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Abstract. It should be noted that theoretical and experimental studies in the 
field of semiconductors have shown good prospects for creating matrix and 
multilateral photoelectric converters (MPCs) with vertical p-n junctions. 
Such PV have undeniable advantages in the tasks of generating high output 
voltages and converting concentrated solar radiation. In addition, the 
implementation of such PVs in a multi-sensitive design makes it possible to 
reduce the consumption of semiconductor silicon by up to three to four 

times.But, in conditions of a dry, hot, continental and dusty climate, for 
example, in the republics of Central Asia, their heating is observed when the 
FP operates. This problem can be solved by using it in conjunction with 
microhydroelectric power plants or additional cooling. The hybrid system 
developed by the authors includes a solar power plant, a counter-rotor 
hydraulic unit with a reactive and active impeller, a cooling system and an 
automatic control system. The characteristics of this system were studied on 
the basis of mathematical modeling in the “Comsol multiphysics 6.1” 

software environment.In the simulation, the solar panel was cooled with air 
and water using electricity from a hydroelectric unit. According to the 
calculation results, the heating of the solar panel without forced convection 
at an outside air temperature of 400-450C was 1080C. Water was supplied 
through an aluminum cover installed behind the solar panel and which had 
channels. The solar panel temperature was 49.2°C and the water temperature 
was 48.2°C.When cooled by ambient air, the temperature of the solar panel 
was 67.7°C. The cooling system efficiency was 74% when comparing the 

energy expended to cool a 2m2 solar panel and the power added when 
cooling the panel. 

1 Introduction 

Today, the use of renewable energy sources in maintaining environmental cleanliness, saving 

and diversifying fuel reserves has become a worldwide demand. In this case, the development 
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of hydromachines, devices for the use of solar and wind energy, which work efficiently at 

low pressures, has become an urgent problem. 

Using only solar energy would be very expensive due to the use of many batteries. During 

times of low solar radiation, the probability of many power outages increases. To eliminate 

such interruptions, it is advisable to use complementary energy sources. In particular, it is 

possible to use a hybrid system of hydro energy and solar energy at the same time. Because 

at night, when electricity is not used, electric batteries have the opportunity to charge. In 

order to obtain continuous energy, active practical research is being carried out on the 
creation of hybrid energy systems such as "Solar-wind"[1], "Solar-photovoltaic wind", 

"Solar-photovoltaic-thermal", "Solar-wind", "Hydro and solar". [2]. 

If we pay attention to the history of the use of water energy, we can observe the interesting 

history of the creation of hydropower facilities in accordance with the existing possibilities 

along with the economic development of the society. 

  At the beginning of the 18th century, the use of water energy and the development of 

various hydromachines began to develop rapidly. During these periods, researches on the use 

of high-pressure water sources were started [3]. Water wheels were mainly used in these 
periods. Daniel Bernoulli's work "Hydrodynamics" published in 1738 inspired ideas about 

the possibility of using high water pressure in the field of hydromotors [4,5]. In this work, 

Bernoulli created an equation that established the relationship between pressure and velocity 

at each point of an incompressible fluid flow. 

Until the beginning of the 20th century, various hydro turbines were created and 

developed, which mainly work efficiently at high water pressures. However, little attention 

has been paid to hydro turbines operating at low water pressures of 2-5 meters. Because high 

water pressures existed in many places at that time. Nowadays, there are very few places with 
such high water pressure. Water sources that can be used for hydropower have low pressures. 

Although there are hydraulic turbines that operate at such low pressures, their efficiency 

is low. To effectively use such low pressures, it is advisable to use a counter-rotor hydraulic 

unit with a nozzle jet hydraulic turbine, which has high speed. 

In [6], a counter-rotor hydraulic unit was developed, which increases the coefficient of 

water energy utilization due to the fact that the water coming from the first guide vane onto 

the first turbine hits and causes it to rotate. Next, the water reflected from the working blades 

enters the second guide blade and leads to rotation of the second turbine. The output shaft of 
both turbines is connected to the input shaft of the summing gearbox, and the output shaft of 

the summing gearbox is directly connected to the generator. In this hydraulic unit, water loses 

most of its energy when it flows out of the first impeller. The flowing water flow enters the 

lower, second guide device at an angle. Since upward pressure is created when moving from 

the guide device to the second impeller, the efficiency of the upper impeller is reduced as a 

result.  

In work [7], in a counter-rotor hydraulic unit, the rotor of the hydrogenerator is installed 

on the same shaft with the rotor of the hydraulic turbine, and the counter-rotor with the 
counter-rotor of the hydraulic turbine. In this hydraulic unit, the outflow of water from the 

upper impeller of the hydraulic turbine occurs in a vortex mode. As a result, large energy 

losses are observed. As a result, the efficiency of this system will be low, and at pressures of 

2-10 m the complex does not give the desired result. 

In [8,9], a nozzle jet hydraulic turbine was improved, which effectively works with low-

pressure water sources due to the installation of an internal guide device. The results of the 

experiment showed that with a water pressure of 2 meters and a water flow of 200 l/s, the 

efficiency of the hydraulic turbine was 76.3%. 
When these turbines operate in dynamic equilibrium under load, the absolute velocity of 

the water flow leaving the turbine is high, but their kinetic energy is not used. To use this 

kinetic energy of the water flow emerging from the nozzle, a counter-rotor hydraulic unit was 
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developed by installing an additional active water wheel operating simultaneously with the 

reaction impeller [10,11]. 

2 Materials and methods 

2.1 Organizational components of solar and hydraulic hybrid energy system 

The counter-rotor hydraulic unit contains a reactive and active impeller mounted on shafts 

that are coaxially connected through bearings. 
The reaction impeller, attached to the outer shaft 3, contains an internal cylindrical guide 

vane, and the guide vanes 12 are fixed between the internal coaxial cone 11, which ensures 

uniform distribution and compression of water along the inner perimeter of the cylinder 8, 

from the hole the water flow is directed to the nozzle inlet, impeller 14. Through channels 

16, which has an output confuser 15, a jet of water comes out and hits the blades 23 of the 

active impeller at a short distance, which is fixed to the internal shaft 2 of the hydraulic unit. 

The active impeller is attached to the internal shaft with a disk with a pin 20, and the shaft of 

this impeller is attached to the platform with housing bearings 24. An external shaft of the 
reaction impeller is inserted above the active impeller disk, through bearings 4, 19. 

 

 

Fig. 1. General schematic view of the counter-rotary hydraulic unit. 

The active impeller transmits rotational motion to a separately installed generator through 

a pulley 25 mounted on the inner shaft. The rotational motion of the jet turbine is transmitted 

to the second generator through a pulley 26 mounted on the external shaft. 

In the work under consideration, a counter-rotor hydraulic unit is used as the main energy-

generating device. The counter-rotor hydraulic unit consists of a nozzle jet hydraulic turbine 
and an active water wheel attached to internal and external shafts located in a common center. 

The energy parameters of a counter-rotor hydraulic unit mainly depend on the geometric and 

dynamic parameters of the structural parts of the jet hydraulic turbine. 

  This hydraulic unit is designed to be used as the main power unit in a “Hybrid Solar-

Hydraulic System”. 

The combined hybrid system includes solar panels, a solar panel cooling system, a 

counter-rotor hydraulic unit, a main control center, a control unit, hydrogen storage and 

production units, storage devices and electricity consumers. Electrical energy generated in a 
generator connected to the reactive impeller of a counter-rotor hydraulic unit is supplied to 
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consumers. Some of the electrical energy generated by the active impeller generator can be 

used to cool the solar panels through a control system. 

2.2 Photoelectric converters 

The emergence and intensive development of digital modeling methods made it possible to 

raise the quality of research to a significantly higher level. The possibility of comprehensive 

implementation of the theory of classical and quantum solid state physics, the formation of 

information bases of a variety of experimental data made it possible to carry out scientific 

research of higher quality, intensive and effective. 

In this regard, the following most important areas in fundamental scientific and applied 

terms can be noted. Firstly, it deserves special attention that multi-sidedly illuminated 
elements can be created on the basis of the first generation PV [12]. Based on the results of 

the study of the influence of the textured fiber element of the solar panel and the fiber 

substrate on the photoelectric parameters, the optical efficiency of the silicon solar elements 

with the help of TCAD algorithms, the multi-sided matrix solar panels were developed [13-

17]. Theoretical and experimental studies carried out in this direction indicated good 

prospects for the creation of matrix photoelectric converters PV with vertical pn junctions. 

Such PTs have undeniable advantages in the tasks of generating high output voltages and 

converting concentrated solar radiation. In addition, the implementation of such PTs in a 
multilaterally sensitive design allows the consumption of semiconductor silicon to be reduced 

by up to three to four times. 

Secondly, scientific and applied research related to the operation of FPs in dry, hot, 

continental and dusty climates, for example in the republics of Central Asia, is of great 

interest. Therefore, the tasks of creating solar photovoltaic devices adapted to continental 

climate change remain relevant. In this regard, it is promising to develop and implement solar 

photovoltaic power plants of 3D format, in which the use of flat panels is excluded for the 

first time [18]. It should be noted that such power plants are competitive for converting 
concentrated solar radiation. 

Based on the results of this study, the cost of solar devices being developed will decrease 

and their economic efficiency will increase. However, the accumulation of a large amount of 

solar radiation in a small volume leads to a rapid increase in the temperature of the device. It 

is known that this situation is also observed in existing solar panels, which results in its 

efficiency being sharply reduced. 

2.3 Solar panel cooling system 

To eliminate the heating of solar cells today, various methods are proposed worldwide [19-

23]. In particular, an automated water cooling system has been developed in Uzbekistan [24]; 

A scientist from the University of Saudi Arabia, Imam Abdulrahman bin Faisal, studied 
active and passive cooling systems [25]. They evaluated the effectiveness of different cooling 

methods for photovoltaic devices. They determined that cooling the back of the solar cell 

through tubes filled with ethylene glycol or pure water was most effective. 

Therefore, the cooling system for solar panels involves the use of a radiator with water 

flowing through it, located behind the panel. Water circulation in these radiators is carried 

out using a pumping system. In this case, the signal data received from the temperature sensor 

on the solar panel is processed in a central control system, which also controls the operating 

mode of the pump. During the cooling process of solar panels, the pumps receive electricity 
from the hydroelectric power station through a central control system. 

In works [26-29], partial absorption of solar radiation, thermal diffusion, thermal 

conductivity of tubular light-absorbing panels in photovoltaic (PV-T) air and water 
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collectors, transparent coatings of flat-plate solar collector housings were deeply studied. 

Their results can be used for a wide range of Nusselt and Reynolds numbers in heat transfer 

with appropriate boundary conditions. 

The possibility of convective heat transfer inside the channels and the possibility of 

cooling when transferring air and water from the aluminum channels of the housing located 

behind the solar panels were studied. 

Based on mathematical modeling in the Comsol multiphysics 6.1 software package, the 

degree of heating of solar panels in a hot climate with high solar radiation was studied. Also 
cooling of solar panels by forced convection. 

Since the dimensions of the solar panel are very large in relation to thickness, a very large 

number of tetrahedral cells are formed during mathematical modeling. If we add a cooling 

device with a solar panel, this amount increases even more. In addition, the number of 

multiphysics calculations increases with the joint study of the characteristics of the flow of a 

liquid medium during absorption of solar radiation and heat exchange with the external 

environment and the cooling device. As a result, the calculation time will be very long. It 

also takes up a lot of computer memory resources. 

2.4 Equivalent Composite Solar Cell Material 

To overcome the above problems when studying the heat transfer process in a solar cell, it is 
possible to create an equivalent composite material of a photocell, taking into account the 

thickness and thermodynamic properties of the layers that make up the photocell. 

When determining the thermodynamic properties of the equivalent material, the 

temperature gradient on the lower and upper surface of the small-sized solar cell was assumed 

to be equal to 1 K. Its equivalent heat transfer coefficient, heat capacity and density were 

determined. 

A parametric study was carried out for the case where the width and height of the solar 

cell are 6 mm, height 4.71 mm, temperature on the bottom surface Т0=250 С, temperature 
gradient in the X,Y,Z directions dTx=1 K, dTy=1 K, dTz =1 K. In this case, the heat balance 

equation and heat transfer equations for heat transfer in solids were solved, that is: 

 

ted
QQqupC

tpC 

                                      (1)

vdppp
QQQqTuC

t

T
C 




                               (2) 

Where k-heat transfer coefficient; u-air speed; Cp-heat capacity of air at constant 

pressure; Q-heat source; Qted-thermoelastic damping. 

The periodic case is included for all sides of the considered sample. The following 

equations are solved for them: 

srcsrcdstdst qnqn 
                                                                      (3) 

.......................

TTT srcdst 

                                                                           (4) 

For the point limitation of the calculation, the following expression was constructed: 

(T0 + (dTx + dTy + dTz)/2) – T=0                                                  (5) 

Small distances are maintained in the arrangement of photocells in the solar panel. 
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2.5 Mathematical model of solar panel cooling based on equivalent material. 

Based on the results obtained above, the process of cooling the solar panel with air and water 

was mathematically modeled using equivalent composite material parameters. An aluminum 

cover with rectangular channels for water and air flow was used behind the solar panel. In 

the construction, it was considered that 9 solar cells are arranged in series with an interval of 
3 mm. Assuming that 20% of solar radiation falling on the panel is converted into electrical 

energy, the thermodynamic parameters of solar panel heating and cooling were studied. The 

geometric dimensions and time periods of the solar panel and cooling section construction 

are given in the table below (Table 1). Ambient characteristics were obtained from ASHRAE 

meteorological database for Delhi city. 

Table 1. Parametrs 

 

The "Heat Transfer in Solids and Fluids" interface and the "Surface-to-surface radiation" 
method were used in the program for heat exchange in solids and liquids (gases). When 

calculating the heat transfer in solid bodies, the existing heat balance at the interface, the 

initial values of the heat transfer equations given in Table 2 and the boundary conditions for 

liquid (gas) in the boundary layers in front of the walls are zero and the third type of heat 

transfer boundary conditions were introduced. 

The ideal gas state equation was used to determine the change in density of liquids and 

gases in response to temperature changes. The heat exchange with the external environment 

was calculated using the following equations: 

0
qqn 

                                                                                         (6) 

 
ext0

hq
                                                                                    (7) 

Name Expression Value Description 

Wg 160[mm] 0.16 m Solar panel width 

L 1440[mm] 1.44 m Solar panel length 

H 4.71[mm] 0.00471 m Solar panel thickness 

Ws 156[mm] 0.156 m Solar cell width and length 

Hk 8[mm] 0.008 m Aluminum channel height 

T0 25[degC] 298.15 K Initial water temperature 

u_in 2[m/s] 2 m/s The speed of the air flow at the 
entrance to the ducts 

Tavg 27[degC] 300.15 K The temperature of the external 

environment at the initial time 

dT 3[K] 3 K Change of external temperature in 
time intervals 

T_ambient Tavg + 
dT*cos(2*pi*(x - 

14)/24) 

 Ambient temperature 

dateDay 1 1 The date of the selected day 

dateMonth 6 6 Selected month 

dateYear 12 12 Selected year 

 
 

 

, 05023 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248405023 84

6

RETRACTED

























10

L

5

ext

4/1

L

11

L

7

ext

3/1

L

7

L

4

ext

4/1

L

10Ra10andagar,Ra27.0
L

k

10Ra10andif,Ra15.0
L

k

10Ra10andif,Ra54.0
L

k

h

                                                (8) 

Where q0-Inward heat flux; k-von Karman constant equal to 0.41; L-solar panel length; 

RaL-Reynolds number associated with characteristic length L; Text-External temperature. 

The temperature of the air stream entering the ducts changes during the time it is 

considered to be equal to the temperature of the outside environment. In this case, the change 

in enthalpy was determined by the following equations: 

nHuqn 
                                                                              (9) 

 dp1
1

dC
p

P

P

p

A

ustrustr




 



                                                       (10) 

Where ΔH-enthalpy change; αp-coefficient of thermal expansion in a fluid; Tustr-external 

temperature. 

The air flow inside the channels is in the turbulent regime at the considered speed, because 

if the average temperature along the length of the solar panel is 55-600C, the value of 

Reynolds number for air moving at a speed of 2 m/s will be more than 2300. Therefore, in 

determining the characteristics of water and air flow in the cooling channels, velocity and 

temperature fields were calculated by solving Nave-Stokes and continuity equations for 
turbulent flow in non-thermal process using the RANS model at the "Turbulent Flow, k- ε " 

physics interface. The following heat balance and T+ equations were used for heat exchange 

in a turbulent flow with a time interval of 10 min: 









w
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           (12)   

Where, Qvd- viscous dissipation; τ-viscous stress tensor; Tw-wall with temperature; Qturb-

turbulent dissipations sourse;  Pr-Prandtle number; y+-wall distanse; T+-Dimensionless 

temperature 

Taking into account solar irradiance and radiative and diffuse irradiance of the panel 

surfaces, the grayness of the solar panel was taken as 0.9 for wavelengths up to 2.5 μm and 

0.65 for wavelengths longer than that. It was considered that free convection takes place on 
the aluminum coating surfaces on the surface and bottom of the solar panel. 
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3 Results and discussion 

3.1 3.1 Thermodynamic parameters of equivalent material 

These gaps do not contain silicon or other semiconductor materials. Therefore, an equivalent 

composite material was developed for two different cases consisting of layers of silica and 

non-silicon glass, EVA, and tedler (Table 2). The density of the two materials obtained as a 

result of calculating the above equations in "Comsol multiphysics 6.1" software environment 

was 6.4 kg/m3, and the heat capacity differed by 1.11 J/(kg•K). The heat transfer coefficient 
is anisotropic, and their difference can be seen in Table 1 below. 

Table 2. The results obtained by replacing the solar cell with an equivalent material  

Description Glass EVA Silicon Tedler Equivalent 
composite 
material 

Equivalent 
composite 
material 
without 
silicon 

Unit 

Density 2450 960 700 1200 2048.6 2054 kg/m³ 

Thermal 
conductivity 

1.4 0,311 2329 0.15 {6.8229; 
6.8229;     
0.79971} 

{6.823, 
6.823; 

0.7842} 

W/(m·K) 

Heat 
capacity  

730 2090 130 1250 883.19 884.3 J/(kg·K) 

In Fig. 2 below, the temperature gradients dTx=1K, where dTy=0 vadTz=0, dTx=0, 

where dTy=1K vadTz=0, dTx=0, where dTy=0 vadTz=1K values show heat transfer. 

 

  

Fig. 2. Heat transfer in the OX, OY, OZ 

directions in the equivalent composite 
material obtained for the solar cell 

Fig. 3. Isotherm of the obtained equivalent 

composite material on heating under the 
influence of external solar radiation 

It can be seen from the figure that the heat transfer coefficient does not differ along the 

OX and OY coordinate axes, while this quantity has a small value in the OZ direction. This 

means that solar radiation heats up the solar panel very quickly and to high temperatures. 
The degree of heating of an equivalent material containing a layer of silicon under the 

influence of solar radiation was studied. Using ASHRAE Meteorological Database data, it 

was calculated that the temperature of the equivalent material would reach 1250C without 

forced convection in the climate of Delhi between 10:00 AM and 4:00 PM on July 1, 2012 

(Fig. 2). It is known that solar panels fail completely in such conditions. 
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Fig. 4. Temperature change in the direction perpendicular to the surface of the solar element. 

It can be seen from Figure 1 that the temperature change in the direction perpendicular to 

the panel surface in the materials that make up the solar element is linear, and in the 

equivalent material formed from them, it has a nonlinear characteristic (Fig. 3). 

3.2 Results obtained in air cooling of the solar panel 

Mathematical modeling studied a length of 9 cells with the width of one solar cell. A periodic 

condition was introduced for its two end walls. Calculations were made at 10-minute intervals 

between 10:00 AM and 4:00 PM. At the initial time, the ambient temperature for the 

aluminum body and the air was given. The calculation results are given below. 

  

Fig. 5. Surface temperature changes 
during solar panel cooling with air 

Fig. 6. Absorption of external radiation 
in a solar panel 
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Fig. 9. Temperature gradient change over time in the solar cells of the solar panel. 

Fig. 5 shows that 10 minutes after the initial time, the surface of the solar panel has heated 

up to 48,570C and the temperature gradient along the length is small, and the temperature 
gradient increases over time. The maximum temperature during the day will be 67.70C. This 

temperature gradient on the surface of the solar panel is maintained throughout the day. 

If we pay attention to the external radiation absorption process of the solar panel, the 

maximum absorption during the day corresponds to 13:30, forming 501 W/m2 at the initial 

time, and this amount decreases during the movement of the sun (Fig. 6). 

Fig. 7 shows the graph of temperature changes along the line passing through the center 

of the solar panel surface. In it, it is possible to see the temperature change of the surface at 

different moments of time. 
Fig. 8 shows the change of air temperature in the cooling channel. It can be seen that due 

to the high thermal conductivity and low heat capacity of the aluminum material, the air 

temperature is very close to the surface temperature. To further reduce the temperature of the 

panel, it is necessary to increase the air speed or enlarge the channels.  

Fig. 9 shows the temperature variation in the direction perpendicular to the surface of 

each solar cell on the solar panel. There is a sharp change in the temperature difference at the 

transition boundaries. During the day we see the temperature of each solar cell change by a 

small amount (different colors indicate times).  
 

  

Fig. 7. Isosurfaces of surface temperature 
changes during solar panel cooling with air 

Fig. 8. Absorption of external radiation in a 
solar panel 
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4 Conclusion 

Based on the results obtained above, it can be said that air flow can be used for cooling solar 

panels in hot climate regions, but it is advisable to use materials such as aluminum with a 

high heat transfer coefficient. Calculations carried out at different values of the speed showed 

that the air flow speed should be 2 m/s or more. 

By reducing the number of solar cells placed lengthwise in a solar panel, the temperature 

of the panel can be controlled. That is, when the number of elements along the air flow is 5, 

the maximum temperature on the panel is 550C when it is cooled by air at a speed of 2 m/s. 

Due to the temperature gradient in the channels causing excess pressure, the maximum value 

of the air outlet speed in the model was 2.46 m/s, and the maximum value of the excess 

pressure was equal to 20 Pa. The air temperature was equal to 670C. Air flow at such a 
temperature and speed can be used for drying various products. 
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