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ABSTRACT 

In this study, the thermal performance of a double pass solar air heater with the dimensions of 1 

meter by 2.5 meters to the south was investigated numerically. Considering the heat network for 

each of the components of air heater and the air flows in the channel, the energy equation got 

written, and then in the form of a computer program got analyzed implicitly and by using the up-

wind method in Matlab. 

This approach can, with regard to the daily intensity of solar radiation and air temperature in 

different cities, calculate the temperature of different components of the collector, received 

heating rate and thermal efficiency of the collector. 

In this study, the influence of parameters such as air mass flow rate, the ratio of absorption 

coefficient of the absorber plate, channel depth and wind speed on components of the collector, 

received heating rate and thermal efficiency were evaluated for the city of Kermanshah on days 

of 15th of Tir and 15th of Dey. The maximum efficiency for 15th of Tir was %55, and for the 

15th of Dey it was %45. With a reduction in the export coefficient compared to absorption 

coefficient of the absorber plate from 0.02 to 1, the efficiency for 15th of Tir and 15th of Dey 

increased by 12 and 17 percent respectively. 

Keywords: Thermal Performance, Double Pass, Solar Air Heaters 

INTRODUCTION 

Solar energy applications 

Solar energy applications can be separated 

into two categories: 

Power Plant. Non-Power Plant. 
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Power Plant applications: 

1. Plants th at have parabolic channel mirrors on 

their receptors (Figure 3). 

2. Plants that have their receptors located in a 

tower and the sunlight are being reflected on 

the tower by large mirrors which are called 

Heliostats. (Central Receptor) (Figure 1). 

3. Plants with parabolic dish receptors (Figure 

2). 

Non-power applications 

Non-power applications of solar thermal 

energy, includes several categories, which the 

most important of them all are:  

1. solar water heater and solar bathhouses.  

2. Solar cooling and heating systems. 

3. Solar water desalinators. 

4. Solar.dryers. 

5. Solar cookers. 

6. Solar.furnaces. 

7. Solar homes. 

 

 

 

 

 

 

Figure 1- power plant with central receptor 

 

 

 

 

Figure 2 - power plant with dish receptor 

 

 

 

 

 

Figure3 -plant with parabolic channel mirrors 

2- Solar air heater: 

Solar air heating systems are one of the 

passive solar systems which have been used 

in buildings in recent years as a heating 

system in order to optimize the energy 

consumption. Solar air heaters are made out 

of one or two layers of glass, an air channel to 

transfer heat, the absorber plate, plate holders 

and insulation. Solar air heating systems are 

structurally much like Trump walls, except 

that in trump walls the transfer of heat from 

air channels into the room is done mostly 

through conduction (conductivity). But in 
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most solar air heaters the heat transfers by 

natural methods or thermosiphon. 

Solar energy produced by solar radiation 

collector is a particular type of solar radiation 

energy production. There are essentially two 

types of solar heating, water heating and the 

air heating. The second type compared to the 

first type has been less studied and developed 

due to lower thermal efficiency. Thermal 

efficiency is low due to high levels of heat 

loss and low amount of displacement between 

the heat sinks and air flow between them. 

That is why during this period a lot of work 

has been done to improve the performance of 

air heaters by applying different designs in the 

air flow. 

3- The works that have been done to 

improve the performance of solar air 

heaters 

In recent years a lot of research have been 

done to enhance the frequency of free 

convection heat transfer and reduce heat 

losses and ultimately increase the efficiency 

of this type of air heaters. 

Down below, several examples are 

mentioned. 

 In 2003, Ong introduced a numeric model for 

solar air heaters. Energy equations have been 

solved in a steady state on the glasses of air 

channels and absorption plates by using the 

inverse matrix method. In this equation, the 

effect of height and intensity of the sun on the 

temperature of the various components of air 

heaters, efficiency and mass flow rate has 

been shown [25]. 

In 2007, Habeb and Burek reported results of 

an experiment that showed the efficiency of 

heat, heat transfer and the mass flow in a solar 

air heater. Heat input was supplied by an 

electrical heater and in the steady state; it 

ranged from 200 to 1000 Watts and depth of 

the channel changed from 20 to 110 mm. The 

results show that the thermal efficiency of the 

system is a function of the heat input and does 

not depend on the depth of the channel [26.] 

In 2008, Bassiouny and Nader Koura 

conducted an analytical and numerical study 

on air heaters used for the air conditioning of 

the room, and investigated the effects of 

geometric parameters on the air conditioning 

of the room, the results showed that the 

channel width has a more significant effect on 

the changes in the air conditioning of the 

room than the size of the air inlet of the 

heater. Also, the average temperature of the 

absorber plate and the average temperature of 

the glass, respectively, are related to the 

intensity of solar radiation by Tg= 9.15 I 

0.199 and Tw=3.5 I 0.461 equations. In 

addition, it was shown that the speed of the 

air outlet of the channel is heavily dependent 

on sun’s radiations. Vex=0.13I0.1 [27.] 
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In 2000, Wao used a new absorbent instead of 

the usual absorbent and examined its 

numerical models and its performance for a 

solar air heater with one passage. [35] 

In 2003, Naphon and Kongtragool used a 

mathematical model to predict heat transfer 

and performance levels of the various forms. 

[42]  

In 2007, Ramadan examined thermal 

performance of a solar air heater with two 

passes. [43] 

In 2000, Spain studied the equations for 

performance of solar air heaters with two 

passes with prousemedia. [44] 

The use of metal parts (Packing Material / 

Prous) to increase and improve the 

performance of a solar air heater happened by 

Bhmradwaj in year 1981, Shomaker in 1961, 

Mishara in 1981 and Tahakur in 2003, when 

there was just one passage. But no tests or 

reports were reported for the case of two 

passes by that time. [45]. 

4- A review of the history of the 

performance, relations and equations 

identified for solar air heaters with two 

passes in different states 

Air flows mainly solar air heaters with two 

passes are available in two forms. 1. One is 

that the flow channels are parallel to each 

other. 2. The other, flow channels are 

available in reciprocating form, shown in 

Figure 4. 

Thermal analysis of upper and lower channels 

in each small part of the channel is defined by 

the following relations. 

1) )(
,, TTcmQ filfolpll


 
 

2) )(
,, TTcmQ fiufoupuu

  

3)  

AS

Qt

t


 

Qu and QL, show the heat or heat transfer in 

the upper and lower channels. 

 Total heat transfer and thermal efficiency are 

defined as follows: 

 

4) Qt=QL+Qu       

 

 

Figure 4 - The flows of air in air heaters with two passes. 

5- Different types of mathematical models 

for air heaters 

5-1- parallel passage solar air heater. 

 This design includes glass coatings, 

absorbent page, wall or screen and insulation. 

There is two air flows, one between the cover 
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glass and the absorbent page, and the other is 

between the absorbent page and insulation 

which is shown in the figure below. 

 Forson, in the year 2001, came up with the 

energy equations for the cover glass, the first 

channel, second channel, page absorbent and 

the insulator.[31]

 

(5) For  the absorbent plate we have:      
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(6) For the first air flow between the absorber plate and the first glass layer we have:  
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 (7) For the absorber plate we have:                                                                                                
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(8) For the air flow between the absorbent plate and the insulator, we have: 
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 (9) And finally for the insulator we have:                                                                                         
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(10) And for boundary conditions we have:                                                                                      
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Figure 5 – Air flows in air heaters with parallel flow 

6. The main relations of the model that was used in the thesis 

 

 

Figure 6 – The studied air heater 

The following assumptions were 

considered in order to create a 

mathematical model of the air heater: 

 

 Steady state condition is established in 

the whole system. 

 One-dimensional heat transfer for all 

heat transfer processes through the 

transparent cover and between the 

absorber plate and the air inside the 

canal is considered. 

 The temperature at different points 

along the channel width isn’t fixed for 

the various components. 

 Temperature in the entrance channel is 

assumed to be equal to ambient 

temperature. 

 Because of the low speed of air flow 

within the channels, the friction has 

been ignored. 

 The heat capacity of the transparent 

cover and the absorber plate are 

assumed to be negligible. 
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 The air inside the channel is 

considered as a fluid without 

absorbing radiation. 

 All the thermophysical properties 

(Kinematic viscosity, density, volume 

expansion coefficient, etc) have been 

considered for the average constant 

temperature. 

Considering the above assumptions, energy 

balance equation for each component of Air 

heater, including coating glasses, air channels, 

absorbent page and insulator plate is as 

follows: 

 

6-2 components of the studied air heater 

This air heater consists of two passes. The 

first air flow is flowing between two layers of 

glass, and the second air flow is flowing 

between the lower layer of glass and the 

absorber plate. 

Lengths of the components of the collector 

(absorbent page, glass layer, etc.) are 2 meters 

with a width of 1 meter. 

Channels depth are 2 cm. absorber plate is a 

black sheet of aluminum with a thickness of 1 

mm to increase the absorption coefficient 

which on its underside an insulation surface 

made of fiberglass with a thickness of 6 mm 

is located to reduce the heat loss. Also, the 

insulator plate which is located under an 

absorber plate is completely sealed by a piece 

of wood with a thickness of 25 mm, which is 

covered by a layer of glass with a thickness of 

12. The glass coating thickness is 4 mm. Two 

air channels are connected to each other by a 

U-shaped connector at the end of the 

channels. Which like other components 

include an absorber plate, insulation and an 

air gap channel similar to other areas. 

Intake air is provided into the channel by a 

blower that has the power of 2.2 kW or 2 hp. 

6-3 Extracted energy equations for Air heater 

Energy analysis for the first layer of glass 

cover 

(11) I +hw (Ta -Tg1,i) + hra,I (Tskg - Tg1-i) + 

hrg1g2,i (Tg2,1 - Tg1,i) + hf1g1 (Tf1,i – Tg1,i) = 0  

In this equation 

The first term represents the radiation of the 

sun, the second term represents the radiant 

heat transfer from the sky, third term 

represents the radiant heat transfer to the 

second glass and forth term represents the 

heat transfer with the first air flow. 

Energy analysis for the first channel 

(12) .Tf1,i-1 + hf1,g1 (Tg1,i– Tf1,i) + hf1g2 (Tg2,i 

– Tf1,i) - .Tf1,i= 0     

In this equation 

The first term represents the heat transfer rate 

in the first channel per unit surface area of 

glass in the previous step; the second term 

represents heat transfer relocation between the 
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flow (air) in the first channel and first glass 

cover; The third term represents heat transfer 

relocation between the flow (air) in the first 

channel and second glass cover; The fourth 

term represents the heat transfer rate in the 

first channel during the current step. 

Energy analysis for the glass covers 

(13) Iτg1 g2 + hf1g2 (Tf1,i– Tg2,i) + hf2g2 (Tf2,i – 

Tg2,i) + hrg1g2i (Tg1,i – Tg2,i) + hrg2p,i (Tp,i – 

Tg2,i) = 0         

In this equation: 

 

First term represents the radiation received 

from the sun, the second term represents heat 

transfer between the first channel flow and the 

second glass layer, the third term represents 

heat transfer between the second channel flow 

and the second glass layer, fourth term 

represents radiant heat transfer between the 

first and second glass covers and fifth term 

represents radiant heat transfer between the 

second glass layer and the absorbent page. 

Energy Analysis for the second channel 

(14) .Tf2,i+1 + hf2,g2 (Tg2,i – Tf2,i) + hf2g2p 

(Tg2,i – Tf2,i) - .Tf2,i= 0 

 

In this equation 

First term represents the heat transfer rate in 

second channel per unit surface area of the 

second glass layer in the next step; The 

second term represents heat transfer between 

second channel and second glass layer; The 

third term represents heat transfer between 

second glass and the second channel and the 

absorber plate; The forth term represents heat 

transfer rate in second channel per unit 

surface area of the second glass layer in the 

current step. 

Energy analysis for absorbent page 

(15) I ( ) + hf2p (Tf2,i-Tp,i) + hrg2p,i (Tg2,i – Tp,i) 

= 0 

In this equation 

First term represents the incoming solar 

radiation; the second term represents heat 

transfer between the second channel and 

absorber page; the third term represents 

radiant heat transfer between the second glass 

cover and the absorbent page. 

Heat transfer coefficients 

 

Radiant heat transfer coefficient of the 

environment 

(16) hra,i =  g (T
2

g,i + T
2

sky) (Tg,i + Tsky)                

 

In this equation 

hra  ,  , g ,Tg and  Tsky respectively represent 

radiant heat transfer, Boltzmann constant, 

temperature coefficient of glass, temperature 

of glass cover and air temperature. 

Heat transfer coefficient of the wind 
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(17)   27.7 Vw + 1.hw = 5 

In this equation  

Vw represents the speed of the wind. 

 

Radiant heat transfer between the second 

glass cover and the absorbent page 

(18)  hrg2p,i=  

In this equation 

 ,  , ,  and respectively represent 

the Boltzmann constant, temperature of the 

first and second glass covers, page absorption 

coefficient and glass cover coefficient. 

Radiant heat transfer between the first and 

second glass covers 

(19) hrg1g2,i=         

Parameters related to this equation have been 

explained in the above paragraph. 

 

Heat transfer coefficient between the flows 

and absorbent Page 

(20) Nu= = 0.0333 (Re)
./4 

(Pr)
1/3

 

In this equation 

K, Pr, Re, De and Nu respectively represent 

the coefficient of convective heat transfer 

flows (air), Prandtl  number, Reynolds 

number, Optimum depth and Nusselt number. 

RESULTS 

In order to analyze the energy equations (11) 

to (15), a computer program was written in 

MATLAB environment. In this program, 

initial data, including climate and 

geographical location, day of the year, the air 

temperature, wind speed and collector’s 

geometric dimensions such as length, width 

and thickness of each of its components 

(glass, absorber plate and insulation), channel 

depth and physical properties of absorbing 

page and glass (export coefficient, emission 

coefficient and absorption coefficient) are 

available. After solving the equations, the 

temperature of the various components of the 

collector, received heat and the collector 

efficiency and were calculated and compared.  

Figures 7 to 20 show the graphs of the results. 
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Figure 7 - The daily average temperature distribution of 

the various components of the collector on Tir 15th 

 

Figure 8 - The daily average temperature 

distribution of the various components of the collector 

on Dey 15th 

 
Figure 9 - The amount of solar radiation received at 

different times of the day on Tir 15th 

 

 
 

Figure 10 - The amount of solar radiation received at 

different times of the day on Dey 

15th                  

 
 

Figure 11- Heating rate received at different times of 

the day on Tir 15th and Dey 15th 
 

 

 
Figure 12 - Thermal efficiency of the collector at 

different times of the day on Tir 15th and Dey 15th 
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Figure 13- Effect of export ratio of the absorption 

coefficient ( ) on received heating rate on the days of 

Tir 15th and Dey 15th 

Fi 

Figure 14 - Effect of export ratio of the absorption 

coefficient of absorbent page on thermal efficiency 
 

 

 
Figure 15 - The impact of air mass flow rate on the 

thermal efficiency of the collector 

 

 
Figure 16 - The impact of the mass flow rate of air on 

received heating rate 

 .

 
Figure 17 - The impact of the channel depth on thermal 

efficiency on days of Tir 15th and Dey 15th 
 

 

 
Figure 18 - The impact of the channel depth on heat 

rate received on days of Tir 15th and Dey 15th 
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Figure 20 - Effect of wind speed on rate of received heat 

on days of Tir 15th and Dey 15th 
 

 

To investigate the thermal performance of a 

solar collector with two passes, the energy 

equation for the various components, 

including two covering glasses, absorber page 

and the air inside the two channels was 

written and then an algorithm was provided 

for solving the equations in MATLAB 

environment with Up-Wind numerical 

method. With the implementation of the 

program, the impact of parameters such as air 

mass flow rate, the ratio of export coefficient 

absorption coefficient of the absorber plate, 

channel depth and wind speed on the 

temperature of various components of the 

collector, received heating rate and thermal 

efficiency of the collector were reviewed and 

the following results were obtained: 

By increasing the intensity of solar radiation, 

thermal efficiency and received heat rate 

increases. 

With a reduction in the rate of absorption 

coefficient of the absorber plate from 0.9 to 

0.0543, heat production increases especially 

in summer by 15 percent and in winter by 30 

percent. 

With a reduction in the rate of absorption 

coefficient of the absorber plate from 0.9 to 

0.0543, efficiency increases especially in 

summer by 15 percent and in winter by 30 

percent. 

Increment in mass transfer through the 

channels has a very important impact on 

increasing the rate of received heat and 

thermal efficiency in summer and winter. 

Increasing mass flow rate through the channel 

more than 0.1 kilograms per second has 

virtually no effect on the received heating rate 

and thermal efficiency, and the amount of 

received heat remains almost constant. 

Increasing mass flow through the channel 

Figure 19 - Effect of wind speed on thermal efficiency on 

days of Tir 15th and Dey 15th 
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caused an increase in efficiency and heat 

production in a certain range and fixed the 

temperature of components of the collector 

throughout the page. Thermal efficiency and 

received heat rate increases, by increasing the 

channel depth to 30 mm, then with increasing 

the channel depth to 80 mm thermal 

efficiency and received heat rate gets fixed 

and after that with increasing the depth of the 

channel, thermal efficiency and received heat 

rate declines.  

Optimum depth for the channel has been 

achieved for 0.04 meters.  

The wind speed has little effect on the 

temperature of the components of the 

collector, heat production and efficiency. 

 

 

 

 

ABBREVIATIONS 

Heat transfer coefficient displacement (w/k.m²) haf,hbf 

Nusselt number Nu 

The average distance between the surfaces (m) S 

Riley number Ra 

Air thermal diffusivity β 

Pages temperature (K) Ts 

Kinematic viscosity coefficient (m²/S)                                                                                          ϑ 

Volume expansion coefficient (1/k) α 

(  Air convection transfer coefficient (W/m².k h 

(W/m.k)  Temperature convection coefficient                                     K 

Thermal flux ( W/m²) q1,q              

Prandtl number Pr 

Heat transfer coefficient free displacement between the collector 
plates (W/m².K 

hcob 

Heat production Q 

Specific heat capacity of air (J/kg.K) Cp 

collector surface (m²) A 

Thermal efficiency ɳ 

Channel depth (m) D 

Optimum depth (m)   Dh 

Temperature           T 

ambient a 

convection c 

glass cover g 

air fluid 

Page absorbent P 
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radiation r 

Wind speed    V 

Export  coefficient Ɛ 

Absorption coefficient α 

Mass transmission fluid (air) ( Kg/m.S
 

) m,ṁ 

Density                             ( Kg/m³) ρ 

Stefan Boltzmann constant (5.67*10^-8 W/m².K³) σ 

The overall thermal dissipation factor from the covering glass to 
the environment (W/m².K) 

U 

The temperature of the sky (K) Tsky 

Viscosity               (Kg/m.s)          μ 
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