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Abstract

Greenhouse gases caused by non-renewable energy sources bring about global warming and climate change. Therefore, renewable
energy sources, which are clean, economical and unlimited energy sources, come to the fore. In the numerical study carried out, a
unique finned evaporator design was made to increase the efficiency of the integrated direct expansion solar-assisted heat pump
systems (DX-SAHP). In the numerical analysis carried out in the ANSYS Fluent program, it was determined that the COP and
electrical efficiency of the system were in good agreement with the results in the literature. As a result of the numerical analysis, COP
was obtained as 3.88 and 3.60 for 0.025 kg/s and 0.050 kg/s flow rates, respectively. It was also determined that the electrical
efficiency increased by 12% compared to natural convection in both flow rates.

Keywords: DX-SAHP, renewable energy, heat pump, evaporator design, numerical analysis.

Orijinal Evaporator Tasariminin DX-SAHP Sistem Performansina
Etkisinin Belirlenmesi Uzerine Sayisal Bir Calisma

Oz

Yenilenemeyen enerji kaynaklarmin neden oldugu sera gazlari kiiresel 1sinmaya ve iklim degisikligine neden olmaktadir. Bu nedenle
temiz, ekonomik ve sinirsiz enerji kaynagi olan yenilenebilir enerji kaynaklart 6n plana c¢ikmaktadir. Gergeklestirilen sayisal
calismada, entegre dogrudan genlesmeli giines destekli 1s1 pompasi sistemlerinin (DX-SAHP) verimliligini artirmak i¢in benzersiz bir
kanatli evaporator tasarimi yapilmistir. ANSYS Fluent programinda yapilan sayisal analizde sistemin COP ve elektriksel veriminin
literatiirdeki sonuglarla iyi bir uyum i¢inde oldugu tespit edilmistir. Sayisal analiz sonucunda 0,025 kg/s ve 0,050 kg/s debiler igin

COP sirastyla 3,88 ve 3,60 olarak elde edilmistir. Ayrica her iki akis hizinda da elektriksel verimin dogal konveksiyona gére %12
artt1g1 tespit edilmistir.

Anahtar Kelimeler: DX-SAHP, yenilenebilir enerji, 1s1 pompasi, evaporatdr tasarimi, niimerik analiz.

* Corresponding Author: ryakut@kafkas.edu.tr

http://dergipark.gov.tr/ejosat 1052



http://dergipark.gov.tr/ejosat
mailto:ryakut@kafkas.edu.tr

European Journal of Science and Technology

1. Introduction

World population and energy consumption are increased by more
than 10% in the last 10 years. Due to increasing energy requirement,
mankind has turned to unlimited energy sources such as renewable
energy from limited energy sources such as fossil and nuclear energy.
The most preferred method among renewable energy sources is energy
production with solar energy. According to the International Renewable
Energy Agency data, photovoltaic (PV) systems constitute 98.7% of the
electrical energy produced by solar sources (Irena, 2018). Therefore, the
efficiency of solar energy generation is directly related to the efficiency
of PV cells. PV systems provide clean, environmentally friendly,
economical and unlimited energy production by converting the energy
from the sun directly into energy.

However, cells made of different materials radiate at different
wavelengths depending on the characteristics of the material which they
are produced and turn into electrical energy (Kandilli, Kiilahli, & Savct,
2013). Solar radiation needs energy in the range of 0 to 1.12 eV in order
to generate voltage by removing electrons from the photovoltaic cell
(Masters, 2004). In Figure 1, the variation of the energy required to
remove electrons with photons with wavelength is given. If the energy
of the photon is above this range, it will be stored as heat in the system
and cause the system efficiency to decrease (Cuce & Riffat, 2017,
Omeroglu, 2018b).
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Figure 1. Wavelength and band gap energy (Masters, 2004)

PV-T systems are designed to convert solar energy more efficiently
produce both heat and electricity at the same time. Although PV-T
systems are successful systems in energy and heat production, many
parameters, especially design, operation and climate parameters, affect
the performance of PV-T systems (Abdullah, Misha, Tamaldin, Rosli, &
Sachit, 2019). Although the design and operation parameters can be
calculated numerically and optimum conditions can be determined,
since climatic parameters such as solar radiation, relative humidity,
wind velocity, ambient temperature, and accumulated dust change
constantly depending on ambient conditions, it is not possible to
determine them numerically (Abdullah et al., 2019). In addition, the
long-term decrease in the efficiency of solar cells that are constantly
exposed to solar radiation makes it difficult to determine the
performance of solar energy systems numerically (Chegaar,
Ouennoughi, & Guechi, 2004; Cuce & Cuce, 2014; Cuce, Cuce, & Bali,
2013; Du, Hu, & Kaolhe, 2012). Therefore, these parameters should be
taken into account when determining the amortization periods of PV-T
systems (Ozakin, Yakut, & Khalaji, 2020). Although the determination
of PV-T system efficiency by numerical analysis involves uncertainties,
numerical analysis is the most effective method in determining the
performance of different designs quickly, economically and easily.
Computational fluid dynamics (CFD) is important in determining the
effect of basic design and operating parameters on system performance
with high accuracy (Kalkan, Ezan, Duquette, Yilmaz Balaman, &
Yilanci, 2019)

In the present study, the efficiency coefficient (COP) and electrical
efficiency of the photovoltaic evaporator with the original channel
design in the photovoltaic thermal solar-assisted heat pump (PVT-
SAHP) system were determined using the ANSYS Fluent program.

e-1SSN: 2148-2683

2. Material and Method

2.1. PVT-SAHP System

The PV-SAHP system operates on the principle of using the
heat drawn from the photovoltaic system as source heat in the
heat pump. The schematic representation of the PVT-SAHP
system is shown in Figure 2. PVT-SAHP cooling systems
generally consist of PV panel used as evaporator, compressor,
condenser, and expansion valve. SAHP has two types as direct
expansion SAHP (DXSAHP) and indirect expansion SAHP
(IDX-SAHP) according to the connection type of solar collector
and heat pump evaporator (Wang, Guo, Zhang, Yang, & Mei,
2017). In the present study simulation is based on DXSAHP
system.
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Figure 2. Schematic representation of the DXSAHP system.

The numerical study was carried out for 16001000 mm
evaporator size, solar radiation of 1000 W/m?2. At this intensity of
radiation, the cell temperature is approximately 85 °C. The variation of
the electrical efficiency against the temperature values reached by the
photovoltaic cells in the uncooled state is given in Figure 3.
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Figure 3. The electrical efficiency of uncooled PV cells by
temperature (Omeroglu, 2018a).

Ozakin created the COP — evaporation temperature graph based on
the values in the literature (Ozakin et al., 2020). In the study, COP
values were calculated based on the graph in Figure 4.
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Figure 4. Variation of COP values in the literature versus
evaporation temperature (Ozakin et al., 2020).

2.2. Numerical Model

The numerical model of the DX-SAHP system, in which the
COP and electrical efficiency are calculated, is given in Figure 5.

a. b.
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Figure 5. a. Numerical micro-channel model, b. symmetry model

The water is at 1 atm pressure and 293K conditions at the heat
pump inlet, flows through the originally designed micro-channel and
removes the heat from the photovoltaic system. The boundary
conditions of the numerical model are given in Table 1.

Table 1. Boundary conditions

Model Symmetry

Fluid Water

Heat Flux 1000 W/m?

Inlet 0.025 — 0.050 kg/s
Outlet Pressure Outlet
Other Surfaces Wall

Number of Iteration 200

Number of Mesh 466346

The designed micro-channel is suitable for symmetric modeling;
therefore, the symmetric model was used in the analysis. Thus, both
analyzes were solved in a shorter time and more meshes were created
on the model. The analyzes were calculated to converge at 250
iterations.
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Figure 6 . Scaled residuals

Mesh parameters are important for obtaining accurate results in
numerical analysis. A good mesh provides convergence of the problem.
Although the mesh quality increases as the mesh number increases,
generating more mesh than the optimum mesh number has no effect on
the results and increases the solution time. Therefore, it is necessary to
determine the optimum mesh number in the analysis. Although mesh
metric contains many parameters, the three most important parameters
are aspect ration, skewness and orthogonal quality. In numerical
analysis, it is not desired that the aspect ratio value be higher than 30,
and the smaller it is, the more accurate results are obtained. Another
important mesh parameter, the skewness value should be close to 0, and
the orthogonal quality should be close to 1.

e-ISSN: 2148-2683
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Figure 7. Skewness and orthogonal quality spectrums (Matsson,
2021).

As a result of the mesh independence analysis are given in Figure
8. The optimum mesh number was determined as approximately
750,000 and the studies were carried out on this mesh number.
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Figure 8. Mesh indipendence analysis results

2.3. Governing Equations

Three-dimensional continuity, turbulent energy, and turbulent
momentum equations are solved with ANSYS Fluent under the
appropriate boundary condition. The conservation equations for
turbulent flow in cartesian coordinates are written as follows [7-8].

Continuity equation
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The values of the empirical constants in the equation are given
below

0k = 1.0,0, = 1.3,C, = 0.09,C, = 1.44,C, = 1.92

3. Results and Discussion

The temperature contours are given in Figure 9. It was observed
that the surface temperature in the inlet region was low in both flow
rates. In both flow rates, it was observed that heat transfer improved as
turbulence intensity increased with the flow rate in the inlet region.
However, since the temperature of the fluid increases towards the
channel outlet, it has been observed that the surface temperature is high
even where the flow rate is relatively high. Especially at 0.025 kg/s
flow rate, although there are channels with high flow velocity in the
bottom right corner of the channel, it has been observed that the surface
temperatures are high. As a result of the analysis, the average surface
temperatures were calculated as 301 K for 0.025 kg/s and 298 K for
0.050 kg/s.

Stream lines obtained in the designed microchannel are given in
Figure 10. It has been observed that the flow was stationary in some
places in the channel. Flow velocity increased even more in narrow
sections. In addition, the flow rate in the horizontal channels were
almost stationary in both flow rates. As a result of the analysis, average
flow velocities were calculated as 0.017 m/s for 0.025 kg/s flow and
0.033 m/s for 0.050 kg/s.

a.

Temperature
Contour 1

3.075e+02
F 3.061e+02
3.046e+02
3.032e+02
3.017e+02
3.003e+02
2.988e+02
F2.974e+02
2.959e+02
2.945e+02
2.930e+02

Figure 11. Temperature contours for a. 0.025 kg/s, b. 0.050 kg/s
flow rates.

Velodity T
Streamfine 1 T,
5.750e-02
\ //
4.3120-02 N Y,
Y/
2875002 2 'x
N
1.4380-02
W\
A
0.000e+00 A
[m 1] L i
F —
R il
\ /
/
'/

e-1SSN: 2148-2683

Figure 12. Velocity stream lines for a. 0.025 kg/s, b. 0.050 kg/s
flow rates.

4. Conclusions and Recommendations

Average surface temperatures and average flow rates were
determined for the DXSAHP system. The increase in electrical
efficiency and COP values are given in Table 2.

Table 2. COP and electrical efficiency results

Flow rate COP Electrical efficiency
0.025 kg/s 3.88 ~%12
0.050 kg/s 3.60 ~9%12

As a result of the analysis, it was determined that cooling the DX-
SAHP system with an originally designed microchannel increases the
electrical efficiency by approximately 12% in both flow rates. In
addition, the COP was obtained as 3.88 at low flow rate and 3.60 at
high flow rate.
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