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Abstract. In the article, the heat exchange accelerating elements used in 
the collectors of solar air heaters were investigated by thermal and hydraulic 
mathematical modeling by changing the location scheme and geometric 
dimensions in homogeneous environment. In this case, the height of the gap 

between the flat absorber and the transparent glass was 60 mm. The height 
of elements that accelerate heat exchange processes has increased from 10 
mm to 60 mm. The location scheme is laid out in a corridor and a 
checkerboard pattern. According to the modeling results, the results of the 
solar air heater collector with the rhombic heat exchange accelerating 
element were found to be high. 

1 Introduction 

Optimizing the parameters of solar air heating collectors can be optimized according to air 

consumption, geometric dimensions, optimal location angle of the structure in relation to the 

sun, metal consumption and economic indicators. All parameters of optimization of KHKs 

are related to their geometric dimensions [1-3].  

Hicham EL Feroual et al. 1 – flat absorber with one air channel, 2 – V-shaped absorber 

with one air channel, 3 – flat absorber with counter flow, 4 – V-shaped absorber with counter 

flow analyzed by mathematical modeling in order to optimize its geometric parameters (Fig. 

1). Experimental studies conducted on single-pass solar air heating collectors with flat 

absorbers showed that the average relative errors of the model ranged from 2.6% to 6.9%. 
However, previous work on the optimization of the geometrical parameters of solar air-

heated collectors has mainly focused on the flat-surface absorber solar air-heated collector, 

and little has been related to the V-shaped absorber solar air-heated collector and counter-

flow double-passage collectors. numerous researches have been carried out. The conducted 

research allowed to optimize the temperature and thermal efficiency of the outlet air based 

on the in-depth study of the dimensions of the geometric parameters of various designs of 1, 

2, 3 and 4 solar air heaters in the forced and natural convection method. The optimal sizes of 

H1 and H2 for Type 1 HCC are 10 mm and 20 mm, respectively. The change in H3 did not 

                                                
* Corresponding author: zokhidjon@ferpi.uz  

 
 

 

, 02022 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248402022 84

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

RETRACTED

mailto:zokhidjon@ferpi.uz


affect the thermal performance of the type 2 solar air heater. It was determined that the 

optimal height of H4 for a type 2 solar air heater collector is 40 mm. In addition, the change 

of H1, H2, H3 and H4 did not significantly affect the thermal performance of type 3 and type 

4 counter-flow two-pass air ducts [4]. 

 

(a - flat absorber with one air passage, b - V-shaped with one air passage absorber, c – flat absorber 
with opposite flow, d – V-shaped absorber with opposite flow. 

Fig. 1. SAHs analyzed by Hicham EL Feroual et al [4]. 

By Mehrdad Mesgar Pour, Ali Heydari and Somchai Wongwises, the energy efficiency 

and heat transfer indicators of the solar air heater collectors with spiral air flow and two air 

passage channels were analyzed experimentally and numerically. The optimization process 

was carried out by the method of differential evolution. The angles, dimensions and location 

of the inlet of each channel are optimized for the triangular elements that accelerate heat 

exchange processes. Due to the optimization, inactive piles formed at the edge of the inlet 
flow in each channel were reduced and pressure drop was prevented [5]. 

M.K. Mittal and L.Varshney conducted studies in order to determine the thermo-

hydraulic optimal performance parameters of the solar air heater with an element that 

accelerates the wire mesh heat exchange processes. As a result of the research, the 

thermohydraulic optimization methodology of the solar air heater collector with an element 

that accelerates the wire mesh heat exchange processes is presented [6]. 

In 2019, by Satyender Singh, to determine the optimal geometric dimensions of the 

construction with one and two air passage channels, V-shaped wire mesh mesh on the flat 
absorber surface, heat exchange accelerating elements are installed. conducted research. 

Based on the obtained results, it was determined that the thermohydraulic efficiency of the 

solar air heater collectors with two air passage channels is 17÷18% higher than the solar air 

heater collectors with one air passage channel. As an optimal design, it was determined that 

the width of the forms was 0.075 m, the height of the forms was 0.012 m, the hydraulic 

diameter was 0.0835 m, the porosity was 90%, and the mass flow rate was 0.03 kg/s [7].  

A. Priyam and P. Chandlar in 2016 and 2018 analytically studied the influence of mass 

flow rate and fin spacing variation on the efficiency of solar air heater collectors. According 
to the thermohydraulic performance of the wave length and the height of the wave fins, the 

solar air heater has shown better thermal and thermohydraulic efficiency compared to the flat 

solar air heater collector, and the pressure drop is due to the increase in mass flow and the 

gap between the wave fins. increased with the reduction of the gap. It was also determined 

that the optimal value of thermal efficiency is equal to a wavelength of 7 cm and an air 

consumption of 0.061 kg/s [8-9]. 

In 2020, Kumar et al. numerically investigated different designs of two-pass solar air 

heater collectors. Separation and reattachment of piles has been found to be the most 
important factor affecting the performance of solar air heaters with two air passage channels. 

They showed that two-pass solar air heater collectors with an asymmetric semi-circular heat 

exchange accelerating element have better thermohydraulic performance and the optimal 
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location of the absorber is found in the middle of the channel. At the same time, it was 

concluded that placing asymmetric semi-circular rough surfaces increases the efficiency 

compared to symmetrical circular shapes [10]. 

Numerically and experimentally investigated the effect of flocculant elements to improve 

the channel heat transfer of a solar air heater collector in the Reynolds number range of 4400 

to 20400 by Sriromeun et al. To determine the optimal geometric parameters, the height and 

spacing of the zig-zag shape were changed and the results were obtained. There are three 

zigzag-shaped elements inclined at 45 degrees relative to the main flow direction (e/H=0.1, 
0.2 and 0.3) and the ratio of the element spacing to the height of the air channel (P/H=1.5, 2 

and 3) defined for The Nusselt number, friction coefficient, and thermal performance 

coefficient for inlet 45-degree zig-zag elements were found to be significantly higher than 

those for outlet 45-degree zigzag elements under similar operating conditions. 45 degree zig-

zag shaped elements with larger e/H have higher heat transfer and lower friction loss when 

e/H is smaller, and shorter air channel height has higher Nu, higher friction than larger ones. 

coefficient and high thermal efficiency [11]. 

 

Fig. 2. Sriromeun and other analyzed zig-zag shaped solar air heater collector with elements 
accelerating heat exchange processes [11]. 

In the research carried out by A.A. Hegazy, the analytical criterion developed for 

evaluating the optimal channel geometry of conventional solar air heater collectors has been 

extended to other flat absorber structures. The study was carried out for three different 

constructions. The performance of the collector was determined analytically in terms of 

channel depth-to-length ratios (D/L) and compared to conventional types with two air 

passages. The optimization criterion was equally valid for types I and III, structures with an 

air passage above and on both sides of the absorber, respectively [12]. 
In the scientific study aimed at optimization of solar air heating collectors conducted by 

H.Parsa and others, ideas were put forward that the shape of the barrier should be simplified 

in order to reduce the complexity and cost of the structure and at the same time increase its 

performance. In the study, the parametric optimization of forced convection heat transfer in 

the collector channel of the solar air heater, with the new cubic barriers with the absorber 

installed, was studied numerically in 3D. Heat transfer rate and pressure drop characteristics, 

Nusselt number enhancement factor, friction factor, temperature values, thermohydraulic 

performance parameter and efficiency at different Reynolds numbers were analyzed. 
Numerical simulations were carried out using the Taguchi experimental design and Variant 

analysis methods. The results show that the proposed optimal design is better than the 

existing ones, and the relative barrier height (e/H) and relative barrier width (s/H) have the 

most effect on efficiency and thermo-hydraulic performance factor. are shown to be 

important parameters. Also, the thermo-hydraulic coefficient of the solar air heater collector 

is 3.43 at Reynolds number values of 5080, 7620 and 10160, respectively; It was 2.80 and 

2.38. Based on the Reynolds number, the recommended thermo-hydraulic coefficient was 

observed to be up to 17.5% better than the best design performance reported in the literature 
[13]. 
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Although resource-saving devices working on the basis of solar energy developed as a 

result of these studies are used in the heat supply system with certain positive results, it is 

necessary to justify the fact that the efficiency of the heat and mass exchange process of the 

solar air heater collector depends on the structural and mode parameters. not enough research 

has been conducted [14-17]. 

From the analysis of the literature, it can be seen that in order to effectively use the solar 

air heater collectors and increase the thermal efficiency, it is important to increase the heat 

exchange processes between the heat-carrying air flow and the absorber and reduce the 

pressure loss by increasing the heat transfer coefficient of the absorber that converts the flow 

of sunlight into heat energy. is considered This can be achieved through the selection of the 

optimal mode of the heat-carrying air flow and the technically and economically optimal 
option of heat exchange accelerating elements of various geometric shapes and sizes in the 

absorber from modern computer programs and advanced engineering solutions [18-25]. 

2 Materials and methods 

A mathematical model was developed using the Reynolds-centered Nave-Stokes differential 

equation and heat dissipation equations to determine the flow velocities and heat dissipation 

processes, and the k-ε turbulent model to determine the Reynolds stresses. 

The highly ranked k-ε (RNG) model was used in the dissertation work. The differential 

appearance of this model is as follows: 
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The coefficient of turbulent viscosity is determined by the standard k-ε model: 

Additional functions and constants of the model are as follows: 

1 2 00.0845, 0.7194, 0.7194, 1.42, 1.68, 4.38, 0.012kC C C              

The heat transfer equation in liquids and gases is written as follows: 

2
2

2

p p p vd

T
C C T Q Q Q

t

k T

 


       


  

u q

q
              (2) 

Here k   Thermal conductivity, pC   heat capacity at constant pressure, q- internal heat 

flow, Q, Qp, Qvd - heat quantities. 

Figure 3 shows initial and boundary conditions, viscosity at the wall, and extrapolation at 

the exit for the numerical solution of the Reynolds and k-e differential equations. 
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𝑈0̅̅ ̅  and 𝑉0̅̅̅ respectively, the speed of the air flow at the inlet, 𝑇0- inlet air flow temperature, 𝑃0- inlet 
air flow rate. 

Fig. 3. Initial and boundary conditions for numerical solution of Reynolds and k-e differential 
equation. 

Volume control and finite difference scheme were used for numerical solution of the 

equations. Due to the complexity of fitting the velocity and pressure fields, the SIMPLE 

algorithm of Nave-Stokes and k-ε (RNG) and continuity equations was used. 

The McCormack method is a widely used discretization scheme for the numerical 

solution of hyperbolic differential equations. This second-order finite difference method was 

introduced in 1969 by Robert W. McCormack. The McCormack method is simple, 

straightforward, and easy to program. McCormack's method is widely used in solving 

hydrodynamic equations, nonlinear differential Euler and Nave-Stokes equations. The 

system of equations (1) can be expressed in the form of a matrix. 

2 2 2

2 2 2
.

U V W

t x y z x y z




             

       
         

 (3) 

By applying the exact predictor-corrector method to the nonlinear Nave-Stokes and k-e 

equations, we obtain the following difference scheme: 
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This scheme is a second order definite scheme         2 2 2 2
, , ,O t x y z    . The 

stability of this scheme is determined as follows: 
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This McCormack scheme is a second-order precision         2 2 2 2
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scheme whose time stability is: 
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The velocities obtained with these schemes do not obey the law of conservation of mass. 

Therefore, the SIMPLE algorithm was used to connect speed and pressure. In this algorithm, 

jip ,  pressure is added to the velocities. 
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The actual pressure is: 

1n

 
 

 

, 02022 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248402022 84

6

RETRACTED



ppp nn 1

                                          (11) 

In order to choose an optimal location scheme and an optimal shape by placing the 

elements that accelerate the heat exchange processes used in solar air heater collectors in a 

homogeneous environment and in different location schemes, the working surface of the flat 

absorber solar air heater collector with the geometric dimensions of 1000x1000 mm, square, 
circle and results were obtained by placing elements that accelerate the rhombic heat 

exchange processes in a checkerboard and corridor arrangement scheme. In order to obtain 

the results, along with the placement scheme, the heights of the elements that accelerate the 

heat exchange processes were also changed. In this case, the height of the elements was 

changed to the value of 10÷50 mm, the distance between the flat absorber and the transparent 

window is 60 values. 

Calculations were carried out using COMSOL Multiphysics software to numerically 

calculate the temperature and pressure losses of the air taken from the solar air heater 

collector. 

  

a) top view b) 3d view 

Fig. 4. Corridor-type arrangement of elements that accelerate heat exchange processes in a 
square shape 

  

a) top view b) 3d view 

Fig. 5. A checkerboard arrangement of elements that accelerate heat exchange processes in a 
square shape 

  

a) top view b) 3d view 

Fig. 6. Placement of circular elements accelerating heat exchange processes in a corridor type.            
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To determine the thermohydraulic parameters of solar air heater collectors of 

various shapes and sizes with the help of the developed mathematical model, we 

numerically obtain the results using the geometric parameters of the solar air heater 

collector structures below (pictures). 7÷10). 

  

a) top view b) 3d view 

Fig. 7. Chess-type arrangement of elements that accelerate heat exchange processes in a 
circular shape 

  

a) top view b) 3d view 

Fig. 8. Rhombus-shaped arrangement of elements that accelerate heat exchange processes in 
the corridor type 

  

a) top view b) 3d view 

Fig. 9. Rhombus-shaped arrangement of elements that accelerate heat exchange processes in 
a checkerboard pattern 

3 Results and discussion 

Based on the analysis of the results obtained in the mathematical model of the dependence 

of the heat distribution on the air flow rate in the solar air heater collector, which consists of 
elements that accelerate the heat exchange processes of different geometric shapes and sizes: 

 obtaining the highest heat energy in the rhombus-shaped element that accelerates heat 

exchange processes in the geometric size of 40 mm in a checkerboard arrangement; 
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 the lowest pressure loss was found to be 0.55 kPa when the diamond-shaped heat 

exchange accelerating element is located in a checkerboard type. 

 

 
 

 

a) 

 
 

 

b) 

 

 

c) 

 
 

 

d) 
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e) 

 

f) 

Fig. 10. Graphs of simulation of heat distribution and dependence of air flow heat on pressure change 

in solar air heater collectors with elements that accelerate heat exchange processes of different shapes 
and geometric sizes: a – is a corridor and b – is a checkerboard-shaped element that accelerates heat 
exchange processes, c – is a corridor and d – is a checkerboard-shaped element that accelerates heat 
exchange processes, e – is a corridor and f – diamond-shaped elements that accelerate heat exchange 
processes arranged in a checkerboard pattern. 

4 Conclusion 

Based on the results obtained from the solar air heater collector, we can conclude that the 

location scheme of the elements that accelerate the heat exchange processes used in the solar 

air heater collectors affects the efficiency of the construction depending on their geometric 

dimensions. Optimal location scheme of the elements accelerating all heat exchange 

processes achieved high efficiency in a chess-shaped scheme. Depending on the heat transfer 

and pressure loss, the rhombic element was the most suitable element. It was determined that 

the acceptable element height is 40 mm. 
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