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Fig. 1. Geometric model of heat source.

2.2 {EHIER

B A BE R M ORE O RE (8 R B e N
700 J-kg~ K™, #FE p, 2329 kgm 3, T H
Ab N 130 W-m— LK), WIS A, 7]
W RN ARSI, BRI
W AN VR H, 8 T BE TR B G R AR,
TG R T A AT RN D R
TN D, 5N 293.15 K.

TR IESNE TR SRR RE R TR
530 BE 7 B s i FE O 5 R AN T U 80 B2 7 AR i .
JR P 35 7 R 4y [60]

204401-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 20 (2017) 204401

vV - (pU) =0, (1)
p(U-V)U
=V- { —pI + (u+pr) [VU + (VU)]
_g(ﬂ—&—uT)(V'U)I_%PkI}"'F’ (2)
pc,U -VT +V -q=Q, (3)
p(U-V)k=V- K/Hijz) V’ﬂ} + P = pe,
(4)
pawvx:v-Ku+T>V%
+ Cgl%PkJ - 062/06;7 (5)
k.2
pr = pCp—, (6)
P, = MT{VU . [VU + (VU)"]
__g(v.LUQ}-gka-lL (7)

X Hp N AR % E (kgm™2), UNEERE
(m-s~1Y), p AJE ST (Pa), T HRALEERE, F MR
71 (N-m~3), T R (K), g AHIRKE (W-m—2),
wN G TR R B (Pass), ur AT B PE R 2L
(Pa-s), ke 43 A2 A (m?-s~2) Ff i FERLER
(m-s™3), cp AIMAERIE R AE (Jkeg K1), Q
AL B FE ORI ) DHE N I S I (W-m—3),
Py, At Re AR I (kgm=2-s73); Ceq, Cea, Oy,
ok, o BINEL L BUA S N Caq = 1.44,
Ceg =1.92,C,, = 0.09, 0, = 1, 0. = 1.3.
W R B R AR A S IV RE E TR

V2T = 0. (8)
EYNERIERS SR Re R TTIE N

V2T +q" /As =0, (9)

b MR IR E (W-m—3), A\ NI T R

(Wm~ LK.

P A S PR N PG S S R AR N A TR
ZHE.
2.3 MREIEFR

53 ) DA s A 2 B B BE Ry, A SR JE Thax 9
PERESRARIT RARAL BT T, il BE RIS, R GTEAN

5 5 e R PR, 0 R S
k.
G R By 19497

Bvna= [ NATPaV, (10)
b A AR R S (Won— LK 1),
2 AL S 949
Ry = Bvpe/Q3, (11)
e G IR PRI (W),

BENHUN R G0 (R . FAGEURTUR) HIMRAE

EVh¢ = EVh¢,b + EVh¢,s + EVh¢,f

= / Xy (VT)2AV + / A (VT)?dV
Vi Vs
+ / Aett (VT)?AV, (12)
Ve

K Evig o Bvngs M Eyng e 53 AFEE . LA
PRI SRABFERLR (W-K), Vi, Ve M1 VE 23009
JE R | A A TR 38 S SR AR (m3), A, F
Ns 73 R A RN B AT AR PR B 3 2 Ao N
TR B A ST HE (Wm LK),
WA R AR P AE AR

Ry, = EY;”
Qs
1
- 2[/ Ab (VT)2dV+/ X (VT)*dV
Qi LJw, Ve
+/ )\eff(VT)de]. (13)
7

2.4 BERE

s i) 75 T2 AN A T A A0SR A PR G T SRR
COMSOL Multiphysics 3K fi#, 1% FbRHE k-e i AuE
LIS /i LN N e o A TR N 7 (S
UE TSRS B, 6 WXk A7 PR 3R AT AR S, SR A 3L
409 A 264761, 513869 A1 1382375 ) 3 & P A%k
BLOERARTOE U = 3 mes 1 2R 5 H 25 5
SERMEDLT, 13 H B R SR 1) e v i B 43 )
370.05, 372.12, 372.20 K, #HXF % 2 4 54 0.56%
F10.02%. A FEMTH RS 2RI R, TH Rk A
BRI . 5 R R AR I RR U SR HE S —
1 x 1076,

204401-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 20 (2017) 204401

3 &R5i’
3.1 PAIRIREE N B AEA SN

AR ISR RS R 5 N g,
g R g (Wm3), HALE 26 R A, )

" 1" a " " g

d2 —q1 =43 —qa =44 — Q3 = Aq",

Ah Ag” NHIRIREZE (W-m™?).
% R RIS R IR R AR, % A58 L A
N (BB AR BREAE AR 1)

¢/ =8x10°+ (i —2.5)A¢",i=1,2,3,4. (15)

(14)

F1 FRIFRREERE (P 103 Wom™3)
Table 1. The intensity of each heat source (in 10° W-m™3).
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Table 2. The optimal distribution of heat source in-
tensities and the performance values at different fluid

flow rates.

0.7 —0.3 492.40 —0.25 0.41
1.5 —-0.4 411.18 —0.45 0.15
3.0 -0.3 370.40 —0.50 0.08
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Table 3. The heat conductivities of heat sources (in
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Fig. 8. The influence of distribution of As on Trmax.
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Abstract

A three-dimensional (3D) turbulent heat dissipation model of cylindrical discrete heat generation components is
established on a conductive basis. The whole solid section is set in a square channel with adiabatic walls, and the
components, cooled by clean air flowing through the channel, are arranged in a line with equal spacings. The influences
of the heat conductivities of the components, intensities of heat sources and velocity of fluid flow on the maximum
temperature (MT) of components, the equivalent thermal resistance (ETR) based on entransy dissipation of the heat
dissipation system, and the averaged Nwu number are investigated with the constructal theory considering variable
properties, compressibility and viscous dissipation of air. The total heat generation rate and the total heat conductivity
of heat sources are fixed as the constraint conditions. The circumstances in which heat generation rates and heat
conductivities of heat sources are unequal are considered. The results show that for the fixed total heat generation rate
of heat sources, despite MT or ETR that is taken as the performance index for thermal design, there exists an optimal
intensity distribution of heat sources for the best thermal performance of the system. In fact, for different objectives,
the optimal intensity distributions of heat sources are corresponding to the best match between the distributions of heat
sources and the distributions of temperature gradient. There are different optimal distributions for different velocities
of the fluid flow and different optimization objectives. Besides, the averaged Nu number increases with the increase of
intensity difference in heat sources, which means that the convective heat transfer is enhanced, but this phenomenon is
relatively weak when the velocity of fluid flow is low. For the fixed total heat generation rate of heat sources, when the
intensities of heat sources are equal and the thermal conductivities of heat sources are lower than that of the conductive
basis, increasing heat conductivities of the heat sources can evidently improve thermal performance of the system; the
MT can be lowest when the conductivities of heat sources increase along the fluid flow; and the ETR is lowest when the
conductivities of heat sources are equal. Both the MT and the ETR decrease with the increasing velocity of fluid flow.
The results can provide some theoretical guidelines for the practical thermal design of the electronic components with

different materials and different heat generation rates.

Keywords: constructal theory, entransy dissipation extremum principle, cooling of electronic compo-

nents, generalized thermodynamic optimization
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