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Abstract 

 

In this chapter, we are interested on the design and the realization of a 

new solar air heater test bench to investigate the efficiency of the solar 

system. The considered test bench consists of two passages solar air 

heater separated by an absorber and powered by a fan working in a 

delivery mode. On the glass side, it is connected to the box prototype 

through a pipe. On this system, a glass is hanging on the front side and 

an absorber is inserted inside. The hot air flow is routed towards the box 

prototype. Two circular holes are located in the same face of the box 

prototype. The inlet hole allows the hot air supply. However, the outlet 

hole allows its escape into the ambient environment. Indeed, we have 

developed numerical simulations to study the turbulent flow in the 
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considered test bench over the day. In these conditions, it has been 

observed a decrease in the flow and an appearance of the recalculation 

zones in the first passage. This phenomenon is more prominent during 

the transition of the flow to the second passage. However, the flow 

becomes uniform until the exit of the solar air heater. Via the pipe 

separating the solar air heater from the box prototype, a discharge area 

appears in the hole inlet and invaded the reverse wall. By comparing the 

local characteristics for the different instances, a similar appearance has 

been observed with a maximum value at t=12 hours. For the magnitude 

velocity, a small difference between the calculated values has been noted. 

However, this difference is more clear for the temperature distribution 

and the turbulent characteristics. For the energy efficiency, it presents 

very low values at the beginning of the day. With the increase of the 

temperature through the day, there is a gradual increase of the energy 

efficiency until t=12 hours, with a value equal to η= 31,8%. This 

technology will be very useful since it can provide sustainable energy 

and substitute the expensive traditional technologies. 

 

Keywords: solar air heater, sustainable energy, ventilation, aerodynamic 

structure, CFD 

 

 

1. Introduction 

 

The use of the solar energy in heat ventilation is widely applied, such as 

hospitals, residential and commercial buildings. The objective is to minimize 

energy consumption with the use of renewable energy [1-21]. In this context, 

Yang et al. [22] designed a solar air heater with offset strip fins optimized by 

numerical modeling. Then, a series of experiments based on ASHRAE 

Standard 93-2003 was conducted to test the detailed thermal performance of 

the heater in the light of time constant, thermal efficiency, incident angle 

modifier and the synthetically resistance coefficient. Altaa et al. [23] 

compared three different types of designed flat-plate solar air heaters, two 

having fins and the other without fins. One of the heater with a fin had single 

glass cover and the others had double glass covers. Based on the energy output 

rates, heater with double glass covers and fins is more effective and the 

difference between the input and output air temperature is higher than of the 

others. Zukowski [24] presented a novel construction of a forced air solar 

heater based on a confined single slot jet of air impinging on the flat surface 

of an absorber plate. The results of experimental research showed that the 

efficiency of energy conversion ranges from 66% up to 90%. El-Sebaii et al. 
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[25] developed a comparison between the measured outlet temperatures of 

flowing air, temperature of the absorber plate and output power of the double 

pass-finned and v-corrugated plate solar air heaters. The results confirmed that 

the double pass v-corrugated plate solar air heater is 9.3–11.9% more efficient 

compared to the double pass-finned plate solar air heater. Wazed et al. [26] 

confirmed that the fabricated solar air heater is working efficiently. Esen [27] 

presented an experimental energy and exergy analysis for a novel flat plate 

SAH with several obstacles and without obstacles. The results confirm that the 

optimal value of efficiency is a middle level of absorbing plate in flow channel 

duct for all operating conditions. The double-flow collector supplied with 

obstacles appears significantly better than that without obstacles. Based on 

these previous studies, it is clear that the use of the SAH system with the 

double pass is more efficient. For this, we focused our attention on the study 

of a new SAH system with double pass designed and realized in our 

laboratory. In the present chapter, we are interested on the prediction of the 

heat ventilation and the experimental validation with the considered test 

bench.  

 

 

2. Solar Air Heater System 

 

 

Figure 1. Solar air heater test bench. 

Figure 1 presents the new solar air heater test bench designed and realized in 

our LASEM laboratory to investigate the efficiency of the solar system. The 

considered system consists of a two passages solar air heater separated by an 

absorber and powered by a fan working in a delivery mode and placed in the 
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inlet, side the insulation. On the glass side, it is connected to the box prototype 

through a pipe.  

 

 

Figure 2. Geometrical arrangements. 

The geometrical arrangements of the computational domain are presented 

in Figure 2, which is composed of two domains separated by a circular pipe 

with a diameter d=100 mm. The first one is the solar air heater with a height 

hs=194 mm and a width Ws=778 mm. On this system, a glass is hanging on 

the front side with a length Lg=1000 mm and an absorber is inserted inside 
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with a length La=1086 mm. The hot air flow is routed towards the box 

prototype with a length Lb=1500 mm, a height Hb=1100 mm and a width 

Wb=1000 mm. Two circular holes, with a distance h2=900 mm, are located in 

the same face of the box prototype. The inlet holes, placed in the altitude 

h1=250 mm and a longitude L1=300 mm, allows the hot air supply. However, 

the outlet hole allows its escape into the ambient environment. 

 

3. Numerical Model 

 

3.1. Boundary Conditions 

 

A boundary condition is required anywhere fluid enters or exits the system 

and can be set as a pressure inlet, mass flow inlet, interior, internal or interface. 

General interpretation was given on the basis of numerical simulation of the 

solar air heater. A physical model was simulated using ANSYS Fluent 17.0, 

based on the geometrical dimensions of the solar air heater. The boundary 

conditions are illustrated in Figure 3. Wall boundary was applied for the solar 

air heater with heat flux of value equal zero to obtain the adiabatic wall. Wall 

boundary was used for the absorber and the mirror and convective heat transfer 

option was applied for different parts of the device such as glass and absorber. 

For the inlet velocity, it has been taken a magnitude velocity equal to V=3 m.s-

1. For the pressure outlet, a value of p=101325 Pa is set. This means that at 

this opening the fluid exits the model to an area of static atmospheric pressure 

condition. 

 

 

Figure 3. Boundary conditions. 
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3.2. Meshing 

 

The automatically generated mesh is usually appropriate and intricate 

problems with thin and small meshing. Geometrical and physical features can 

result in extremely high number of cells, for which the computer memory is 

too small. “Meshing” options allow us to manually adjust the computational 

mesh to solve problems features and to resolve them better. In this application, 

we have adopted the refined model consisting of a maximum number of cells 

equal to N=1578369 cells that gives the lower numerical diffusion inside the 

solar air heater with an unstructured and tetrahedral meshing as presented in 

Figure 4.  

 

 

Figure 4. Meshing of the computational domain. 

 

4. Results and Discussion 

 

The distribution of the velocity fields, the temperature, the Do irradiation, the 

total pressure, the turbulent kinetic energy, the turbulence eddy frequency and 

the turbulent viscosity are presented in this section. In our case, the Reynolds 

number is evaluated to be equal to Re=20000. Particularly, we have considered 

different longitudinal and transverse planes for the first and second passages 

of the solar air heater supplying the box prototype, as presented in Figure 5. 
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Figure 5. Visualization planes. 

 

4.1. Velocity Fields 

 

Figures 6, 7 and 8 show the velocity fields distribution in the different 

longitudinal and transverse planes for the first and second passages of the solar 

air heater supplying the box prototype at t=10 hours, t=12 hours, t=14 hours 

and t=16 hours. According to these results, it is clear that the velocity fields 

present the same distribution at the different considered instances. For 

example, at t=12 hours the inlet velocity is governed by the boundary 

condition defined by V=3 m.s-1. In the first passage, a decrease in the flow has 

been observed and a recirculation zone is created. This phenomenon is more 

prominent during the transition of the flow to the second passage. In this side, 

the flow becomes uniform until the exit of the solar air heater.  

Indeed, the velocity reaches a very important value equal to V=5 m.s-1. 

Via the pipe separating the solar air heater from the box prototype, a discharge 

area appears in the hole inlet and invaded the reverse wall. At this level, the 

velocity changes his direction and two axial flows have been observed. The 

first ascending flow is responsible on the recirculation zone appeared in the 

wholes area of the box prototype. This movement continues until the exit of 

the air flow through the hole outlet and reaches the maximum value equal to 

V=4 m.s-1. The second descending flow is due to the dead zone appeared in 

the down area. Globally, the averaged velocity value is about V=1.5 m.s-1 in 

the discharge area. Elsewhere, the averaged velocity presents a very low value. 

By comparing the velocity fields for the different instances, it is clear that the 

maximum value of the average velocity is obtained at t=12 hours. For the other 
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instances, the magnitude velocity decreases and the minimum values are 

obtained at t=16 hours. 

 

 

 

Figure 6. Distribution of the velocity fields in the longitudinal plane. 
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Figure 7. Distribution of the velocity field in the first passage. 
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Figure 8. Distribution of the velocity field in the second passage. 

 

4.2. Temperature 

 

Figures 9, 10 and 11 show the distribution of the temperature in the different 

longitudinal and transverse planes for the first and second passages of the solar 

air heater supplying the box prototype at t=10 hours, t=12 hours, t=14 hours 
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and t=16 hours. According to these results, it is clear that the temperature 

presents the same distribution at the different considered instances. For 

example, at t=12 hours it has been noted that the inlet temperature is governed 

by the boundary condition defined by T=308 K. This value increases 

immensely and reaches an average value equal to T=338 K in the first passage 

and T=347 K in the second passage. This fact can be explained by the air flow 

incoming at ambient temperature and flowing the channel between the 

absorber plane and the insulation, which starts warming up by the convection 

with the absorber. In the second passage, the temperature of the air flow is 

more important since the flowing between the glass and the absorber is 

affected by the solar radiations. Thereby, the box prototype is powered by a 

continuous air heater characterized by the maximum temperature value equal 

to T=349 K. By comparing the temperature for the different instances, it is 

clear that the maximum value of the temperature is obtained at t=12 hours. For 

the other instances, the temperature decreases and the minimum values are 

obtained at t=16 hours. At this instance, the maximum value of the temperature 

is equal to T=340 K. 

 

 

Figure 9. (Continued onto next page). 
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Figure 9. Distribution of the temperature in the longitudinal plane. 

 

Figure 10. (Continued onto next page). 
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Figure 10. Distribution of the temperature in the first passage. 

 

Figure 11. (Continued onto next page). 
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Figure 11. Distribution of the temperature in the second passage. 

 

4.3. Distribution of the Do Irradiation 

 

Figures 12, 13 and 14 show the distribution of the Do irradiation in the 

different longitudinal and transverse planes for the first and second passages 

of the solar air heater supplying the box prototype at t=10 hours, t=12 hours, 

t=14 hours and t=16 hours. From these results, it is clear that the Do irradiation 

presents the same distribution at the different considered instances. For 

example, at t=12 hours it has been observed that the Do irradiation presents a 

low value equal to I=2500 W.m-2 in the inlet of the solar air heater. This value 

increases immensely and reaches the maximum value I=3375 W.m-2 near the 

absorber in the second mid-plane of the first passage of the solar air heater. In 

the second passage a gradual decrease of the Do irradiation has been observed 

with an average value equal to I=3200 W.m-2. The minimum value of the Do 

irradiation equal to I=2650 W.m-2 has been observed in the second mid-plane 

of the second passage of the solar air heater. From the inlet of the pipe, 

attached to the solar air heater, the Do irradiation reaches the maximum value 

equal to I=3375 W.m-2 in all the field of the box prototype. By comparing the 

Do irradiation for the different instances, it is clear that the maximum value of 

the Do irradiation is obtained at t=12 hours. For the other instances, the Do 

irradiation decreases and the minimum values are obtained at t=16 hours. At 
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this instance, the maximum value of the Do irradiation is equal to I=3060 

W.m-2. 

 

 

 

Figure 12. (Continued onto next page). 
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Figure 12. Distribution of the Do Irradiation in the longitudinal plane. 

 

Figure 13. Distribution of the Do Irradiation in the first passage. 
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Figure 14. Distribution of the Do Irradiation in the second passage. 

 

4.4. Total Pressure 

 

Figures 15, 16 and 17 show the distribution of the total pressure in the different 

longitudinal and transverse planes for the first and second passages of the solar 

air heater supplying the box prototype at t=10 hours, t=12 hours, t=14 hours 

and t=16 hours. From these results, it is clear that the total pressure presents 
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the same distribution at the different considered instances. For example, at 

t=12 hours a compression zone characteristic of the maximum value of the 

total pressure has been observed in the collector inlet. Then, the total pressure 

decreases and presents a stabilized value, equal to p=101365 Pa, in the 

remaining domain of the two passages of the solar air heater. At the exit of the 

second passage, the total pressure continues decreasing along the pipe and 

reaches a value equal to p=101347 Pa in the inlet of the box prototype. 

Through the air advancement, the total pressure decreases quietly in the 

expulsion area, produced from the hole inlet and invaded until the reverse wall. 

This fact can be explained by the recirculation zone appeared in the wholes 

area of the box prototype. In the hole outlet, a depression zone characteristic 

of the minimum value, equal to p=101327 Pa, has been observed. By 

comparing the total pressure for the different instances, it is clear that the 

maximum value of the total pressure is obtained at t=12 hours and it is equal 

to p=101372 Pa. For the other instances, the total pressure decreases and the 

minimum values are obtained at t=16 hours. At this instance, the maximum 

value of the total pressure is equal to p=101351 Pa. 

 

 

Figure 15. (Continued onto next page). 
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Figure 15. Distribution of the total pressure in the longitudinal plane. 

 

Figure 16. (Continued onto next page). 
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Figure 16. Distribution of the total pressure in the first passage. 

 

Figure 17. (Continued onto next page). 
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Figure 17. Distribution of the total pressure in the second passage. 

 

4.5. Turbulent Kinetic Energy 

 

Figures 18, 19 and 20 show the distribution of the turbulent kinetic energy in 

the different longitudinal and transverse planes for the first and second 

passages of the solar air heater supplying the box prototype at t=10 hours, t=12 

hours, t=14 hours and t=16 hours. According to these results, it is clear that 

the turbulent kinetic energy presents the same distribution at the different 

considered instances. For example, at t=12 hours a wake zone characteristic 

of the maximum value of the turbulent kinetic energy has been observed 

around the collector inlet of the solar air heater. This wake is expanded in the 

first passage near the absorber side and until the mid-plane. In these 

conditions, the maximum value of the turbulent kinetic energy is equal to 

k=0.98 m2.s-2. Away from this area, the turbulent kinetic energy presents a 

very weak value excepting the lower leading edge of the absorber, where the 

turbulent kinetic energy is equal to k=0.09 m2.s-2. At the exit of the second 

passage, a second wake zone characteristic of the maximum value of the 

turbulent kinetic energy appears and extends along the first part of the pipe 

connecting the solar air heater with the box prototype. After the decrease of 

the turbulent kinetic energy in the second part of the pipe, an expulsion area 

appears in the hole inlet of the box prototype and invaded in the discharge area 
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until the reverse wall. This fact can be explained by the recirculation zone 

appeared in the whole area of the box prototype. Indeed, a slightly decrease of 

the turbulent kinetic energy has been observed outside this area. However, in 

the outlet of the box prototype, a wake zone characteristic of the maximum 

value of the turbulent kinetic energy has been appeared. By comparing the 

turbulent kinetic energy for the different instances, it is clear that the maximum 

value of the turbulent kinetic energy is obtained at t=12 hours and it is equal 

to k=1.157 m2.s-2. For the other instances, the turbulent kinetic energy 

decreases and the minimum values are obtained at t=16 hours. At this instance, 

the maximum value of the turbulent kinetic energy is equal to k=1.111 m2.s-2. 

 

 

Figure 18. (Continued onto next page). 
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Figure 18. Distribution of the turbulent kinetic energy in the longitudinal plane. 

 

 

Figure 19. Distribution of the turbulent kinetic energy in the first passage. 
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Figure 20. Distribution of the turbulent kinetic energy in the second passage. 

 

4.6. Turbulent Eddy Frequency 

 

Figures 21, 22 and 23 show the distribution of the turbulent eddy frequency in 

the different longitudinal and transverse planes for the first and second 

passages of the solar air heater supplying the box prototype at t=10 hours, t=12 

hours, t=14 hours and t=16 hours. According to these results, it is clear that 

the turbulent eddy frequency presents the same distribution at the different 

considered instances. For example, at t=12 hours, a wake zone characteristic 
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of the maximum value of the turbulent eddy frequency has been created from 

the collector inlet of the solar air heater, with a moderate value of the turbulent 

eddy frequency equal to =300 s-1. This wake is expanded in the first passage 

near the absorber side and until the mid-plane. In these conditions, the 

maximum value of the turbulente eddy frequency is equal to =500 s-1. Away 

from this area, the turbulent eddy frequency decreases and reaches a low value 

equal to =40 s-1 at the bottom of the collector where the insulator is localized. 

Through the second passage and away from the glass and the absorber, the 

turbulent eddy frequency continues the decreases even more and reaches a null 

value in the upper half plane. In the pipe connecting the solar air heater with 

the box prototype, the turbulent eddy frequency increases and reaches a 

maximum value equal to =500 s-1. By comparing the turbulent eddy 

frequency for the different instances, it is clear that we found the same results. 

In all these cases, the maximum value of the frequency is equal to =308 s-1.  

 

 

Figure 21. (Continued onto next page). 
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Figure 21. Distribution of the Turbulence Eddy Frequency in the longitudinal plane. 

 

Figure 22. (Continued onto next page). 

COMPLIMENTARY COPY



Prediction of Heat Ventilation in Solar Air Heater Systems 

 

27 

 

Figure 22. Distribution of the turbulent eddy frequency in the first passage. 

 

Figure 23. (Continued onto next page). 
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Figure 23. Distribution of the turbulent eddy frequency in the second passage. 

 

4.7. Turbulent Viscosity 

 

Figures 24, 25 and 26 show the distribution of the turbulent viscosity in the 

different longitudinal and transverse planes for the first and second passages 

of the solar air heater supplying the box prototype at t=10 hours, t=12 hours, 

t=14 hours and t=16 hours. According to these results, it is clear that the 

turbulent viscosity presents the same distribution at the different considered 

instances. For example, at t=12 hours, a wake zone characteristic of the 

maximum value of the turbulent viscosity has been observed around the 

collector inlet of the solar air heater. This wake is expanded in the first passage 

near the absorber side. In these conditions, the maximum value of the turbulent 

viscosity is equal to µt=0.002 kg.m-1.s-1. Away from this area, the turbulent 

viscosity presents a very weak value. The same fact has been observed in the 

second passage, where the maximum value is equal to µt=0.001 kg.m-1.s-1 in 

the first mid-plane. In the absorber, the turbulent viscosity reaches a null value. 

At the exit of the second passage, a slight increase of the turbulent viscosity 

until µt=0.002 kg.m-1.s-1 has been observed in the first part of the pipe 

connecting the solar air heater with the box prototype. In the remainder of the 

pipe, the turbulent viscosity decreases and presents very low values. In the 

hole inlet of the box prototype, the low values of the turbulent viscosity 

continue to appear in the first part of the discharge area. In the second part, a 

slight increase of the turbulent viscosity has been observed on the side of the 
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reverse wall. In the rest of the domain of the box prototype, a wake zone 

characteristic of the maximum value of the turbulent viscosity, equal to 

µt=0.007 kg.m-1.s-1, has been created. This fact can be explained by the 

recirculation zone appeared in the whole area of the box prototype. Indeed, a 

rapid expansion of the turbulent viscosity until µt=0.012 kg.m-1.s-1 has been 

observed in the hole outlet of the box prototype. By comparing the turbulent 

viscosity for the different instances, it is clear that the maximum value of the 

turbulent viscosity is obtained at t=12 hours and it is equal to µt=0.0131 kg.m-

1.s-1. For the other instances, the turbulent viscosity decreases and the 

minimum values are obtained at t=16 hours. At this instance, the maximum 

value of the turbulent viscosity is equal to µt=0.012 kg.m-1.s-1. 

 

 

 

Figure 24. (Continued onto next page). 
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Figure 24. Distribution of the turbulent viscosity in the longitudinal plane. 

 

 

Figure 25. Distribution of the turbulent viscosity in the second passage. 
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Figure 26. Distribution of the turbulent viscosity in the second passage. 

 

5. Comparison with Experimental Results 

 

Figures 27 and 28 compare the numerical results of the temperature and 

velocity profiles in the second channel superposed with our experimental 

results in a fan delivery mode side the insulation. Different instances equal to 

t=8 hours, t=10 hours, t=12 hours, t=14 hours, t=16 hours and t=18 hours have 

been considered. According to these results, a similar appearance between the 

curves has been observed for the magnitude velocity with a small difference 

between the calculated values. However, this difference is more clear for the 

temperature profiles. In fact, in these conditions, the maximum values of the 
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temperature are obtained at t=12 hours. By comparing these obtained results, 

it has been observed that the temperature values decrease slightly at t=14 

hours. However, the minimum values of the temperature is obtained at t=18 

hours. For the others instances t=10 hours, t=16 hours and t=8 hours, the 

temperature values decrease immensely. The comparison of the numerical 

results with our experimental data picked up on 28 August 2017 at t=12 hours, 

presents a good agreement with a gap equal to 6%. These results confirm the 

validity of our numerical method. 

 

 

Figure 27. Profiles of the temperature in the second channel. 

 

Figure 28. Profile of the magnitude velocity in the second channel. 
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6. Energy Efficiency 

 

Figure 29 presents the profile of the energy efficiency which confirms the 

results obtained over the time. In fact, at the beginning of the day, the energy 

efficiency has very low values. With the increase of the temperature through 

the day, there is a gradual increase of the energy efficiency until t=12 hours, 

with a value equal to η= 31.8%. In the first half day, it has been noted that the 

increase of the energy efficiency is more important after t=10 hours. 

Afternoon, the energy efficiency starts to decrease with a constant slope. At 

t=18 hours, the energy efficiency is very low and it is equal to η= 24.8%. 

 

 

Figure 29. Energy efficiency profile. 

 

Conclusion 

 

Since the solar air heater is not very commonly used in the domestic and 

industrial applications, we are interested on the design and the realization of a 

new solar air heater test bench to investigate the efficiency of the solar system. 

The considered test bench consists of two passages solar air heater separated 

by an absorber and powered by a fan working in a delivery mode and placed 

in the inlet, side the insulation. On the glass side, it is connected to the box 

prototype through a pipe. On this system, a glass is hanging on the front side 

and an absorber is inserted inside. The hot air flow is routed towards the box 
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prototype. Two circular holes, are located in the same face of the box 

prototype. The inlet hole allows the hot air supply. However, the outlet hole 

allows its escape into the ambient environment. Indeed, we have developed 

numerical simulations to study the turbulent flow in the considered test bench 

over the day. In these conditions, it has been observed a decrease in the flow 

and an appearance of the recalculation zones in the first passage. This 

phenomenon is more prominent during the transition of the flow to the second 

passage. However, the flow becomes uniform until the exit of the solar air 

heater. Via the pipe separating the solar air heater from the box prototype, a 

discharge area appears in the hole inlet and invaded the reverse wall. By 

comparing the local characteristics for the different instances, a similar 

appearance has been observed with a maximum value at t=12 hours. For the 

magnitude velocity, a small difference between the calculated values has been 

noted. However, this difference is more clear for the temperature distribution 

and the turbulent characteristics. For the energy efficiency, it presents very 

low values at the beginning of the day. With the increase of the temperature 

through the day, there is a gradual increase of the energy efficiency until t=12 

hours, with a value equal to η= 31,8%. This technology will be very useful 

since it can provide sustainable energy and substitute the expensive traditional 

technologies. 
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