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% Physical Model (In-Line PFHS)
. W
Fixed:
v Heat sink geometry | |, | ’Wz :
v Pin-fin dimensions H“”Iiﬁ:/ /7HH@{ H;
) e E
\/V.olume 1.”Iow rate ufuzu/ S, u/ W, _
v Pitch ratios (S, S;) Variables: COL. — 21V,
v Heat load Wa
v’ Fluid properties CLy = %
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ngbo Literature Review (PFHS)
*» Experimental: Ortega group (SPFHS)
Rizzi group (CPFHS, SPFHS)
Jonsson group (CPFHS, SPFHS)
** Numerical:  Jonsson and Moshfegh (CPFHS)

** No theoretical study exists which investigates the
effects of side and top bypass on the overall
performance of PFHS
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%3 Objectives

\/

* Investigate effects of side and top bypass on
overall performance of PFHS for :

= |n-line and

= Staggered arrangements

% Compare thermal and hydraulic performances for
both arrangements
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Top View (In-Line PFHS)
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% Side View (In-Line PFHS)
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% Mass and Force Balance
Mass balance between 1 and 2

UdAd — UlAl + UQAQ + Uap;pAf

Force balance between 1 and 4_

1 1

Py + §pU§ = Py+ 5 pU 12 + AP Side bypass
1 1

Py + §pU C% = P;+ 5 pUQ2 + AP Top bypass
1 1

Py + 5 oU C% — P;+ 5 poU fpp + AP, Heat sink
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Pressure Drops
1 AP,
N (§pvf) f1(L/Dh) ‘
1 m
APy, = (§ﬁU22) f2(L/Dhp2) ; \%P/\E_/
2
APhS — (%priax) [kc + ke + NLf3]
f 94 ' £, — R24
L= Rephl €Dhs
Dhy = AW1 i, Dho = WA,
! 2W1 + Hq W+ Hs
UsDh
UiDh _ Y2
RE?Dhl _ ll/ 1 ReDhg — 1
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% Friction Factors

Khan (2004):

K1 0.233+445.78/(Sr —1)""'Rep| In-Line arrays

f=
K [378.6/8%3'1/ ‘ST} / Re%ﬁg/ St Staggered arrays
1.09/Re};"°%%
—1
1.009 (ST ) In-Line arrays
Kl — SL —1

1.175(S. /S Re%3124) + 0.5 Re%%07  Staggered arrays

9th AIAA/ASME Joint Thermophysics and Heat Transfer Conference



University of

Waterloo o _
I ___Average Velocities in Different Regions

<
7o CoUq
b a1C2 + a2C1 + asC10C>
C1Uy4
U, =
a1C2 + a2C1 + asC1C5
C1CU,
Uap'p —
a1C2 + axCi + arC1C>
Ar A2 _ 4y
al—Ad GLQ—Ad af—Ad
L 1‘|'K1 o 1—|—K2
¢ = \/1—|—0§K3 and Cz = \/1—|—J§Kg
Ky = fi -2 Ky — foto Ks = fo(ke + ko + f5N1)
1= fipy 2= g 3 = fa(kec+ ke + f3NL
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% Thermal Resistance Network
1 : RC Rﬁn
AN—AN
R i —
4 (hA??) fin -~ R“ °
T 1M
b AN T
1
R, = ——
(hA). R,
— AN
1, T,
1
Ryiim =
D2
hy (LWQ — NL) R 1
4 th N L 1

Rc + szn szlm
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%iﬂ Heat Transfer Coefficients
r
kf/D 1/2 5 1/3
hy, = 0.75 Re;/* prt/
b N3 ey Pr
Khan (2004): |
k
hfin — Cg fRel/QP?’l/S

D

[ [0.2 + exp(—0.5581)]Sr 02858, 0212 In-Line arrangement

0.61 ST O.OQlSL 0.053
\ [1 —2exp(—1.098})]

Staggered arrangement
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% Assumed Parameter Values
Quantity Parameter Values
Footprint, (mm?) 50 x 50
Source Dimensions, (mm?) 50 x 50
Baseplate Thickness, (mm) 2
Pin Diameter, (mm) 1.5
Overall Height of Heat Sink, (mm) 50
Duct Flow Rate, (m?/s) 0.01
Thermal Conductivity of Solid, (W/m - K) 210
Thermal Conductivity of Fluid, (W/m - K) 0.026
Thermal Contact Conductance, (W/m? - K) 104
Density of Fluid, (kg/m?) 1.1614
Specific Heat of Fluid, (J/kg - K) 1007
Kinematic Viscosity, (m?/s) 1.58 x 107°
Prandtl Number 0.71
Heat Load, (W) 10
Ambient Temperature, (°C) 27
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%y  \Velocities in Top Bypass and Heat Sink Regions
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%ﬁ U__. (Top Bypass Only)
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% U .. (With Side and Top Bypass)
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3 APy, (Top Bypass Only)
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%g AP, . (With Side and Top Bypass)
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%ﬂ Conclusions

» Ry, increases whereas AP decreases with the
Increase In side and top clearance ratios.

» Comparisons show that In-line arrangement has
higher Ry, but lower AP than staggered one.
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