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Abstract— Using Experimental Research, a parametric study was performed on a Wire mesh solar air 
heater natural convection SAH. For the analysis, a SAH with a single glass cover is selected as a flat 
plate solar collector with wire mesh Under the DTU Delhi climate conditions, India. The study aims to 
find optimum collector efficiency and take seasonal variations into beam radiation and diffused 
radiation, seeking input and observing the output variable parameters. The heat from convective HT 
coefficient between the Abp and the air due to one of the main parameters is the collector duct. It is 
possible to use the air on the right side of the Abp of the SAHs for their thermal output. The THeff of a 
SPSAH with wire mesh was examined only experimentally. 

A comparison of the effects of solar collector MFRs with and without wire mesh shows a significant 
increase in THeff. Tables 7.1a show that for the SAH without wire mesh and a black Abp, increases in 
MFR affect the temperature of the wire mesh and the temperature of an Abp by 5 to 6 0C. 

By rates of 5.3% and 6.13%, the THeff of the type with WMSAH is shown to be higher than the FPC. We 
can improve this SI by adding wire mesh above the Abp for moving the heat energy in between the Abp 
and the wire mesh and the heat energy on an Abp for transportation of fluid with the MFR of 0.012 and 
0.016 kg s1; see Tables 7.3a and 7.3b, and a lesser SI by rates 162 and 187W m2, respectively; we can 
recover this loose SI by adding wire mesh above the Abp for moving the heat energy in between 27.92 % 
and 42.83 %, respectively, were the maximum THeff figures measured. 

Number: 10.14704/nq.2022.20.7.NQ33211   Neuro Quantology 2022; 20(7):1682-1689 

Nomenclature 

HT -Heat Transfer kj/kg 
SAH - Solar air heater 
NPSAH – non-porous solar air heater 
Nu – Nusselt no 
Ff –Friction factor 
CFD- Computational fluid dynamics 
Abp – Absorption plate 
THeff – Thermal efficiency 
CF – counterflow 
SPSAH – single-pass solar air heater 
dPSAH - double pass solar air heater 
Bf – Baffles 
Logf - longitudinal fins 
nVrib – multiple V-shaped ribs 
Re - Reynolds no 
Pd – Pressure drop 
Vrib – V down rib 
SWM – Steel wire mesh 
WM – wire mesh 
MFR – Mass flow rate(kg/s) 
WML – wire mesh layer 
Fc – forced convection 

Csa – the surface area of the collector 
Nc – natural convection 
WMSAH- Wire mesh solar air heater 
FPC- flat plate collector 
SI-solar intensity w/m2 
Tab – Temperature of an absorber plate (oC) 
Tbp  - Temperature of wire mesh (oC) 
Tep – Temperature of the glass of wire mesh 
solar air heater 
Tin – Temperature of inlet air of solar air 
heater (oC) 
Tout – Temperature of outlet air of solar air 
heater (oC) 
Ta – Temperature of ambient air (oC) 
A0 – Inclination angle of collector from the 
horizontal surface in degree 
α - Absorber plate’s absorption coefficient 
τ - Glass transmittance coefficient 
αg - Glass absorption coefficient 
THR- thermal resistant 
RE- Renewable energy 
Tav – Average temperature in 0C 
Tthp – Thermal performance 
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I.  INTRODUCTION  

 Solar power accounted for 13.3% of the world's 
estimates. The incident of SI on a surface unit is 
referred to as radiance time. The average natural 
extraterrestrial irradiance to the solar beam is 
roughly 1.36 kW/m2 in the ecosystem of the 
earth. The efficiency of solar air heaters under 
the concentrated sun has surpassed 40% and 
solar thermal systems have 40 %. The study 
aims to find optimum collector efficiency and 
taking seasonal variations into beam radiation 
and diffused radiation, seeking input and 
observing the output variable parameter Impact 
on collector output of incident radiation 
magnitude and ambient temperature, all 
equations, the framework, the governing 
continuity, momentum and energy equations 
were considered. SAHs have been used for 
heating, drying, and similar industrial 
applications which require heating, drying, and 
other heated air at temperatures that are low to 
moderate. 

Chabane et al. [3] experimentally calculated the 
THeff of a SPSAH through 5 attached fins. In these 
two airflow velocities for 0.0123 and 0.0165 kg 
s-1, For various airspeeds with and without fins, 
through comparison, the highest performance 
values achieved be situated at 40.023 %, also 
34.923 %. Mass flow velocities show a 
substantial improvement in THeff. Saxena et al. 
[7] examined the design and efficiency of a long-
term heat storage SAH. , he designed besides 
manufactured two SAH (S1) and SAH (S2) of 
identical basic proportions. The maximum 
efficiencies for 's1' were stated to be 16.16%, 
19.02%, 17.04%, and 18.16% on normal 
convection for 4 distinct systems arrangements, 
though the overall efficiencies for SAH(S2) were 
17.79%, 20.77%, 18.27%, and 18.95% on similar 
arrangements of natural convection parts. 

SAH (collector)’s performance is a feature of 
many criteria for design and operation. A 
comparison of the effects of solar collector MFRs 
with and without wire mesh shows a significant 
increase in THeff. This experiment deals with the 
Tout 0C and performance of the experimental 
inquiry, of the WMSAH. The experimental test 
was planned and manufactured to research the 
effects of WMSAH, by the axial fan in a solar duct 
flow, on the wire mesh solar air heater 
compared to the traditional SAH on an FPC’s Abp, 
under the effect on the Tout 0C of the MFR of air 

and SI, results, are analyzed. The findings of 
experimental research on the Tthp of a WMSAH 
are provided in this experiment. In direction to 
maximize the surface of heat exchange, the Tout 

0C, and THeff, a black wire mesh for an Abp must 
be designed in particular. Tables 1,2&3 show 
that for the SAH without wire mesh and a black 
Abp, increases in MFR affect the temperature of 
the wire mesh and the temperature of an Abp by 
5 to 6 0C. 

By rates of 5.3% and 6.13%, the THeff of the type 
with WMSAH is shown to be higher than the FPC. 
We can improve this SI by adding wire mesh 
above the Abp for moving the heat energy in 
between the Abp and the wire mesh and the heat 
energy on an Abp for transportation of fluid with 
the MFR of 0.012 and 0.016 kg/s; see Tables 2 
and 3,4, and a lesser SI by rates 162 and 187W 
m2, respectively; we can recover this loose SI by 
adding wire mesh above the Abp for moving the 
heat energy in between 27.92% and 42.83%, 
respectively, were the maximum THeff figures 
measured. 

The objective of the previous study- A 
systematic aim of the literature review is to 
collect background information about the topics 
to be considered in the current research. The 
article provides a brief overview of the strategies 
implemented to boost or improve the 
conduction of energy. These are some of the 
different areas of techniques considered to 
improve the conduction of energy from Fc. 

2. METHODOLOGY 

2.1 Thermal Analysis of Flat Plate Collector 

Energy balance of the Abp, under steady-state 
condition yields: 

  = 𝐴𝑝𝑆 − 𝑞𝐿     
                            (2.1) 

where 𝑞𝑢 = useful heat gain 

𝐴𝑃= area of absorbing plate 

S = incident solar flux absorber in collector 

𝑞𝐿 = rate at which energy is lost Heat transfer 
rate to the working fluid is; 

  = 𝑚̇  (𝑇𝑓𝑜 − 𝑇𝑓𝑖)              (2.2). 

where, 𝑚̇ = mass flow rate of fluid, kg/s 

𝐶𝑓 = specific heat of fluid J/m2K 

𝑇𝑓𝑖 = fluid temperature at the input of the 
collector 

http://www.neuroquantology.com/
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𝑇𝑓𝑜 = fluid temperature at the outlet of the 
collector 

Solar flux incident on the top of the collector is; 

𝐼𝑇 = 𝐼𝑏𝑟𝑏 + 𝐼𝑑𝑟𝑑 + (𝐼𝑏 + 𝐼𝑑)𝑟𝑟. 

𝑆 = (𝜏𝛼) + {𝐼𝑑𝑟  + (𝐼𝑏 + 𝐼𝑑)𝑟𝑟} (𝜏𝛼)𝑑 

 τ = transmissivity of the glass cover system 

α = absorptivity of the absorber plate 

𝜂𝑖       = 𝑢𝑠𝑒𝑓𝑢𝑙 ℎ𝑒𝑎𝑡 𝑔𝑎𝑖𝑛/ 

𝑠𝑜𝑙𝑎𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 

=   𝑞𝑢/AcI    

2.2. Fabrication of Solar Wire Mesh Air Collector 

Table 1  

Length 
(m)  

Widt
h (m) 

The angle 
of 
collector 
from 
horizontal 
(A0) 

Absorber 
plate’s 
absorption 
coefficient 
(α) 

Glass 
transmitta
nce 

Coefficient 

(τ) 

2 1 450 0.95 0.9 

                                 

2.3. Simulation of Solar Wire Mesh Air Heater 

 

Fig1-isometric view, top view and front view 

 

 

 

 

 

 

3. RESULTS  

 

Fig2-Avg. temp for flate plate and wire mesh 
type collector (m=0.014kg s-1 0.014 kg s-1,for 
solar collector thickness for 3mm with tilt angle 
β=450. 

 

Fig3- Avg. temp for flat plate and wire mesh type 
collector (m=0.014kg s-1 0.014 kg s-1,for solar 
collector thickness for 3mm with tilt angle β=450 

 

Fig4- Wire mesh type collector corresponding to 
m=0.014kgs-1, for solar collector from 0.388m to 
1.552m 

http://www.neuroquantology.com/


Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 1682-1689 | doi: 10.14704/nq.2022.20.7.NQ33211 
 Pankaj Kumar/EXPERIMENTAL STUDY ON WIRE MESH SOLAR AIR HEATER 

 

 

1685 

eISSN 1303-5150 www.neuroquantology.com 
 

 

Fig5- Solar intensity and thermal efficiency 
versus time of the day for flat plate collector 
corresponding to the m=0.014kgs-1,acc,to the 
time of the day, between 09:00 and 16:00, for 
the solar collector with tilt angle β=450. 

 

Fig6- Solar intensity and thermal efficiency 
versus time of the day for wire mesh type 
collector corresponding to the m=0.014kgs-1,acc, 
to the time of the day, between 09:00 and 16:00, 
for the solar collector with tilt angle β=450 

 

Fig7- Temperature versus different standard 
local time during days at m=0.014kgs-1 with tilt 
angle β=450 corresponding to outlet, inlet and 
ambient temperature of flat type solar collector. 

 

Fig8- Temperature versus different standard 
local times during days at m=0.014kgs-1 with tilt 
angle β=450 corresponding to the outlet, inlet, 
and ambient temperature of wire mesh type 
solar collector 

 

Fig9- Comparison between efficiency of flat 
plate and Wire mesh type collector. 

Tables 2: wire mesh type collector inlet and 
outlet temperatures 

Time (h) Tin (0c) Tout(0c) Ta(0c) 

9:00 30.2 43.1 25 

10:00 33.1 53.7 29.4 

11:00 35 63.7 30.5 

12:00 37 67.5 32.5 

13:00 38.5 70.1 30.6 

14:00 39.2 69.2 34.5 

15:00 39.1 66.7 31.8 

16:00 38.5 64.7 30.8 
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Table 3: flat plate collector inlet and outlet 
temperatures 

Time (h) Tin (0C) Tout(0C) Ta(0C) 

9:00 29.2 39.1 27 

10:00 32.1 49.7 31.4 

11:00 34 59.7 32.5 

12:00 36 53.5 34.5 

13:00 33.5 66.1 32.6 

14:00 38.2 65.2 36.5 

15:00 38.1 62.7 33.8 

16:00 37.5 60.7 32.8 

 

 

Table 4: comparison between flat plate and wire 
mesh type collector efficiency 

Time(h) Flat plate 
Efficiency (%) 

Wire mesh 
collector 
Efficiency (%) 

9:00 22.94 32.67 

10:00 29.1 35.299 

11:00 30.02 41.525 

12:00 33.52 40.26 

13:00 34.92 40.986 

14:00 33.59 44.022 

15:00 29.42 43.692 

16:00 27.92 42.834 

 

The findings of experimental research on the 
Tthp of a WMSAH are provided in this 
experiment. In direction to maximize the 
surface of heat exchange, the temperature of 
output, and THeff, a black wire mesh for an Abp 
must be designed in particular. Tables 2,3&4 
show that for the SAH without wire mesh and a 
black Abp, increases in MFR affect the 
temperature of the wire mesh and the 
temperature of an Abp by 5 to 6 C. 

By rates of 5.3 % and 6.13 %, the THeff of the 
type with WMSAH is shown to be higher than 
the FPC. We can improve this SI by adding wire 
mesh above the Abp for moving the HT energy in 
between the Abp and the wire mesh and the heat 
energy on an Abp for transportation of fluid with 
the MFR of 0.012 and 0.016 kg s1; see Tables 2,3 

and 4, and a lesser SI by rates 162 and 
187W/m2, respectively; we can recover this 
loose SI by adding wire mesh above the Abp for 
moving the heat energy in between 27.92 % and 
42.83 %, respectively, were the maximum THeff 
figures measured. 

 

4. Discussion 

the Tav0C distribution in a SAH thickness and the 
variation of the Tav0C corresponding to the Abp, 
wire mesh Figures 3,4 and 5 show the 
difference; at MFR of 0.012 and 0.016 kg s1, the 
variation in curves is significant, and the wire 
mesh must let convective HT to the Abp and 
ensure a better heat exchange. Increases in MFR 
affect the temperature of the wire mesh and the 
temperature of an Abp by 4 to 6 C for the SAH 
without wire mesh and with wire mesh. 

(Tbp= 75.02 and 83.07 C) and (Tab= 87.50 and 
95.5 C) On a wooden frame, the collectors are 
mounted. The Abp absorbs the SI that passes 
through the glass in the field. After then, the 
heat is transmitted to the collector fluid. the 
Tav0C of a SAH without wire mesh for lengths 
ranging from 0.388 to 1.552 m and MFR of 
0.012 and 0.016 kg s1, respectively. The Tav0C of 
a wire mesh at a length of x2 =0.776 m at m = 
0.012 and 0.016 kg s1 was (Tbp =86, while the 
Tav0C of an Abp was (Tab=91.50). The WMSAH 
absorbs more heat from an Abp on average, 
suggesting that the fluid between the wire mesh 
and the Abp absorbs heat from the Abp. At point 
x2, the temperature of an Abp is lowered. 

The difference in Tav0C of both x1 and x2 can be 
seen, indicating that Tab(x2) (Tab(x3) and 
Tab(x4)) Tab(x1); this shows that the fluid 
absorbs less HT energy for each point along the 
length of a SAH except point x2. The Tav0C of an 
Abp decreases slightly as the MFR increases, 
except in x2; the Tav0C of the WMSAH 
approaching the Tav0C of an Abp is not 
approaching, because the fluid takes more HT 
energy from the Abp and the wire mesh also 
takes this energy. 

The Tav0C of a SAH as a function of length, from 
0.388 to 1.552 m, for modes with wire mesh at 
MFR of 0.012 and 0.016 kg s1, respectively. As 
can be observed, the curves evolve in an 
expectable pattern, and the temperature values 
of the Abp and WMSAH rise in a predictable 
pattern: (Tab =88 and 96.8 C) and (Tbp=86 and 

http://www.neuroquantology.com/
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91.5 C) at x2=0.776 m, respectively. The fluid 
absorbs more heat energy from the Abp and the 
wire mesh, which can be explained. 

The wire mesh and Abp were added to the SAH 
for the best Tthp of the SAH; the air is distributed 
very well and absorbs more HT energy from the 
wire mesh and the Abp. Because wire mesh 
obtains more heat due to an increase in heating 
time through circulating the air inside, and glass 
helps to reduce Nc heat losses, the temperature 
values vary (rise). This exchange occurs along 
the full length of the collector when the wire 
mesh is present. 

The THeff used to evaluate the effectiveness of 
the SAH is computed; based on both values, the 
THeff improves as the SI and MFR increase over 
time. WMSAH have higher efficiency than non-
wire mesh SAH. The THeff of a SAH with and 
without wire mesh is compared in Figs. 5,6 for 
two distinct MFR. Tables 2, 3, 4 contain the data 
for each SAH. 

At an air MFR of 0.016 kg s1 and a 45 tilt angle 
at 16:00 h, the mean maximum THeff (g= 40.02 
%) was attained by type with wire mesh at SI I= 
480 W m2. The lowest mean THeff (g= 34.92 %) 
was obtained with type without wire mesh at an 
air MFR of 0.012 kg s1 and a 45 tilt angle at SI I 
=485 W m2 at 16:00 h. Based on the 
performance curves at a tilt angle of 45 [34], the 
performance curves of two modes of the SAHs 
evaluated for this work are illustrated in 
Figs.2,3,4,5,6,7&8. 

The SAH with wire mesh had a better THeff than 
the one without wire mesh, which corresponded 
to two air flow rates. The flat-plate SAH showed 
a greater SI than the wire mesh type, depending 
on air MFR of 0.012 and 0.016 kg s1. It can be 
seen that the Abp with the lowest SI has the 
maximum THeff, which helps to add wire mesh 
back to the Abp. Because the air had more time 
to warm up inside the collector, the SAH heated 
the air significantly more efficiently at the 
reduced air MFR. 

The change of ambient Tout0C and Tin0C as a 
function of air MFR and time during the day is 
shown in Figures 4 and 5 (please refer to Tables 
2&3,4). The temperature was determined 
experimentally, and the curves of output 
temperature tend to increase when the air MFR 
decreases, as shown in Figs3,4&5. The Tout0C 
and Tin0C rise with increasing sun SI for a 
particular air MFR at a constant Ta. The wire 

mesh has returned to an Abp, which aids in 
raising the Tout0C of air. 

For MFR of m=0.012 and 0.016 kg s1, the Tin0C 
was shown to rise exponentially from morning 
to evening. Tin = 29.2 and 30.2 degrees Celsius 
at 9:00 a.m., respectively, for ambient temps 
Ta= 27 and 28.3 degrees Celsius. Due to 
improved HT to the airflow, the SAHs THeff 
improves as air MFR increases, and the 
temperature differential reduces at a constant 
tilt angle of 45 degrees. As expected, SI peaks 
around 1:30 p.m. The modification in air Tin0C 
and Tout0C, as well as instantaneous SI levels, are 
shown in Figs.3&4. The temperature ranged 
from 30.6 degrees Celsius. The Ta was used to 
compare the Tin0C’s of the two types of SAHs. 
When determining the performance of the SAHs, 
the temperature disparities between the Tin0C 
and Tout0C can be readily compared. The 
greatest SI is 867 and 895W m2 for an FPC and 
925wm-2 and 941.25wm-2 for a WMSAH. For all 
of the days in which trials were conducted, it 
increased in the morning to a peak value and 
then began to fall in the afternoon, as expected. 

 

5. CONCLUSIONS 

This research aims to look into WMSAH designs 
and determine their THeff. In this experiment, a 
SAH with and without wire mesh attached to the 
Abp was compared. SI, MFR, SAH surface 
geometry, and the use of wire mesh back the Abp 
all affect the effectiveness of SAHs. Due to 
improved heat transfer to the airflow, the THeff 
of the SAH rises as sun SI increases at MFR of 
0.012 and 0.016 kg s1. 

The WMSAH is more efficient. The WMSAH with 
a tilt angle of 45 attained the best collector THeff 
and air temperature rise, whereas the collector 
without wire mesh achieved the lowest values. 
To maximize the effectiveness of the SAH, 
optimal air MFR is advised. Changes in flow 
state from laminar to turbulent can be linked to 
the large increase in efficiency from 0.012 to 
0.016 kg s1. With increasing MFR, the slope of 
the efficiency curves drops, suggesting a 
decrease in the loss coefficient. When the Tin is 
close to the Ta, the experimental findings 
indicate better agreement. 

The SI and SAH surface geometry has a big 
impact on the efficiency of WMSAH. As the MFR 
rises from 0.012 to 0.016 kg s1, the THeff rises as 

http://www.neuroquantology.com/
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well. SAH has been shown to have better 
efficiency. The WMSAH with a 45-degree angle 
produced the best collector THeff and air 
temperature rise, whereas the SAH without wire 
mesh produced the lowest results. At MFR of 
0.012 and 0.016 kg s1, THeff ranged from 27.92 
% to 42.83 %, respectively, with and without 
wire mesh. 
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