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Abstract: Solar air heating is a solar thermal technology in which 
the energy from the sun is captured and used to heat air which 

further use for various applications in different sectors such as 
space heating, process heat applications, agricultural product 
drying, space heating for warehouses, factories etc. The main 
objective of the present work to perform mathematical and 
computational fluid dynamics analysis to enhance the thermal 

efficiency of the solar air heater for the location of central India. 
For that four different model of solar air heater have been created 
such as winglet ribs type, V-pattern ribs type, Broken V-pattern ribs 
type and multi L-pattern ribs type solar air heater, Steady-state 

computational fluid dynamics analysis was carried by using ANSYS 
Fluent for the selected location with Latitude 23o 17’ 00” N, 
Longitude: 77o 27’ 21’’ Eto determine the maximum temperature 
distribution inside the solar air heart by providing air inlet 

temperature of 300 K at calculated solar radiations for selected 
location. Result show that the maximum temperature of 344.6K 
multi L-pattern ribs type solar air heater with overall thermal 
efficiency is 52.24% which is 14.36% more than base design. Hence 

Solar air heater with multi L-pattern ribs is suggested for better 
thermal performance. 
 

Keywords: Air heater, computational fluid dynamics analysis,overall 

thermal efficiency, solar energy, thermal performance, temperature 
distribution, etc. 

I. INTRODUCTION  

The increase in energy demand, as well as decrease of the 

world’s fossil fuel reserve hugely, led to an increase in concern 

towards renewable energy resources. The fossil fuel is 

considered to be very harmful to the environment because 

mining of these can damage the life cycle of plants and animal 

as well as the generation of electricity from these fuels may 

cause a noxious pollution effect on the environment. Solar 

energy is essentially an inexhaustible energy source, can meet 

the whole world’s energy demand with a minimum 
consequence of harming of environment. The efficient way to 

disciple solar energy into thermal energy for the heating 

purpose is solar air heater mainly because of its cost and 

simple design, which do not contribute any pollution to the 

environment. [A. Kumar 2021] Converting the sun’s radiant 
energy to heat is very common from historical times and has 

evolved into a well-developed solar conversion technology 

today. The basic principle of solar thermal collection is that 

when solar radiation strikes a surface, a part of it is absorbed, 

thereby increasing the temperature of the surface. [D. Yogi 

2015]The solar energy is directly converted into electrical 
energy by photovoltaic solar cell and into thermal energy using 

solar collectors. A solar collector for heating air is very useful 

for low grade thermal energy applications due to its simple 

construction and easy operation, low maintenance and low 

capital costs. The performance of a solar collector depends 

upon how much heat is picked up by working fluid from the 

collector.The performance of the solar air heater can be 

increased by increasing the heat transfer coefficient between 

the absorber plate and the flowing air or by increasing the heat 

transfer surface area [Kapil 2020]. 

 
Figure 1: conventional solar air heater [Inderjeet Singh 2018] 

II. CLASSIFICATION OF SOLAR AIR HEATER 

Solar air heaters can be broadly classified under two categories 
according to type of absorber: 

 Solar air heater with nonporous absorber 

 Solar air heater with porous absorber 

Solar air heater with nonporous absorber: In a simple flat 

plate air collector, commonly known as non-porous absorbers, 

the air stream flow through the absorber plate without any 

obstruction. [M. Pradhapraj 2010] some examples of 

nonporous absorbers are, Type I Non-porous solar air heater 

(flow above the absorber), Type II Non-porous solar air heater 

(flow under the absorber), Type III Non-porous solar air heater 

(flow both above and beneath the absorber) etc. [shreekumar 

2007] 

 
Figure 2: Solar air heater with nonporous absorber 

[Ram Chandra IGNOU 2018] 
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Solar air heater with porous absorber: In the porous bed air 

heater, the matrix material is arranged and the back absorber 

plate is eliminated. [M. Pradhapraj 2010] In porous type solar 

air heaters, absorber plate is porous. This type of heaters has 

several advantages. Solar radiation penetrates to greater depth 
and is absorbed along its path. Some examples of most 

economic porous absorbers. Matrix type solar air heaters, 

Honeycomb porous—bed solar air heater, Overlapped glass 

plate air heater,  Jet plate solar air heater etc.[shreekumar 

2007] 

 
Figure 3: Solar air heater with porous absorber [Ram Chandra 

IGNOU 2018] 

III. APPLICATION OF SOLAR AIR HEATER 

Solar air collectors have various applications: on one side, they 

can be used for air heating in cold seasons; on the other side 

they can be used in summer to evacuate the warm and polluted 

air from residential, offices, industrial and commercial 

buildings. [Sanda 2014] There are variety of applications can 
utilize solar air heat to reduce the carbon footprint  

Applications such as space heating, greenhouse season 

extension, pre-heating ventilation makeup air, or process 

heat can be done by  solar air heat devices. Industrial 

purposes: Air pre heating for combustion processes That 

include so many applications such as: drying minerals, coal, 

paper, bricks, food industry etc, space heating for warehouses, 

factories, etc.  Agricultural purposes: Crop drying; meat. 

Grains, vegetables, fruit etc. main advantages can be that 

harvesting the crop very early before the time of actual 

harvesting an drying it and protect it from mildew, rodents, etc. 
space heating for warehouse, animal forms and greenhouses 

fruit and other dryers. Space heating for recreational camping 

and expeditions in winter.  Space heating for buildings, office 

buildings, shopping centers etc. Ventilation applications: In 

summer, to evacuate the warm and polluted air from industrial 

or residential buildings, three computational models can be 

used to calculate natural ventilation: first, taking into account 

the internal thermal pressure, second, with the influence of 

external air currents, and, third, taking account of the heat 

transfer inside of solar collectors, located on the roof of the 

building. [Sanda 2014]Use of the solar air collectors is an 
efficient solution to induce supplementary natural ventilation. 

IV.    LITERATURE REVIEW 

Anil (2021) Worked on numerical simulation and CFD-based 

correlations for artificially roughened solar air heater, Jia 

(2021) Optimizing structure of baffles on thermal performance 

of spiral solar air heaters, Sureandhar (2021) Study and 

performance analysis of arc rib fin embedded in a solar air 

heater. Kottayat (2021) Critical review of ribbed solar air 

heater and performance evaluation of various V-rib 

configuration, Amit (2021) Investigating the Energetic and 

exergetic based performance evaluation of solar air heater 

having winglet type roughneѕѕ on absorber surface, 
Vivekanandan (2021) Experimental and CFD investigation of 

fully developed flow solar air heater, Zhu (2021) A numerical 

study on performance optimization of a micro-heat pipe arrays-
based solar air heater, Goel (2021) A comprehensive study on 

the progressive development and applications of solar air 

heaters, Wang (2020) Study and evaluation of the performance 

of an improved solar air heater with ―S‖ shaped ribs with gap, 
Kapil (2020) Performance analysis of parallel flow flat plate 

solar air heater having arc shaped wire roughened absorber 

plate. Kottayat (2020) Worked on enhanced thermo-hydraulic 

performance in a V-ribbed triangular duct solar air heater: CFD 

and exergy analysis. Meng (2020) A study on thermal 

performance of a novel glazed transpired solar collector with 

perforating corrugated plate, Rahul (2020) Investigating 

Performance evaluation of an arched plate solar air heater with 
porous aluminum wire mesh cylindrical fins, Dogra (2020) 

Study of Performance Enhancement of Single and Double Pass 

Solar Air Heater with Change in Surface Roughness, Vijayan 

(2020) Experimental and thermal performance investigations 

on sensible storage based solar air heater, Siddhita (2020) 

Numerical investigation on the performance of a solar air 

heater using jet impingement with absorber plate, Ajeet (2019) 

Study and Designs for high flow natural convection solar air 

heaters, Anup (2019) Energetic and exergetic performance 

evaluation of solar air heater with twisted rib roughness on 

absorber plate, Clement (2019) Experimental investigation and 
thermal analysis of solar air heater having rectangular rib 

roughness on the absorber plate, Hui (2019) Turbulent heat 

transfer optimization for solar air heater with variation method 

based on exergy destruction minimization principle, Inderjeet 

(2019) A comparative study Experimental and CFD analysis of 

solar air heater duct roughened with multiple broken transverse 

ribs, Luca (2019) A comprehensive review of Latest advances 

on solar thermal collectors, Satyender (2019) Experimental 

investigation of a double pass converging finned wire mesh 

packed bed solar air heater, Seyedeh (2019) Study the effect of 

fins shadow on natural convection solar air heater, Soma 
(2019) Diurnal thermal performance characterization of a solar 

air heater at local and global scales integrated with thermal 

battery, Abhishek (2018) Study the effect of wavelength and 

amplitude on the performance of wavy finned absorber solar 

air heater, Ajeet (2018) Performance enhancement of a curved 

solar air heater using CFD, Inderjeet (2018) A review of 

artificial roughness geometries employed in solar air heaters, 

Rajarajeswari (2018) Simulation and experimental 

investigation of fluid flow in porous and nonporous solar air 

heaters, Mark (2018) Study and evaluation of a novel, low-cost 

plastic solar air heater for turkey brooding, Satyender(2018) 

Analytical and experimental investigations of packed bed solar 
air heaters, Vijay (2018) Review and performance evaluation 

of roughened solar air heaters, Arun (2017) Thermal analysis 

of three sides artificially roughened solar air heaters, Harish 

(2017) Predicting the thermal performance of unidirectional 

flow porous bed solar air heater with optimal training function 

using Artificial Neural Network, . Sawhney (2017) 

Experimental investigation of heat transfer and friction factor 

characteristics of solar air heater using wavy delta winglets, 

Rudra (2017) Performance Analysis of Double Pass Solar Air 

Heater with Bottom Extended Surface, Shalini (2017) An 

analytical investigations on thermal and thermohydraulic 
performance of offset finned absorber solar air heater, 

Simarpreet (2017) Performance evaluation of a novel solar air 

heater with arched absorber plate, Kabeel (2016) A review on 
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Solar air heaters: Design configurations, improvement methods 

and applications, Arun (2016) Worked on heat transfer, friction 

factor and thermal performance of three sides artificially 

roughened solar air heaters, Hans (2016) Worked on a novel 

gridded solar air heater and an investigation of its conversion 
efficiency, Nems (2016) Experimental investigation of 

concentrated solar air-heater with internal multiple-fin array, 

Nayak (2016) Effect of geometrical aspects on the performance 

of jet plate solar air heater, Rajaseenivasan (2016) 

Experimental investigation on the performance of an 

impinging jet solar air heater. 

V. OBJECTIVE 

There are following objective of the present work 

1. The main objective of the present work to do CFD 

analysis on base model to enhance the thermal 

performance of solar air heater for the location of central 

India. 
2. To prepare different proposed CAD models of solar air 

heater by changing its roughness width for maximizing the 

thermal performance. 

3. To perform computational fluid dynamics analysis on 

proposed design of solar air heater. 

4. To compare the results for all designs of solar air heater 

and suggest the best one. 

VI.    METHODOLOGY 

Solar air heater consists of an absorber plate with a parallel 

plate below forming a small passage through which the air to 

be heated. A transparent cover system is provided above the 
absorber plate.A sheet metal container filled with insulation on 

the bottom and sides. Whole assembly is contained in a sheet 

metal box and inclined at a suitable angle. In this chapter 

mathematical and CFD analysis have to perform for the solar 

air heater. In the mathematical analysis design of solar air 

heater & the heat transfer from the system and the solar load 

calculation for the selected location have to perform and for the 

computational fluid dynamics analysis different design of solar 

air heater have to simulate and check the thermal performance. 

 
 

Figure 4: Energy flow for solar air heater 

 
Analysis of solar air heater 

 
Figure 5: Analysis of conventional solar air heater [SP 

Sukhatmne 2008] 

For absorber plate 𝑆𝐿2 . 𝑑𝑥 = 𝑈𝑡 . 𝐿2𝑑𝑥 𝑇𝑝𝑚 − 𝑇𝑎 +  𝑓𝑝𝐿2𝑑𝑥 𝑇𝑝𝑚 − 𝑇𝑓 
+

𝜍𝐿2𝑑𝑥 1𝜀𝑝 +
1𝜀𝑏 − 1  𝑇𝑝𝑚 4 − 𝑇𝑏𝑚 4  

For bottom plate 𝜍𝐿2𝑑𝑥 1𝜀𝑝 +
1𝜀𝑏 − 1  𝑇𝑝𝑚 4 − 𝑇𝑏𝑚 4 

=  𝑓𝑏𝐿2𝑑𝑥 𝑇𝑝𝑚 − 𝑇𝑓 
+ 𝑈𝑏 . 𝐿2𝑑𝑥 𝑇𝑏𝑚 − 𝑇𝑎  

For air stream 𝑚𝑐𝑝𝑑𝑇𝑓 =  𝑓𝑝𝐿2𝑑𝑥 𝑇𝑝𝑚 − 𝑇𝑓 +  𝑓𝑏𝐿2𝑑𝑥 𝑇𝑏𝑚 − 𝑇𝑓  

Radiative heat transfer coefficient  𝑟 𝑇𝑝𝑚 − 𝑇𝑏𝑚  =
𝜍 1𝜀𝑝 +
1𝜀𝑏 − 1  𝑇𝑝𝑚 4 − 𝑇𝑏𝑚 4  

𝑇𝑎𝑣 =
 𝑇𝑝𝑚 − 𝑇𝑏𝑚  

2
 

Then  𝑟 =
4𝜍𝑇𝑎𝑣 3 1𝜀𝑝 +

1𝜀𝑏 − 1  

Top loss 𝑈𝑇
=  𝑁𝐶𝑇𝑝𝑚   𝑇𝑝𝑚 −𝑇𝑎  𝑁+𝑓  𝑒 +

1 𝑤 −1

+
𝜍 𝑇𝑝𝑚 2 + 𝑇𝑎 2  𝑇𝑝𝑚 + 𝑇𝑎  𝜀𝑝 + 0.00591. 𝑁.  𝑤 −1

+
 2𝑁+𝑓−1+0.133.𝜀𝑝  𝜀𝑔 − 𝑁 

Bottom loss: 𝑈𝐵 =
𝐾𝑖𝑛𝑠𝑢𝑙𝑡𝑎𝑖𝑜𝑛𝑡𝑏  

Side loss: 𝑈𝑠𝑖𝑑𝑒 =
 𝐿 + 𝑊 . 𝑡𝑒 . 𝐾𝑖𝑛𝑠𝑢𝑙𝑡𝑎𝑖𝑜𝑛𝐿. 𝑊. 𝑡𝑏  

Overall heat loss 𝑈𝐿 = 𝑈𝑇 + 𝑈𝐵 + 𝑈𝑠𝑖𝑑𝑒  
Useful heat gain of air in terms of mean plate temperature 

without collector efficiency factor 𝑄𝑢 = 𝐴𝑝 𝐼𝑠𝑖 𝜏𝛼 − 𝑈𝐿 𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛    
Thermal efficiency of collector using heat removal factor 𝜂𝑡 = 𝐹𝑟   𝜏𝛼 − 𝑈𝐿  𝑇𝑝𝑚 − 𝑇𝑎𝐼𝑠𝑖    𝐹𝑟 =

𝑚. 𝐶𝑝𝐴𝑝 . 𝑈𝐿  𝑒𝑥𝑝  𝐹 ′.𝑈𝐿 . 𝐴𝑝𝑚. 𝐶𝑝  − 1  𝐹′ = Collector efficiency factor 𝐹 ′ =
 +𝑈𝐿  

Pressure drop 

Δ𝑃𝑑 =
4𝑓𝐿𝜌𝑉2

2. 𝐷𝑒  

Where 𝑓 = Friction factor using Blasius equation [𝑓 = 0.079 𝑅𝑒−0.25]  𝑃𝑓𝑎𝑛 =
𝑚. Δ𝑃𝑑𝜌  

Solar load calculation: 
The solar load calculation for the selected location with 

Latitude 23o 17’ N, Longitude: 77o 27’ 21’’ E has been used.  
Declination𝜹: 
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𝛿 = 23.45 sin  360

365
 284 + 𝑛   

Hour Angle 𝝎: 𝜔 =  cos−1 − tan ∅ . tan 𝛿  
cos 𝜃
cos 𝜃𝑧 =

sin𝛿 . sin ∅ − 𝛽 + cos𝛿 . cos𝜔 . cos ∅ − 𝛽 
sin ∅ . sin𝛿 + cos∅ . cos𝛿 . cos𝜔  

Solar Day length: 
At sunrise the sun’s rays are parallel to the horizontal surface 
hence the angle of incidence 𝜃𝑖 = 𝜃𝑧 = 90𝑜  𝜔𝑠 =  cos−1 − tan ∅ . tan 𝛿  
The angle between sunrise and sunset is  

2𝜔𝑠 =  2cos−1 − tan ∅ . tan𝛿  
Since 15o of hour angle is equivalent to one hour duration, the 

duration of hour, 𝑆𝑚𝑎𝑥  or daylight hour is given by 𝑆𝑚𝑎𝑥 = (2/15) cos−1 − tan ∅ . tan𝛿  
Extraterrestrial radiation in kW/m2 may be calculate as 𝐼𝑒𝑥𝑡 = 𝐼𝑠𝑐  1.0 + 0.033 cos  360𝑛

365
   

On the horizontal surface, 𝐼𝑒𝑥𝑡 . cos 𝜃𝑧 
where 

cos𝜃𝑧 =  cos 𝜙 cos𝛿 cos 𝜔 + sin𝛿 sin 𝜙  𝐼𝑒𝑥𝑡 = 𝐼𝑠𝑐  1.0 + 0.033 cos 360𝑛
365

   cos𝜙 cos𝛿 cos 𝜔
+ sin𝛿 sin 𝜙 𝑘𝑊/𝑚2 

To get hourly radiated energy per square meter (kJ/m2h) the 
equation is to be multiplied by a factor of 3600 𝐼𝑒𝑥𝑡 = 3600 × 𝐼𝑠𝑐  1.0

+ 0.033 cos  360𝑛
365

   cos𝜙 cos 𝛿 cos𝜔
+ sin 𝛿 sin 𝜙  (𝑘𝐽/𝑚2 ) 

Monthly Average, Hourly global radiation: 𝐻 𝑔𝐻 𝑜 = 𝑎 + 𝑏  𝑆𝑆𝑚𝑎𝑥   

Where 𝑆 = monthly average daily hours of bright sunshine. For 

Bhopal local climatic condition value of S is 9.42 h [NP shukla 

2015]. 

Where Smax  = monthly average of the maximum possible daily 
hours of bright sun shine and 𝑎&𝑏= constant for particular location. [Bhopal a = 0.26, b = 

0.5] (NP shukla 2015) 𝐻 𝑑𝐻 𝑔 = 0.8677 − 0.7365  𝑆𝑆𝑚𝑎𝑥   

H b = H g − H d 

One day radiation, 𝐻𝑜 in 𝑘𝐽/𝑚2𝑑𝑎𝑦 can be obtained by 
integrating the above expression over the day length where the 

time is expressed in hours. 

Hence  𝐻𝑜 = 3600 ×
24𝜋 × 𝐼𝑠𝑐  1.0

+ 0.033 cos  360𝑛
365

   cos𝜙 cos 𝛿 sin𝜔𝑠
+ 𝜔𝑠sin 𝛿 sin 𝜙  𝑎&𝑏= regression parameters are constant for particular 

location. [Bhopal a = 0.26, b = 0.5] (NP shukla 2015) 

Hourly Global, Diffuse and beam radiations on horizontal 

surface under cloudless skies 

The hourly global radiation 𝐼𝑔  on a horizontal surface is the 

sum of the hourly beam radiation, 𝐼𝑏  and the hourly diffuse 

radiation 𝐼𝑑  𝐼𝑔 = 𝐼𝑏 + 𝐼𝑑  

If the 𝐼𝑏𝑛  is the beam radiation on the surface normal to the 

direction of the sun rays, the beam radiation received on a 

horizontal surface may be given as 𝐼𝑏 = 𝐼𝑏𝑛 cos 𝜃𝑧 𝐼𝑔 = 𝐼𝑏𝑛 cos𝜃𝑧 + 𝐼𝑑  𝐼𝑏𝑛 and𝐼𝑑  are estimated as 𝐼𝑏𝑛 = 𝐴 exp −𝐵/ cos𝜃𝑧  𝐼𝑑 = 𝐶𝐼𝑏𝑛  

VII.     Computational Fluid Dynamics Analysis of Solar air 

heater 
Computational fluid dynamics is the analysis of systems 

involving fluid flow, heat transfer by use of computer based 
simulation. The technique is very powerful and spans a wide 

range of industrial and non-industrial application areas. In the 

present work computational fluid dynamics analysis is carried 

out using Ansys fluent for solar air heater at different mass 

flow rate. 

 
Figure 6: Algorithm used for Computational fluid 

dynamics analysis 

A. CAD modeling of winglet type solar air heater: 

Three dimensional CAD model of winglet type solar air heater 

has been created using ANSYS design modular. The 

dimensional parameters are use to create solar air heater are 

taken from A. Kumar (2021), length of  collector is 1.24 m, 
duct depth is 0.04 m, width of collector 0.16 m, roughness 

height of winglet is 3 mm with 60o angular position 

respectively as shown in figure. 

 
(a) Winglet ribs  

 
(b) V-pattern ribs  

 
(c)Broken V-pattern ribs  

 
(d) Multi L-pattern ribs 

 
Figure 7: CAD model solar air heater 

VIII.    BOUNDARY CONDITIONS: 

1. To determine the thermal distribution need to on energy 

equation. 

2. Set working fluids (Heat transfer fluid) as air with 

maximum velocities of 5.23 m/sec. 

3.  Air inlet temperature of 300 K.  
4. Wall boundary condition: the value of solar radiations of 

935.8735W/m2 was used (the maximum solar radiation 

calculated for the selected location). 

5. Left, right and bottom wall of the air heater is kept fully 

isolated to prevented losses from them. 
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6. Outlet boundary condition set as the zero gauges pressure, 

because the flow of heat transfer fluid inside the domain is 

at atmospheric condition. 

7. For CFD analysis fluent solver is used. 

IX.   VALIDATION OF WORK: 

For the validation of present work the dimensional parameter 

for the solar air heater is taken from a research paper of Amit 

Kumar &ApurbaLayek (2021) “Energetic and exergetic based 
performance evaluation of solar air heater having winglet type 

roughneѕѕ on absorber surface” Solar Energy Materials & 
Solar Cells 230 (2021) 111147. 

doi.org/10.1016/j.solmat.2021.111147. 

 

 
Figure 8: Nusselt number and friction factor at different 

Reynolds number[A. Kumar 2021] 

 

 
Figure 9: Nusselt number and friction factor at different 

Reynolds number[Present work] 

 

Afterperforming of computational fluid dynamic analysis on 

winglet ribs type solar air heater at 5.23 m/sec for temperature 
distribution, it has been observed the maximum temperature of 

338.9K is attained at the winglet bottom edge of the rough 

surface of the absorber plate in the solar air heater as shown in 

figure. 

 
Figure 10: Temperature distribution over the winglet ribs type 

solar air heater  

Afterperforming of computational fluid dynamic analysis on 

V-pattern ribs type solar air heater at 5.23 m/sec for 

temperature distribution, it has been observed the maximum 

temperature of 340.4 K is attained at the bottom edge of the 

rough surface of the absorber plate in the solar air heater as 

shown in figure. 

 
Figure 11Temperature distribution over the V-pattern ribs type 

solar air heater  

Afterperforming of computational fluid dynamic analysis on 
broken V-pattern ribs type solar air heater at 5.23 m/sec for 

temperature distribution, it has been observed the maximum 

temperature of 342.0 K is attained at the bottom edge of the 

rough surface of the absorber plate in the solar air heater as 

shown in figure. 

 
Figure 12: Temperature distribution over the Broken V-pattern 

ribs type solar air heater  

Afterperforming of computational fluid dynamic analysis on 

multi L-pattern ribs type solar air heater at 5.23 m/sec for 
temperature distribution, it has been observed the maximum 

temperature of 344.6 K is attained at the bottom edge of the 

rough surface of the absorber plate in the solar air heater as 

shown in figure. 

 
Figure 13: Temperature distribution over the multi L-pattern 

ribs type solar air heater  

 
Figure 14: Declination angle of sun for throughout the year 

 
Figure 15 Monthly average daily diffuse, beam & total 

radiation on horizontal surface 
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Figure 16: Diffuse radiation on horizontal surface for different 

solar time 

 
Figure 17 radiation on horizontal surface for different solar 

time 

 
Figure 18: Global radiation on horizontal surface for different 

solar time 

 
Figure 19: Comparative results of maximum temperature for 

different designs of solar air heater 

 
Figure 20: Comparative results of Useful heat gain for 

different designs of solar air heater 

 

 
Figure 21: Comparative results of overall thermal efficiency 

for different designs of solar air heater 

X.     CONCLUSION 

1. After performing mathematical and computational fluid 
dynamics analysis on winglet ribs type solar air heater at 

5.23 m/sec. It has been observed that the maximum 

temperature of 338.9 K is attained at the winglet bottom 

edge of the rough surface of the absorber plate. The 

average temperature of 319.5 K, Overall heat loss of 6.604 

w/m2-K, Useful heat gain is 3.627 watt and overall thermal 

efficiency is 45.48%. 

2. After performing mathematical and computational fluid 

dynamics analysis on V-pattern ribs type solar air heater at 

5.23 m/sec. It has been observed that the maximum 

temperature of 340.4 K is attained at the bottom edge of 

the rough surface of the absorber plate. The average 
temperature of 320.2 K, Overall heat loss of 6.567 w/m2-

K, Useful heat gain is 3.563 watt and overall thermal 

efficiency is 46.32% which is 1.4% more than base design. 

3. After performing mathematical and computational fluid 

dynamics analysis on broken V-pattern ribs type solar air 

heater at 5.23 m/sec. It has been observed that the 

maximum temperature of 342.0 K is attained at the bottom 

edge of the rough surface of the absorber plate. The 

average temperature of 321 K, Overall heat loss of 6.544 

w/m2-K, Useful heat gain is 3.496 watt and overall thermal 

efficiency is 49.20% which is 7.71% more than base 
design. 

4. After performing mathematical and computational fluid 

dynamics analysis on the multi L-pattern ribs type solar air 

heater at 5.23 m/sec. It has been observed that the 

maximum temperature of 344.6 K is attained at the bottom 

edge of the rough surface of the absorber plate. The 

average temperature of 322.3 K, Overall heat loss of 6.524 

w/m2-K, Useful heat gain is 3.386 watt and overall thermal 

efficiency is 52.24% which is 14.36% more than base 

design. 

From the above conclusion it has been observed that the 

maximum temperature of 344.6K multi L-pattern ribs type 
solar air heater with overall thermal efficiency is 52.24% 

which is 14.36% more than base design.Hence Solar air heater 

withmulti L-pattern ribs is suggested for better thermal 

performance. 
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