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Introduction

The introduction of thermoelectric modules (TEM) was mainly in the cooling of electronic devices for army
and military technology. For the last ten years, the attention to others areas began, mainly for cooling and
electric generation. Peltier cells for cooling have the advantage that can be used in small devices and due to
noise produced 1s practically zero. (Hajovsky et al., 2016). The efficiency or malfunctions of a TEM is
related with the overload or strain (Nasri et al., 2017). Due to the thermal behaviour of the Peltier cell, heat
sinks are used to regulate the temperature absorbing or dissipating heat from a fluid through the extended
fins (Korprasertsak and Leephakpreeda, 2017
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V=5.6 to 13.9 m/s
Re=1333 to 5334

Fins with holes

Shape of fins

Two materials

Natural convection

Reduction of material up 53%

Parallel flow reduces the thermal
resistence

Reduction of weight up 7.03%

Circular fins are the best
configurarion

Ak 6061 T6 is the best option

Optimal distance 5.26mm
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Methodology

The TEM analysed is based on a commercial aluminium model
commonly used in thermoelectric application as it is shown in
Figure 2. The TEM has an aluminium alloy heat sink on the
cold side with a base of 60mmx46mm, a thermal insulation of
69mmx64mmx5mm, a Peltier cell with dimension of
40mmx40mmx4mm and an aluminium alloy heat sink on the
hot side with a base of 100mmx100mm. The design includes
parallel fins distributed along the base plate. The heigh of the
heat sink is H=20.83mm for the cold side, and H=20.57 for the
hot side.

Heat sink
hot side

Thermal
insulator

cold side




Methodology

 Side | LW [ th | N | H | T | p_

C1 10 5.08
13 3.81
€2 17 2.54
46 60 4.06 20.83 0.94 ’
C3 27 1.27
ca
17 5.08
21 3.81
100 100 2.29 20.57 0.94
28 2.54

44 1.27




Methodology

V-(kVT)+ ¢ =0

Where k is the thermal conductivity (W/m-K) and ¢ is the volumetric heat generation (W/m?3). Due to the
heat sink does not include internal source, then g = 0.

QConvection = h(Ts - Too)

. — 4 4
Qradiation = SG(TS — Te)

Where h is the convective heat transfer coefficient (W/m2-K) ranging from natural convection (5 W/m2-K) to
forced convection (200 W/m2-K), Ts 1s the surface temperature, Too is the temperature of the fluid (air), € is
the emissivity of the surface (it was considered for this study €=0.85), ¢ i1s the Stefan-Boltzmann constant
(5.67x10-8 W/m2- K4). It was considered constant thermophysical properties.
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The steady state thermal simulation was done using Solid Works
software. The governing equation are solved by the Finite
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Temperature (°C)

Results

Effect of spacing at the cold side
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Results

Temperature (°C)

Effect of convective heat transfer coefficient
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Conclusions

1. At the cold side of the TEM, for h=5 W/m?-K, there is not significant difference with the number of fins
used, the maximum difference of temperature was 0.3°C.

2. At the cold side for h=200 W/m?-K, the C4 can increase the temperature of the heat sink because it has
more area of heat transfer.

3. At the hot side, the temperature decreases as increases the number of fins 0.6°C for h=5 W/m?-K. The
temperature decreases from 84.8°C at the base of the heat sink to 81.2°C at the end of the fin.

4. When h=200 W/m?-K, the temperature decreases from 82.4°C to 50.7°C at the end of the fin.

5. The selection of the heat sink on the cold side depends on the application to select the adequate number
of fins.

The results are in agreement with studies reported in the literature, so the geometry and convective heat
transfer plays an important role in the heat dissipation at the hot side in contrast with the cold side that
remains almost at the same temperature.
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