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Abstract. This paper considers an analytical approach in the design of a passive héat amRBB electrical drive.

The heat sink is intended to dissipate a certain amount of heat energy and to maintain the surface temperature of an
electronic communication board at the prescribed temperature. The maximum size of the heat sink is kimwn due

the existing space constraint. This paper details the step by step procedure in the development of a passive heat sink
that functions based on the natural convection. Two commonly used fins such as rectangular plate fins and
rectangular pins fins wereonsidered for the project. A parametric study was considered wherein a relationship was
developed between the convection heat transfer coefficient and the air flow. Likewise, the impact of convection heat
transfer coefficient was seen on the rate of haaster and the fin geometry.

1 Introduction refrigerators and pumps to provide proper heat transfer
from the component to the surroundings.
Since the beginning of the manufacturing of computers, Companies are constantly striving to find lighter, more
engineers were in pursuit to develop processors in ordeconductive materials to make efficient heat sinks. They
to increase the frequency to perform the arithmetic andare not needetb be made from just one material. For
logical operations quickly. However, tigawvas a problem  example, some heat sink producers are bonding copper
that whenever the processor speed was increased, heanhd aluminium together. The design consists mainly of
energy produced by the processor also increased. Thigluminium (for its lightweight properties) surrounded by
resulted in the damage of the processor so there was aa copper plate (for its high rate of thermal conihiif).
increased need to design a heat sink that could do thé&hese are great in theory-- but if the copper doesn't
desired operation Wi optimum efficiency. Heat sink is  bonded tightly with the aluminium, which is often the
based on the principle of increasing the outer surface aregase in inexpensive heat sinks, the copper plate can do
to increase the heat transfer between the surface and th@ore harm than good.
air in the surrounding. Lots of work is there related to fins. Ibrahim et al. [1]
Heat sink is a device that keeps a hot component such agvestigated the effect of perforation shape or geometry
a processor cool dung its operation. There are two types on the heat transfer of perforated fins. The fluid and heat
of heat sink: active and passive heat sink. Active heattransfer properties of plate fins or normally heat sink
sinks use power and are usually a fan type or have somevere studied experimentally and numerically using CFD.
other peltier cooling device. Fans with bbéaring The difference between expeental and numerical
motors are common that often have life longer thanresults was reported to be about 8% and 9% for
sleeve bearings. Sometimes these types of heat sinks argemperature distributions when thewer supplied are
referred to as HSF, which is short for heat sink and fan. x: DQG x: UHVSHFWLYHO\ *KDODI
Passive heat sinks have no mechanical components. Theformulated a numerical method of a fluid structure
are made of an aluminiwfinned radiator that dissipates interaction represented by an cilting elastic fin
heat through convection. For gsve heat sinks to work  attached to a hot vertical wall od a square cavity. The
at their full capacity, it is recommended that there shouldfinite element Galerkin nteod with the aid of the
be a steady airflow moving across the fins. Heat sink is Arbitrary LagrangiarEulerian (ALE) procedure was used
commonly used in the electronic components such asin the numerical analysis. Campo and Celentano [3]
computers, electrical drives, smart phones, and DVD addressed the potential heat transfer enhancement in a
player and in mechanical components such as modified straight fin of rectangular profile with an
enlarged round s compensated by a reduced round tip
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when compared against the standard straight fin ofK: Thermal conductivity (W/M.K).
rectangular profile. It was reported that the maximum 5.  Stefan-Boltzmann constant (W/m2.K™*).
heat transfer enhancement granted by the modified .
straight fin with round base and round tip having small _
to-modeate aspect ratios could reach a favorable 12%
margin. Santosa et al. [4] investigated the air and Gro:
refrigerant side heat transfer coefficients of finned tube Nup: Nusselt number.

CO2 gas coolers using computational fluid dynamics h:  Conviction coefficient (W/m?K).

modelling. Bilen et al. [5] studied the effeaftaluminium g The gravity acceleration (m/s).

porous fins on heat transfer. Nusselt number, heat transfey.  Kinematic viscosity of air (m?s).

enhancement ratio and heat transfer performance for three

gap heights over pore fins (C/H = 0, 0.5 and 1) as well as

three longitudinal fin pitches (Sx = 116, 126 and 136 mm)

were inestigated for the range of 5000 < Re < 35000. 3 Analytical Approach

Srikanth and Balaji [6] reported the results of an

experimental investigation of the heat transfer

performance of a phase change material (PCM) basedrhis project considers the design of a heat sink for an
composite 72 pin fin heat sink subjected to individual electronic communication board in ABB drive. The
heat loading of 4 discrete heaters of equal area. The
hotspots imposed by spatially non uniform heat flux were . . .
seen to have a considerable effect on the melting anudISSIPated' The Comf’onem must be maintained at a
solidification cycle and hence on the thermal performancetemperature of 80°C  (Surface Temperature). The
of the heat sink. Wang et al. [7] sted local singlephase maintained temperature inside the drive is 35°C. Based
flow heat transfer downstream a single pin fin on the size of the electronic communication board, the
experimentally and numerically. Three distinct flow heat sink's suggested size is 500 x 300 mm. Aluminium
regimes, depending on the Reynolds number, Weres sed as the base and the fin material. This selection is
characterized, namely: laminar flow with steady wake
laminar flow with unsteady wakegnd turbulent flow. . . ..
Kharangate et al. [8] investigated heat transfer and®eight low costand high thermal conductivity.
pressure drop characteristics of a microfluidic cooling 3.1 Methodology

device with staggered pifin array arrangement with In order to design the heat sink following methodolgy
GLPHQVLRQV DV IROOR ZiMn; pacihg, H WisHuged. xFirstly, the coefficient of convection heat
6~<%k00 1 P DQG KHIXI&®Wn. Ibrahimet al. [9]  transfer (h) is determined by calculating these
presented a stat#f-the-art review on various techniques dimensionless numbers: Grashof number (Gr), Nusselt
of heat transfer enhancement in latent heatrnthé number (Nu), and Prandtl number (Pr). The formulae

energy storage (L_HTES) systems. The paper discussegised are taken from the heat transfer standard text [11].
research gaps in the methods of heat transferG

enhancement for LHTES systems and proposed some

Coefficient of thermal expansion (k).
Pr: Prantdl number.
Grashof number.

component generates 300 W of heat that needs to be

' mainly due to its ease of manufacture, availabilty, light

rashoff number is calculated by using this formula.

recommendations. Utilization of extended surfaces (by Grashof number= Gr zg-ﬂ-xz-AT 1)
longitudinal fins) was investigated by developmehta * V2

numerical model to study the performance of a triplex 1

tube heat exchanger (TTHX) equipped with a PCM under B= T

avg

simultaneous charging and discharging (SCD) by Joybari ) ) ) )
et al. [10].Governing equations were developed and Tavg is used to determine the fluid properties that are
numerically solved using ANSYS Fluentl6.2. Three  prescribed in [11].

conventional fin geometries and six developed fin

configurations were compared based on the temperature, = 18 97 x 10 m?/s

liquid fraction, and natural convection behavior under p._ 594

both SCD and no$CD conditions. k = 0.02896 W/mk

2 Nomenclature Once Grashoff number is determined, average Nussult
number is calculated by employing

Nu =0.59Gr.Pr’?® 2)

From Nusselt number, the heat transfer coefficient is

Tamp Ambient temperature (°C).
Ts  Temperature of surface (°C).
OI: Temperature difference (°C).

As  Area (m?) found out by the following relationship:

D: Depth (m). L

V:  Velocity (m/s) N = hxL _yNu % k 3)
w:  Width (m). k L

t Thickness (m). where:
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k =0.02896 w/m.K

L=05m

The rate of heat transfer from the plate itself is given
by:

q=hAAT (4)

To enhance (increase) the rate of heat transfer fins are
used. Several fin profiles are available. To start with,
straight rectangular fins with the following dimensions
are chosen:

Length of fins: 30 mm =0.03 m

Thickness of fin: 3 mm =0.003 m

Depth of fins: 300 mm = 0.3 m

The basic calculation is to find out the number of fins
but before doing that fin efficiency and the heat
transfer from one such fin has to be determined. For
fin efficiency it is needed to calculate the corrected
length (based on the shape of fin), profile area and fin
parameters. The formulae employed are given as [11]

Corrected length=1L, =L+% (5)

ProfileArea=A,, =t.L, 6)
A 0.5

Caxis 2 15 v

x—axis =)L, [k.Am} (7)

Fin efficiency can then be found out using the charts

prescribed in [11].

Heat transfer from one fin is given as

4 fin =M yin X A fin X AT (8)

The number of fins required to dissipate 300W of

energy in plate fin is then determined by following

relationship

Qrotas =N X s + B[ x width) — N(¢ x depth) AT~ (9)

It is also important to find out the spacing in between

each fin. It can be calculated using these formulae [11]

Total space between fins= L—(no.of finsxt) (10)

And

total space between fins
number of fins—1

Rectangular pin fin with two different dimensions

(11)

space between two fins =

were also considered in this study:

Figure 1: 3D rectangular plate fin heat sink

Figure 2: 3D rectangular pin fin heat sink

4 Discussion

Based on the analytical model, the number of fins
required to remove 300W are calculated and the results
are summarized in table 1 as follows:

Table 1: Heat removed, no. of fins, and total number of
fins for the three cases

Dimensions in mm| Heat removed from| No.of fins | Total Area of
L*T*D one finin W fins mn?
RectangulaPlate fins 30x 3 x300 3.79 75 67500
RectangulaPin fins 30x5x5 0.063 4639 115975
RectangulaPin fins 30x3x3 0.037 7666 68994

Length Thickness Depth
Case 1 30 mm 5 mm 5 mm
Case 2 30 mm 3 mm 3 mm

For this type of fin the formula to determine the heat
transfer from one fin is given as

qﬁn :nﬁn x (2Lc Xdepth) xAT (12)
Figure 1 and 2 show the three-dimensional model for
the rectangular plate fins and rectangular pin fins.

It is clear from the table that for the rectangular plate
fin, the heat rate from one fin is 3.79 W and the total
number of fins required to dissipate the heat and to
maintain the temperature are 75. Spacing between each
fin is calculated as 3.7 mm.

Same calculations are repeated for the two cases of
rectangular pin fin. Heat transfer rate and number of
fins are calculated. The total number of fins needed in
both cases are 4639 fins (t = 5 mm) and 7666 fins (t = 3
mm), respectively. It is obvious that as the thickness of
the fin is decreased the number of fins required to
dissipate the same amount of heat are increased.

A parametric study, to investigate the effect of change
in the velocity (forced convection) on coefficient of
heat transfer and the number of fins was also
conducted. Figure 3 shows how the coefficient of heat
transfer (h) changes with the increase in the incoming
velocity. The relationship between the air velocity and
the convection heat transfer coefficient can be
described as

h=-0.0015/2+0.3749" +4.9665 (13)
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Figure 4 indicates the effect of increasing velocity on
the heat transfer from the fin. It is evident that by
increasing the airflow (velocity) the heat transfer from
the fin is enhanced.

Figure 5 describes the air velocity verses the no. of fins
required to remove 300 W of energy. The number of
fins decrease as the velocity of the air passing over the
plate increases. This refers to the fact that forced
convection, if possible, is more efficient means to
dissipate the heat as compared to the natural
convection heat transfer.

Heat Transfer Coefficent vs Velocity
for a Flat Plate

y = 0.0015x? +0.3748x + 1.9665
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Figure 3: Heat transfer coefficient against the velocity for a
flat plate.

Heat transfer from the Fin vs Velocity
for a Flat Plate
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Figure 4: Heat transfer from the fin against the velocity for a
flat plate.
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Figure 5: Total number of fins against the velocity for a flat
plate.

5 Conclusions

The manuscript describes the development of a heat
sink for an electronic communication board employed
in an ABB electrical drive. The steps in the
development of a passive heat sink are described in

detail. Two conventional fin geometries were

considered in this work. From the fundamental
principles, increasing the number of fins enhances the
rate of heat transfer. However, such an interpretation
must be verified with experimentation as fin spacing
affects the rate of heat transfer as well. Likewise, it was
also seen that increasing the air velocity enhances heat
transfer. Nevertheless, the maximum air velocity for a
given application is dictated by the fan size and by the
tolerable limits of the given system.
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