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Influence of Chip Size on Bubble Dynamic
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Abstract In order to study the influence of chip size on bubble dynamic behavior in microgravity,
the factor of chip size on bubble dynamics under various heat fluxes has been studied by comparison
experiments. Typical isolated bubble boiling maintains on both small and large size chips in low

heat flux, and the growth and coalescence rates of bubbles are relatively slow. The volume of bubble
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on large size chip is about 3.4 times that of the bubble on small size chip. The bubble departure
could only be observed on the large chip during the experiment. Fully developed nucleate boiling are
sustained in the case of moderate heat flux, the coalescence and departure frequency of bubbles is
much higher than that in low heat flux, especially on large size chip. Bubbles detach more frequently
on large size chip than that on small size chip. Moreover, the wake effect caused by bubble rising
reduces the departure diameter of subsequent bubbles, so the formation of dry portions is effectively
suppressed. For the high heat flux, obvious film boiling presents on the small size chip and the
deterioration of heat transfer is observed. However, stable nucleate boiling still maintains on large
size chip in the high heat flux, only the bubbles coalesce and detach more frequently. Therefore,
increasing the chip size can effectively promote the bubble departure and improve critical heat flux.
Film boiling is also observed as the heat flux on larger size chip is increased beyond the critical heat

flux, but the heating surface could not be completely covered by the bubble, just sliding slowly on

2017, 37(4)

the slip, which can reduce the rising rate of temperature on chip effectively.

Key words

Heat transfer

0 3lF

HEEMEMRERYRERRE, BRTEAHE
MThRERIEIR T, Mk, BRI R TFHEGN
FHZLE, BTFHROGTREMRGREERSE Y
. BEFEFEERBERTEEES, FIH
PEARAE A RT L HATR A, B—FEERERHRH
R -6 R, MRBEZSMBITELTFHES
W, BAERABKKESE, KEHSHIETH
MEREES EAESFRETHEHEE TRAE
e -1, SEFHE ARG T B ERREAELT
HEEHFENE RERM KRR/, RRHREE
BRI 127V, X—FHERHTHESLREFMSF
B I, MEHKFRFsenE, w3 ERFEm K
HRER, B—HHESHAZEN (MRSFBAR.
I G50 BT oy R R 25 FE T R 4) X o
BB EmBE 81 B TFHEHRER
B, HRIARMATRAKRESRRIAELR, BRZARR
SHIAREAERFA AT REHX LERFR. Bk
+4E BEEXN TRIARX LA ZRBIRG R
347, WAR G R T Akt R A 1R VLR

XA HFEBERME TR ERENEX
BTG, EARRREERET, ¥ FC-72 o HIF
AR TR M E IR LERE, EX
MAFE R EM ARG F R &4 TFRIRMAITH

Chip size, Microgravity, Critical heat flux, Bubble dynamic behavior, Pool boiling,

FEHEHEATIREE . X HAAAT, TR E R UE S
A AR

1 LSRR E KA

MENARBEORHRBE LR REWE 1 R, £
EhEREA (FU3E). BEREMIRRE.
TREEN R REEE ., BERE. SHMRD
REHRESAR,. TRERNEREY 3L REX
# FC-72 fE R LR TR, HEEREEWRLTR
BB EENEAESRE. MRS REE
BRI FC-72 B, AN EKEE TREERNE
MgEEmE b SR EEROALE RIS iaga
KFFH [ 20mm, FEE I 40mm SEHFE—H T
R E, HTRER T, MERBEEE T (R
WA R4 BAK | = 10mm # 20mm, FEEH
K e=05mm MIEFEEBE N B, WHEER
3% 1.5Q-cm, ME 2 FFmR. b B REHMOCE AR
H NH,OH:Hy0, : HoO = 2: 1:10 WA FE IR
# 65°C {HIRIEE 10 min, HAHXBEFKEE. BT
& 3 A B G R RE S, HAE 2pmx2 pm FEE
PR BICHEDRE B S 0.276 nm.  FE4S B BEMUAE XL B 48
¥ 0.25 mm 4L, BT EFFEXE 347k i
B HE, Rk EHBETHEAEE (R = 5k,
Ry = 100k$), WA MB R Ry B9 ERH3 JR5



FELF: REN T ARG RASRAH N EHAHYA 457
data acquisition system
R> R, (DI710-UHS) /A\\ computer
o w— \
Hall transducer - ;
temperature transmitter
- thermocouple
DC power supply 7\ )
I |
[ - " ﬁ ﬁ high speed digital video
rubber bag
light
test vessel glass boss ppa
H1 ZBRERE
Fig.1 Schematic diagram of the experimental apparatus
50
TSP - &1 XBREH
o |
0 Table 1 Test condition
: SR OGSARST MREE mER  RAREE
copper / = -
lead wire a = | — 1 - X %S [xl/mm u/nv I/A g/(W-cm™?)
1 10x10 20.1 0.24 4.82
‘l \ 32.3 0.36 11.62
thermocouple
A { 36.3 0.40 14.52
oxiolassg & \l
pkxxg]las‘s adhefive w»y |silicon chip 2 20x20 43.9 0.43 4.71
P ate < S o i
B L | 72.1 0.64 11.54
«| [ N . N 83.2 0.71 14.77
AN ‘ Ry o 919 076 17.46
: ;ﬁcxiglass
,,,,,,,,,,,,,, base HEFAREWLRER, TREAFREK L

B2 AREHENRIGE
Fig.2 Detailed test section and temperature

measuring points

HBrinee fE.

2 SLIgZER

Eid ke FEWEM AT 2 AR 45
BRRFEX, PRAEE XM HRAEERXL3

BERMEEEMGT, KOERRE SR
TIZEAT RINE 4 Bi7R, t = 0.000s RRFF I THE
TIRE. ENHEHFE, B TEAE AR,
SEEMARE O EER RETER, EEREY
EATHBRERTEMRRENRERE. XPHX
HHHERERKEENFETH 1~2 MER, |
MR MR B AR B R AT T R E ST

BERAREERET 2 MRTEHFREYENR
HITRE LB EAR. EXRFHNE <
WEEERTHEEBEREELRK, THEEHAR



458

ZEIMLRMEFF IR EBMHEEEIH, FRATER
RWEEHI S ERESHERIEF, K
HEEHEIHFLBSHRLWERO R R, B
MHSRM, EREHKAEHTRIRERERE O
MEEAIEMED. BB O TMRREBEN
B U, SIRIBER, RERI BRI H R/
WIE MARTHRB IR 5255, BB
BN N B X MR ARM BRSNS R
WEEH. &HIBREREERHRKX, BREEM
PAREIE R — PR

Xt AR by R R AT LAUR I, 1 F

1.5 T - Sereeadll
1.0 0.5  pm

B3 BHHRME AFM EH
Fig.3 AFM image of chip surface

-5.9365s

2.968s

Chin. J. Space Sci. =EALE| 2017, 37(4)

B 1 RSHEDS, BASERP{UBR—MEER,
ZRFE SR, KEERE R RE AN
%, mE 4 R iR 2 MREBUALE 18 4 45,
TRATAFBIER 2 DR /IMEE RS IE ML
ER. EEREKXK, 2 MUESMTE Marangoni Xf
WA THEREL, 8 — M RREERES &
T, A 5 BfR. bR SEI B4 F AR A #hvE R~
A A BONE S A R R
& 6 AW A RE SR ERTRR 3 12
28 W 6 ATLLEH, BT 2.9s BIRR T EENS
WAKEHFBEEA B, A HFEWMAEHE 1.0s
ERHIMEKE AL, BIBRT RESHE, Z/a
KEGE L ABYE, RERABET G HFERA
NIRRT R RSB R HERKARE,
KR Fr R B BT R e BB S /NRAFEs
FH 2%, SEHEFIHRHEHBAT/IRSERE
S, 4 0HAR 1.8 45 58 A 1 AR, & H 2
BT RSB ST ERTE 2.9 RAEGH, XTI
WS RSP A% DR g xR, RS E
Bz %L, Bk REIEHER, 7

0.000s

M4 RRRHEEXHSHETH (FAR}: 10mmx10mm)
Fig.4 Bubble dynamic behaviors at low heat flux (chip size: 10 mmx10mm)



FELF BRENTrABRITHROANEFAG YR

—1.284s

0.304s

2.964s

459

0.000s

3.360s

5 EARBEXHSWITH (R T 20mmx20 mm)

Fig.5 Bubble dynamic behaviors at low heat flux (chip size: 20 mmx20 mm)

(a) chip size: 10mmx10mm

50 F (]:4.23“"'0111 . 4160

T =
40 ¢ 155 3
30+ dominance bubble 150

formed \

V/mm?

0 05 10 15 20 25 30 35

t/'s

(b) chip size: 20mmx20mm

200 | g=4.71W-cm™ il 1%
160 P Nt M AW MW, st I nd 60 &
Twan f 3
- 120 BB ES
E bubble A | :
T 80 bt e RGN el [ 45
dominance bubble _.«=*~ !
40 .fOrmed@’ ! HEE 40 <
H ]
P "rbubble/é'f s
0f == departure [:[ 17°

0 05 1.0 15 20 25 30 35

t/'s

H6 EMAEEXEITHHE

Fig.6 Bubbles behavior curves at low heat flux

MFRBEIEFREBE. &3HEEERANE
A 1REM 34 RMAEREEF, ERBEXE
AASENEZRNRHRERREEER 1K
W 4 5 MEKEHEHEERTEE T HE
LRTMINARTE K, & R e e M E R
o, BT REE, FFHEEHRR B
SERR I RR AP, PGS 2R T B B S R R AR

&, RIEF REXX{BEMERRC LT TH.

BT RIEERE 2B 5= AR, XK
FERBTRAE R, MARE SH FEREAN LS.
WA, REERESHFANL R BE D, KHRBEER
MRS TEDUREESS, WA ERBAAERTE
FENRHS. RRREET, THRER AR &
DUEIRB RS AR TR LSRR, #RT



460

BEAY B, DR T LALERp iR 2 0 b ok 8, st
ALK Uy BXRRREAE, SHAGRERE T B
KKK, X — LR AR G HABFREER
PR E X TRE R LRI R A B

B 7 fIE 8 iR T FERREEXHELES
W AT R MERRRFEERX, TEEXENF

-1.216s

Chin. J. Space Sci. =EAF£M 2017, 37(4)

BE 3 1 R AR A, (UG B A
. EABESE, ERELIBRRZIME, B2k
ERREMEEMRESH. B TFREZ LS
[WEEE/D, EEHEL TR, SRRERER
REKEHMRE (< 0.1s), REE T LRMED, B
A BRI A BB & 5 3 8. 3 B B R R

0.396s

1.904s

2.984s

3.216s

B 7 PERREEXAKETH (FHRT: 10mmx10 mm)

Fig.7 Bubble dynamic behaviors at moderate heat flux (chip size: 10 mmx10 mm)



FELF BRENTRAQRTHEENNEFAG Y% 461

-1.382s

0.396s 1.416s

1.904s 2.640s

B8 AFEMMHEEEAKHETH (EHRT: 20mmx20 mm)

Fig.8 Bubble dynamic behaviors at moderate heat flux (chip size: 20 mmx20 mm)

FETREERMEEER (S 1 4 06s, & EE. HEERETEHARBRK, B MAHEE U
Fr2 #5% 0.3s), BIEMER, REEELAY  FHEG LA, SHREBE T WHRAFRLER,
WRARNERK, EEHIETFREARSE A 9 ix. XEERG TRRRBKNBRERERER
BEAL BARAE AR BA LS, RERAMES

MESME AT, RALEMMARTRELER  TMERBEERDAERERTERER, KE+



462

(a) chip size: 10mmx10mm
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