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Abstract— Performance evaluation of a double pass solar air 

heater is done with using different types of porous medium. 

The heat transfer performance of the double pass solar air 

heater can be improved using porous medium. These porous 

medium is placed in the lower duct of the double pass air 

heater. In order to obtain the optimum design parameters 

and maximum efficiency of solar air heater, several studies 

have been carried out including non-porous and porous 

material assisted channels. Temperature data along the 

collector, pressure drop, variation in the flow rate were 

measured to evaluate the performance of solar air heater. 

Comparison is made between the performances of the solar 

air heater with using different type of porous medium. The 

study concluded that by using porous material in the lower 

duct of the solar collector will improve its performance. 

Outlet temperature is increased using porous materials. 

Key words:  Porous media, Glass wool, Steel wool Pressure 

drop, Mass flow rate  

I. INTRODUCTION 

Solar air heating is a solar thermal technology in which solar 

energy is used to heat the air.  Solar air heating is a 

renewable energy heating technology used to heat or 

condition air for buildings or process heat applications. It is 

typically the most cost-effective out of all the solar 

technologies, especially in commercial and industrial 

applications, and it addresses the largest usage of building 

energy in heating climates, which is space heating and 

industrial process heating. Solar air heating system consist 

of a solar collector which absorbs heat from the solar 

radiation and transfer it to the air. Solar collector has a 

absorber plate which is normally made up of materials like 

Aluminum or Copper. These collector plates are generally 

coated with black coatings to enhance heat absorption. 

Collector plate is covered with transparent glass. Solar air 

heaters have been found to have a low thermal efficiency 

because of the low heat transfer coefficient between the 

absorber plate and air which leads to a high absorber plate 

temperature and hence a greater heat loss to the 

surroundings. Several designs were made to improve the 

solar heater performance. Double pass solar collectors are 

used instead of single pass collectors to improve 

performance. Performance of double pass solar collector can 

be improved using aluminium cans, fins, porous materials 

etc. Many research work has been done to use porous 

materials to improve the performance of solar air heaters. 

Thomas Fend [1] have experimentally determined 

the thermo physical and heat transfer properties of different 

types of Porous materials in solar receivers or collectors. 

M.K. Lalji [2], have experimentally investigated the 

performance of Packed Bed Solar Air Heater. K. Sopiana, 

[3] compared the thermal efficiency of double-pass solar 

collector with porous–nonporous media. BAA Yousef [4] 

involved in a theoretical study to investigate the effect of 

mass flow rate, flow channel depth and collector length on 

the system thermal performance and pressure drop through 

the collector with and without porous medium. Arun Venu 

[5], made a simulation study to investigate the integration of 

a porous matrix to dual purpose collectors. B.M. Ramani [6] 

theoretically and experimentally investigated the 

performance of a double pass solar air collector with and 

without porous material. 

II. POROUS MATERIALS 

Porous medium is a material that contains pores or voids. 

The pores are generally filled with fluids like gas or liquid. 

Examples of naturally occurring porous media include sand, 

soil, and some types of stone, such as pumice and sandstone. 

Sponges, ceramics, and reticulated foam are also 

manufactured for use as porous media. Physically, a porous 

medium can be distinguished from other materials — 

including other porous media — by, porosity or the size of 

its pores. A porous medium is most often characterized by 

its porosity. Porosity or void fraction is a measure of the 

void (i.e., "empty") spaces in a material, and is a fraction of 

the volume of voids over the total volume, between 0 and 1, 

or as a percentage between 0 and 100%.  Materials with low 

porosity are less permeable and typically have smaller pores, 

making it more difficult for gas or liquid to pass through 

them, while materials with high porosity have large pores 

and are easily permeated. Porous materials are used in 

various applications in science and engineering. 

 

Fig. 1: Setup 

http://www.wisegeek.com/what-is-sandstone.htm
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III. EXPERIMENTAL SETUP 

The Collector frame is in cuboidal shape made up of 

plywood of 10 mm thickness. The internal dimensions of the 

frame is 1.3×0.8×0.2m. The top surface of the collector was 

left open for glass cover. An aluminium plate measuring 

1×.8m was placed in the middle of the frame dividing 

collector in 2 equal halves. The inlet was a 10 cm hole 

drilled on the side surface at the top half of the collector. For 

the outlet section 3 holes each of 1 inch diameter were 

drilled on the bottom half. A glazed glass sheet measuring 

1.32m x 0.82m x 5mm was used as the single glass cover for 

the apparatus. A thermocol sheet was secured to the bottom 

surface by nails and glue. Aluminium is coated with black 

paint for better heat absorption. 3 pipes of diameter 3/4inch 

inserted in to three outlet holes. These pipes are connected 

to a common pipe using T- joints. A blower is used to suck 

the air, it is connected to the outlet pipe. Orifice section is 

made in the pipe for flow measurement. U-tube manometer 

is used to measure the pressure difference for flow 

measurement. Glass wool and steel wool are used as the 

porous medium. Glass wool and steel wool are placed in the 

lower duct of the solar collector during the testing process. 

Solar collector is placed in open place in an inclined angle. 

Inlet and outlet temperatures are measured using k-type 

thermocouples. Pressure difference is measured using U-

tube manometer. Experiment is first done with no porous 

medium. Then glass wool and steel wool is placed in the 

lower duct separately and experiment is done. 

A. Glass Wool 

Glass wool (UK) or fiberglass insulation (US) is an 

insulating material made from fiberglass, arranged into a 

texture similar to wool. Glass wool is an insulating material 

made from fibres of glass arranged using a binder into a 

texture similar to wool. The process traps many small 

pockets of air between the glass, and these small air pockets 

result in the thermal insulation properties. Glass wool is 

produced in rolls or in slabs, with different thermal and 

mechanical properties. 

 

Fig. 2:Glass Wool 

B. Steel wool 

Steel wool, also known as wire wool, is a bundle of strands 

of very fine soft steel filaments, used in finishing and 

repairing work to polish wood or metal objects, for cleaning 

household cookware and light painting. It is a bundle of very 

fine and flexible sharp-edged steel filaments Steel wool is 

made from low-carbon steel (low enough to be close to plain 

iron). 

 

Fig. 3: Steel Wool 

U-tube manometer was used to measure the differential 

pressure between two sections in terms of difference of 

height of liquid column in both limbs of the manometer. In 

this case the two different limbs were connected to either 

side of the orifice for flow measurement. Flow rate is 

calculated using following relations, 

             √          
Where, 
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Where, 

Q = volumetric flow rate (at any cross section) 

Cd = coefficient of discharge 

C = orifice flow coefficient 

d1= diameter of the pipe, m 

d2= diameter of the orifice 

P1 = fluid upstream pressure 

P2 = fluid downstream pressure 

ρ = fluid density 

A= Area of the pipe 

IV. RESULT AND DISCUSSION 

The efficiency of the solar air heater is calculated using 

following relations 

                                        
  
   

 

Where, 

Q is energy extracted from the collector during the 

working period in W 

I is solar irradiation in w/m
2
 

A is area of the collector in m
2 

                    

Where, 

ṁ is mass flow rate 

Cp is specific heat of the air 

The computed values of the efficiency, outlet 

temperature for the double pass flat plate collector plotted 

against different values of mass flow without any porous 

medium is 53º C. whereas maximum outlet temperature with 

glass wool and steel wool is 61
º
 C and 68

º
 C respectively. 

There is considerable increase in outlet temperature by using 

porous materials. Outlet temperature while using steel wool 

as porous medium is higher than glass wool. Efficiency of 

the solar heater will increase with increase in mass flow rate. 

Whereas outlet temperature will decrease with increase in 

mass flow rate. This arises because of the increase in the 
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flow rate cause by an increase in the heat transfer coefficient 

between the channel walls and the air. By comparing the 

values of the efficiency and outlet temperature it is found 

that the use of glass wool as the porous media increases the 

system efficiency by 10%. It is found that the system 

thermal efficiency increases by 18% by using steel wool as 

the porous medium. The use of porous medium increases the 

heat transfer area which contributed to the higher efficiency. 

 

 
Fig. 4: Without porous mass flow rate VS efficiency 

 

Fig. 5: Without porous mass flow rate VS    

 

Fig. 6: glass wool mass flow rate VS efficiency 

 

Fig. 7: Glass wool mass flow rate VS    

 

Fig. 8: Steel wool mass flow rate VS efficiency 
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Fig. 9: Steel wool mass flow rate VS    

 
Fig. 10: Comparative mass flow rate VS efficiency 

Fig.11.comparative of mass flow rate VS    

V. CONCLUSION 

The results shows that performance of the double pass solar 

air heater with porous materials is better than the 

conventional solar air heaters. Performance curves for 

double pass solar air heater with and without porous 

medium is drawn. It shows the effects of mass flow rate on 

efficiency of solar collector. The efficiency of the collector 

increases with increase in mass flow rate. The solar collector 

with porous media as glass wool has efficiency about 10% 

more than the collectors without porous medium. Whereas it 

is about 18% more when glass wool is used. 
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