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 This study describes an experimental investigation of the thermal 
efficiency of stainless steel mesh and steel wool as a porous medium in the 
lower channel of a double pass solar air heater. An experimental setup 
was planned and developed. Various types of porous media with high 
thermal conductivity and with different porosities have been tested. The 
effects of the porosity of wire mesh, the thermal conductivity of porous 
media, mass flow rate, and the intensity of radiation have been studied. 
Experimental results show that thermal efficiency with using porous media 
is greater than without using porous media. When used steel wool as a 
porous medium, the thermal efficiency reached 79.82 percent while it can 
be achieved 76.  The percent by using stainless mesh as porous material. 
The reduction in porosity increasing thermal efficiency. The thermal 
efficiency of multi-pass solar air collector when used steel wool as porous 
media is 6, 12.6 and31.7percent higher than without porous media at 
porosity 98.75, 97.5, and 96.25percent. While it can increase 8.1 and 28.5 
percent at porosity 97.875 and 95.75 percent when using stainless steel as 
porous media. 
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1. INTRODUCTION 
A solar air collector is a device that utilizes solar energy for heating air which acts as a heat 

exchanger converts solar energy into thermal energy in the transport medium [1]. Collectors are 
typically commonly used for drying agricultural products such as fruit, vegetables, seeds, industrial 
processes, and space heating. They are also used for applications of low to moderate temperatures 
[2]. There are two types of solar heaters, water heater, and air heater collectors. The production of air 
heating collectors is late relative to water heaters because of the lower thermal performance [3]. Solar 
collector's construction and maintenance are simple compared with liquid solar heating system, 
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prevent leakage and corrosion problems. It is an environmentally Cozy device, with no emissions of 
greenhouse gases [4].  Solar Air Heating Systems also have some drawbacks like lack of consistency 
and reliability and affected by several factors, including latitude and clouds, etc. The small 
coefficient of heat transfer in the absorber plate and the air stream is one of the major problems, 
which leads to poor heat exchange between the passages and the air. [5], thus various modifications 
such as flow arrangements and design are suggested and implemented to increase the difference in 
the inlet and outlet temperature and thermal efficiency. These designs are based on the variation of 
the absorber plate or fin incorporation [6]. Adding porous materials in the passages of the solar 
collector [7] or make the plate into a corrugated absorbent plate to increase the air pass inside the 
solar collector [8]. 

One of the extensively studied improvements to Solar Air Heater (SAH) is the use of double pass 
airflow up and down its absorber plate to reduce heat losses, increase the air path inside the solar 
collector and thus increase its performance [9]. Saedodin 2017 et al. [10] studied the impact of 
porous metal foam on solar collector output numerically and experimentally. The researchers studied 
the effects of copper metal foam on thermal performance and the results showed that using the 
porous substrate improves the amount of Nusselt and average thermal efficiency up to 82% and 
18.5% respectively. Kareem, M. W 2017 et al. [11] investigated an enhanced induced multi-pass 
convective solar air heater (MPSAHC) system supported by granite pebble as porous media.  The 
porous matrix exhibited slow energy discharge at night time with an air temperature difference of 
14.27 °C at 18:00 h to 4.54 °C at 24:00 h over environmental air temperature. MPSAHC system 
delivered specific energy demand (SED) of 11.51 kWh kg−1 while the maximum thermal collector 
and daily average transient collector efficiencies of 72.59% and 36.38% were achieved. N. F. 
Jouybari and T. S. Lundström 2020 [12] studied the effect of thin porous media have higher thermal 
conductivity covering the absorber plate of a solar collector. It is shown that the application of thin 
porous layers over the absorber plate improved the thermo-hydraulic and thermal efficiency of the 
solar collector significantly. The average improvement in thermo-hydraulic and thermal efficiency is 
higher than five times that was obtained in a non-porous medium solar heater while; the average 
increase in the porous solar heater friction factor is 2 times that of solar heaters with no porous 
media. Singh, S 2020 et al. [13] checked the DPSAH by using serpentine wavy wire-mesh as a 
packed bed experimentally and numerically. Results confirmed that the observed DPSAH's average 
instantaneous efficiency is around 74 percent with an improvement of 17 percent compared to 
SPSAH's. S. Singh 2020 [14] investigated the thermal performance of a porous serpentine wavy wire 
mesh as porous media in the double-pass solar heater. Experimental results demonstrated that the 
greatest thermohydraulic and thermal efficiencies for 93% porous found approximately 74% and 
80% respectively. Approximately 18% and 17% higher than the single-pass, respectively.  

The thermal efficiency of the SAH remains relatively low considering the various merits 
of the above-mentioned systematic literature survey and the numerous works presented. 
Many of the previous papers studied double pass solar air heater with porous media, as well as 
studied the effect of porosity on efficiency. In this work, an experimental investigation of double pass 
solar air heater is presented with two types of porous media have different high thermal conductivity 
(stainless steel and steel wool). The effects of mass flow rate, thermal conductivity, porosity, and 
intensity of radiation have been studied to reach high thermal efficiency as compared with without 
porous media.  

 
List of symbols 
 A: Area of heat transfer (m2) 
AC: Collector channel surface area (m2)              
Dh: Hydraulic diameter (cm) 
U: Velocity of air (m/s ) 
P: Perimeter of the cross-section (m) 
H: Averaged heat transfer coefficient (W/m2) 
K: Thermal conductivity (W/m.k )    
ṁ:  Mass flow rate (kg/s) 
Tfout: Outlet air temperature (K) 
Tin :  Inlet air temperature (K) 
𝑇𝑇𝑎𝑎𝑎𝑎:  Ambient Temperature (K) 
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𝑇𝑇𝑃𝑃𝑃𝑃: Temperature of porous media (K) 
Qu:   Useful thermal energy (kj/s) 
Qin :  Heat flux from the heater (kj/s) 
 I:  Intensity of solar radiation (W/m2) 
List of creek symbol 
Φ:  Porosity % 
𝑣𝑣𝑣𝑣: Volume of vacuum (.cm3) 
𝑣𝑣𝑡𝑡: Bulk volume of material (cm3) 
μ: Dynamic Viscosity of Air (Kg/m sec) 
Ρ: Density of Air (Kg/m3) 
Cp: Specific Heat   J/(kg. k) 
ƞ𝑡𝑡ℎ: Thermal Efficiency ( %) 
List of abbreviations 
DPSAH: Double pass solar air heater 
SPSAH: Single-pass solar air heater 
SAHs: Solar Air Heaters 
MPSAH: Multi-pass solar air heater 
PM: Porous Media 
WPM: With Porous Media 
WOPM: Without Porous Media 
 

2.  EXPERIMENTAL SET-UP EQUIPMENT 
    Photographically, the experimental apparatus is illustrated in Figure 1. The experimental 

apparatus consists of the following: 

1) Solar collector (Main Test Section).  
2) Tungsten halogen lamps (A solar simulator).  
3) A centrifugal fan (blower). 
4) A gate. 
5) Temperature sensors (Thermocouples).  
6) Measurement Devices: 
 
a. Temperature measurement (Temperature Recorder 12 Channels).  
b.  Radiation measurement (Solar meter). 
c. Hot-wire anemometer (Velocity measurement). 

The experimental system was designed, developed, and tested. The simulators use 8 halogen 
lamps, each of which has 400 W of rated capacity. The dimmers are used to monitor the amount of 
solar radiation. The collector is made of aluminum and the dimensions of double pass solar air 
heaters are 125 cm long, 30 cm wide, and 11 cm in height. The height consists of two passages; the 
first passage (inlet) has a gap of 5 cm while the second passage (outlet) has a gap of 6 cm. The length 
and width of the absorber plate are 120 cm and 30 cm respectively, the length of which is less than 
the length of the collector to return the airflow to the outlet. The glass has a thickness of 4 mm. The 
insulation has been made available. At the beginning of the second channel, a 5 W centrifugal 
capacitance blower was mounted to pull the air. The airflow from the first channel also installs the 
porous media in the second channel as shown in Figure 2. The porous media Placed in a drawer made 
of aluminum which has nets towards the flow as shown in Figure 3.  
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Figure 1: Experimental Setup (A) the front side and (B) the view side 

 

 
Figure 2: The schematic of a double-pass thermal solar collector with porous media in the second 

channel 

 
Figure 3: The drawer of porous media 

The most common characteristic of a porous medium is its porosity that Can be described as the empty 
spaces inside a substance and is a proportion of the vacuum Size over complete volume, between 0 
and 1, or as a percentage between 0 and 100% and the void fraction is described the fraction of the 
flow-channel volume occupied by the air phase or as the fraction of the channel cross-sectional area 
occupied by the air phase. The porosity of a porous material can be represented as  
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φ=𝑣𝑣𝑣𝑣 ⁄ 𝑣𝑣𝑡𝑡 

Where  𝑣𝑣𝑣𝑣 the volume of vacuum is occupied by fluids and 𝑣𝑣𝑡𝑡 is the complete or bulk volume of 
material, including solid and vacuum parts [15].In this paper, there are two types of porous media 
(steel wool and stainless steel mesh) have been studied as shown in Figure 4. Stainless steel mesh has 
thermal conductivity equal to 20 W/m. K [16] and includes two cases. The first one consists of three 
layers of wire mesh which has a porosity of 97.87% and there is a 3.5 cm space between each other. 
The second case consists of six layers and there is 1.4 cm space between each other at porosity 
95.75%. The second type is steel wool wire mesh which has 50 W/m. K of thermal conductivity [17] 
at porosities 98.7, 97.5, and 96.25 percent. 

 
Figure 4: Types of porous media (A) steel wool (B) three layers of stainless steel mesh (C) six layers 

of stainless steel 

3. THEORY 
The thermal efficiency of the current design of solar air heaters will be calculated for evaluation. 

The estimation of the output parameters uses the calculated average air temperatures. Besides, the 
performance parameters also depend on the properties of the air which change with increasing or 
decreasing flux of solar radiation. The output parameters for the thermal efficiency of porous 
serpentine wavy packed bed canal solar air heater under single and counter airflow are calculated as 
[13] 

The useful heat gain, 𝑄𝑄𝑢𝑢 (W) is indicated as 

 Qu = ṁ Cp(Tfout − Tfin) (1) 

 And  ṁ = ρ u A  (2) 

The solar air heaters thermal efficiency is measured as 

 ᶯ𝒕𝒕𝒕𝒕 = Qu
I AC

  (3) 
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Where, 
 ṁ is the mass flow rate of air, Cp is the specific heat of air, 
Tfin and Tfout are the inlet and outlet air temperatures, respectively, 
ρ is the density of the air, 
u is the velocity of the air, 
A is the area of upper channel of flow 
I is the intensity of the solar radiation  
And  AC the area of solar collector 

4. RESULT AND DISCUSSION  
Solar air collector with using porous media at the bottom of the air passage improves thermal 

efficiency as compared with solar air collector with double pass counter-flow without using porous 
media. This may be because the porous media provides a large surface area for heat transfer and 
hence the volumetric heat transfer coefficient is extremely high.  In the counterflow system, the air 
flowing in the first air passage absorbs heat from the upper channel and then flows through the 
second channel. The relative error of all experimental curves ranges between (4-7) percent. Figures 5, 
6, and 7 show the effect of mass flow rate on temperature differences at different values of solar 
radiation with and without porous media. Temperature differences decrease with increased mass flow 
rate. Also, the temperature difference with using porous media (steel wool and stainless steel) is 
greater than without the use of porous media, due to increased heat transfer area and thermal 
conductivity of porous media resulting in increased output temperature. The maximum temperature 
difference reached 21.7°C when using steel wool as porous media meanwhile reached 20.3°C when 
using stainless steel at 0.01773 kg/s of mass flow rate. Temperature differences also increasing with 
decreasing porosity (increasing in porous media and reduction in voids) that made the air to remain in 
test suction for a long time and then increase its temperature shown in Figure 8. 

 

 
Figure 5: The effect of various mass flow rate on temperature difference without porous media  

 

 
Figure 6: The effect of various mass flow rate on temperature difference with steel wool as porous 

media (φ=97.5%) 
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Figure 7: The effect of mass flow rate on temperature difference with stainless steel mesh as porous 

media 

 
Figure 8: The impact of mass flow rate with porous medium on temperature difference at different 

porosities (Q=600W/m2) (A) steel wool (B) stainless steel mesh 
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Figures 9 and 10 show the results of measured Thermal efficiency as a function of the double pass 
solar collector mass flow rate with and without porous media. The collector thermal efficiency 
increases with an increase in mass flow rate.  It reaches a maximum point and then decreases because 
of the decrease in the temperature difference as the mass flow rate increase. Using porous media in the 
lower channel increase the heat transfer area and temperature rise, so the efficiency increases as 
temperature rise increases.  

 
Figure 9: The effect of mass flow rate on thermal efficiency with and without stainless steel mesh 

 
Figure 10: The effect of mass flow rate on thermal efficiency with and without steel wool 

Figure 11 shows the effect of mass flow rate on thermal efficiency at different porosities of steel 
wool and stainless steel. The improvement in the thermal efficiency of double pass solar air collector 
with using steel wool as porous media is 6, 12.6 and 31.7 percent higher than without porous media 
at porosities 98.75, 97.5, and 96.25percent respectively. Meanwhile, increase 8.1 and 28.5 percent 
higher than without porous media at porosity 97.87 and 95.75 percent when using stainless steel as 
porous media at the same Conditions. Figure 12 shows the effect of thermal conductivity of porous 
media on thermal efficiency. It is found that when compared between the steel wool and stainless 
steel. The thermal efficiency reached 79.83% at Q=500 w/m2 and porosity equal to 97% when used 
steel wool meanwhile reached 76% when used stainless steel as porous media. This behavior can be 
explained as follows because the thermal conductivity of steel wool is higher than the thermal 
conductivity of stainless steel for that reason make steel wool more efficient at the same condition. 
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Figure 11: The effect of mass flow rate on thermal efficiency at Q=500 W/m2 and at different 

porosities (A) stainless steel mesh (B) steel wool 

 

 
Figure 12: The effect of thermal conductivity of two types of porous media on thermal efficiency at 

porosity 97% 

5. CONCLUSIONS 
Experimental research on the efficiency of the double pass solar air heater with porous media is 

carried out. Following conclusions have been drawn from this study: 
Many methods can be used to develop the collector's output, so one of the most effective methods 

for improving thermal efficiency is using double pass solar air heaters with different types of porous 
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media. Thermal efficiency can be reached 79.83% when used steel wool as porous media while it can 
be reached 76% when using stainless mesh as porous media. It noted that the thermal output of a 
double pass solar collector using porous media is affected by porosity. The reduction in porosity 
(reduction in the field of airflow) reduced the flow channeling; it increases the winding of the air 
path, which allows the air to remain in the system as long as possible and acquires heat from all sides 
of the collector, raising the thermal efficiency. The thermal efficiency of steel wool is higher than 
that of stainless steel since the thermal conductivity of steel wool is higher than that of stainless steel, 
making steel wool more effective in the same condition. 
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