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ABSTRACT:

The target of this research is to study the performance of air cooling of
an electronic cabinet including a heat sources (electronic circuit boards)
by using axial fan. The cabinet is cooled from the top by one port while
the lower and side walls temperature is kept constant. The effect of inlet
and outlet air ports positions in the cabinet is considered. In this work,
Icepak4.2.8 package is used in the numerical study. The steady of the
3D incompressible viscous flow problem is solved by using the Icepak
package. Various air-cooling geometries are applied. Specific conditions
for each case are defined, and the computational fluid dynamics is
provided for three different groups containing six cases of local inlet and
outlet ports. The results are performed for cooling effect factor (CEF).

49



INTERNATIONAL JOURNAL OF
ARTIFICIAL INTELLIGENCE AND EMERGING TECHNOLOGY
Print ISSN Online ISSN

9735-4792 VOLUME 5, ISSUE 2, 2022, 49 — 62. 97354806

KEYWORDS:
Air cooling, electronic circuit, CFD, Icepak.

INTRODUCTION

The design of cooling systems for electronic equipment is getting very
involved and challenging due to an increase in demand for faster and
more reliable electronic systems. Therefore, robust and more efficient
design and optimization methodologies are required. Natural convection
heat transfer is an important phenomenon in engineering systems due to
its wide application in electronics cooling, heat exchangers, and double
pane windows. Enhancement of heat transfer in these systems is
essential from the industrial and energy saving perspectives. The low
thermal conductivity of conventional heat transfer fluids, such as water
puts a primary limitation on the performance and the compactness of
thermal systems. As a result, different cooling technologies have been
developed to efficiently remove the heat from these components. The
use of a liquid coolant has become attractive due to the higher heat
transfer coefficient achieved as compared to air-cooling. Coolants are
used in both single phase and two-phase applications. A single-phase
cooling loop consists of a pump, a heat exchanger (cold plate/mini- or
microchannels), and a heat sink (radiator with a fan or a liquid-to-liquid
heat exchanger with chilled water cooling). The heat source in the
electronics system is attached to the heat exchanger. Liquid coolants are
also used in two-phase systems, such as heat pipes, thermo-siphons, sub-
cooled boiling, spray cooling, and direct immersion systems for cooling
of electronics [1].

The rapid development in the design of electronic packages for modern
high-speed computers has led to the demand for new and reliable
methods of chip cooling. As stated by Mahalingam and Berg [2], the
averaged dissipating heat flux can be up to 25 W/cm? for high-speed
electronic components.

However, the conventional natural or forced convection cooling
methods are only capable of removing small heat fluxes per unit
temperature difference, about 0.001 W/cm?.°C by natural convection to
air, 0.01 W/cm?.°C by forced convection to air, and 0.1 W/cm>.°C by
forced convection to single-phase liquid [3].
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In response to these demands, different highly effective cooling
techniques have been used to achieve heat transfer enhancement with a
minimum of frictional losses, including a variety of passive and active
cooling techniques.

Po-Chuan Huang and Young [4] conducted a numerical investigation on
the flow field and heat transfer characteristics of two successive porous-
block mounted heat sources subjected to pulsating channel flow.

Time-dependent flow and temperature fields were calculated and
averaged over a pulsating cycle in a periodic steady-state.

The basic interaction phenomena between the porous substrate and the
fluid region, as well as the action of pulsation on the transport process
were scrutinized within the study. Steady-state experiments were
performed to study general convective heat transfer from an in-line four
simulated electronic chips in a vertical rectangular channel using water
as the working fluid [5]. Experiment has been performed to investigate
the natural convection heat transfer coupled with the effect of thermal
conduction from a steel plate with discrete heat sources. The behavior
and heat transfer enhancement of a particular nanofluid, AI203
nanoparticle— water mixture, flowing inside a closed system that is
destined for cooling of microprocessors or other electronic components
was investigated by Cong Tam

Nguyen et al [6]. The development of a novel cooling strategy of directly
injected cooling for electronic packages was studied by Wits et aLL [7].
Two-dimensional forced convection heat transfer between two plates
with flush-mounted discrete heat sources on one plate to simulate
electronics cooling is studied numerically using a finite difference
method in [8]. The effects of rotation on natural convection cooling from
three rows of heat sources in a rectangular cavity were studied by Jin et
al [9]. Conjugate convective—conductive heat transfer in a rectangular
enclosure under the condition of mass transfer within cavity with local
heat and contaminant sources is numerically investigated by Kuznetsov
and Sheremet [10]. Mathematical model, describing a two dimensional
and laminar natural convection in a cavity with heat-conducting walls,
is formulated in terms of the dimensionless stream function, vorticity,
temperature and solute concentration. The main attention is paid to the
effects of Grashof number (Gr), Buoyancy ratio (Br) and transient factor
on flow modes, heat and mass transfer.

51



INTERNATIONAL JOURNAL OF
ARTIFICIAL INTELLIGENCE AND EMERGING TECHNOLOGY
Print ISSN Online ISSN

9735-4792 VOLUME 5, ISSUE 2, 2022, 49 — 62. 97354806

Steady-state experiments are performed to study general convective heat
transfer from an in-line four simulated electronic chips in a vertical
rectangular channel using water as the working fluid [11]. Numerical
simulation of conjugate, turbulent mixed convection heat transfer in a
vertical channel with discrete heat sources was studied by Mathews and
Balaji [12]. Investigation of mixed convection heat transfer in a
horizontal channel with discrete heat sources at the top and at the bottom
was studied by Dogan et al [13]. Laminar-mixed convection of a
dielectric fluid contained in a two-dimensional enclosure is investigated
[14].

Spray cooling is a very complex phenomena that is of increasing
technological interest for electronic cooling and other high heat flux
applications since much higher heat transfer rates compared to boiling
can be achieved using relatively little fluid [15]. An experimental study
of cooling an array of multiple heat sources simulating electronic
equipment by a single row of slot air jets positioned above a critical row
(row having maximum heat dissipation rate) of the array was conducted
[16]. Kabeel et al [18] presented forced convection cooling of heat
sources by use liquid (water and dielectrics oil). The study was carried
out at different exit conditions, different flow rate, and different heat
flux. Also, the study presented the effect of outlet ports positions for
water and dielectrics oil to investigate the best position of exit flow.
Although earlier works have studied the use of liquid to enhance heat
transfer from heat sources, they present few cases of this use.

In the present study, IC’s components “chips” is idealized as smooth
rectangular blocks with uniform thermal conductivity and constant heat
flux. The aim of the present work is to use air to cooling heat sources.
Turbulent heat transfer with three heat sources for air coolant is studied
numerically.

I. PHYSICAL PROBLEM

The physical model, that describes the case of studying, the schematic
diagram of the physical model is shown in Fig. 1, the flow is
approximated to be three-dimensional flow.
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II. PROBLEM DESCRIPTION

A cabinet 3-D view is shown in Fig. 1, which describes the case study.
The cabinet as cooling chamber (1) is made of Acrylic with of 10 mm
thickness, width of W=150 mm, height of H=100 mm and total length
of L=300 mm. The heat sources (chips) (2) are assumed to be of a
constant heat flux and the enclosure having 100mm length, 20mm width
and 20mm height. The supply air enters the cabinet through the three
circular fans (3) in the top at a mass flow rate of 0.0001 kg/s for each to
cool the chips. We put the Rectangular Plates (4) between the fans ports.
The grilles (5) representing as the exhaust ports are located in the right
and left sides.

1-Cabinet. 4- Rectangular Plate.
2-Heat Sources (chips). 5- Grill.
3-Circular Fan.

Fig.1. Schematic diagram of Case Study
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I11. Numerical solution

The three-dimensional steady-state, turbulent compressible flow in the
cabinet is governed by continuity, momentum and energy equations
together with applying the turbulence k-¢ model. After setting the
governing equations, a numerical method is used to convert it into a set
of algebraic equations. Then, the computational fluid dynamics (CFD)
software package used in this study is called Icepak4.2.8. 1t solves the
governing mass, momentum and energy (Navier-Stokes) equations
numerically using the finite volume method.

111.1 Governing Equations to be solved
The governing equations of the flow are modified according to the
conditions of the simulated case. Since the problem is assumed to be
steady state with low velocities. Therefore, time dependent parameters
are dropped together with the viscous dissipation term, are dropped from
the equations. The resulting equations are:

° Conservation of mass:
V.(p¥) =0
. X-momentum:

By _ B BTy BTyx | d1ay
V. (puV) = axt ot oy T oo +of.

° y-momentum:

aPF a8t Ot,, 075

U (op ) = — — ¥ ¥y ¥ _

(pv V) B}-‘+ 2e T 3y L + ok
L z-momentum:

_ 0P 8Ty 8Ty 8T

V.(pwi) = — —

(pw?) Efz+ g * gy * dz
o Thermal Energy:

V.(peV) = —pV.V + V.(kVT) + 4

+ pf

Where u, v and w are the components of velocity v in X, y and z
directions; f and t are body force and shear stress components; q is heat
generation rate; and P, T, p and K are pressure, temperature, density and
thermal conductivity of the fluid.
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I11.2 Boundary conditions

The boundary conditions of above governing equations for the
considered problem as shown in Fig. 1 are determined as:

o On solid walls (Chips and enclose): No slip condition is applied
for velocities, 1.e., u=v=0.

o The thermal condition on cooling walls of enclose (right, top and
left) are T = To
o On adiabatic bottom walls (Chips and enclose) are q =0

o On heat source walls (right, top and left)
111.3 Cooling Effectiveness Factor

The Cooling effectiveness factor (CEF) is defined according to as the
outlet air temperature difference to the average cabinet temperature
difference:

Tn — 1"|.
CEF =

Tcug_ﬂcbir! st T;.

IVV. Results and Discussions

IV.1 Effect of inlet and outlet air ports:

The cooling effectiveness factor (CEF) is calculated for all cases at
different ambient temperatures and listed in Table 1.

From the above cases in Fig. 2, the optimum case is which has the
greatest cooling effectiveness factor (CEF). The best position for the
input and output locations was found in case (1W) and shown in Fig. 3.
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Fig.2. Inlet and outlet air ports location groups
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The temperature and velocity contours for the best case are shown in

Fig. 4a and b.

Table 1: CEF values of all cases

CEF

1.25

0.83

0.85

0.82

0.53

0.4

1.3
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Fig.3. Effect of the inlet and outlet ports positions
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IV.2 Relationship between the average surface nusselt number and
heat flux

Fig.5 presents the relationship between the average surface nusselt
number (vu) and heat flux (g7) for using water. The average surface
nusselt number increases with the increase heat flux and average surface
nusselt number for chip 2 is lower than that chip 1 and 3. The following
empirical formal between ~« and 4 can be obtained from the theoretical
data:

Nu = 6.22 + 0.025¢ — 2.064g >+ 4

ce Nusselt number

urfa
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Fig.5.The relationship between the average surface
Nusselt number and heat flux.

V. CONCLUSION

The temperature and velocity distributions in the cabinet with air cooling
at different geometries are studied.

It has been established that, over the range of the variables studied and
for the particular geometries:

1. Air cooling gives good cooling results at a low air velocity, a small
temperature difference between the inlet and outlet levels.

2. The optimum case for best temperature gradient and velocity
distribution is obtained when the outlet port at the right and the left walls
and 3-Fans as inlet ports at plates between it.
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3. The velocity of supply air must be increased (decrease the Archimedes
number, Ar) or decreasing the inlet air temperature in order to enhance
the air cooling performance.

4. Maximum heat transfer occurs at the chip leading and side edges.

5. The chip surface temperature is the highest at the top-row heaters.

6. The larger cell breaks into multiple smaller cells at higher heat fluxes.

Nomenclature
CFD Computational fluid Dynamics , -
u Velocity component in x-direction, m/s
v Velocity Vector, -
v Velocity component in y-direction, m/s
w Velocity component in z-direction, m/s
f Body Force, -
P Pressure, Pa
T Temperature, K
T, Ambient Temperature, K
Tuy, cabiner | Average cabinet temperature, K
K Thermal Conductivity, W/m.K
g Heat Generation rate (heat flux), W/m?3
P Density, kg/m?
T Shear Stress, N/m?
CEF Cooling effectiveness factor , -
X,V,Z Position Coordinates
Gr Grashof number
Br Buoyancy ratio
Nu Nusselt number
Ar Archimedes number

59



Print ISSN
2735-4792

INTERNATIONAL JOURNAL OF
ARTIFICIAL INTELLIGENCE AND EMERGING TECHNOLOGY

VOLUME 5, ISSUE 2, 2022, 49 — 62.

Online ISSN
2735-4806

DIMENSIONLESS GROUP
SUBSCRIPTS:
a air
amb ambient
avg average
c cold
cab cabinet
h hot
i inlet
0 exit
t turbulent
T thermal
W wall
€ dissipation
SUBSCRIPTS:
- average
' fluctuating
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