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Abdtract:  In the Sudy of peformance of hea trander in microchannd heat dnks used for cooling dectronic chips, the avail-
able methods mogly assume microchannd snks with uniform heat flux digribution. Fnite dement method , which can andyze mi-
crochanne heat 9nkswith non-uniform heet flux digribution ,is presented. Gonpared with the results derived from exi ging methodsfor
ingance masdve Cdcuaed Huid Dynamics cacudions,in ite of arbitrary heat flux digtribution occurred ,heat trander performance
about microchannd heat snks can be analyzed dficiently and nore rgpidy by the finite dement method presented in this paper. A
Gerkin finite eement formulation has been used to predict the surface tenperature ,the fluid temperature and the totd thermd red s
tance of the microchannd heat dnkswith different heat flux digtribution , finite ement method is used to gudy the dfect of geometri-
cd parameters on the performance of the microchanne heat dnks a lag.

Key words: micro sygem;microchannd ;finite dement method

1 ; :
:Ard
, ) Haim (3]
, :Leng!t*! FLUENT
Tuckerman  Pease!! VLS (Very , 3
Large Sde Integration) , ,
, (D)
.Smdam [ , Ham 1@

:2002-05-27; :2002-12-06
863 (No. 2001AA42322) ; (No. 20010288013) ; (No. BG2001023)



738

2003

: (2

Ham @

1(a).

2(a)
(b) o

, (x y ).
(1,2,8,7) :

2 (a (b)
2.1
2(b) 1,
) : 1,
Ti s ; i Ti i=
1,2, ; (1,2,7,8 (1,2,3,4 (7,8,9,10)
Ti7 Tiz Tro Kk s he , He
,m , Co
, We
2 2
ka_(;rsz"s"' 8_;';2_3_%(T1'3_ Ti)L =0 (1)

T T
kj(zz's"' _ayzls-%(ﬁ.g- Ti1)r=0 (2)
dTy ¢
me =~ " heHe(Tiz- T - heHe(Tro- Ti0) R
- hWe(Ti7- T1,1) =0 (3
(Ta- Ti)e (Tre- Tid)r
(Ti7- e
5
i=4 i=6
1 1
(Tis- T = Ti - Tj (4
13- T =7 iZ > iZ i
i=10 =6
1 1
(Tro- Ta)r= Ti - Tj (5
79° T rR=", iZ > jZ j
i

=6

(Ta7- Tl,f)B:_ih(Tl+T2+T7+T8)'_]ZhjZTJ' (6

Tt o1
T1,t = NsTs+ Ne Te (7)
Ns  Ng 51,
Ns=1- x/L,Ng=x/L (€]
(i,j,k, 1 Tij
4 CF
T = NiTi + NiTj + NiTe + NI T, 9
NN Ne Ny 4 ik
Nk—Lﬁgl_tt,leTfL-Lgi (10)
(100 ,(s,1) . (9
Ti7 Tz T79.3
1 e m @ O

24 © 1994-2010 China Academic Journal Electronic Publishing House. All rightsreserved.  http://mamw.cnki.net



5 : 739

, 2(h) 1 N=8

(51 (12) :
[ & G G -2 -2 0 0 0 O[T [g 20. 006 15.16 Leng¥! CcmD

G G C G -2 -2 0 0 0 0| T o 1.4%.

G &G G & -2 -2c 0 0 O O T 0 1 N

G G G G -2 -2 0 0 0 0| T 0 N Tora )

Kk KK U U K K K K U Ul| T 0

Kk K U U K K K K U U| T o ! 17.6

00 0 0 -2 -2 G G G | T Py 2 .14

0 0 0 0 -2 -2¢ G C C Cf| Ts Pg 4 20.043

0 0 0 0 -2 -2 G G G Cf| T 0 8 20. 006
LO 0 0 0 -2 -2 G G G CllT1d -@& 16 20,006

(11)
(11) 1 32
, 'L b e
i , i 1,2,7,8;c= hdlH/ 16; . Tuckerman  Peasdl?!

Ki=U+W: W=- h@l/8 U=- hlLH/8:; Haim [3] . L

—gl. . :&. . :gz. . :E. . D L/D>>1,
=T A =R A PR A A

Co= - tkH/3L + th/6H + C; Cs = - tkH/ 6L - tH/6H, + C; :Fﬁflloo' [3]
3, Hal f
Cu= tkHy/ 6L - th/3Ho + ¢; C1 = tkHy/ 3L + tiL/ 3H, + C; am
. . Nu ,
Ko=-22U+W) - mG/2;Kg= - 2(2U+ W) + mCy/ 2 33
2(b) 1 10 , ' q
10 x 10 ( (11)) . ’ q
, Lenis '
Segerlind!®! . , 8 '
45 ,
45 x 45 181
3 3.3.1
[ [3]
31 JArd Haim
Ruota » Tuckerman
(1] (2]
N. N Peae! Samdam
, , Ard  Ham®
Leng'¥! CFD (Calcuated Auid Dynamics) , 2
Leng' 2
, Tuckerman  Peael'! Samdam®  Ard Ham(®!
Ts, mex , (12) :
Toma = MO TR, Tia, T} (12) " % ® * ®
(12 0 i v 8.6 8.6 8.6 8.6
Lo " a 6.04 6.04 6.04 6.04
, Leng u 5.812 5. 995 5.995 5.995
, 4 D 85.8 85.8 85.8 85.8
Va4, 1 N Re 558. 05 575 575 575
To.mex. Nu 6 6.5 7.93
1 N>8 T N . N =4 Ruota 0.062 0.062 0.064 0.0625

Ts,max N=8 Ts,max 0. 02 %. , 151 (1)



740 2003
(H) :302m; (2) (W) :50m; (3) 13
(1) : 2 m; (4) (L) :1cm; (5) (W) : , 3. , 3 56
1cm; (6) : , (%) :9 (7 78 q,
() (k) :148W/ (m- K) ; (8) 12
(k) :0.6090W/ (m- K) ; (9) (M) :8.91 x
10" “N- & n?: (10) () 14,179k (kg- K) ; s
(11) ©) :997. 1kg/ nt*; (12) A P) :213. 7kPa; 1 2 3 4
(13) (Q) :7.9 x 10°W/ n?; (14) ( POW) : 1( ) q q q q
1. 84W. 2( ) 2q 1.5q 1.159 1q
' f 3( ) 0.3q 0.45qg 0.7q 0.85q
Nu (11) ,
- [6]
Ti- 5 6 7 8
3 ( )
1
Reig = (Tomm - Tim/ (Q- L W) (13) a a a a
3.3.2 2( ) 0.85q 0.759 0.5q 0. 25q
N 8 3( ) 1.05q 1.3q 1.5q 1.85q
3 . Bl .y =
320 m, W, =5¢m,t=22m,L =1cm, W=1cm;
: n=99,D=
0.00009532, Q = 1. 81 x 10°W/ nf A P = 102. 75kPa, G = 4. 7cm’/
s, &
45
4 3 :
T
( 1) s 5 Tiyf 12
Tin 10 T 22 4904 24.33355 12 3 T
;T 10,2 TR 5 3 '
34. 259 15.48635 ; 3 T\ 13.90905 Tt 3
31.19805 . , 2 ' Tt ?
1 .3 Tot
¢ 1 12.1067 3
3 8qg. ,
32 =
i R 0.097 /W; .
o R 0.134 /W 0.1337 /W.
at 0.079 /W Ard  Ham®
s} , 6.76 %,
i o
- FLl o )
- “%.
2=
20 b=
16 =
18 b= ' '
17 =
16 =
15 =
::J'
- /] 2 3 4 5 8 7 4
4 T : 12 3



741

[1]

[2]

?

CFPD

41 %.

Tuckermen ,.D B ,Pease ,R F W. High perfformance heat snk for VIS
[J]. IEEE Hectron Device Letters. 1981 ,2(4) :126 - 129.

Vijay K Samelam. Gonvective heat trander in microchannd's [J] . Jour-
nd of Bectronic Materid's. 1989 ,18(5) :611 - 617.

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

[3]

[4]

[5]

[6]

Ard Weserg ,Haim ,H Bau. Andlyss of microchannd s for integrated
oooling [J]. Int.J. Heat Mass Trander. 1992 ,35(10) :2465 - 2474.
Leng,C S. Hectronic aooling usng microchannds. Find Year Project ,
BS:(Hon) ,Mdaysa. 1997.

G A Quadr ,Anvar Mydin. Andyss of microchannel heat exchangers
usng FBEM. Internationd Journd of Numerica Methods for Heat and
Aud Aow [J].2001,11(1) :59 - 75.

Lewis,R W Morgan K, Thoma,,H R ,Seetharamu , K N. The Finite H-
ement Method in Heat Trander Andyss [M].John wiley & Sns ,New
York ,NY ,1996.

,1978 , )

. Bmail :nudlibrary @

1977 2 , )

'

—
el

http: //Amwww.cnki.net



