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Abstract 

The increase in global energy consumption and carbon dioxide emissions increase the interest in renewable energy 

sources. Solar energy is at the forefront of renewable energy sources, and the decrease in cell efficiency due to various 

reasons during operation is an obstacle to this technology. Increasing the temperature of photovoltaic cells during 

operation causes a decrease in cell efficiency. Control of photovoltaic cells temperature is crucial in terms of both 

prolonging the economic life of the cells and increasing the efficiency of the system. The effect of the evaporator inlet 

and outlet position of the fluid on the heat transfer is known, but this effect was not examined in the studies carried out 

to increase the efficiency of the PV-T (photovoltaic–thermal) system. In the current study, the system efficiency 

parameters and COP (coefficient of performance) values of a PV-T evaporator cooled by forced air circulation were 

investigated by CFD (computational fluid dynamics) analysis. The analyzes were carried out in a single array for three 

different flow rates (0.0125 kg/s, 0.0250 kg/s, 0.0500 kg/s) and nine different evaporator inlet-outlet positions (CC, CL, 

CR, RC, RL, RR, LC, LL, LR), constant radiation of 1000 W/m2. It was determined that there is a total efficiency 

difference of over 20% and an overall COP difference of over 25% between the best and worst inlet-outlet positions. The 

highest total and thermal efficiency were obtained for the RR condition, and the highest electrical efficiency was obtained 

for the LR condition but in the long-term, the highest efficiency can be achieved with the LC design. In the study also the 

highest COP values were calculated for the CL condition and the worst COP values for the RR condition. 
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Öz 

Küresel enerji tüketimindeki ve karbondioksit emisyonlarındaki artış, yenilenebilir enerji kaynaklarına olan ilgiyi 

artırmaktadır. Yenilenebilir enerji kaynaklarının başında güneş enerjisi gelmektedir ve çalışma esnasında çeşitli 

sebeplerle hücre verimliliğinin düşmesi bu teknolojinin önündeki engeldir. Fotovoltaik hücrelerin çalışma sırasında 

sıcaklığının artması hücre veriminin düşmesine neden olmaktadır. Fotovoltaik hücre sıcaklığının kontrolü hem hücrelerin 

ekonomik ömrünü uzatmak hem de sistemin verimini artırmak açısından çok önemlidir. Akışkanın buharlaştırıcıya giriş 

ve çıkış konumunun ısı transferine etkisi bilinmektedir ancak PV-T (fotovoltaik-termal) sisteminin verimini artırmak için 

yürütülen çalışmalarda bu etki incelenmemiştir. Bu çalışmada, cebri hava sirkülasyonu ile soğutulan bir PV-T 

evaporatörün sistem verimlilik parametreleri ve COP (performans katsayısı) değerleri, HAD (hesaplamalı akışkanlar 

dinamiği) analizi ile incelenmiştir. Analizler, tek dizide, üç farklı debide (0.0125 kg/s, 0.0250 kg/s, 0.0500 kg/s), dokuz 

farklı buharlaştırıcıya giriş-çıkış pozisyonu (CC, CL, CR, RC, RL, RR, LC, LL, LR) ve 1000 W/m2 sabit radyasyon için 

yürütülmüştür. En iyi ve en kötü giriş-çıkış konumları arasında %20'nin üzerinde bir toplam verimlilik farkı ve %25'in 

üzerinde bir genel COP farkı olduğu belirlenmiştir. En yüksek toplam ve termal verim RR koşulu için, en yüksek elektriksel 

verim LR koşulu için elde edilmiştir ancak uzun vadede en yüksek verim LC tasarımı ile elde edilebilmektedir. Çalışmada 

ayrıca CL koşulu için en yüksek COP değerleri ve RR koşulu için en kötü COP değerleri hesaplanmıştır. 

 

Anahtar kelimeler: HAD, COP, Elektriksel verim, Fotovoltaik termal sistem, Termal verim 
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1. Introduction 

 

In the last two centuries, factors such as industrialization, urbanization, and human population growth cause 

an upsurge in global energy consumption. Nowadays, 80% of the global energy demand is provided by fossil 

fuels and it is expected to increase by 48% in the next 20 years (Moodley, 2021). As a result of fossil fuels 

combustion, which is a non-renewable energy source and contains high levels of carbon, harmful and polluting 

gases such as carbon dioxide, carbon monoxide, nitrogen, sulfur oxide are released and mixed with the 

atmosphere. The approximately two-fold increase in atmospheric carbon dioxide concentration in the last 

century caused the world temperature to increase by more than 1 ℃ (Morice et al., 2012; Ritchie & Roser, 

2020). The increase in atmospheric carbon dioxide levels causes an increase in the greenhouse effect and global 

warming. The biggest source of sector-based global greenhouse gas emissions is energy consumption (Ritchie 

& Roser, 2020). Due to global warming, the life of all living things in the world is in danger, and many plant 

and animal species are in danger of extinction. For a cleaner environment and a more livable world, energy 

sources must be converted to renewable energy sources. Currently, the most used renewable energy sources 

are solar, wind, geothermal, bio-power, and hydropower. Solar power is the most abundant and the cleanest 

renewable energy source in use around the world and is becoming increasingly popular for generating 

electricity. 

 

Solar energy is based on the principle of converting the energy carried by photons from the sun into electrical 

energy with photovoltaic systems. The essential energy range for photovoltaic cells to generate voltage is 0-

1.12 eV (Masters, 2004). Therefore, PV (photovoltaic) systems can convert a limited part of the radiation 

coming to its surface into electrical energy. The photon above this energy range is stored as heat in the system 

and causes a decrease in system efficiency and materials lifespan (Kandilli et al., 2013; Omeroğlu, 2018). On 

the other hand, PV-T systems eliminate these disadvantages in PV systems, remove the heat load above the 

energy level from the system and enable it to be used as thermal energy. Although PV-T systems are a good 

method for converting solar energy, their efficiency decreases due to reflection (15%), absorption (5%), and 

poor insulation (~45%) (Rahman et al., 2018). Many studies were carried out in the literature to eliminate these 

losses. 

 

Abdullah et. al. (2019) reported that researches on channel/collector depth (Delfani et al., 2019) and length 

(Do Ango et al., 2013), number of collectors (Zadeh et al., 2015), solar tracking system (Rizk & Chaiko, 2008), 

absorber plate design parameters (tube diameter (Kim & Seo, 2007), tube spacing (Ghamari & Worth, 1992), 

fin thickness (Pottler et al., 1999)), booster diffuse reflector (Tripanagnostopoulos et al., 2002), collector tilt 

angle (Handoyo & Ichsani, 2013), PV module type (Jiang et al., 2011), glass thickness (Bakari et al., 2014), 

glazing material (Dondapati et al., 2018), anti-reflective coating (Ali et al., 2014), riser-header configuration 

(Zwalnan et al., 2021), riser location (Ekramian et al., 2014), thermal conductivity of tedlar (Koech et al., 

2012), thermal insulation (Kehrer et al., 2003), absorber material (Kennedy, 2002), absorber thickness (Belaidi 

et al., 2008), fins (Ozakin et al., 2020), multi-inlet (Hassan & Abo-Elfadl, 2018), PV cell material (Dhass et 

al., 2020), solar radiation (Hamrouni et al., 2008), relative humidity (Ettah et al., 2012), wind speed (Ozakin 

& Kaya, 2019), ambient temperature (Alshawaf et al., 2020), accumulated dust (Adinoyi & Said, 2013), mass 

flow rate (Yakut, 2021), thermal resistance (Zondag, 2008), inlet and outlet temperatures (Richert et al., 2015), 

heat loss coefficient (Sekhar et al., 2009), heat removal factor (Malvi et al., 2017), packing factor (Ji et al., 

2006), and effect of fan (Arslan et al., 2020) were carried out in the literature to improve the performance of 

solar systems (Abdullah et al., 2019).  In addition to all these effects, the effects of parameters such as fluid 

type (Atmaca & Pektemir, 2020), absorber plate (Atmaca & Pektemir, 2019a) and glass cover properties 

(Atmaca & Akiskalioğlu, 2020) on the efficiency of PV-T systems were investigated. Although the effects of 

many parameters were examined in these studies, the effect of fluid inlet and outlet positions on system 

performance was not examined. However, the decrease in the operating temperatures of photovoltaic systems 

increases the cell efficiency and the fluid inlet-outlet positions are effective on heat transfer (Chein & Chen, 

2009; Fesharaki et al., 2011). In this study, the effect of the input and output positions of the fluid to the solar 

collector was investigated numerically.  

 

The effect of many parameters examined in studies on solar systems can be determined numerically, but the 

effect of constantly changing environmental conditions such as relative humidity, solar radiation, ambient 

temperature, wind speed, and accumulated dust cannot be determined (Abdullah et al., 2019). Moreover, solar 

system efficiency decreases in long-term because photovoltaic cells are exposed to sunlight for a long time 

(Chegaar et al., 2004; Cuce & Cuce, 2014; Cuce et al., 2013; Du et al., 2012). Therefore, it is difficult to 
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determine the system efficiency with high numerical accuracy. These effects should be taken into account 

when determining the amortization periods of solar systems (Ozakin et al., 2020). Numerical analyzes provide 

more economical solutions in a short time compared to experimental studies although there are many 

uncertainties in the numerical determination of the efficiency of solar systems. Another advantage of numerical 

analysis is that the variables on the system can be adapted much more easily than the experimental process. In 

addition, analytically difficult or impossible problems are solved easily. For this reason, CFD is crucial to 

calculate with high accuracy the effects of operating and basic design parameters on solar system performance 

(Kalkan et al., 2019).  

 

In the literature, most of the numerical studies are 1D or 2D studies with low computational performance, and 

erroneous predictions are made because PV temperature is neglected in the airflow direction (Kalkan et al., 

2019). In the current study, a steady-state 3D numerical model was developed in the ANSYS-FLUENT 

program, and in-line array heat sinks were used to evaluate the heat transfer properties of a PV-T system. The 

present study is the first in the literature to examine the effect of fluid inlet - outlet position on PV-T panel 

performance. Numerical simulations are carried out to determine the effect of operating conditions (mass flow 

rate), and design parameters of the PV-T system (evaporator inlet-outlet position). Analysis results are 

presented the total, thermal and electrical efficiency of the PV-T evaporator, thermal and overall coefficient of 

performance, temperature and velocity contours.  

 

2. Computational model 

 

The numerical model simulated and analyzed in ANSYS Fluent program to determine the effect of input-

output position on PV-T system performance is shown in Figure 1. Since the PV evaporator (1.6×1 m) 

geometry is suitable for symmetrical modeling, a semi-symmetrical model was created. The advantage of the 

symmetric model over the full model is that it allows more grids to be created on the geometry and to be 

calculated in a shorter time.  

 

 
 

Figure 1. (a) Solid geometry, (b) Mesh structure of PV evaporator 

 

Air was used as the fluid in the study because of its low corrosive character (Atmaca & Pektemir, 2019b). In 

the current study, snowflake heat sinks were used to remove the heat from the evaporator. The variables of the 

heat sinks in the numerical study are given in Figure 2.  

 

PV-T evaporator solid model was generated in nine evaporator inlet – outlet position (CC, RC, LC, CR, RR, 

LR, CL, RL, LL). The part shown with the dashed line in Figure 3 is the symmetry axis, thus the inlet-outlet 

from the left part is from the middle of the whole evaporator. The names of the input and output positions are 

abbreviated as shown in Figure 3.  
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      Figure 2. Snowflake heat sink 

 

 
 

Figure 3. Inlet and outlet positions of the fluid to the PV evaporator 

 

Grid quality is significant for convergence of analyzes. Although there are many grid quality parameters, the 

most important parameters are skewness, aspect ratio and orthogonal quality. In the numerical analysis, it is 

not desired for the aspect ratio to exceed 20, for the skewness value to approach 1, and for the orthogonal 

quality to approach 0 (Ansys, 2009). Grid quality increases with increasing grid number, but not always. In 

addition, the increase in the number of grids causes an increase in the solution times and a heavy load on the 

processor. For this reason, it is necessary to perform grid independence analyzes in numerical analysis. In the 

current study, grid independence analyzes were performed for the model and optimum grid number was 

determined as 587104. Table 1 shows the mesh qualities and the results obtained in the grid independence 

studies. 
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Table 1. Grid independence analyzes results 

 

 Mesh I Mesh II Mesh III Mesh IV 

Number of Elements 314982 587104 930614 1589264 

Aspect Ratio 3.05 2.46 2.23 2.00 

Skewness 0.51 0.41 0.37 0.29 

Orthogonal Quality 0.48 0.59 0.63 0.71 

Mean Velocity in Channel 2.88 3.24 3.24 3.4 

Temperature 318 316 317 316 

 

 

The realizable k – ε model exhibits high-performance for strong streamline curvature, rotation, and vortex 

flows compared to other methods (Fluent, 2013). Therefore, k – ε model was used as the turbulence model. 

Enhanced wall treatment was used as near-wall treatment option. The convergence criterion was set at 10-6 for 

energy equation, and 1000 iterations were applied to converge. The boundary conditions of the numerical 

model are shown in Table 2.  

 

Table 2. Boundary conditions 

 

Model Symmetry 

Fluid Air 

Heat Flux (W/m2) 1000  

Flow Rate (kg/s) 0.0125-0.0250-0.0500  

Outlet  Pressure outlet 

Number of Iterations 1000 

Number of Grids ~ 600000 

 

3. Calculations 

 

3.1. Governing equations 

 

Three-dimensional continuity, energy and momentum equations for steady state turbulent flow in Cartesian 

coordinates are solved in ANSYS Fluent program. These conservation equations are defined below (Ansys, 

2009; Yang & Peng, 2009). 

 

Continuity equation 

 
∂ρu̅i

∂xi
= 0                                                                                                                                                                               (1) 

 

Momentum equation 

 

ρu̅j

∂u̅i

∂xj
= −

∂ρ̅

∂xi
+

∂

∂xj
[µt (

∂u̅i

∂xj
+

∂u̅j

∂xi
)]                                                                                                                       (2) 

 

Energy equation 

 

ρu̅j

∂T̅

∂xj
= −

∂

∂xj
[(

µl

σl
+

µt

σt
)

∂T̅

∂xj
]                                                                                                                                      (3) 

 

Transport equation for k 

 

ρu̅j

∂k

∂xj
=

∂

∂xj
(

µt

σk

∂k

∂xj
) + µt (

∂u̅i

∂xj
+

∂u̅j

∂xi
)

∂u̅i

∂xj
− ρε                                                                                                    (4) 
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Transport equation for ε 

 

ρu̅j

∂ε

∂xj
=

∂

∂xj
(

µt

σε

∂ε

∂xj
) + C1µt

ε

k
(

∂u̅i

∂xj
+

∂u̅j

∂xi
)

∂u̅i

∂xj
− C2ρ

ε2

k
                                                                                    (5) 

 

The constants in the equations are turbulent viscosity (µt), kinetic energy (k), dissipation rate (ε). σk and σε 

are turbulent Prandtl number for k and epsilon, respectively. The values of the empirical constants (Cµ, C1, C2) 

in the equation are σk = 1.0, σε = 1.3, Cµ = 0.09, C1 = 1.44, C2 = 1.92. 

 

3.2. Efficiency calculations 

 

For the calculation and design of today's modern engineering structures, many computer programs have been 

developed that enable the transfer of results to application projects in an integrated manner and facilitate data 

transfer. In this study, Seismostruct software was used (Seismosoft, 2022). While determining the effect of 

local soil conditions on structural performance, an 8-storey reinforced concrete structure was chosen. As an 

example, the floor plan of a reinforced concrete building is shown in Figure 3. There are four spans in both the 

X and Y directions and each span is chosen as 4 m. 

 

The total efficiency of a PV-T system (ƞPVT) is equal to the sum of the electrical efficiency (ƞPV) and the 

thermal efficiency (ƞT), and is expressed as follows: 

 

ƞPVT = ƞPV + ƞT                                                                                                                                                                (6) 

 

The thermal efficiency of the PV-T system (ƞT) is stated as  

 

ƞT =
Q̇a

APV × I
                                                                                                                                                                      (7) 

 

APV, and I are collector area and radiation, respectively. Q̇a is the heat absorbed by the evaporator and is 

expressed as the difference between the thermal power of the heat transfer fluid at the inlet and outlet of the 

collector as follows (Alessandro et al., 2021) 

 

Q̇a = ṁCp(To − Ti)                                                                                                                                                           (8) 

 

where ṁ, Cp, To, and Ti respectively represent mass flow rate, specific heat of fluid, outlet and inlet fluid 

temperatures. 

 

The electrical efficiency of PV cells (ƞPV) can be defined by the following expression. 

 

ƞPV =
Vmax × Imax

APV × I
                                                                                                                                                            (9) 

 

Vmax and Imax represent maximum voltage and maximum current, respectively. The present study was carried 

out numerically and it is not possible to determine the voltage and current values for the PV-T system. 

Therefore, the following equation developed by Evans (Evans, 1981) was used to determine the electrical 

efficiency of the PV cells (ƞPV). 

 

ƞPV = ƞref[1 − β(TPV − Tref)]                                                                                                                                     (10) 

 

where ƞref is the reference efficiency (ƞref = 0.12) under standard conditions. In this study, the standard 

conditions are 1000 W/m2 and 25 ℃. β is the thermal coefficient for cell efficiency and here the value 

determined for silicon cells (β = 0.00045/K) is taken (Joshi et al., 2009; Nahar et al., 2017). TPV and Tref 

respectively represent cell and reference temperature. 
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3.3. COP calculations 

 

The thermal coefficient of performance (COPT) for the PV-T system was calculated from the equation below. 

 

COPT =
Q̇A

Q̇C

                                                                                                                                                                        (11) 

 

Q̇A and Q̇C represent the heat absorbed by the evaporator and power consumption of the PV-T system, 

respectively. Classic heat pump only generates heat, Therefore COP is calculated by Eq. 11, but photovoltaic 

heat pump can produce electricity (Q̇PV) in addition to heat, therefore the overall coefficient of performance 

for the PVT system (COPPVT) is defined by the following equation (Lu et al., 2019; Song et al., 2021; Zhang 

et al., 2014; Zhou et al., 2016). In the current study, the Q̇PV and Q̇C values were obtained from the study 

conducted in literature (Lu et al., 2019). 

 

COPPVT =
Q̇A + Q̇PV/0.38

Q̇C

                                                                                                                                           (12) 

 

4. Results 

 

4.1. Evaporator inlet – outlet position contours 

 

Figure 4 shows the temperature and velocity contours of nine different evaporator inlet-outlet locations at a 

flow rate of 0.025 kg/s. Similar velocity and temperature distributions were obtained at other flow rates, thus 

only the velocity and temperature distributions at 0.025 kg/s flow rate are presented. It is seen in the figure that 

the most homogeneous velocity distribution is in LL. In this case, the fluid passed through almost every space 

with equal flow and caused a flow with a homogeneous velocity distribution, without high-speed flow along 

the channel. The homogeneity of the flow is important both in terms of preventing the formation of high-

temperature zones on the panel and in preventing the abrasion of the fins in long-term use. It is seen that the 

flow of the fluid from the left side ensures a more controlled and homogeneous flow of the fluid. In cases 

where the fluid enters from the center, it is seen that the flow velocity is very high on the main channel. 

Although this situation is well reflected in the temperature contours, it will cause wear of the heat sinks and 

cavitation in long-term use. In the conditions where the fluid enters from the center and the outlet is on the 

right and left, it is seen that there is almost no flow in the opposite direction of the outlet. For this reason, the 

surface temperature increased in these regions where there is no flow. In cases where the fluid enters from the 

right, it is seen that the fluid reaches some areas on the left side of the channel very little and some areas do 

not reach it at all. This causes the flow rate to be very high on the right side and very low on the left side, and 

because the fluid does not reach the left side of the panel, it causes the formation of high-temperature contours. 

 

It is seen in the Figure 4 that the most homogeneous temperature distribution is at CC. In CR and CL, the 

temperature distribution is similar and the mean surface temperature is very close to each other. It is seen that 

high-temperature regions do not occur with the inlet of the fluid from the left side. In the cases where the fluid 

enters from the left side, the temperature distributions are very similar, but the minimum mean surface 

temperature was LR. It is seen that the flow of the fluid from the right side prevents homogeneous temperature 

distribution. This is because the fluid enters from the right side and cannot reach the left side due to the structure 

of the fins. The highest temperature region was formed in the RR. In this case, the fluid is confined to the right 

side only, thus the left side is not sufficiently cooled. According to the temperature contours obtained as a 

result of the analysis, it can be said that since high-temperature zones are not formed in the CC, LC, LR, LL 

designs, it can enable the photovoltaic cells to work for a long-term at the optimum operating temperature. 

 



Yakut 2023 / Volume:13 • Issue:1 • Page 145-159 

152 

 
 

Figure 4. Temperature contours and velocity vectors for a flow rate of 0.025 kg/s 

 

4.2. Efficiency results 

 

Figure 5 presents the thermal, electrical and total efficiency of the PV system. The figure clearly shows the 

effects of the evaporator inlet and outlet position of the fluid on the efficiency. In all three flow rates, the 

highest total and thermal efficiency were obtained for the RR condition, and the highest electrical efficiency 

was obtained for the LR condition. Total and thermal efficiency remained almost the same except for the CC 
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flow condition. The electrical efficiency increased with the increase in flow rate. Between the minimum and 

maximum flow rate, there was an increase in electrical efficiency of 25-30%. The decrease in mean surface 

temperature resulted in an increase in electrical efficiency. It has been determined that the effect of the 

evaporator inlet and outlet position of the fluid on the electrical efficiency is greater at low flow rates, while 

the effect decreases as the mean surface temperatures close to each other with the increase in flow rate. Since 

the thermal efficiency is higher in the cases where the fluid enters from the right and the electrical efficiency 

of the PV cells is limited, it has ensured that the total efficiency is higher than other conditions. However, 

considering the temperature and velocity contours presented in Figure 4, the flow of the fluid from the right-

side causes both the unbalanced flow in the panel and the formation of high-temperature zones. For this reason, 

although the inflow of the fluid from the right side ensures that the thermal efficiency of the system is high in 

the short term, it will cause both the evaporator elements to wear faster in the long-term and the efficiency of 

the PV cells, which are constantly exposed to high temperatures, to decrease much more. Although the 

efficiency of the CC design increases with the increasing flow rate and provides homogeneous heat 

distribution, it will cause wear of the evaporator elements in the long-term due to the fact that the fluid reaches 

very high velocities in some areas in the channel. Therefore, in the long-term, the highest efficiency can be 

achieved with the LC design. 

 

 
 

Figure 5. The effect of the evaporator inlet and outlet position on thermal, electrical, and total efficiency 

for a flow rate of (a) 0.0125 kg/s (b) 0.0250 kg/s (c) 0.0500 kg/s 

 

4.3. COP results 

 

Figure 6 shows the variation of the thermal and overall coefficient of performance of the system with increasing 

flow rate and evaporator inlet-outlet position. The results showed that the evaporator inlet and outlet position 

of the fluid affects the COP values. It was observed that the changes in thermal and overall COP values were 

similar to each other. It was determined that the difference between the highest and lowest thermal and overall 

COP values was around 25% in all three flow rates. Similar results were obtained for all three flow rates under 

all conditions except the CC condition. It has been observed that the COP calculated in the CC design decreases 

with the increase in flow rate. The highest COP values were calculated for the CL condition and the worst 

COP values for the RR condition. The results showed that the central entry of the fluid is a good way to achieve 

high COP values. Although LC was determined as the best design when the efficiencies and temperature–
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velocity contours were evaluated, it was observed that the COP values were low. When evaluated together 

with COP values and temperature–velocity contours, it is seen that the most efficient design is the CL design, 

although it includes high temperature contours. 

 

 
 

Figure 6. The effect of the evaporator inlet and outlet position on the COP values for a flow rate of (a) 0.0125 

kg/s (b) 0.0250 kg/s (c) 0.0500 kg/s 

 

5. Discussion and conclusions 

 

Although the effect of many parameters to increase the efficiency of PV-T systems are examined in the 

literature, the effect of the evaporator inlet and outlet positions of the fluid in the PV-T evaporator is not 

examined. Present paper has a significant reference value for related studies. In the present numerical study, 

the effect of fluid inlet and outlet positions on PV-T system performance was investigated at three flow rates. 

The following conclusions could be drawn: 

 

- The velocity and temperature contours showed that the evaporator inlet and outlet positions of the fluid 

have a crucial effect on the flow and temperature characteristics. In the ideal PV-T evaporator; (I) the fluid 

should pass through all channels, (II) there should be homogeneous velocity distribution, and (III) high-

temperature zones should not occur. The fact that the flow is not homogeneous causes both the fluid to 

flow at a high velocity in a certain region and the temperature to increase in places where there is no flow. 

High temperature causes the efficiency of the PV cells to decrease in the long term, and the high velocity 

causes the evaporator elements to wear out over time. 

- As a result of the analysis, the lowest surface temperature was reached in the LR condition. Analysis results 

show that the entrance of the fluid from the left side has a positive effect on the heat transfer, but when it 

enters from the right side, it affects the heat transfer badly since it cannot reach the left side of the 

evaporator. 

- According to the velocity contours obtained as a result of the analysis, the most homogeneous velocity 

distribution was obtained in the LL state. It has been observed that when the fluid enters from the left side, 

flow occurs from almost every channel, and when it enters from the right side, the fluid cannot reach the 
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left side. When the fluid enters from the center, it has been observed that it reaches very high velocities on 

the mainline. 

- In all three flow rates, the highest total and thermal efficiency were obtained for the RR condition, and the 

highest electrical efficiency was obtained for the LR condition. However, since the most homogeneous 

velocity and temperature conditions are provided by the LC condition, both velocity and temperature-

related wear can be kept at a minimum in the long run and the highest efficiency can be obtained. 

- It was determined that the difference between the highest and lowest thermal and overall COP values was 

around 25% in all three flow rates. The highest COP values were calculated for the CL condition and the 

worst COP values for the RR condition. The results showed that the central entry of the fluid is a good 

way to achieve high COP values. 

 

In future work, 

 

This study, in which the effect of evaporator inlet and outlet position on efficiency and COP is determined 

numerically, will be carried out experimentally. The effect of inlet and outlet dimensions in the experimental 

set to be established will also be examined. 
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