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ABSTRACT

COP (coefficient of performance) of a thermoelectric cooler so far is still less than 1. Some efforts have been conducted to improve
the COP. Adding a heat exchanger is suspected to be able to improve COP. This study tried to investigate the thermoelectric cooler
with and without a heat exchanger. This study aimed to know the effect of adding a heat exchanger on COP and to examine the
cooler temperatures. The study used 1 thermoelectric module, a small pump, a heat exchanger, and a cooler box with a size of 40.8
cm x 32.6 cm x 53.8 cm. The experiments were conducted for 14400 s. The cooler box was filled with clean water. The power used
in this study was obtained from solar panels. The results indicated that using a heat exchanger could increase COP by about 48% and
the cooler temperature could decrease by 7.4 - 9.1%.
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1. Introduction

Thermoelectric coolers (TEC) are now used in several demands such as portable cooling system,
small cooling system, and drinking water cooler, vaccine cooler and small refrigerators. However,
TEC has a weakness. Its COP is very low, even lower than 1. Secondly, its capacity is also small which
is why TEC cannot be used for a large cooling system. For small cooling and portable devices, TEC
becomes the choices though. Therefore, the lower COP is challenging the researchers to improve it.
Then the study on this field is still open widely [1].

There are many ways to improve the COP of TEC. Some researchers improve the COP by updating
the thermoelectric module (TEM) material; others increase the COP by maximizing the heat removal
units, and TEM installations or applications.

From material viewpoints, performances of TEM can be increased significantly as reported by
Sulaiman et al., [2]. Moreover, the quality of the TEM material depends on several parameters, e.g.
Seebeck coefficient, electrical conductivity, thermal conductivity, and absolute temperature, while
the TEM efficiency depends on the figure of merit [3]. To know some materials for TEM, Figure 1
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provides a figure of merit for low and high temperatures. The highest figure of merit (ZT) described
in Figure 1 belongs to Zn4Sbs. However, this material is for high temperatures. According to Luo et al.
[4], there is a material that has a maximum ZT of 1.8., which is higher than that in Figure 1. This
material is BiSbTeSe. Nevertheless, the improvement of TEM material needs years though.
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Fig. 1. Figure of merit (ZT) for several TEM materials [3]

Installations of TEM module on an application TEC device hold important roles. When the TEC is
not installed properly, the TEC cannot absorb the heat optimally. Consequently, the TEC device
cannot be cold [5]. Another important parameter is the heat removal unit. Many types of heat
removal units have been investigated [5]. In [5], several heat removal units were studied, namely
heat sink with a fan, heat pipe with double fans. They concluded that using heat pipe could increase
COP significantly. However, when the power used for the heat pipe was considered, the heat sink
with a fan was better. Till now, the effect of heat removal units on COP is still deteriorated or not
clear yet. Some studies using heat sinks with a fan have been presented. The COP obtained from TEC
applications that use a heat sink with a fan as the heat removal units varies from 0.002 - 0.86 as
reported in [1, 5]. The devices that use heat removal units made of fluid heat exchangers have been
also examined. The COP of using the fluid heat exchanger ranges from 0.1 - 1.2 as obtained by
Mirmanto et al. [1] and Maral et al. [6]. However, some of the researchers used a close system and
others used an open system of the working fluid. Using an open system can be more effective
because the incoming working fluid has low temperatures, while using a close system may be less
effective due to the working fluid temperature increases with time. That is why using a close system
usually is accompanied by a heat exchanger. The weakness of the open system is that the working
fluid line at the entrance and the end must be open and connected to the entrance and exit
reservoirs. This needs long pipelines when the entrance and exit reservoirs are away from the
thermoelectric cooler [7]. Therefore, this study concerns the effect of adding a heat exchanger on
the COP of thermoelectric coolers with a close system. The crucial effect of adding a heat exchanger
is studied with several clean water volumes placed inside the cooler box.

2. Methodology

A thermoelectric cooler with a size of 40.8 cm x 32.6 cm x 53.8 cm has been investigated. The TEM
used was TEC2-25408 (single). The heat removal unit utilized was a mini-pin fin and the working fluid
was clean water. The schematic diagram of the experiment is shown in Figure 2, while the electrical
circuit is described in Figure 3. The apparatus consists of a cooler box, TEM, mini pin fin, pump, heat
exchanger, battery and two solar panels. Moreover, the working fluid circuit is indicated in Figure 4.

Solar panels gave electrical power to the battery. From the battery, the electrical power flowed
to the TEM, pump and small radiator or heat exchanger. All power required was provided by the
buttery supplied by solar panels. The electrical power employed was measured using a digital
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multimeter (a Vichy Vc8145). The accuracy of ampere and volt measurements was + 0.1% reading
and £ 0.05% reading. The power used by the system ranged from 60.4 to 90 W.

All thermocouples were calibrated in an oil bath equipped with a heater and PID so that the
calibration temperature could be set at a certain value and constant. From calibrations, the
uncertainty obtained was = 0.2°C. The thermocouples used were K-type and connected to NIDAQmx
9714. The thermocouples were placed on the cooler box walls, on bottles, in water inside the bottles,
in the inlet and outlet of the mini pin fin, in inlet and outlet of the heat exchanger, and an
environment.

The clean water as the working fluid was circulated using a DC pump. The water circulates from
the reservoir, through a mini pin fin, pump, flowmeter and finally, it was back again to the reservoir.
The pump was placed after the mini pin fin so that heat coming from the pump did not influence the
water flowing through the mini-pin fin. The water mass flow rate was measured using a flowmeter
FLR1000 with an accuracy of £ 1% reading.

Solar panels,
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Fig. 2. Schematic diagram of the apparatus; (a) cooler box and water flow lines, (b)
mini-pin fin unit

In this study, the cooler box was filled with clean/ drinking water in bottles. The number of bottles
was varied ranging from no bottle to 4 bottles. Each bottle contained 1500 ml of water. Therefore,
the volume of water varied was 0 ml, 3000 ml, and 6000 ml.
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Fig. 3. Schematic diagram of the electrical circuit; (a) electrical lines, (b) electrical flow
measurement
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To analyze the experimental data, some equations are given as follows. The heat inside the
cooler box should be removed. The heat comprised of heat from water, bottle and air inside the box.
Additional heat came from the ambient through the cooler box walls. This heat was called conduction
heat. The heat from the water, bottle and air can be estimated using the equations below.

Ewi) = mWC(i)(TW(i) _Tw(i—l)) (1)
le EW(i)
Q.= " (2)
(n)

E is the energy (J), mw is the water mass (kg), ¢, is the specific heat (J/kg°C), and Ty is the water
temperature (°C), Qw is the heat rate coming from the water (W), t is the time during experiments
performed, and i to n is the time segment. The energy and heat rate coming from bottles and air can
be predicted using equations (1) to (2) by replacing the subscript w with b and a. Equations (1) to (2)
are available in Mirmanto et al. [1, 5, 7] and some textbooks such as Holman [8], Incropera et al. [9].
The heat from ambient coming into the box through the box walls can be computed using
equations (3) and (4) that can be obtained in Holman [8] and Incropera et al. [9]. It is expressed as

(Twoi _Twii )
Evi) =Ks A%(t(i) _t(i—l)) (3)
> Ew)
Qk =1 (4)
Loy

kr is the thermal conductivity of the walls (W/m°C), A is the heat transfer area (m2), k indicates
conduction mode. The total heat rates, Q. that indicate the cooling load or heat that must be
removed from the cooler box can be calculated using equation (5).

Q =Qu+Q +Q, (5)

Qs is the heat rate from bottles (W), and Qq is the heat rate from the air (W).

To know the performance of the cooler box, COP (coefficient of performance) must be calculated.
This parameter was also used by several researchers, e.g. Mirmanto et al. [1], Jugsujinda et al. [10],
Gillott et al. [11].

COP = Q (6)
P

P is the power given to the TEC or system, which can be estimated as:
P=VI (7)

V is the DC voltage (volt), and / is the DC (ampere). In this study, the Q. and COP are the focus for
with and without heat exchanger.
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3. Results

Before presenting the performance of the experimental cooler box, several recorded
temperatures are given. They are shown in Figure 5 for three cases. Figure 5 depicts that cooler box
temperatures with a HE are lower than those without a HE. For case A, the cooler box temperatures
are lower than that of case B, where for case A and case B, the experiments were run without water
inside the cooler box. The temperatures for case C are higher than that for case A and case B. This
was due to the adding of 3000 ml water inside the cooler box. As also found by Ramdan [12],
Mirmanto et al. [13], that when some goods were put into the cooler box, the cooler box
temperatures increased. Moreover, increasing the mass of the goods also increased cooler box
temperatures. Cases A, C and E indicate that adding the water volume increases the cooler box
temperature. Similarly, for case B, D, and F, the cooler box temperatures increase with the increase
in water volume. This phenomenon was due to the heat capacity of the TEM. The TEM has a
maximum capacity for absorbing heat. When it has reached the maximum capacity, the TEM cannot
absorb more heat inside the cooler box. Consequently, the cooler box temperatures rise.
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Fig. 5. Air temperatures inside the cooler box versus observation time

Parameter Q. or cooling load can be used as an assessment of the cooler box performances. When
the cooler box can absorb much heat means that the cooler box performance is good. Figure 6
describes the Q. for all cases.

In Figure 6, the trends of COP increase with the increase in water volume. When the cooler box
was empty, Qc was small and when the cooler box was filled with water, Q. raised. This phenomenon
was also found by previous researchers such as Ramdan [12], Girawan and Aryanto [13], Mirmanto
et al. [14], and Saputra [15]. However, for 3000 ml and 6000 ml of water placed inside the cooler box,
the Q¢ lines were not clear. Mainil et al. [16] found different thing from this study. They stated that
increasing the cooling load needs a longer time for cooling the goods inside the cooler box. This could
occur when the maximum capacity of the TEC (thermoelectric cooling) had not been achieved yet.
When the maximum capacity of the TEC was only 60 W and the goods inside the cooler box released
more than 60 W, the cooler box temperatures increased. They touched each other or there was a
deterioration of Q.. Nevertheless, the effect of the heat exchanger is significant. For case C the Q¢ is
higher than that for case D. Similarly, for case E, the Q. is also higher than that for case F.
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Fig. 6. Cooling capacity versus observation time

The last parameter investigated is COP, which is the real assessment of the thermoelectric cooler
box performance. The experimental COP is presented in Figure 7. For high water volume, the COP
deteriorates. The COP of 3000 ml and 6000 ml cooler box is almost the same. However, the optimum
thermoelectric cooler box based on the experimental assessments is the cooler box with 3000 ml
water volume. Despite the higher COP, it has also lower cooler box temperatures. As the Qc is higher
for case C and E, the COP for both is also higher than others in this particular study.
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Fig. 7. COP versus observation time

4. Conclusions

Experiments to examine the effect of the heat exchanger on Qc and COP were conducted.
Some remark findings are as follows. Heat exchanger greatly affects the performance of the
thermoelectric cooler box for heat removal unit made of mini pin fin flowed with water. Using a heat
exchanger the maximum COP gained is about 0.5, while without a heat exchanger the COP found is
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around 0.4. The water volume as the goods placed inside the cooler box determines the Q. and COP
of the cooler box. At higher water volumes, the effect of water volume becomes deteriorate. Using
a heat exchanger increases COP by about 48% and the cooler temperature decreases by 7.4 - 9.1%.
Therefore, a heat exchanger shall be used when the heat removal unit utilizes a fluid circuit in a close
loop.
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