5 =1 Jm BRSNS & B T m A EK B A RO

A EIEE R RFER MIBE RSN E AT
RS HEREMR
A, WA, REK, KR

CUZR KRR 530 TR 2B, FM§, 250061, Email: 384779057@qq.com)

L=

WE: ETHEENTBER, 4828 T ARETREE MR E N MEE F Rk
wE R, KAZYESHEEREMREEN T %, ARERELYE AR T MEERE TE
TERAERLT, MERKESTHEE, MERERE. XU-FH Nu E5HN T,
AT A 8] 2 TE B 2B T R 1 U o 1 R L, TR B R S AR E T R B AR T /E A
SHERLERZ A MR, EREA, EREYEHELRNERLT, HARTBE R,
o E e &, MmERBEERA, WWHE T /TR, RARE FHIEE T EESS
Z; YRERAFTEATH, WAKTEREL, BEAAEERAARE FHERES ik
BRENESHEE, ERAFELTHE, FHREF A HEARREE R EERRELE,

XER): EAMEE;, BREL; Ko, BE; FNHET /T

1 5F

1959 4, Feynman"'7f 35 EWHE 3 454E 45 ER R T RN “There is plenty of room at the
bottom 7 HIRE, i A HE AR F UL R 4 (Micro-electromechanical System, MEMS) X
O THEARNG 22 B ARG R B HE K e s . i TR AL R H oA ™ B i 4 L
ST ERE, R 5 B R 2 F I BOA B R 107W/m® B2, DRILAIT 72 IR (1 sh 4% 24
R, OHRUEITEZN), REERRCE, RITRE RTINS SRR 0 mER = L.

2 FALNIR

BT, B a AR RGEIE AT ARG, S B EEUY WXL, ANRER
RN WoxHe, PIAMEIERIRIES Wy, RIREE q HSIEREERER L, ERE
JE 2R Hy, &l b Dl T S e v 5 X 3 = 2o 5 1 BB AUl A e B /S R 3l B e BEAT T H 5
TSI I 18] 57 O 739 25 B K O RGEIE PN R Ja ] A J e, ARG T 48 2y o

- 775 -



5 =1 Jm A BRSNS & B T A KB 7y RO

W

QL[

Hb

THE

(a) (b)

Bl 1 SBOE E A OTE AR E5 1 Bk St R

Kandlikar F1 Grande™ 2 H4% Dy>3mm 1E K5 FLIEE 168140 bR, D;,<200um 1F A3
BRI 3 FRitE, SO RO E 7K 7) BLAE Dy 39/ T 0.2mm.

FERWCETE S, AR IR AN TT [ AR R, il BERT AR S 2 2 5 e AN W] 20
HAE R P E LB TKI S IR BN R R IR AR, KA Kk R A (DR,
ZE T K HARYIE S B B ARSI v EH, R (D Pow.

A =—0.51402 + 0.00532T — 3.35719 X 107°T? — 6.23349 x 107°T3 (1a)
n=0.11157 — 9.51523 X 1074T + 2.7249 X 107°T? — 2.61107 x 107°T3 (1b)
xR 1 EBFRMZENEEIESH
Witz 5 K &
cp(J/kg - K) 4183 712
p(kg/m?) 998.2 2329
AW /(m-K)) - 148

Zibprid, N T RIES, RYGEIE WA SR RO R DL R OBERN%
U Re B/ (185~827), WUBIEA AR T2 A4S, Rz ORIEEN X%
B AN PR A UK IR BB IR FE BE R AR A, A ) A 1 2 K [
WIRYINESEONF R @RS E S LHADARTR T . GRS I .

FEE SO T8 B AR A S B4R 2 R RS T R . ShE TR, RERTTREIT

V.U=0 )
o, (U.VU):—VP+V(ﬂfVU) 5
P, (UVT, )=V (4T, )+ )

KHpr, cpp) A, e 3 HIRIRAREE R, TAKLLIAE, WIESRRE, WA IRE. o2
FERRR AL, BDERRTEAE R, AU AR AR IR 43

AR SR F FLUENT #0430 47 = 4B 5 R ol N DO 3R N i 44
PR R BN AR wi=1+ 2+ 3+ 4. Sm/s, NI T,=293K; HUEiEH 0~ E

- 776 -



5 =1 Jm BRSNS & B T m A EK B A RO

S IA A, B pou=0s TR T A IE AL T q=100W/em®,  Hofth T 46 24
AFAAT s PRMEBE R A R IS, IR E B St

NS UEASCRAN S R AT SR, REAE R ROEE I BE I E R 5 B EE AT X L. Xt
FHEIEMOBE PN 2 IS, Shah™ S48 HH AR P 25 B 8 R AR N

2
3.2 )
Re= || ——— P 5
/Re J(L/ReDh] e ©

B2 &M T ARE Re BUFE s LN 4. FFAEKE N 0.16mm. K Z 10mm FI4E T A0E iE
FENT- 1) BE A R ECBUE AN R SR T AT . MRS, EBER Re VRN, A
PNGE RSB g R — 3R, B RAIRHREZE BN 6.24%, (£ TAEN H FCVFTE B .

04r .

;A E—T
—e— FipH
o3
W
@i
=
=
1‘_’1*_ 0.2 \
=
*® \.
0.1 —
200 400 po 600 800

2 A 8 T 350 2 00 R i AR

3 HiREITE

3.1 EEEXRBE R IR

—a— E A | mut
80000 | e 120000 —e— i t=2
—A— [ =3
I —v— =4
100000 Ebos
‘= 60000 = —— % =6
& S co000b e mEsEE=T
& &
=] =]
= 40000 ) 60000 |
= S
40000

20000

NS —
AT () AP (ms)
(a) (b)

B 3 5 B R TR Rl T B A 5

777 -



5 =1 Jm BRSNS & B T m A EK B A RO

B3 et 1 (a) TOBTERHEK N 0.16mm AAE: (b) £ECEIE R TH % 5 W, A 0.1mm
ABEPIFEOLT, BEN DRI, AR = 9 PO T 0 T8 s AR AL 1 O

Ji B DARAL S AR st B 52 BIBH T 00K, BRI SN PERERITE S5 . AIEL 3 AT BL
A, NDVERE, EEKRRET . B3 () fEl, ERGEERIEKE AN, EIE
ek it v 9 LA N T T v ELIE RIS o &1 3 (b)) i, AEPRRFAETMUE TE SR 58 2 W, 04 0.1mm
ANAZIN, I I R e 0 LE G T PR L R RN, e SEERAN 1 B 2 I, JEE T R S R
BRVEFEAR, FEIRZ Y 28%, 1 6 RIEE = e L, e B Pl D S /), D TR Pt T A e

3.2 S RRE AR
- b g e —
8 e i /3/2 - E%Egig %
—e— b= ¢
/ = %A/.

R Nu

R H T Nu
\\\

L
/ ©
r
[
\ 2 E p
AN FRE (m/s) N AL (m/s)

Bl 4 w5 5 LR R TR o 1 R P2 Nu (520

Bl 4457 () WOBEEMEKE N 0.16mm A48; (b) HHEEIERHE % F W, N 0.lmm
APPSR, BEN DR EESG I, AN [E T 5 T b AR T AOE 3 Nu 225

BIRIRBRZRIRZE M FRRBEG XA RR B, R RIRAGRZIFEE . N
Kl 4150, BN CIREEMN, WME S Nu &, B4 () fal, TERFFRUEERMEKE
ABIESL T, JEIE Y Nu A & 5 L3 s, HIGE A WiEsh. B4 (b) 18
H, ERRRERGEE R % W N 0.1mm A ER T, J8IE 75 Nu 21k AH I,
AT i LE AN 13 ORE] 2 B, P Nu BRI ERPERE N, IR Lh 32%, 1T B R T
/N, EIET ) Nu T RE

e
\
\.\ \

)

w

N

w
—

3.3 S BB A RS

K5 A 6 7hnlge it 7 (o) RUEERHER D 0.16mm AAZ; (b) PR U IE R 98
FE W 0.1mm PIAHELL T, BEN VBRI, AR e 58 bL iR TR Ao 3 U -1
Pt FEAPEAY B 5 j/f AR AL 100

MBS TS, BEA FRRESE N, IATUR I 2R R, EPIREL T, ATUR
TV~ P47 P2 B AR T e B o B AR EL B MR AN, S8 EE AN 1~2 i, 2 B R
%, MR GEIE =TT, FRIEE R/, ROURI-F R & T E, 208 300K,

Kays Fil London"#2 Hi Fl j/f [ TSR FAEH MBS HERE IR 55, PRANIRIFREK, I Feom

- 778 -



5 =1 Jm BRSNS & B T m A EK B A RO

WEREVERESS . W 6 RATLIE Y, FEEIEIEA DREE I, PO The, WEiEsR e
PEREFETH. B 6 (a) FRH, FEIRFFROEIERAEREEAZLNS , PP D7l i e 9 L A 39 n
MBI BLAE R A BT, JEIEZR S TEREFREK. B 6 (b) FRH, (EPRRFAEREIE R 58 L
W 0.1mm AZER, 24 58 LA 138 RE] 2 i, P07 D7 H B R PE RS I, $E 8 2009 10%,
MG KRR L, PP RNEARAZ, BIEZREVERRRE -

36 b e —
—n— E9E k=5 [P
mf " e 30} —e— TELL=2
—A— [ PELE=3 —A— %8 =3
< b G336 F e o s
SR —o— i 2 ) i b=
o —e— Edit=1 33 —— FLE=5
B34} g —— 56
e \‘ ZE328 | o g7
F320fF ¢ =
= X324 F
X \ . .
g?’]é B \.\. E:;ZO i \ \.\
3} \’\ w36t . .
—_
§308 .\\\\ St \ —
: [ z V.
B .\.\A\A\A 5‘308 1 ‘\A\A\.\'
1 Ty N
e | e
300 L— . . ; - 300 L— N ¢ $ i

2 3 4 2 3 4
N EE (m/s) N VR (m/s)

P 5 e B X R TS FRl 3 A o~ 220 0 P PR 5

0.07 p —m— =1

—m— =5 e
Erew Ll —e— [ Lh=2
:: g%tg;g ./: 0.06 —A— rE’JEkE:%
T 9 E= —v— fay o tb=4
0.06 b I ?%thj / _— wag-L i )
= 5 L o D
pu /l w —e— rf-J;/iLtfb ./
= /:/ £0.05 | o= EsiLL=7
N / M
0.05 -
;: . ﬁ:— 0.04
L 4
0.04F
H (a) 003} (b)
0.03 1 1 1 L L
1 2 3 4 5 1 2 o 4
N EAEE (m/s) N RIE (m/s)
Bl 6 B LU HE TR s YA R j/F R s
]
+ A
4 él:l e

(1) FEFETEROETE S B EAAR MR T, Bt BusE kT, fis
WAL, WIERTTY Nu Fhw, ALRPERESRTE, TR R 7 TR, s #e s 45 A T RE R
%, AU P B B2 B Hoa i 2z .

(2) FEFETEAOEIE R I 98 FEANR AR AL T, BRI R 9 b, U R B PG, sl
THOLLFHe, EIERTE T2 Nu b, ARAERERTE, VRO R BB BRI 5 S A AR 2
A, TRIEIE B AR SR A TE RS SN IR — 2, IADUR TP B B LB 58 2% 5

-779 -



5 =1 Jm BRSNS & B T m A EK B A RO

& % X M

1. Feynman R P. There's plenty of room at the bottom [data storage][J]. Journal of Microelectromechanical
Systems, 1992, 1(1):60-66.

2.  Kandlikar S G, Grande W J . Evolution of Microchannel Flow Passages--Thermohydraulic Performance and
Fabrication Technology[J]. 2003, 24(1):3-17.

3. Shah, R. K. Laminar Flow Forced Convection in Ducts || Longitudinal Fins and Twisted Tapes within
Ducts[J]. 1978:366-384.

4. WM. JU, AL B3 Bk HA M), dbat: BHEEH R, 1997,

Research on flow heat transfer characteristics and comprehensive
properties of micro-channels with different cross-section shapes

FAN Ling-hao, TIAN Mao-cheng, ZHANG Guan-min, ZHANG Ming-jian
(School of Energy and Power Engineering, Shandong University, Jinan, 250061 Email: 384779057(@qgqg.com)

Abstract: In this paper, based on the continuum hypothesis, the flow and heat transfer of
deionized water in silicon-based rectangular micro-channels with different cross-section shapes
are studied by means of variable property parameter setting and numerical simulation. Under the
condition that the equivalent diameter of the channel remains unchanged and the width of the
underside of the channel remains unchanged, the variation trend of the micro-channel pressure
drop, the apparent mean Nu and other parameters along with the change of the section aspect
ratio is analyzed. In this way, the flow heat transfer characteristics of rectangular micro-channels
with different sections are explored, and their comprehensive performance is considered through
the average temperature of the hot bottom surface and the evaluation factor j/f. The results show
that when the equivalent diameter of the channel remains unchanged, the section aspect ratio
increases, the micro-channel flow deteriorates, the convective heat transfer intensity increases,
the evaluation factor j/f decreases, and the average temperature of the thermal bottom surface
decreases but the trend slows down. When the width of the bottom surface of the channel remains
unchanged, the aspect ratio of the section increases. The heat transfer characteristics and the
average temperature of the hot bottom surface of the channel have the same change trend as
above, but the flow condition improves, the evaluation factor j/f is stable and unchanged after the
step growth.

Key words: Rectangular microchannel; Aspect ratio; Flow heat transfer; Temperature;
Evaluation factor j/f
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