201443 A

7SO AR VI =

LHENE K

doi:10.6041/j. issn. 1000-1298.2014. 03. 055

I PO TR B R RS T 5

FEE

Rt R’

i 4

(L AR Sy RSB RE IR 0 R GE E Z E AR 9006 %, Jbat 102206
2. A bl Iy AR A RE TR 22 AR 5 A A IE RO R SRR 3, JE BT 1022065
3.EBANRFREIR S IR Be, Sl 243002)

MR EEELOEETT AL SRR 6 , LI IR = M T2 Sl 38 ik 56 P00 o 5250 B, B0l A 1 308 35 AR U BT S A
Pt O A e W SRR TR R A R S o BT T AR I 5 U T AN [ A 95 0 fih 252 490 3 X R0 G 9 8 B S B E
PERYSEM o 2R SRRl T VR I A R A A Sy A ] ROE JE PN B AN R Y S R, A TR AR DR A T
T TRl T AU 0 R R AR /D 5 PR DX, B A O O, T e B R b T B TR 2 AR G B T ik R AR
Ry, I A By B TR R R o A ] BT R SR, R TR0 BB S 5 A T R I AN ARUE M BE TR

JE R E TR IR X 2R B B AR T

REW: MosE WEAREE MTIGE R
X E 45 1000-1298(2014)03-0341-06

HESES: 081311 SERIRIREG: A

51

M T AL — Moore law ( Ji /K 5&
), 1C R A R ESCH S 18 A H 1
1AM B4 g T A I ) SR 00 S 4 H B Tk, 2011
AF Intel #E 9 S0 Ab B A8 0 B & A 10 {24 f iR
B o A MUNALA™ IR BN SRR K e 1) 2Ty
MZ—. FEEYIRER S KAy — Rl 7 &
O N1 TN & 2. - A A €7 N A
Kandlikar>' $§ 1, 7E #4FH AL 0.1 K/W f85 B 1,
o A B GR BI L & Ak 200 W, B g R
FR AR S AN FH 2 A 3 4 4l e FLAL R D etk &
R A P 1Y 2 L 2 ) A,

Fang 25" 45 H MG T XU 25 44 45 58 Ak 28 /<0
WA OB E DTS m R TR R RE
ARG L UT FiE , AT DA B A R R R B )
I, AR 4% e 1 B AT S R A R A e AR
R e Y IR EY e R o A R e L
TSR o A A 7% S M A e R Al f A0 A
Xof T BAURE R AR i A g PR AT R T R R AR B AL
i, NI REARZE D #E o [RIB YRR AR AR - 1
T BE A3 A Uy sy 1 ke T X A ol ER AR is AT
AUSEPEAR B4R o PR, AR R ARR S TR 1 I 46

I

Wk H 3. 2013 -10-23 & H#. 2013 -11 11

PR R AU B L T TR ARV B ) R RV
RALibL0 v A R

SCHRAS R 2 W], H AR B BE A s g TR0 20 3l e
B A T 8 8l 1) DR U 0 e s I A A 7 R L
IR AEREG ™ o AL TR b P S &
TH A S I R W 3l b I A A 7 AR AL
B AW J7 v R IT 5T .

e 16 A Fo o 7 AR L3R M 52 e DR Oy T,
Wu 25 BF 58 T O [ RGN R R R K D B
20 186 wm B JE G308 36 A K 3 3l W s S A E .
Muwanga 251 %o 22 S {358 18 A I 2 s R R
FEPE AT S BT SE , e I S R SR AL T AL E
i, Harirchian % BF 53 1 {08 38 B i R sE AR
800 R R Jo A o AL Sl B R o i B XY G
YR T 45T 400 wm , — 5 BE [T P70 9 5 A5 1F 1 b
Jits iy 2 A A% T8 R BT I B U s IX R B R R R A
Ko P TOLT He AL A AORE T 38 38 R ) 0 R
AL,

55 R A0 E AR L, SO G AT AT )N A [R) 4 R]
VE ] IR 4 22 AR, AT Ik 46 25 AR B 5| R ol il 18 19 b
BN E T AR N TRy IR R R R S S
B gl o DR, A 00 ) S 5 I B AN AR P T
o K SR W o AR GOE T W e R

o [ K EARB A H PR A1 S 3SR B A (51210011) F1E 5K B RBLF I G- R IK A 564 BT H (U1034004 )
EEB N FTEE, AL LA, 3258 454 41 A5 L FAB ST, E-mail ; zonglx@ ncepu. edu. cn
WA Rk R B R S0, 358 AR SO0 A8 AR K B B S 4 1% #1498 , E-mail ; xj1@ ncepu. edu. cn



342 & A Bl B ¥ i

VAN AR o eI <y [ B b 0 4 N
T 45 225 1] T B3k ) B0 AN A U8 4, s 3 76 10 B
A0 B TR 220 ol N T A 7 R e AR e I A U
TRLEE 00 4] o P A e

Xu 511720 Al 38 P9 S0 IR S A M 7 T
BT RGEWBEIE . WFIE KB, R INF IR, AR

PR BE ST W0 I P R B T A O e 2k

/Jﬁ/]@ff&{ﬁﬁéﬂ%ﬁijtﬂ%ﬁiﬂxﬁﬁiﬁiﬁwmé\
VRS T B R0 ZE VR Bl AN R A L E 5 B A 3 3
AN U W U 20 A5 Rl A D o AR S TR Bl o I A
o

FE R A 22 A DG F 5% Al b, AR SO S Y
RA D G 5 (G = 188.97 kg/m*) T, K [6] fl 7
TR fih 2 4526 (10,100 .1 000 Hz) X {338 38 14 ¥t 2
b I ) 5, DL B AS ) fioh 2 450 % T BE T A IR 9 B AR
(0 ~350 kW/m® ) X F [ il BE [f il i 52w, Ay
BRI SRR RSIR: I RN SVl W Re s e

1 LBERMUNERS

1.1 LE

Bl la g -0k = M8 Gl 8 R T 45+, B 1b
A-A BRI, SZRREBRALELEM ", %
O HY b 2 T A B R R R A A T R, b
J2 7740 T A BE 38 36 K 98 L= 43 51 R 226 000 wm
9000 wm ., 525 wm. P ST AT T AL 20 wm x
50 wm (1 5 A4~ Pe I ES  BOMEE 5 5 A=
AT S T8 X 0 T RO A BE B . R )2 A A AR A
U, K TE B M 22 600 pm .6 000 pm 400 wm,
FESE B 200 5 A /K 3 H AR 100 pm ) = f1JE %
M TE A A i I KRS FE 43 0 12 000 um Al
193. 17 pwm , M1 45 B0 38 16 B % 100 wm . $AI7T75 T
TS A 4 500 pm x 1366 wm f PRI 32 1 #4
WA Au FH 5 250 R G b B VR 3 TR
PUR R S AR . A, s 1 R 78 A

BBEE T MR AR R (2 Y ) 5 A5 £0(0,0)

LTI AR o 2 E AR AR A
1.2 WERS

B2 s s il i RS0, A F 50t IR L5 3
BNRGE kA Il | A [a] % 0 S 2 ) e
SRR o PN TR Y A 2 v G PR T S A B, S
VAR M BT % B, 4 2 pm G40 UE A G O
NS BE i Ji WCHE TE B VR s Bk o R T T % o
ik o e Y 5 R TR R A B R A O 4R A K b A
5 i 2 AR 2% T 1 B 0 2E A B T 5 O I
rh B R R I S 5 BT I 0 A £ 41 S 56 op
T B T BRG BE 5 G 0 (] o B s AR R

2014 4
A
Au HH B FE HAR
§ '« Pt A28
o 50%20
\d
A | mEEHRT 4500 FAL: pum
E = ©
O
Y i |
= 22600 n
(@)

00¥ © §TS

1 s B
Fig.1 Experiment section

(a) R ERLH (b) A-A B m

A R AR AL R UBE B TR 21 Sh A AR AR B o
1 O SR A SR A Ml £ 4% < TR 1 A0 I 79 32
PO L R, KR R 00 i Y O R IR (T,
T,.) k757 3% i D 2 A9 TN IR 0t 22008 1 s
(Ap) , e ok i e s [0 e A0 B 3AC Fit s [ 8% o 1 v T
fR5 o WO T8 P33 3h S U i 28 0 SR BT R Y
HAHLAI . BB R A R G R e R 4 R GE I R) 4
i LBE A

R RE N

HIEEHL

= g @
i"

MEMS g @

[—0l grapx
R Z5hRE 11

K2 SEEia R g
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Fig.3 Effect of seed bubble triggering frequency on pressure drop and central point temperature at heating surface
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Fig.4 Variation of pressure drop, central point temperature at heating surface and standard deviation number with

different seed bubble triggering frequencies
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Flow Boiling Instabilities Controlled by Seed Bubbles in Microchannels

Zong Luxiang' Xu Jinliang’ Liu Guohua’
(1. State Key Laboratory of Alternate Elecirical Power System with Renewable Energy Sources ,
North China Electric Power University, Beijing 102206, China
2. Beijing Key Laboratory of Multiphase Flow and Heat Transfer for Low Grade Energy,
North China Electric Power University, Beijing 102206, China
3. School of Energy and Environment, Anhui University of Technology, Maanshan 243002, China)

Abstract; A simultaneous optical visualization experimental system was set up, and a parallel triangle
silicon microchannel heat sink was used as the test section. Five platinum film microheaters was etched at
the top glass cover surface and located at the microchannel entrance, acting as a seed bubble generator
array. The microscale flow boiling instability under different seed bubble frequencies was experimental
examined. The results show that the seed bubble frequency is an important parameter to control flow
boiling instability. In the single liquid flow region, seed bubbles have negligible effect on flow. In the
two-phase flow region, with heat flux increasing, pressure drop increases linearly and the temperature of
the heating wall surface increases exponentially. Moreover, higher pressure drop could be approached
with lower wall temperatures and higher bubble triggering frequency. With the same heat flux, the seed
bubbles triggered with high frequency can completely eliminate flow boiling instabilities, heating wall
temperature could be dramatically decreased, and the uniformity of the temperature could be promoted
significantly.

Key words: Microchannel Flow boiling instability Seed bubble Triggering frequency



