Numerical study of conjugate heat transfer from heat sources
mounted on a conductive wall
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This paper reports on the numerical simulation of conjugate heat transfer from multiple
electronic module packages on a printed circuit board. In the series arrangement, two module
packages are installed along the airflow direction. In the parallel arrangement, two and/or four
module packages are installed normal to the airflow direction. Using the concept of effective heat
transfer area, a unique non-dimensional correlation is proposed, which can predict the maximum
temperature for the series arrangement and the parallel arrangement for a low thermal
conductivity PCB for various module package distance.

Key Words : Conjugate heat transfer, Effective heat transfer area, CFD

@)

1
BUA @
BUA At =Q/q=Arwt Ot/ g (2
@@ 3
Fig.2 3
Fig.2 (a) 2
Fig.2 (b) Fig.2 (c)
2 4
Acif Acif Fig.2 (d)
Lps=45.0 mm Lps=28mm
3
PCB
Q=1.0W PCB
2 Ap=0.3, 3.0, 20.0 W/m/K
Fig.1 Fig.1(a)
Olref U=0.33, 0.67, 1.00 m/s
Aref
Fig.1(b)
Aref q (1)
7.5 W/m?4K
= (Q-Qcond) / Arer = Qconv/Aret 1) LA=90.0, 67.5, 54.0mm,
Lg=90.0, 67.5, 54.0mm
Q Qcond CFD
Qconv CFdesign
Fluid Fluid 4
qref .
q Fig.3 2
A U Aer
‘ ‘ Nu Re Ap/ra=11.7 Fig3(a La
nsulated Heat source Nu Re he
solid Hesat source Solid L
(a) Base model (b) Actual model Ap/ra=780.3 Fig.3 (b)
Fig. 1 Concept of effective heat transfer area La Nu PCB



B 32.5

V

10.0

L 1000 |
. |

325.0

Heater Heat spreader
134x134x04 28x28x0.5

Package substrate
45x 45x 2.4

100.0

25 ~<pcB

'Tlfl 32.5

— |
3

|
La |

(a) Series arrangement

Heater

Package substrate Hest spreader

R N [-] j

B
3

1 Slip Condition

T T T T T T T T T T T T

llBi:O.Z;
=

T T T

T

L, . Re Ly . Re Ly wRe |
—&— 32,421 —* 32,842 —— 32L,,1263

SO 24, 421 <O 24,842 <o 241, 1263

10t

-®- 101,421 -o- 191,842 -&- 19, 1263

Ll Ll Lo

N[

- \ Slip Condition
|?| 325
| 235.0 |

PCB/|B
3

»
(b) Parallel arrangement with two module packages
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(c) Parallel arrangement with four module packages
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Fig. 2 Physical model for multiple module packages
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