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Effects of different inlet/outlet arrangements on performance of a trapezoidal
porous microchannel heat sink
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ARTICLE INFORMATION ABSTRACT

Effects of different inlet/outlet arrangements on thermal performance of porous microchannel heat sink
MCHS of any geometry has not been studied yet. In this investigation, the effects of utilization of four
different inlet/outlet arrangements on electronic chip cooling utilizing trapezoidal MCHS with porous
microchannels with porosity of 0.88 have been studied numerically. For this purpose, three dimensional
simulations of laminar forced convection flow in microchannels and conduction in solid parts of MCHS
by applying constant heat flux of 150 kWm? at its base plate have been performed utilizing the finite
volume method and the commercial Ansys-CFX code. The results show that the A- and B-type
arrangements, for which the inlet and outlet are in direction of flow in the microchannels, have a better
heat transfer performance, smaller thermal resistance and provide more uniform temperature
distribution in the MCHS base plate. The results indicate that using porous media is effective in
reducing the MCHS base plate temperature and in this regard the D-type arrangement has the best
performance among the heat sinks studied. Considering both the positive effect of using porous media
on increasing the heat transfer coefficient and its negative effect on increasing the required pumping
power, the A-type arrangement has the best performance.
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Fig. 7 Local Nusselt number along microchannel #5 obtained for the
experimental study of Philips[35] and pressure drop of 50 kPa
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Table 3 The average Nusselt number obtained for the rectangular
MCHS of Chein and Chen[24] for three pressure drops

AP=50kPa AP =35kPa AP =25kPa
9.64 9.01 8.35 Sl adllas
9.9 9.13 8.45 R4 o 5 onz
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Fig. 4 The created grids for slice of the solid part in the beginning of
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Table 2 Heat absorbed by water and the relative difference between the

absorbed and applied heats for different porous heat sink types

QFlow - quhsth QFlow(W) Ll olass £y
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qGwWhsLns A il
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Fig. 6 Temperature along bottom center of microchannel #3 in A-type
MCHS using three different grids; V=0.4 ms* and ¢,,=150 kWm
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Table 4 Pressure drop (pa) from entry to distributing plenum to exit
from collecting plenum for various arrangements of porous MCHS

V=0.45ms™ V=0.4ms? V=0.35ms ™ V=0.3ms? Type
6.62e6 5.73e6 4.85e6 3.98e6 A
6.94e6 6.01e6 5.08e6 4.17e6 B
6.50e6 5.62e6 4.75e6 3.90e6 C
6.50e6 5.62e6 4.75e6 3.90e6 D
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Fig. 10 Average flow velocity in different microchannels for various
arrangements; V=0.3 ms*
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Fig. 13 Variation of thermal resistance with coolant inlet velocity to the
porous MCHS for various arrangements
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Fig. 14 Variation of theta versus coolant inlet velocity to the porous
MCHS for various arrangements
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Table 5 FOM variations for various arrangements in terms of coolant

inlet velocity
D 9 B A Inlet velocity (ms™)
0.643 0.537 1.088 1.097 0.3
0.643 0.541 1.089 1.119 0.35
0.643 0.545 1.093 1.133 04
0.641 0.547 1.101 1.153 0.45
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Fig. 12 Variation of average Nusselt number versus coolant inlet
velocity to the porous MCHS for various arrangements

4 0auS SEE Jlow (699,9 Cf paw o> rwgie Sl vae Sl 12 UG

cilizes glaialT gl J5dsie olo Sl

@ 6399 Jlw Cerm iz p (G Cueglie Dok 13 S5 0
Sl i G Cenglie ity Sl 0ad oy Sl o Solx
o jisl,] e (6l (38,5 <ty inl3il b 5l A 3B D C (sl yial)]
oo GhalEl can Cepn Gl ol adl palS gl Cwglas
g asl Gl o JE] ans g opdae el )l JU
les o GUS Us ol odse el slos aniy el cely
Sl Cuoglie azl 0 g wbioe 2l selx les aiii 9 (69959
Coglin 5 gulie Cuglic Cwnd o 3l Sl Caoglae b po ralS
Sy g jlad cdl @ andly ulae Cuglie gl e JS ploal>
0% 9 oz 5 [36] iSer 5 slr sloaiily b Gillae g oS 539
e Gl o 4 g e a8l 5l S50 Jlas 2l il L [24]
@l sladlr o 3wl 205 plarals Cueglie o)l Ui
S 8kee e Ll ()l Suaglie S IA g9 le el oud alllas
s 1y 0 Sbas 5 C g5 o Solz a5 Mo o een

Sl e b oG o el G sl Ay Cond DlpsS
o iyl bl o eols ol 14 S8 s Jadie ol Sol>
ORIy bioo 285 0 (ol Sola 4 uiS Si Jlow Jlw 5395
slraly ol Jal e I Gk ol ol Jal ¢ e e
Ol FEESy @ig Grizen 9 S slod (LBl a5 odls (il
@9 O I Gl g Cl 70 0 L A g5 als Selz 05 00
Srcdens 3Slee i pl JIC g5 ploSolz g o)l 550y sles
Syl il ple 4 cos

Jolio poé bausmo g Joulsio bauss o jSlos dulio -2-6

Se g ol Jlsl Gl Gl sl cute SISy Al Lo 5l oslil
Lo 3)Slee alie oz o)l Jled 2dl (bl e
S lraile &l JU o JolSe i Lasme b aylie o 5.
ol lz sl (Foeals Jlme nolie L3 0p0 Shay Ol SRl &
Sl 5 bl T alos s el 0as ]I 5 Jsazr 5 5 dlre cilise
SH e (Kwld e oloF ol 4 (5395 Sy MIEN LD
55 ) 1 ol o Shos Syl Lowe i 51D (ialT el ail 258l
Gt oShae C bl & Cond oo pus aan slil 4 5 amo00 i

278



Wi pagn (1ixe 9 030 Slwlpd (s

Jokxio (Sl 393 L9 xSae (lepSola 3 Shes 3 ubra 293/ (5399 alike ST il

3 g0l las aes ol Lo, o Sles D )T Sl ol il Lalél
a)ﬂ&;d)ﬁ.ﬁch‘B‘A&I)]%S;@&LZ)L&A)EJIW
wdols las

boyS ol &S les i el Kly o Lo Jyus o)l 4
el a3l Jls 39,5 Sy il b bt T dn s el Jidics
aily gles S @l Jibae ol g oSl ol
el hws HB YL slace w0 Sy 2SI

e JAe st dr 4 caws D Gl L 5 sl Sel> 5
Gopb ol plas (Sog piSU all s slos op iy JyS j0 1) o Shee

oot e 433 sles anciy (33l 5l g ,uSole o H2A5-HIE.8 oy a5

e S yq8 -8

(M) JulSs S e s A

(FkgTK™) o325 e 5 ¢

(kgm's™) s conglin oy o Cr,

(KGM™) 53 o cunglie Cr,

(M) JUl5'5,Se0 (Selyyien b Dn

(M) Jslsizo osle o S5 (55,5 (sli! s dp

Sals jlre FOM

(m) glss)| H

(WMZKY) ) slrals oy h

sl dae Kn

(M?) o sole 5y 3588 Ky

(WK L, k

(kgS™) e o0 i

Cdls vae Nu

(W) 559,00 Sloey )08 pp

(kgms?) s P

(M) oats 5 oo p

(W) suss Gl o)l > Q

(WM™®) > L a

(KW1 Sy eaglie Rep

JRUSIPRNT Re

(K) Lo T

(MY X b, o oo ailfo u

(ms-l) Y by )0 ey ailie v

(MS™) Z bl 1o ety dillo w

Slase slaailye x,y.z

gz w23l

(kgm™s™) (Seslios eyl u

(kgm?) iz P

Sl 4 oo Folr G sles LS Aty o 6
(Km?wW?)

Sl €

Lo JyS i il er,

gy

Lagie loie avg

wle Solo s b

Jus ch

F% €

b f

279

Sglile (639)5 sie ju o i gSL“uLA‘)T Glp bs JyaS posw il 6 Jous
Table 6 Temperature control effectiveness for various arrangements in
terms of coolant inlet velocity

D C B A Inlet velocity (ms™)
0.158 0.129 0.113 0.123 0.3
0.191 0.159 0.147 0.157 0.35
0.220 0.184 0.179 0.190 04
0.245 0.206 0.208 0.219 0.45
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