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Enhancement of Cooling Performance for Arrays of Block Heat Sources Mounted on the Wall
of a 3—D Cabinet

Jen—Chieh Cheng, Yeong-Ley Tsay, Chih—Ho Yang
Department of Aeronautical Engineering, National Formosa University
64 Wun—Hua Road, Huwei, Yunlin 63208, Taiwan

ABSTRACT
This study aims to investigate the cooling performance enhancement of block heat sources by installing fins and
constructing vents on 3-D cabinet walls. Results show that, for the fin number Fy=23, the hot spot temperature of the
blocks can be reduced up to 28.47%. The hot spot temperature of the blocks can be reduced by 9.97% when cabinet
walls are constructed air vents with Sp,=0.04 and Sy=16. The difference of hot spot temperature of the blocks is about
35.42% when the fins are installed and air vents are constructed simultaneously.

1. Introduction

The conjugate conduction—natural convection heat
transfer for block heat sources mounted on the wall of a
3-D cabinet is widely encountered in engineering
applications, such as cooling of electronic equipment,
photovoltaic cells and products of light emitting diode
[1,2]. This study aims to investigate the cooling
performance enhancement of block heat sources by
installing fins and constructing vents on cabinet walls.
Attention is given to the enhancement of cooling
performance by installing fin and constructing air vents.
The numerical simulation is rigorously performed in this
study. The numerical computation domain covers the
cabinet and its surrounding area. The boundary
conditions of the temperature and heat flux for cabinet
wall are not previously known and have to be found in
the solution processes.

2. Numerical Method

The physical system under consideration, as shown
in Fig.1, is a 3-D cabinet with arrays of block heat
sources mounted on left vertical wall of the cabinet. To
enhance the heat transfer characteristics, the cabinet
walls are constructed with air vents and installed with
fins. The block heat sources dissipate heat to the cabinet
surrounding through the thermal interaction between the
interior and surrounding of cabinet. The numerical
computation domain covers the cabinet and its
surrounding area. The boundary conditions of the
temperature and heat flux for cabinet wall are not
previously known and have to be found in the solution
processes. In this study the ESI CFD-ACE is employed
to carry out the numerical simulation. The effects of grid
arrangement and computation domain of the
surrounding area are carefully tested. Furthermore the
results of limiting cases are verified with relevant
articles [3].

3. Results and Discussions

Figure 2 represents the temperature distributions for the
cases without and with fins or vents. It is seen that the
installation of fins and construction of vents can
significantly reduce the temperatures of block heat
sources. In addition the results show that, for the fin
number Fy=23, the hot spot temperature of the blocks
can be reduced up to 28.47% as A, =0.5,A,=0.1, B, =
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Fig. 1 Schematic diagram of physical system, (a) 3-D
cabinet containing heat sources, and with air vents and
fins, (b) X-Y plan sectional view, (c¢) Y-Z plan sectional
View.

B, = 0.1, B,=0.01, Ra =5 x 106, K,,=5000, K.,=600
and Ky, = 8000. The hot spot temperature of the blocks
can be reduced by 9.97% when cabinet walls are
constructed air vents with Sp=0.04 and Sy=16. The
difference of hot spot temperature of the blocks is about
35.42% for K =600, and K=8000, FN=23, S;,=0.04
and Sy=6 when the fins are installed and air vents are
constructed simultaneously.
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4. Conclusions

This study proposes a model to investigate the conjugate
conduction and natural convection for block heat
sources mounted on one of the walls of a 3-D cabinet
filled and surrounded by air. Attention is given to the
enhancement of cooling performance by installing fin
and constructing air vents. The numerical simulation is
rigorously performed in this study. The numerical
computation domain covers the cabinet and its
surrounding area. The boundary conditions of the
temperature and heat flux for cabinet wall are not
previously known and have to be found in the solution
processes. Results show that, for the fin number Fy=23,
the hot spot temperature of the blocks can be reduced up
to 28.47%. The hot spot temperature of the blocks can
be reduced by 9.97% when cabinet walls are constructed
air vents with Sp=0.04 and Sy=16. The difference of hot
spot temperature of the blocks is about 35.42% when the
fins are installed and air vents are constructed
simultaneously.
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Fig. 2 Temperature distributions in the half cabinet,
block heat sources and fins, (a)without fins and air
vents ; (b) with fins and without air vents ; (c)with air
vents and without fins ; (d)with fins and air vents.
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