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ABSTRACT : Any electronic cabinet/enclosure consists of heat generating electronic components, as heat
generated by the electronic components in an enclosure shortens the life of electronic components leading to
severe damage or failure of the system. Research shows that every 10°C temperature rise above room
temperature of the enclosure, the life of the electronic components is cut in half. Hence for any electronic
systems, cooling becomes a major design consideration, economical and optimum solution to keep the electronic
components to its operating limit.Therefore in the present work numerical analysis is been carried out using
ANSYS Fluent on electronic cabinet of size 358mm X 78mm X 252mm consisting five high power devices as a
heat source, each dissipating heat of 30W. The cabinet is forced cooled using two exhaust fans each of 48 CFM.
The analysis is carried providing fin heat sink on heat generating source and compared with heat source with no
fin heat sink. The analysis results show that the cabinet temperature rise is below 10°C and better cooling is
achieved for the heat source with fin heat sink. Also analysis results obtained satisfy with analytical calculations.
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l. INTRODUCTION

Electronic and Electrical enclosures consist
of heat generating devices or components which are
the major source of heat dissipation in an enclosure.
Hence cooling is the most difficult and major task in
designing any electronic  cabinet/enclosures.
Therefore electronic enclosures to be designed with
proper airflow requirements, location of fans and
positions of heat generating components placed in a
cabinet, provided baffles and heat sinks as optional.
Baffles provided in an enclosure ensure proper
directed flow towards hot spots and heat sinks helps
absorbing excessive or unwanted heat.

There are several cooling techniques such
as Fin heat sink, Thermo electric coolers, Forced
convection cooling, heat pipes etc. Present study is
on heat source with fin heat sink provided fans to the
cabinet. Cabinets with fans will improve cooling up
to 10% [1].

Present numerical analysis is carried out
using ANSYS Fluent on electronic cabinet consist
heat sources and with and without fin heat sink. The
parameters such as velocity and temperature
variations in cabinet are studied, as CFD techniques
helps the engineers to provide the optimum solution
in cooling of electronic components.

1. LITERATURE SURVEY
Literature survey is carried out to
understand the art of work in the field of Electronics
cooling. Below

are the few literatures which helped as ready
reckoner to carry out the present work.

Hoffman Pentair Company, [1], [2003], this
industrial technical data sheet helps as a ready
reckoner in calculating the enclosure temperature
rise, air flow requirements and also in choosing fan
for an enclosure and it highlights about the effect of
temperature on surface parameters of the enclosure.

Mahendra Wankede, et.al, [2], [2010], the
study deals with both experimental and simulation
on an aluminium enclosure with 100W heat
generating source PCBs. The work concludes that
there is 20% reduce in temperature of internal air
using fans than enclosure without fans.

Lakshminarasimha N, [3], [2015], Study
involves numerical investigation on electrical
enclosure with forced convection cooling consist
150W heat power source. Study highlights analytical
calculations for airflow requirements and enclosure
temperature rise.

Bud Industries Inc, [4], [2007], this
technical data sheet provides design tips for
designing any electronic enclosures and also
provides necessary basic formulas required for any
design aspects of electronic enclosures.

Literatures found on present work are
minimal though there are many literatures available
on chip PCBs cooling and fins with different state of
art of work. However effort has been made to carry
out present work with available data’s and
literatures. Only few major literatures are discussed
in this section remaining literatures are highlighted
in the reference section.

1. METHODOLOGY
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Basic steps in any numerical analysis
consist of Geometry, Meshing and Analysis. Present
work uses ANSY'S product for Geometry, Meshing
and Analysis, following succeeding sections
discusses in detail.

3.1 Geometry
The 3D model of the cabinet is as shown in
Fig. 1. It consists of the following:
1. Five high power devices or heat sources
2. Ten fin heat sink
3. Two exhaust fans
4. One inlet vent/opening
5. Backing plate

fig. 1: 3D model of Electronic Cabinet

The size of the cabinet is 358mm X 78mm
X 252mm and fins are 2.5 mm thick and are equally
offset to total 10 numbers. The inlet opening is
provided at the left side of the cabinet and two
exhaust fans are at the right side of the cabinet. The
Backing plate is provided to separate the heat source
side and fin side.

3.2 Meshing

The model is meshed with Hexagonal mesh
elements as shown in Fig. 2a, also the cut plane and
zoomed view of a meshed model is as shown in Fig.
2b and Fig. 2c. The model is meshed for varied
number of elements for carrying out mesh
independence test (see following section 1) and
selected mesh through mesh independence test is
used for further discussion results (see following
section 2).

Fig. 2a: Hexagonal mesh

i

Figz. 2c: Zoomad view of mash plans

3.2.1 Mesh Independence Test: The graph was
plotted for varied number of elements vs. converged
temperature results of all the elements numbers as
shown in Fig. 3. It is observed from the graph, from
142800 elements the curve becoming constant.
Hence selecting the model meshed with 142800
elements for all the further discussion of results.
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Fig. 3: Mesh Independence Test

3.2.2 Mesh convergence plot:

The mesh convergence plot for the 142800
elements meshed model and mesh was converged at
139 iterations is as shown in Fig. 4. The residual
monitor for continuity, x- velocity, y- velocity, z
velocity and k- epsilon is maintained to be 1e-3 and
for energy le-7.

o " . o e .

Neratons

Fig. 4: Mesh convergence plot

3.3 Solution Methodology

In the present analysis, there are five high
power devices as a heat sources each dissipating
30W. Hence total heat dissipated is 150W. Therefore
to remove this heat, the cabinet requires the air flow
of total 96 CFM. For efficient cooling of a cabinet
two exhaust fans are selected of each 48 CFM (48 X
2=96 CFM).

Total Air flow requirement in CFM, [4]
required for the cabinet was calculated using egn. 1:
Total CFM = (1.76 = Q)/AT .............. eqn. 1

= (1.76 x150)/276

= 95.65 = 96 CFM
Where,

Q is Total heat dissipated in a cabinet in Watts
AT is Temperature rise in °C and is calculated using
eqn. 4.

The heat sources are at heat flux and
cabinet walls are at no slip boundary conditions.
Inlet is at negative pressure condition since heat is
removed through exhaust fans. The flow is
considered to be steady and incompressible. Flow is

of turbulent hence k- epsilon model is solved for
obtaining the results. SIMPLE discretization scheme
is used to solve the momentum equations and
turbulent parameters.

V. MATHEMATICAL MODELS
Every cell in the meshed model is
converged for Mass, Momentum and Energy
equations. Since the flow is turbulent, two more
additional equations are solved i.e. turbulent Kinetic
energy “k” (eqn. 2) and turbulent dissipation rate
“epsilon” (eqn. 3).

2 (o) + 2 (okn) = 2| (u + B+ Gt

X & &
Gp —pe—Ty + 5
........... eqn. 2
And
2 £ J= 2 B\ 2e
at (pe) + B (peny) = B [(“+ s;) 3 T

E E:
Cie % ':G'k + CEEG'IJ:] - C:eF‘f"‘ Se
...... eqn. 3
Where, turbulent or eddy viscosity, u, = pC, kf and

Gk& Gy, represents the generation of turbulence
kinetic energy due to mean velocity gradients and
buoyancy. Yy represents the contribution of the
fluctuating dilation in compressible turbulence to the
overall dissipation rate, [5].

V. RESULTS AND DISCUSSION
The analysis was carried for cabinet
providing fin heat sink and without fin heat sink, to
understand the effect of fin heat sink on reduction in
temperature of the heat generating sources. The
results obtained from the analysis are as discussed in
following sections:

5.1 Velocity contours

The velocity contour plots obtained for the
cabinet without fin heat sink is as shown in Fig. 5
and cabinet with fin heat sink is as shown in Fig. 6.

ose
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Fig. 5: Velocity contour- without fin heat sink
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Fig 7: Velocity vector- with fin heat sink

| Circulation zone |

Comparing Fig. 5 and Fig. 6, it is found that
there is negligible wvariation in velocity. The
maximum velocity for cabinet without fin heat sink
found to be 13.2 m/s and cabinet with heat sink
found to be 13.01m/s. For both the cases maximum
velocity was found near exhaust fan.

Fig. 7, shows the velocity vector plot for
cabinet with fin heat sink, it highlights that
providing fins helps in uniform flow for air in the
cabinet and also it determines the direction of flow
and circulation zones.

5.2 Temperature contours

The temperature contour plots obtained for
the cabinet without fin heat sink is as shown in Fig.
8 and cabinet with fin heat sink is as shown in Fig. 9.

.10
Fig. 8: Temperature contour- without fin heat sink

Fig. 9: Temperature contour- with fin heat sihk

Comparing Fig. 8 and Fig. 9, it is found that
there is huge reduction by 55% in temperature. The
maximum temperature for cabinet without fin heat
sink found to be 100°C and cabinet with heat sink
found to be 45%C. For both the cases maximum
temperature was found at heat source. Also the
temperature distribution along the fin length of
70mm (Fig. 10) is plotted; it is found that there is
continuous reduction in temperature till the fin tip as
shown in Fig. 11.

Fig. 10: Fin arrangement of 10 numbers of length 70
mm
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Fig. 11: Continuous reduction in fin temperature
along the length till fin tip
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VI. COMPARISON OF RESULTS
The results obtained through analysis and
analytical calculations are compared and discussed
in the following sections:

6.1 Temperature rise
The analysis result of temperature rise is
validated with analytical result as following:

6.1.1Analyticalcalculation:
Analytically temperature rise of a cabinet
can be calculated by using egn. 4.
Q=mCAT ... eqn. 4
m=pxAaAxV
=1.2 % 81073 % 10° % 5,55
=0.054 kg/s
Therefore, substituting the value of Q, £, and =t in
eqgn. 4,
Rearranging eqgn. 4,
AT = L
n1cp
_ 150
" 0.054 x1005

=2.76°C
Where,
Q= Total heat dissipated in a cabinet in Watts
rh= mass flow rate in kg/s
p= Density of air= 1.2 kg/m?
A= Area of inlet/outlet in m?
V= Velocity at inlet or outlet in m/s
€= Specific heat of air = 1005 J/kg. K

AT = Temperature rise in “C

6.2.2 Analysis result: The result obtained for
Temperature rise from analysis is as shown below,

frea-Weighted Average

Static Temperature {k)
fan_1-minz 29595547

fan_1 1 1-ninz 296. 82475
opening_1-minz 293.14999

The temperature values at exhaust/outlet and inlet
opening was found to be 296 K and 293 K. Hence
296 K (23°C ) — 293 K (20°C) = 3°C. Therefore the
Temperature rise in the cabinet is approximately 3°C.
Table 1, shows the comparison of results of
Temperature rise from analysis and analytical
calculation.

TABLE1COMPARISON OF RESULT OF
TEMPERATURE RISE

Method Temperature rise in C
Analytical 2.76
Analysis 3

Therefore from Table 1, it is observed that
the result obtained through analysis for a
Temperature rise of a cabinet satisfies the analytical
calculation.

6.2 Inlet velocity

Considering flow to be incompressible and
applying continuity equation for inlet and outlet of
the cabinet the velocity at inlet can be calculated
using eqgn. 5.
AVi=ANVg.ocoooiil eqn. 5
Where,
A, and A, are the areas of inlet and outlet in m?
Vi and V, are the velocity at inlet and outlet in m/s
Since Area at the inlet and outlet is maintained same
i.e. A=A, then V=V, from egn. 5.

6.2.1 Analytical calculation: Velocity at outlet, V,=
96 CFM (from eqn. 1). Conversion of units from
CFM into m/s is as shown below,
1 CFM = 0.00047 m%s, [6]
Therefore, 96 CFM= 0.04512 m*/s= (1 (flow rate)
Flow rate, @= AxV,
Rearranging, V,= §/A = 0.04512/8 x 1073

=5.64 m/s =V,

6.2.2 Analysis result: The result obtained for inlet
velocity from analysis is as shown below,

Area-Weighted Average
Uelocity Magnitude

opening_1-minz 5.5746783

(n/s)

The velocity at the inlet opening was found to be
5.57 m/s.

Table 2, shows the comparison of results for the inlet
velocity from analysis and analytical calculation.

TABLE2 COMPARISON OF RESULT OF INLET
VELOCITY

Method Inlet velocity in m/s
Analytical 5.64
Analysis 5.57

Therefore from Table 2, it is observed that
the result obtained through analysis for inlet velocity
of a cabinet satisfies the analytical calculation.

Also results are checked for mass balance and heat
balance and hence satisfy.
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VII. CONCLUSIONS

Analysis is carried out for the electronic
cabinet consist of five high power devices each
dissipating 30W. The cabinet is cooled through

forced convection using two exhaust fans of each 48

CFM. The following conclusions drawn from the

obtained results are:

1. Computational technique is a very effective
method in determining the velocity and
temperature in an electronic cabinet

2. Cabinet is analyzed for both with and without
fin heat sink. It is found that better cooling is
possible for a cabinet consist heat sources
provided with fin heat sink than without fin heat
sink

3. Heat source with fin heat sink resulted in 55%
reduction in maximum temperature of a cabinet
and there is continuous reduction in the
temperature along length of fin

4. Temperature rise in a cabinet is found to be 3*C

which is well below the threshold limit
5. The analysis results obtained for Temperature
rise and Inlet velocity satisfies the analytical
calculation results
6. Results are also checked for mass balance and
heat balance in a cabinet and hence satisfy
7. Present analysis helps engineers as a ready
reckoner in decision making in provision to fins,
on how to calculate air flow requirement and
Temperature rise in a cabinet on both analytical
basis and CFD
Present work is no more exhaustive, future
work can be carried for different shapes and size of
fins and using interrupted fins replacing continuous
fins. Further optimization can be made by changing
the fan location and size. Also present work can be
experimentally compared for percentage variations
in the obtained CFD results.
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