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Abstract : By using the CFD software and combining with experimental studies we conduct the three-dimension numerical
investigation on the characteristics of flow and heat transfer in microchannel heat sink with circular, triangle and square
cross-section pin-fin arrays. The flow field and temperature field of the three types pin-fin arrays are obtained for different
Reynolds number( Re ). Besides, the friction coefficient ( f) and Nusselt number ( Nu) have been calculated as the
criterion of the flow and heat transfer properties of micro pin-fin. The results show that the friction coefficient decreases
with the increase of Re,that the frictional resistance coefficient of triangle pin-fin is the smallest with low Re. And that
the Nu grows with the increase of Re,and the Nu of circular pin-fin is larger than that of triangle or square , which appears
a better heat transfer performance. The assesses of the comprehensive flow and heat transfer performance indicate that the
circular pin-fin has better performance than the others. Furthermore ,compared with experimental outcome, the numerical
results still have some deviation owing to microscale effect while the trend is consistent with experimental results.
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Table 1 The basic geometric structure of pin-fin
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Fig. 1 Physical model of microchannel heat sink
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Fig.2 Schematic diagram of microchannel surface
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Table 2 The computational formula of the simulation of microchannel
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Fig.3 The grid of pin-fin section
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Fig.4 The local velocity field of difform pin-fin
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Fig.5 The temperature field of difform pin-fin
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Fig.8 The relationship between Reynolds number

and surface temperature of bottom
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Fig. 10 The relationship between Reynolds number and Nusselt number
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Fig. 11 The diagram of experimental device
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Fig. 12 The comparison of the relationship between Reynolds number and friction coefficient

by experiment and simulation results
3.5.2 H#RAEH Nu
X LG SE g A AU A5 B[R RDR AR, B 145 805 25 R R0 S 36 FBE 8L B X6 LE, an & 13 B
7. AL =ANEE NIRRT SRR R B3 Bl 2 B v ER 3G T3 R, AR A — S0 S 0 (L ) 34 s 34
FEBHUE . MR ER 2 thal(7) THRATAS AR AT ) Nu AHXT V34158258 21.14% , = fIEAHT Nu AHXE
VIR ER 21.74% , F5 AT Nu AR 2558 26.17 %.
T X b S AL A 25 5, AT UL AR S0 AR 25 R K, BRI R A . 2 AUR B RN )
30 30
25+

—6— Numerical
—e— Experimental

—>— Numerical
—— Experimental

20 20
215 S 15
10 10p
5 5L
0 ! ! ! ! ! ] 0 1 1 1 ! ! ]
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Re Re
(a) BIFEET 9250 S BT (b) =fIAT L0 S LA Kt
30 .
—&— Numerical
25r —a— Experimental
20 -
S 15F
10
5L
O 1 1 1 1 1 |
200 300 400 500 600 700 800

Re
() FIBEF R 250 SR
B 13 Re-Nu I8 5T L
Fig. 13 The comparison of the relationship between Reynolds number and Nusselt number

by experiment and simulation results



P UM R A2 2R (TR R ) 55 18 B3 1 11(2018 4F)

Wiy LA b S 56 8373 25 AR ) BR ), IR B B BE 5 4 DT T O RUBE TR B IAE S A RARR 5, DT 5 R ARADUR S
MEs AR 22, BN £ RAFRI TR BITERE , 5 (1 Nu A3 BT 4740 R, SCHE 7 18 450 200 ~ 800 1Y
FIREIE SR f 70 Nu BEAARALT 55 SR IR AR,

4 ik

AR SCE A X AN [ AR 00 SR 308 A T — RSB0, & LA U sl AN e 24 T 8R4 i bk = M 41
AT IR BT AT — 2 i L34

(1) FIESOHE IR R NEEECT , = MR BB ) R A/ . ERREHECT , R AT il B4
BH 1 R /)N

(2) FEFTRWECT , BAEIE AR X B A R BT = SRS I R T EE W, 7€ Re =200 B, X4 i
RBEIE 22 kW/(m*-C). 24 Re=800 i, X it e R £ N2 35 kW/ (m*-C).

(3) B At rpr | X oAl T R AR B R, e AR TR 00, R B HE O T8 &1 1 A = 98 &1 i A9 IR AR
MREEREAR T 12.6% 511 9.8%. [RIFEIREN M), ZE40 07 18T bb = A TR A1 W A5 T2 41 B8 A A 3.

(4) F T AROR BE S0, 52 e, RS0 RN SIS S0 A A AE — 58 2, (HURSEA0L L 2 5 b Sz 7 1% il 1 3 30
B2 e &,

[ &% 3L #K | (References)

[1] CHAKRAVARTHII M K D, MUTHARASU D,SHANMUGAN S. Experimental and numerical investigation of pressure drop
and heat transfer coefficient in converging-diverging microchannel heat sink[ J]. Heat and mass transfer,2017,53(7) :2 265-
2 277.

[2] HATAMI M,GANJI D D. Thermal and flow analysis of microchannel heat sink ( MCHS) cooled by Cu-water nanofluid using
porous media approach and least square method[ J]. Energy conversion and management,2014,78(78) ;347-358.

[3] HASAN M I. Investigation of flow and heat transfer characteristics in micro pin fin heat sink with nanofluid[ J]. Applied thermal
engineering,2014,63(2) :598-607.

(4] Hifg i ARREEE SRAKT, 45, RlOEIE S AR Sh AL BFPERI ST ) ] R 585 ,2008,36(10) :5-8.

YANG H M,ZHU K Z,ZHANG J Y, et al. Study on the flow and heat-transfer properties of microchannel heat-exchanger[ J].
Cryogenics and superconductivity ,2008,36( 10) :5-8.(in Chinese)

[5]  BUEfs, ORI, O R o 8 et g i BB S T [T ]. 2B MO, 2014,35(2) :289-292.

RUAN T D,LI B G. Numerical simulation and analysis of chip microchannel heat sinks[ J]. Semiconductor optoelectronics,
2014,35(2) :289-292. (in Chinese)

[6] S8, Wi B, i, 55, RO E A i) B RSt LA [ )] T3P D) T A% ,2015,24(4) :61-67.

GUO C H,CHEN X L,YANG Y,et al. Numerical simulation and structural optimization on microchannel heat exchangers[J].
Computer aided engineering,2015,24(4) :61-67. (in Chinese)

(7] #ridde, sk, BRIDE AL | 45 Tooi i B b AL Bt SERe s [T . IR 585 ,2013,41(12) :63-69.

JINZ L,ZHANG Z C,CHEN X T,et al. Analysis and design of microchannel structure on microchannel heat sink [ J].
Cryogenics and superconductivity ,2013,41(12) ;63-69. (in Chinese)

[8] BT, SRR IRILSE. HhEE N 51 B 38 A ) T S AR PE [ )] TR B4, 2015,36(7) : 1 572-1 577.
KANG N,WU H Y, XU F X. Flow and heat transfer characteristics in silicon-based pin-fin microchannels[ J]. Journal of
engineering thermophysics,2015,36(7) :1572—1577. (in Chinese)

[9] BSR4 T, skoRaX, 5. DA = ML O FE A 8l 5 0 i AR E R 2R [ ] AL T4k, 2015,66(6) :2 062~
2 069.

QIU D L,GUAN N,ZHANG C W et al. Effect of different heating power on flow and convective heat transfer characteristics of
triangle micro pin fins[ J].CIESC journal ,2015,66(6) :2 062-2 069. (in Chinese)

[10] HEH,#28 BEL F KERME RTINS S T]. hEA M RZE2M (A RBSM) , 2014,
38(2):130-134.

XIA G D,CUI Z Z,ZHAI Y L, et al. Flow and heat transfer characteristics for long-diamond shaped micro pin fin[ J]. Journal of
China university of petroleum( edition of natural science) ,2014,38(2) :130-134. (in Chinese)



FRFE 5, AF AR AR 8 8 3l -5 3 Pk RE S 5

[11]

[12]

[13]

[14]

[15]

SRR, TR A, ZEREAR A5 N RO R RSBy R [T ] LT 24401, 2014, 65(6) :2042-2048.

ZHANG C W,PU L M,JIANG G L, et al. Resistance characteristics of micro pin fins with different cross-section shapes[ J]. CI-
ESC journal ,2014,65(6) :2042-2048. (in Chinese)

TG, VR HABK , AT, AF. IO v K0 AR N A S RS PR I BE R [ ) ] SRIBOE SR T I, 2016,28(2) 1 7-12.
PAN N N,PAN Y Q,YU L,et al. Numerical simulation of flow and heat transfer characteristics in microchannel cooler[ J].
High power laser and particle beams,2016,28(2) :7-12. (in Chinese)

VA MR LU 65, TR F 4 9 EDR B R A28 £ S LA A D). BR AR, 2017, 62(16) - 1 788
1794.

CHU W X,LI X H,MA T,et al. Heat transfer and pressure drop performance of printed circuit heat exchanger with different fin
structures| J |. Chinese science bulletin,2017,62(16) :1 788—1 794. (in Chinese)

XU B AR T2 [ M. I LRSS A R, 2002.

LIU Y Z,MIAO G P. Advanced Fluid Mechanics[ M ]. Shanghai ; Shanghai Jiao Tong University Press,2002. (in Chinese )
HUA J,LI G,ZHAO X F,et al. Experimental study on thermal performance of micro pin fin heat sinks with various shapes[J].
Heat and mass transfer,2017,53(3) ;1 093—-1 104.

HUA J Y,LI G,ZHAO X B, et al. Study on the flow resistance performance of fluid cross various shapes of micro-scale pin fin[J].
Applied thermal engineering,2016,107(8) .768-775.

[ TS R K]



