between the micro-pin-finned
structure and the wake effect can promote the process of bubble coalescence and departure effectively,
and then enhance heat transfer of micro-pin-finned surface.
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Fig. 1 Schematic diagram of experimental apparatus

Wikt i b —3844 10 mm, FEFEH 0.5 mm #
EFEEE N BEEH, WHEA 1.5 Qem, FTR
e, 7RO AR R AT B A R L
FREEMER, HBKN 30 pm, FHEHR 60 pm By
FAEFE s PF30-60, & il B wmAE 2 pr
/R, FES A BT B4 AR EE 0.25 mm MAH T

2%, S ERBEX M, Sh ke
FTHRENS M BRRERmESF L ESRE. HHF
SRR B B E A LB RS TAR L (50 mmx 50
mmx0.5 mm), AR JF 8 25 B [E = R 22 B
H7E, XA RIE R A0 LR RS A
TR, FEEXBRANRT A AE 758 ey
EIMER, HTNESF P E, f£HREFIFR
B SBEEEFE (Ri=5 kQ, R,=100 k), B H% M
RER Ry BEME, BIETRE R REHIHERE A B
L, WA e fE N B B e R R
W&,

\\//

6

LR R 2. BV 3. 194
4. TRIFRHL(E 5. 984T 6. LIRS NG

A2 fiBRER

Fig. 2 Details of test section
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Fig. 3 Departure process of bubbles at low heat fluxes

(d)r=1.820s

REE & B RYE N (¢ = 30.92 W/em?), Sk
REERA RS, IR £ KR
BEZRHR IR, S L B B I B A AR AR AR A
WEER B, ERERR S 2T SR
PR FERARL, BERBEANGERE, RE
SRS IRGR E R IR B e, B—
A‘if“iﬁﬁi HHFEX, KMES S FEIR

[EEHRK, WE 4(a). BIETBLBEMNFE
EI‘E‘, FRERGE A 2T, W 4(b), RETE
AR R X B IR, B O 3R P e R e o R R K
B, BB SRR AR R R
BRI ZRRS, KENREEEHEREIER
. ENRBR XA AN A SRR A
Ve, SBIARE R RESHEER, X5RMAEH

EERIAHERM,; F, BRI IREREHFHFEES
WER —r LENMER, TERABIKTA
HEARTE, B 4(c), ERMEF —RUEHBNERAE
HEZ B B RAE AR, X HRZERZWES
i (& 4(a)) IZEREAFHSIE (B 4(d)) TLE
H, ZRRBNHRNE, SWEHKHRE, BE
EREIGEERZATAEFMRRE, HAERY
TRWEWE 76%. HEHGIUAKRMEEEY
EIHRER, ZJETERMEKIIIERA T IFHEKE BIRE,
NXEBHENVER T HEA KRBT, Z/FEX
TFIEIKE, EERE LA

(b) 7=1.636 s

(c)t=1.698 s

B4 FERRBEERGETORELE

Fig. 4 Departure process of bubbles at middle heat fluxes
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Fig. 5 Departure process of bubbles at high heat fluxes

3 R AL B NS S L
4

SHEMRRERAARKRERE SR R B A
REM IR L, MBS HERERAT
MR MR IEmE R, A5 FHERKEH.
RMERBENZMNT, BAKEHIS, HERED
ARR, HARTERERARE RN, VEELR
KABIBER T, REWECDZHRHRRIXNTER
PEBAFE, EMISBRWTRHIA, EERLE
BE AL, BTN TR R R RO A
A EE T, RERRRMAEFRRREE
A KRR B0,

SIBINFTEE R M T B B 51 G5 4 T AL T
EFNRHEHRLER R, EREREIHAKK
BB ER, RENMBREEE. e, i TR

FREHAENRWHREEER 1~2 MEE, ]
HEMERE R AMER. & EE B —E
HEHFARBARK, MEEHEHTRA, FRBR
BT R E R kR, WAL T REHA, W
B 6 Brm. USRBmEAN AR R AR TR
W, EARE/NMEREBIRMES N, B8
TR ERE B EIHFILE, MRTVEREK
EE,
KWEMRRER B SRR R TRAN:

FAl. = 'ystr — ’)’S]Ar — 'leAvl (1)

W TR R e re, SR B ) ETH
FERREEMBOERRER, BRI £HKFH
HEMA L. EAERNE, BRKHFRERIT
FERETE—TBEM EBERT, XeEFE
SEATTE—PRE, TR SEIMAES
A 2 TH A 5138 0 HOEE N SRR A i gvm, A
TSR AL SR, BRI SR
FWGHA G e BB LR AR, M IRAERE
RARAITEERE, REABE A TR HIA TR
FEW LTS,

u(r,v,7)

N B m) Q_{ )
0«04 OpOee O

Vel 6 FhE I 97 2 Fg 2 T 17 R IAL X

Fig. 6 Wake field on micro-pin-finned structure
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