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One of the problems that arise when generating renewable energy (using solar cells) in the world and in Iraq es-
pecially is high outside temperatures. Because of the properties of crystalline silicon used in the manufacture of solar
cells, the electrical performance of solar panels is greatly affected by the operating temperature of silicon solar cells,
which leads to a decrease in the energy generated by these cells increasing their temperature. In addition, to control
this decrease in energy, the solar panels were cooled using a heat exchanger that uses water as a coolant. The heat
exchanger technique can potentially increase the efficiency of a solar cell by using the waste heat generated during
the photovoltaic process. This heat can be captured and used for pre-heating a water that is then passed through
a heat exchanger, which transfers the heat to the outside. This can improve the overall efficiency of the solar cell. In
this research, a copper heat exchanger has been used for cooling a solar cell and studying the effect of this cooling
method on the temperature and efficiency of the PV. We used a source of light and warmth. With a halogen lamp, the
results showed an accelerating manner, as the temperature of the solar cell increased, the open-circuit voltage de-
creased, but when using the heat exchanger, the temperature of the cell rose slowly, so the open-circuit voltage de-
creased slower compared to the first case during the same period, and this leads to the PV working with a higher effi-

ciency under the same conditions.
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Introduction

photovoltaic cell is a device that converts
A light energy into electrical energy through

the photovoltaic effect [1]. Photovoltaic
cells are made of materials, such as silicon, that
have the ability to absorb photons from sunlight
and release electrons, creating a flow of electricity
[2]. These cells are connected to a solar panel to
generate more power, and multiple panels can be
connected to form a solar array for large-scale elec-
tricity generation. High temperatures can hurt the
performance of a solar cell [3]. When temperatures
increase, the efficiency of a solar cell decreases be-
cause the higher heat causes the electrical resistance
of the materials in the cell to increase, leading to
areduction in the flow of electric current. Addi-
tionally, high temperatures can also cause perma-
nent damage to the cell, such as warping or crack-
ing [4-6]. To counteract the effects of high tempera-
tures, solar cells are often designed with cooling
systems or housed in shading structures to reduce

the amount of heat they are exposed to. In this pa-
per, we will use a heat exchanger technique that can
increase the efficiency of a solar cell by allowing
for the removal of excess heat, which can cause the
temperature of the cell to rise and negatively impact
its performance. By utilizing a heat exchanger to
transfer the excess heat away from the cell, the
temperature can be regulated, leading to improved
efficiency [7-9]. Additionally, the recovered heat
from the heat exchanger can be used for other ap-
plications, making the system more energy-efficient
and sustainable. It is one of the important values
that directly affects the efficiency of the photo-
voltaic [10-12].

The aim of this research is to overcome the
problems that arise when generating renewable en-
ergy (using solar cells), which is characterized by
high temperatures. experience shows that the elec-
trical performance of solar cells is greatly improved
with the decrease of the temperature of solar cells,
which leads to avoiding a reduction in the energy
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generated by these cells when their temperature
increases.

The theory

Increasing the solar cell temperature (7¢) nega-
tively affects the open-circuit voltage (Voc) in the
solar cell as well as the intensity of solar radiation
[13-15], as the Vo is a function of the temperature
of the solar cell and the intensity of solar radiations
[16-18]:

Voc:f(S’Tc)’ (D

where T¢ - PV temperature °C; S - Solar radiation,
Win’,

The temperature is taken from the average sur-
face temperature of the upper surface and the tem-
perature of the lower surface to calculate the tem-
perature of the solar cell (7¢) [19-21]:

T. =Ty =(T, +T,,)/2- @)

The heat sensor was placed on the bottom sur-
face of the solar cell, and because of the presence of
the heat source at the top, no sensor was installed
on the cell surface, and in this way, the work was
approved. As for the copper tube heat exchanger,
where water circulates at a constant speed (1 m/s)
to heat exchange from the solar cell to the outside
environment (see fig. 1), employing the contact be-
tween the solar cell and the heat exchanger [22]
high heat exchange load, leads to the lower the cell
temperature, and thus the increase in the electric
powers of it [23, 24].
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Fig. 1. Schematic diagram of a heat exchanger
with a solar cell [25]

The practical study

In this study, a solar panel was used to obtain
voltage, and the conformances were shown in the
figure 1 shows the method of installing the solar
cell (10-5.0) cm® & thickness (3.0 cm) on the heat
exchanger as well as the location of the heat source,
which is a lamp with a capacity of 500 watts, it is
60 cm above the photovoltaic cell, Which repre-

sents a thermal and light source for the photovoltaic
cell [26], resulting in an increase in the temperature
of the cell during the study [27]. The two ends of
the photovoltaic cell were also connected to a volt-
meter to record the open-circuit voltage, with
a thermometer at a distance of 1 meter from the top
of the photovoltage cell.

I. Reading and recording the temperature of the
bottom surface of the cell and the values of the
open-circuit voltage, Voc, every three minutes for
30 minutes. Since the light source is turned on, as
shown in Table 1.

II. The heat exchanger, which was specially de-
signed to cooling the solar cell, was installed, as
well as the sensor, which was previously described,
was installed under the photovoltaic cell to ensure
good heat transfer.

Record the values of the open-circuit voltage
(Voc), as well as the temperature of the bottom
surface of the PV, and the results were recorded
Table (2) and Figure (1), it shows the PV installed

on the heat exchanger.

Table 1. Change of temperature and open-circuit
voltage per time without the heat exchanger

PV without heat exchanger
The time, min Voltage, V Temperature, °C
3 6.49 7
6 6.25 14
9 6.12 22
12 5.95 27.5
15 5.88 29.5
18 5.82 34
21 5.81 35.5
24 5.79 37.5
27 5.77 38
30 5.76 39

Table 2. Change of temperature and open circuit
voltage per time with a heat exchanger

PV with heat exchanger
The time, min Voltage, V Temperature, °C
3 6.61 7
6 6.52 11
9 6.48 13
12 6.43 16.5
15 6.38 17.5
18 6.34 18.2
21 6.33 18.4
24 6.29 18.5
27 6.28 22
30 6.27 22.1

Results and discussions

We note that with the absence of the heat ex-
changer, a rise in the temperature of the photo-
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voltaic leads to a decrease in the open-circuit volt-
age, and this voltage drop occurs due to the rapid
increase in the temperature of the PV. In the case of
installing the heat exchanger, we note (figure 3)
that the decrease in the open-circuit voltage is
slowly due to the slow rise in the temperature of the
photovoltaic cell. The rise in temperature of the
solar cell at the same time is less than the use of the
heat exchanger and without using it, see Figure 2.
The improvement in the performance of the photo-
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voltaic cell appears in the figure 3, which shows the
rate of increase in voltage and maintaining its value
in the same period when using the heat exchanger,
and this performance appears when comparing the
difference in temperatures A7 and voltages AV, in
the two cases.

With heat exchanger: AT = 1.8°C, AVyc =
=0.034 V.

Without heat exchanger: AT = 3.2°C, AVyc =
=0.073 V.
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Fig. 2. The temperature change in the solar cell per time (with and without heat exchanger)
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Fig. 3. The voltage changes with the solar cell temperature (with and without heat exchanger)

Conclusions

1. When the heat exchanger is used to cool the
solar cell, the cell works more efficiently than if it
were without the heat exchanger at the same condi-
tions.

2. If the exchanger is designed according to the
specifications of the solar cell or an air source is
added (effective cooling), the solar cell efficiency
will be higher and thus better performance.

3. When experimenting using the heat ex-
changer, the rate of heat gain (A7 = 1.81°C) and is
considered less than the rate of heat gain without
the heat exchanger (AT = 3.2°C) due to the effect of
changing the conditions surrounding the cell.

4. We get higher efficiency and reach a state of
thermal equilibrium, which means they work a lot
at constant temperature Solar cells and open-circuit
voltage stability.
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5. The efficiency of the cell has been raised
through the heat exchanger and the use of a low-
cost cooling fluid, which is water, compared to
other high-cost cooling methods [28].
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Oo0notl u3 npobnem, 803HUKAIOWUX NPU BbIPAOOMKE 80300HOGIAEMOU dHEPLUU C UCHONbI0BAHUEM COTHEUHbIX Oa-
mapeii ¢ Hpake (baedade), saenaomes bicoKue memnepamypsl HapY*CHo20 6030yxa. M3-3a ceolicme Kpucmaniute-
CKO20 KpeMHUsL, UCHOTb3YEeMO20 8 NPOU3BOOCHIBE COTHEUHbIX SNIEMEHMO8, HA IeKmpUudecKue XapaKxmepucmuxky co-
HeUHbIX NAaHenel CUTLHO 6ausem memnepamypa paboueti NOBepXHOCMU KPEMHUEBbIX COIHEYHBIX INEeMEHMO8, Ymo
NPUBOOUM K YMEHbULEHUIO DHEPSUl, 8bIpAOAMbIBAeMOl SMUMU INeMEeHMaAMU, U3-3d 8bICOKOU ux memnepamypwl. Kpo-
Me mo2o, 4modbl KOHMPOIUPOBAMb CHUNCEHUE HASPe8d, COHeYHble NAHeNU HeoDXOOUMO OXAAHXCOAMb ¢ HOMOUBIO
menio0OMeHHUKA, 8 KOMOPOM 8 Kayecmee X1aoazeHma ucnons3yemcs 600a. Memoo mennoooMeHHUKa NOMeHYUuaibHO
Modicem nosvlcums dQ@PeKmueHoCmy CONHEYHOU bamapeu 3a cuem UCNONb306aHUA OmpabomanHo2o menia, oopa-
3y10We20cs 60 8pems pomodnekmpuyecko2o npoyeccda. Imo Mmenio moxcem Oblms YI061EHO U UCNONLI0BAHO OISl
npeosapumenbHo20 Hazpesa 800bl, KOMOPAs 3amemM npoxXoOum uepes menio0OMeHHUK, nepeoarujuli menio Hapyicy.
Omo mosicem nosvicums 00wy dQ@PekmueHocms coNHeuHo20 Inemenma. B nacmosawem uccne0osanuu meonvlti me-
NI00OMEHHUK UCNONIB308AICS OISl OXTANCOEHUS CONHEYHO20 dNIEMEHMA U U3YYeHUs 6IUAHUA IMO20 Memooa OXaxcoe-
HUs Ha memnepamypy u 3¢@dexmugnocms pabomvl GomoIneKmpuieckoeo mMooyas. B kauecmee ucmounuxa ceema
U Menia UCNOb306ANACH 2AN02eH06As Jamnd. Pe3ynomamul nokasanu ygenuyernue memnepamypbl COMHEUHO20 3ile-
MEHMa, npu AMOM HANPANHCEHUE XOA0CTO20 X00d YMEHbUIANO0Ch, HO NPU UCNOIb308AHUY MEeNI000MEeHHUKA memMnepa-
mypa 21emMeHma pocia MeoneHHO, HOIMOMY HANPANCEHUE XOTOCHO20 X00d YMEHbUUALOCh. DMO NPOUCXOOUNIO 20PA300
MeOdieHHee N0 CPABHEHUIO C NepeblM Cryddem 3a mom dce nepuoo, ecieocmsue yeeo KI1J/[ pomonpeobpasosamens ne
nadaem, nodmomy gpomoanemenm pabomaem c boaee gvicoxum KII/[ u 0aem 6onee 8bicoKy10 861pabomKy dneKmpute-
CKOll 9Hepeull.

KiaroueBble c/10Ba: COJIHEUHEIS 6aTapeI/1, (I)OTOSJ'IGKTpI/I‘ICCKI/IC CUCTEMBbI, OXJIAXKICHUC, TeHJ’IOO6M€HHI/IK, TeIJI0IIepeaaya.

[Momyueno 30.11.2022

For Citation

Al-Maliki M.N., Abdali L.M., Issa H.A., Yaki-
movich B.A., Vologdin S.V., Kuvshinov V.V., Solo-
mennikova S.I. [Increasing the Efficiency of the Solar
Cell by Using a Heat Exchanger Technique]. Vestnik
IzhGTU imeni M.T. Kalashnikova, 2022, vol. 26, no. 1,
pp. 23-27. DOL: 10.22213/2413-1172-2023-1-23-27.





