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 PV/T water-based system using multi-row semi-circle baffles (SCB) is 

numerically investigated. Experimental validation was carried out in hot 

climate conditions. Factors associated with heat transfer enhancement, like 

Nusselt number, pressure drop, friction factor, electrical efficiency, and 

thermal efficiency, were calculated and discussed to show the impact of SCB 

on photovoltaic or PV cooling and system performance. Six different 

magnitudes of Reynolds number (500-4000), and mass flow rate (0.0137-

0.0998) L/s at different radiation values were carried out in the simulation. 

Results indicated that utilizing SCB has an important effect on the PV/T 

system. In comparison to the smooth channel, the average Nusselt number of 

the enhanced channel increased by around (31.57-132.18)%, and the friction 

factor increased by (21.93-95.7) % while the thermal efficiency increased by 

about (16.34-79.29)%. These results indicate the system’s good performance 

in terms of photovoltaic panel cooling and power production. PV surface 

temperature reduced by about (4-20) ℃. The electrical efficiency improved 

up to 32% and 49% for the smooth and enhanced channels respectively. The 

cost-benefit ratio (CBR) of the enhanced channel demonstrated that there is 

no detrimental influence of the pressure drop on the thermal performance. 
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NOMENCLATURE 
A : Collector surface area G : Radiation γ : Cp/Cvratio 
Cp : Constant pressure heat 

capacity 

m : Mass flow rate ρ : Fluid density 

L : Channel length k : Thermal conductivity ζ, CDw : Terms in SST model 
Nu : Nusselt number h : Convection heat transfer coef η : Thermal efficiency 
Re : Reynolds number G : Radiation δij : Kronecker’s delta 
Ti, To : Inlet and outlet temperature S : Surface area µ : Viscosity 
Tw, Tb : Wall and bulk temperature Sij : Strain rate tensor µT : Turbulence viscosity 
q : Heat transfer rate y : Distance from the  

nearest wall 
a1, β, β

∗, σk, 

σω 
: Constants in SST 

model 
ω : Turbulence frequency ui,uj : Velocity vectors τij : Stress tensor 
f : Friction factor xi, xj : Position vectors µ : Viscosity 
Pk : Production by shear P : Pressure SST : Shear stress transport 
U : Average velocity T : Temperature SCB : Semi-circle baffles 
∆P : Pressure difference F1 : Blending function CBR : Cost-benefit ratio 

https://creativecommons.org/licenses/by-sa/4.0/


Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

PV/T water-based cooling in hot climate conditions by using semi-circle baffles (Hayder Altharwanee) 

2661 

1. INTRODUCTION 

The world’s demand for fossil energy caused increasing concentrations of emissions, or carbon dioxide 

(co2), in the atmosphere layer, thus increasing the average global temperature. Carbon emissions are mostly 

caused by the excessive use of fossil fuels, garbage, and agricultural and industrial operations [1]. The Paris 

Agreement aims to reduce global warming to 1.5 °C by 2030, with zero emissions by 2050 [2]. To meet these 

goals, renewable energy must be used more extensively. 

One of the most common methods for generating sustainable energy is through photovoltaic systems, 

which convert sunlight into electricity. This method can decrease emissions in industrial countries by 18% [3]. 

Despite high solar energy absorption, PV systems have poor efficiency (about 20% [4] or up to 30% in the best 

production cases [5]). Consequently, the remaining solar radiation is transformed into thermal energy [6]. 

Excessive heat causes a high surface temperature of the photovoltaic system and reduces its efficiency, so that a 

one-degree increase in photovoltaic temperature reduces electrical efficiency by (0.4–0.5)% [7]; additionally, 

overheating can damage all PV systems [8]; therefore, scientists and researchers tried and are still trying to 

solve this problem and enhance the PV performance. 

The photovoltaic thermal (PVT) system concept was presented in 1976 [9], and this approach has 

developed over the decades until today. Many investigators and researchers are working on traditional PVT 

systems, while others are developing new approaches [10]. There are two strategies to improve the performance 

of PV systems and limit the negative effects of excessive panel surface temperatures: active, which requires 

external force, and passive, which does not require external force and is considered more efficient than the active 

way [11]. Passive methods include baffles [12], grooves [13], ribs [14], extended surfaces by using fins [15], 

twisted tape [16], porous [17], phase change material (PCM) [18], nanofluid [19], and vortex generator [20]. 

Passive approaches are a reliable and low-cost option for improving solar panel systems [21], so researchers 

have focused on developing this technology. With regard to baffles or vortex generators as a passive technique, 

numerous efforts have been made to improve the performance of solar systems. Vortex generation is a passive 

technique used in heat transfer and enhancement fields. Vortex generators force fluids to change direction, 

creating miniature vortices or eddies. These vortices can help break down the fluid’s inactive boundary layer near 

the surface and weak regions, as well as increase heat transfer efficiency by speeding up the mixing process. 

Furthermore, the large drop in pressure near the vortex generators enhances the system’s thermal performance. 

However, the negative effects, such as flow restriction and cost, may be unintended consequences. 

Zhou and Ye [22] conducted experimental work on the thermal flow by utilizing curved trapezoidal vortex 

generators and found that increasing curvature and angle of inclination, along with a small attack angle, resulted 

in the optimum thermohydraulic performance. Kumar and Prasad [23] conducted a study on the thermal effects 

of using twisted tape in a solar water collector. According to their inquiry, the solar water collector achieved its 

best performance at a Reynolds number of 12000. Wang and Zhao [24] investigated the properties of heat flow 

by employing small-scale cylindrical baffles. 

Their findings demonstrated a significant enhancement in heat transfer efficiency. Wijayanta et al. [25] 

conducted an experiment using a winglet vortex generator inserted into a circular tube to examine its impact on 

heat transfer. The improved tube demonstrated significantly higher thermal performance compared to the 

smooth tube at attack angles of 30°, 50°, and 70°, with performance factors ranging from 110% to 131%, 157% 

to 188%, and 218% to 264%, respectively. Maadi et al. [26] employed conical-leaf inserts within a cooling 

tube for the PV/T system in their research. The study participants discovered that the thermal efficiency was 

14.1% when inserts were employed, however, it dropped to 10.2% when smooth tubes were utilized. 

The study conducted by Zhou et al. [27] examined the role of a vortex generator in passive  

cooling of photovoltaic (PV) systems by free convection. The researchers discovered that the implementation of 

vortex generators resulted in a temperature reduction of approximately (2-3) ℃ in PV modules.  

Kaewchoothong et al. [28] studied the thermal performance of a PV/T employing various rib forms, and they 

noticed that a (V-shaped) rib gives the most efficient results. Previous investigations have addressed the 

thermal impact of using vortex generators with air as a working fluid. However, no study has explored the use 

of water as a working fluid in this context, particularly in hot climate conditions, Furthermore, there is no study 

with the same geometry design as this study. As a result, the present study investigates the thermal effect of 

using a multi-row of semi-circle baffles as vortex generators inside a rectangular channel to recover excess 

heat from PV systems. This work selected water as a coolant due to its superior thermal capacity over air [29]. 

 

 

2. WORK METHOD 

The current work involves a numerical analysis to demonstrate the thermal performance of the PVT 

system. This is achieved by utilizing a series of the semi-circle baffles (SCB) within rectangular channels that are 

positioned on the rear sheet of the photovoltaic panel. The SCB, which is a vortex generator, is utilized to 

improve the thermal performance of the system, as stated recently. Numerical procedures which include 

geometry design, mesh, boundary conditions, grid independent, solution control and validation were carried on 
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using the principles of computational fluid dynamics (CFD). The results were validated by comparing them to 

the experimental test results. The following sections provide the experimental and numerical simulation details. 

 

2.1. Experimental installation 

The test platform was collected and set in Babil, Iraq (32 N, 44 E). In September 2022, the PV and 

PVT systems were set up at an inclination of 35°, directed towards the south, where a high ambient temperature 

was recorded. Figures 1(a) and 1(b) show an illustration diagram of the experimental setup. The system 

consists of a photovoltaic (PV) panel, a photovoltaic thermal collector PVT, a water tank, an inverter, a battery, a 

data logger, a water pump, and a flow meter. The PV/T collector comprises 14 copper channels affixed to the 

absorber plate. The PV back sheet ties and fixes to the smooth side of the absorber, while a glass wool layer 

insulates the other side. The PV/T materials and their descriptions are shown in Table 1. Recorded radiation 

values were (300, 470, 615, and 750) W/m2, and the mass flow rate values were (0.0137, 0.0210, 0.037, 0.049, 

0.074, and 0.0998) kg/s. The inlet water temperature was 27.15 °C, the ambient temperature ranged from (40 

to 46) °C, and the wind speed was 3 m/s. In this study, temperature sensors PT100 and k-type were employed 

to measure temperature with an accuracy of 1%. The temperature was collected using a data recorder (TK-7Y) 

with an accuracy of 2%. The fluid flow was regulated using a flow meter K100, which has a measure range of 

(0.2 to 2) l/min and an accuracy of +-2.5 %. The site www.tutiempo.net was used to acquire radiation magnitude 

data. The experimental work’s goal is to validate the numerical solution to the proposed study. 

 

 

 

 
(a) (b) 

 

Figure 1. Experimental setup: (a) general experimental schematic and (b) real installation setup 

 

 

Table 1. PV/T materials description 
Parameter Description Dimensions units 

Glass low-iron glass 1.48×0.7×0.0032 m 

PV poly-crystalline 1.48×0.7×0.0003 m 

Output power 160  w 

Electrical efficiency 15.8  % 
Solar cells no. 36   

Absorber plate copper 1.46×0.69×0.0007 m 

Channels rows 14 channels of copper 1.46×0.05×0.01 m 

SCB copper r=0.004 m 

Insulation glass wool 1.48×0.7×0.3 m 

 

 

2.2. Geometrical configuration 

The proposed geometry includes fourteen rectangular channels or risers attached to the absorber plate, 

which is fixed at the PV panel backside by mechanical tools. Each one of these risers has 12 rows of SCB, and 

the attack angle is 30°. Generally, the performance of baffles or vortex generators depends on their installation, 

shapes, and numbers [30]. The proposed baffles were designed and installed taking into account the important 

http://www.tutiempo.net/
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factors that were investigated in the previous studies. The physical model’s component parts were all created 

using Solidworks software. The geometric design of the PV panel and the absorber plate with pipes (without 

baffles) have the same characteristics as the real ones used in this work’s experimental setup. The whole 

geometry design and side view of one riser, as well as the ISO section for a part between two pairs of SCB, are 

illustrated in Figures 2(a)-2(c), respectively. Table 2 illustrates some of the used materials’ physical properties. 

 

 

 
(a) 

  
(b) (c) 

 

Figure 2. Geometry design: (a) whole geometry, (b) side view of one riser, and (c) ISO section of one riser 

 

 

Table 2. Materials used properties 
Materials Thermal conductivity w/m.k Density kg/m3 Specific heat capacity j/kg.k 

Glass 1 2450 500 
PV 148 2330 700 

Copper 400 8940 385 

Water 0.6 1000 4182 

 

 

2.3.  Mathematical model 

2.3.1. Solver and governing equations 

Basically, the fluid flow properties are based on Navier-Stockes equations (momentum equations), 

continuity, and energy equations. These equations can be expressed as (1)-(3). 

 
𝜕(𝜌𝑢𝑗)

𝜕𝑥𝑗
 (1) 

 
(∂𝜌𝑢𝑖𝑢𝑗)

∂𝑥𝑗
= −

∂𝑃

∂𝑥𝑖
+

∂

∂𝑥𝑗
𝜇 ⌊(

∂𝑢𝑖

∂𝑥𝑗
+

∂𝑢𝑗

∂𝑥𝑖
)⌋ (2) 

 
(∂𝜌𝑢𝑖𝑢𝑗)

∂𝑥𝑗
=

∂

∂𝑥𝑗
𝑘 ⌊(

∂𝑇

∂𝑥𝑗
)⌋ (3) 

The flow within the collector remains laminar at low speeds, characterized by a Reynolds number below 2300. 

However, the presence of baffles or vortex generators causes a transition to turbulent flow behavior [31]. 
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Consequently, the solver model chosen for simulating the turbulent flow is the 𝑘 − 𝜔 − 𝑆𝑆𝑇 (shear stress 

transport) model. The model introduced by Menter [32] is a combination of the 𝑘 − 𝜖  [33] and 𝑘 − 𝜔 [34] 

models. It is designed to provide accurate predictions for both the free stream and boundary layers of the flow. 

The mathematical expressions representing this model can be stated as (4) and (5): 
 

𝐷(𝜌𝑘)

∂𝑡
=

∂

∂𝑥𝑗
[(𝜇 + 𝜇𝑇𝜌𝑘)

∂𝑘

∂𝑥𝑗
] + 𝑃𝑘 − 𝜌𝛽∗𝑘𝜔 (4) 

 

𝐷(𝜌𝜔)

∂𝑡
=

∂

∂𝑥𝑗
[(𝜇 + 𝜇𝑇𝜌𝜔)

∂𝜔

∂𝑥𝑗
] + 𝑃𝜔 − 𝜌𝛽𝜔2 + 2(1 − 𝐹1)𝜌𝜎𝜔2

1

𝜔

∂𝑘

∂𝑥𝑖

∂𝜔

∂𝑥𝑖
 (5) 

 

𝑃𝑘 = 𝜏𝑖𝑗

∂𝑢𝑖

∂𝑥𝑗

, 𝑃𝜔 = 𝛾
𝑃𝑘

𝜈𝑇

, where: 𝜏𝑖𝑗 = 2𝜇𝑇 (𝑆𝑖𝑗 −
1

3
𝑆𝑘𝑘𝛿𝑖𝑗) −

2

3
𝜌𝑘𝛿𝑖𝑗, 𝛾 =

𝛽

𝛽∗
−

𝑘2

𝜎𝜔√𝛽∗
 

 

where: 𝑘 = 0.41, 𝛽∗ = 0.09 
 

𝜈𝑇 = 𝜇𝑇/𝜌 = 𝑎1𝑘/max(𝑎1𝜔, 𝑆𝐹2) 

𝑎1 = 0.31, 𝑆 = √2𝑆𝑖𝑗𝑆𝑖𝑗 

 

𝐹1 = tanh (𝜉4), 𝜉 = min [max {
√𝑘

𝛽∗𝜔𝑦
,
500𝜈

𝜔𝑦2
} ,

4𝜎𝜔2𝑘

𝐶𝐷𝜔𝑦2
] 

 

𝐶𝐷𝜔 = max (
2𝜎𝜔2

𝜔

∂𝑘

∂𝑥𝑖

∂𝜔

∂𝑥𝑖

, 10−10𝑆−2) 

 

𝐹2 = tanh [{max (
2√𝑘

𝛽∗𝑦𝜔
,
500𝜈

𝜔𝑦2
) , }

2

] 

 

(𝜎𝑘𝜎𝜔𝛽)𝑇 = 𝐹1(𝜎𝑘𝜎𝜔𝛽)1
𝑇 + (1 − 𝐹1(𝜎𝑘𝜎𝜔𝛽)2

𝑇) 
 

𝜎𝑘1 = 0.85, 𝜎𝑘2 = 1, 𝜎𝜔1 = 0.5, 𝜎𝜔2 = 0.856 

 

Convection heat transfer coefficient (h), is calculated as (6). 

 

ℎ =
𝑞

𝑇𝑤−𝑇𝑏
 (6) 

 

Where, 𝑇𝑤 and 𝑇𝑏  are: wall and bulk temperature respectively. Bulk temperature is calculated from the (7) [35]. 

 

𝑇𝑏 =
∬  𝐴  𝑣𝑛𝑇𝑑𝐴

∬  𝐴  𝑣𝑛𝑑𝐴
 (7) 

 

Where, 𝑣𝑛 : is the velocity component. The heat transfer rate can be expressed as (8). 

 

𝑞 = 𝑚 ⋅ 𝐶𝑝(𝑇𝑜 − 𝑇𝑖) (8) 

 

The local Nusselt number is calculated from the (9). 

 

𝑁𝑢 =
ℎ𝐷

𝑘
 (9) 

 

Where D is the hydraulic diameter and can be expressed as (10). 

 

𝐷ℎ =
2𝑎𝑏

𝑎+𝑏
 (10) 

 

Nusselt number for the smooth channel can be written as (11) [36]. 
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𝑁𝑢0 = 0.023𝑅𝑒0.8Pr0.8  (11) 

 

The friction factor can be calculated as (12). 

 

𝑓 =
2

𝐿∖𝐷

Δ𝑝

𝜌𝑈2 (12) 

 

Electrical efficiency can be calculated according to the (13) [37]. 

 

𝜂𝑒𝑙 = 𝜂ref − 𝜇(𝑇𝑝𝑣 − 𝑇𝑟𝑒𝑓) (13) 

 

Where, the (14) and (15). 

 

𝑇𝑝𝑣  =  𝑇𝑖 + 𝑄𝑡ℎ𝑘 (14) 

 

𝑘 =
1−𝐹𝑅

𝐹𝑅𝑈𝐿
 (15) 

 

𝐹𝑅 and 𝑈𝐿 are: heat removal factor and heat loss coefficient respectively. The thermal efficiency of the PV/T 

can be calculated from the (16). 

 

𝜂 =
𝑚⋅𝐶𝑝(𝑇𝑜−𝑇𝑖)

𝐺𝐴
 (16) 

 

Where, G: is the radiation applied on the collector surface, A: is the collector's surface area. The cost-benefit 

ratio can be expressed as (17) [38]. 

 

𝐶𝐵𝑅 =
%Δ𝑝

%𝑁𝑢
  (17) 

 

Where %Δ𝑝 : is the variation in pressure drop, and %𝑁𝑢 is the variation in the Nusselt number. 

 

2.3.2. Grid independent 

The proposed geometry was meshed using Ansys Fluent Meshing, which is computational fluid 

dynamics (CFD) software. Meshing processes and refining have been conducted and repeated until good mesh 

quality is obtained so that mesh orthogonality does not exceed 0.2. Boundary layers near the walls and 

boundaries close to the baffles have high sensitivity compared to other regions because of the velocity and 

temperature gradients. Consequently, a mesh of these regions was refined and meshed into a smaller size. 

Multi-sections and views for the mesh geometry are illustrated in Figures 3(a)-3(c). Different numbers of grids 

have been taken to verify the mesh independence or to be sure of the correctness of the solution, as shown in 

Figures 4(a) and 4(b). One riser of the system has been taken into consideration to complete the computational 

analyses so as to reduce the domain of the solution. The PV panel back sheet and ethylene vinyl acetate (EVA) 

layers were considered one layer, with the PV cell layer [39]. 

 

 

 
(a) 

  
(b) (c) 

 

Figure 3. Geometry mesh of the riser: (a) ISO section, (b) top section view, and (c) front section view 
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(a) (b) 

 

Figure 4. Mesh independent: (a) for the smooth channel and (b) for the channel with SCB 

 

 

3. SOLVER, BOUNDARY CONDITIONS, AND VALIDATION 

The present study’s 3D-PV/T model runs under steady-state conditions; boundary conditions include 

fluid heat transfer for the solid domain and fluid dynamics for the fluid domain. The second-order upwind 

scheme was used to discretize the form of the momentum, energy, and pressure equations. This scheme couples 

the pressure and velocity without the need for a correction approach, unlike other schemes. The residuals of the 

momentum, energy, and continuity equations were 10−6, 10−6, and 10−4, respectively. Ansys mechanical 

software was employed to simulate the solid regions of the PV/T collector; furthermore, the fluid domain was 

simulated using fluent software; and finally, both simulations (fluid-solid) were combined through Ansys 

coupling system software to give the final result. The numerical solution operates under the following 

assumptions: i) Steady-state flow [40]; ii) PV-panel radiation and energy generation are neglected; and iii) Wind 

speed is uniform, and ambient temperature is constant during simulation. 

The boundary conditions could be written as: on the top glass of the PV panels, solar irradiation and 

convection conditions were applied. The solar irradiation values are the same as in the experimental work. The 

bottom, left, and right sides of the riser are considered insulated. For the riser inlet, the mass flow rate condition 

was applied; in addition, the pressure outlet condition was set for the outlet boundary, which means the gradients 

of the variables at the outlet are zero. Validation was carried out by matching the numerical and experimental 

results. PV surface temperature was calculated for both cases, as well as water outlet temperature, and the results 

revealed a good match between experimental and numerical simulation results, as shown in Figures 5(a) and 5(b). 

 

 

  
(a) (b) 

 

Figure 5. Results validation @ G = 750 W/m2: (a) glass temperature and (b) outlet fluid temperature 
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4. RESULTS AND DISCUSSION 

4.1. Flow characteristic 

As previously stated, baffles or vortex generators induce turbulence in the fluid flow, even when it is 

within the laminar zone. This flow pattern has a notable impact on improving heat transfer, particularly when 

there are additional factors that can increase the features of fluid flow, such as passive approaches that can 

transmit momentum or heat from the boundary to the main flow of the fluid. In turbulent flow, as mentioned, 

when the fluid approaches the boundary, a fast-moving swirling motion called an eddy or vortex interacts with 

the slower-moving fluid nearby. This interaction leads to an increase in speed and shear, as well as the formation 

of small-scale turbulence. The accelerated fluid is subsequently expelled from the boundary and directed away 

from it. Additionally, any obstacles encountered in the fluid stream can enhance turbulent diffusion and, 

consequently, promote fluid mixing. This is why turbulent flow is favored in numerous engineering 

applications [41]. In this study, it was observed that when the fluid comes into contact with the surface of the 

SCB, there is an immediate rise in the velocity of the fluid at the boundary layers. Additionally, the SCB effect 

increases thermal boundary layer mixing. In this manner, the high solid temperature will be transferred to the 

lower fluid temperature in order to achieve the desired outcome. 

 

4.2. Nusselt number, friction factor, and cost-benefit ratio (CBR) effect 

The Nusselt number is a metric used to assess the impact of convection on thermal conduction, and its 

criterion quantifies the extent to which heat transport can be augmented. In this study, the average Nusselt number 

has been determined for both smooth and enhanced channels using SCB. The results indicate that the presence of 

SCB has a significant impact on heat transfer rates. This is due to the restriction of fluid flow within the channel 

and the promotion of the boundary layer, which leads to better flow mixing and a boosted heat transfer rate. 

Figures 6(a) and 6(b) illustrate the impact of six different mass flow rates on the Nusselt number within the 

rectangular channel. By increasing the mass flow rate, the average Nusselt number increased in both cases 

(smooth and enhanced channels); however, compared to the smooth channel, the enhanced channel exhibited 

higher values. The values were (132.18, 89.52, 66.30, 57.11, 43.28, and 31.57) % for mass flow rates of (0.099, 

0.074, 0.04, 0.037, 0.02, and 0.01) l/s, respectively. When conducting an analysis of the thermal performance of 

the system, it is crucial to understand the friction factor behavior and the impact of the pressure decrease.  

Figures 7(a) and 7(b) illustrate the friction factor and pressure difference of the smooth and enhanced 

channels. It is obvious that the pressure difference of the enhanced channel is greater than that of the smooth 

channel due to the SCB series’ effect, which creates a weak zone with low pressure behind it and a high-

pressure zone in front of it. Consequently, the friction factor will be higher in the enhanced channel, as 

illustrated in the aforementioned figure. It is worth noting that the friction factor is not affected by the 

magnitude of radiation, as evidenced by the absence of a term in the equation that would cause radiation to 

affect the friction factor. The friction factor of the enhanced channel increased by (95.7, 74.6, 57.44, 46.68, 

32.1, and 21.93) %, respectively, compared to that of the smooth channel, at Re = 4000, 3000, 200, 1500, 800, 

and 500. CBR is a metric that indicates the cost-effectiveness of the enhancement technique employed. The 

minimum value of CBR indicates that one is more efficient in the cost-benefit analysis, and the contrary is also 

true. The results indicated that the enhanced channel had a better CBR than the smooth channel. The enhanced 

one had an average CBR of 2.49, while the smooth one had an average CBR of 2.75. Consequently, pressure 

drops do not adversely affect the thermal performance. 
 
 

  
(a) (b) 

 

Figure 6. Nusselt number at different flow rate: (a) for the smooth channel and (b) for the enhanced channel 
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(a) (b) 

 

Figure 7. Friction factor and pressure difference: (a) friction factor for the smooth and enhanced channels 

at different Re and (b) pressure drop for the smooth and enhanced channels 
 
 

4.3. Thermal efficiency 

PV/T collector thermal efficiency can be defined as the ratio of the thermal energy system rate to the 

dropped solar radiation. The thermal efficiency of the PV panel depends on the level of radiation and the 

collector’s capacity to extract and transmit heat from the panel’s surface to the fluid. Tables 3 and 4 display 

the computed thermal efficiency of the collector at various levels of radiation and mass flow rates. From the 

tables provided, it is obvious that increasing the mass flow rate leads to an increase in thermal efficiency for 

both the smooth and enhanced channels, regardless of the radiation magnitudes, until it reaches its maximum 

value. The enhanced channel exhibits better thermal efficiency compared to the smooth channel across different 

levels of radiation and mass flow rate. For instance, when the mass flow rate reaches its maximum, the thermal 

efficiency of the enhanced channel is (16.34, 18.83, 18.85, and 45.7) % higher than that of the smooth channel 

at G = (750, 615, 477, 300) W/m2, respectively. Similarly, at the minimum mass flow rate, the thermal 

efficiency of the enhanced channel was (25.83, 19.27, 19.64, and 79.29) % higher than that of the smooth 

channel at G = (750, 615, 477, 300) W/m2, respectively. 
 

 

Table 3. PVT with smooth channel- efficiency 
Radiation W/m2 Mass flow rate L/s Efficiency % Radiation W/m2 Mass flow rate L/s Efficiency % 

G = 750   G = 615   
 0.0998 21.55  0.0998 22.2 

 0.07485 19.43  0.07485 20.24 

 0.0499 16.05  0.0499 16.7 
 0.037425 14.07  0.037425 14.62 

 0.021307 11  0.021307 12.1 

G = 477 0.013723 9.15 G = 300 0.021307 10.48 
 0.0998 23.75  0.0998 30.42 
 0.07485 21.77  0.07485 30.51 
 0.0499 17.92  0.0499 26.78 
 0.037425 16.8  0.037425 23.16 
 0.021307 13.72  0.021307 17.65 
 0.013723 11.21  0.021307 14.39 

 
 

Table 4. PVT with enhanced channel efficiency 
Radiation W/m2 Mass flow rate L/s Efficiency % Radiation W/m2 Mass flow rate L/s Efficiency % 

G = 750   G = 615   
 0.0998 25.71  0.0998 27.362 

 0.07485 22.69  0.07485 23.81 

 0.0499 19.21  0.0499 20 
 0.037425 17.13  0.037425 17.78 

 0.021307 13.42  0.021307 14.81 

G = 477 0.013723 11.55 G = 300 0.021307 12.58 
 0.0998 29.2  0.0998 56.08 
 0.07485 25.63  0.07485 48.81 
 0.0499 21.45  0.0499 41.02 
 0.037425 19  0.037425 36.45 
 0.021307 16.86  0.021307 30.36 
 0.013723 13.47  0.021307 25.8 
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4.4. Electrical efficiency 

As stated in the literature, higher temperatures of PV cells have a detrimental impact on both the output 

power and electrical efficiency. The manufacturer assigns a temperature coefficient factor to each solar panel. In 

this study, the PV panel being used has a temperature coefficient of 0.35°. This means that for every one degree 

increase in temperature above the standard test temperature, the electrical efficiency of the panel decreases by 

0.35%. As a result, it is important to keep the PV panel temperature as close to the standard as possible in order 

to prevent more power losses. This matter is considered significant, particularly in areas with high radiation levels 

and hot climate conditions, as the temperature rises in relation to the intensity of radiation. Figures 8(a) and 8(b) 

illustrate the impact of the smooth and enhanced channels on the cooling effect of a PV system at various radiation 

and mass flow rate levels. The obtained temperature reduction for both cases was estimated by (4-20), and clearly, 

the optimum value was for the enhanced channel at the maximum value of the mass flow rate. Due to the cooling 

effect of the PV panel, the electrical efficiency of the panel rises as the mass flow rate increases. This improvement 

in electrical efficiency is observed at different radiation levels, with an increase of up to 32% for the smooth 

channels and up to 49% for the enhanced channels, as displayed in Figures 9(a) and 9(b). 

 

4.5. Pressure drop, temperature, and velocity contours 

Figures 10(a)-10(c) illustrate the contours of the pressure drop, temperature, and velocity at G =  

750 W/m2. In this figure, it is obvious that the pressure contour of the enhanced channel decreases rapidly in 

comparison to the smooth channel due to the restriction force generated by the SCB. This force forces the fluid 

to interface with the viscous and buffer sublayers, thereby increasing mixing and enhancing the rate of heat 

transfer. There are two categories of pressure drops: the first one occurs in the X-direction due to the heat flux 

effect, while the second occurs in the Y-direction due to the baffles or vorticity makers effect. Both types of 

pressure drops are present in the current study. To prevent a high decrease in electrical efficiency, it is crucial 

to keep PV panels at or near their standard operating temperature. Enhancing heat transfer within channels 

involves extracting an excessive amount of heat from the photovoltaic panels. The temperature contours 

illustrate the fluid’s behavior within the channel in both cases. The temperature distribution in the enhanced 

channel is significantly better than that in the smooth channel. This enhancement results in a higher rate of heat 

transfer between the PV layers and the rectangular channel through the interface where the fluid and solid 

components meet. The velocity contours illustrate the fluid velocity trends, demonstrating an increase in 

velocity alongside and above the SCB while a decrease occurs behind it. This generates a secondary flow, 

which promotes effective mixing, reduces the thickness of the boundary layer, and thereby enhances the 

system’s thermal efficiency. Table 5 displays the factors that were investigated in earlier studies, in addition to 

the ones explored in the current study. 

 

 

  
(a) (b) 

 

Figure 8. PV temperature at various flow rate magnitudes: (a) for the smooth channel and  

(b) for the enhanced channel 
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(a) (b) 
 

Figure 9. Electrical efficiency for various flow rate magnitudes: (a) for the smooth channel and  

(b) for the enhanced channel 
 

 

(a) 

 

(b) 

 

(c) 

 
 

Figure 10. Contours of the flow characteristic at G =750 W/m2 and maximum/minimum mass flow rate for 

the smooth and enhanced channels, respectively: (a) pressure distribution, (b) temperature distribution, and 

(c) velocity distribution 
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Table 5. Previous studies 
No. PV/T based technique PV temperature reduction ◦C Thermal efficiency increase% Ref. 

1 Vortex generator-free convection 2-3 - [27] 
2 Conical-leaf insert inside tube up to 7 10.2-14.1 [26] 

3 Cooling rectangular fin array 0.8-5.35 28.1–56.19 [42] 

4 Wavy strip inside tube 4.59-14.62 6.92–8.64] [43] 
5 PCM inside channel 3.7–4.3. - [44] 

6 Using structure of rack up to 6.3 - [45] 

7 Heat sink up to 10 - [46] 
8 Nanofluid with baffles 9.22-13.82 19.65-29.82 [47] 

9 Water baffles 4-20 16.34 -79.29 Present study 

 

 

5. CONCLUSION 

The current study involves a numerical investigation of a water-based PV/T system using a multi-row 

SCB. The Nusselt number, friction factor, and thermal and electrical efficiency were computed and analyzed. 

Additionally, the pressure drop, velocity, and temperature contours were explained and discussed. PV cooling 

technology is essential for enhancing thermal efficiency, lowering operating temperatures, and consequently 

increasing electrical efficiency. Additionally, this technology enables the production of warm air or water that 

may be utilized in various applications. In summary, the conclusions can be briefly described as:  

i) A photovoltaic/thermal (PV/T) system is regarded as the optimal choice for minimizing energy losses and 

enhancing system efficiency; ii) The Nusselt number for the enhanced channel at a flow rate of 0.0998 l/s was 

more than 132% higher than that of the smooth channel. Similarly, the friction factor for the enhanced channel 

at a Reynolds number of 4000 was more than 95% higher than that of the smooth channel; iii) Compared to 

the smooth channel, the PV/T collector’s thermal efficiency increased by about 16.34% to 79.29% when using 

SCB; iv) The electrical efficiency increased by about 32% and 49% for the smooth and enhanced channels, 

respectively; v) The smooth and enhanced channel resulted in a decrease in PV temperature of (4 to 20) °C; 

and vi) The average CBR for the enhanced channel was better than the smooth one.  
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