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Abstract: Rural communities in developing and underdeveloped countries use solar air heating in their day-to-day lives. Considering 

its’ low thermal efficiency, researchers are constantly working on improving efficiencies of different types of closed compartment 

solar air heaters (SAH’s) along with reducing their price to popularize it. Quick drying of agricultural-products is possible using 

SAHs since it achieves higher air temperature, hygiene and shelf life. The optimal construction dimensions of the SAH components 

along with operating parameters are needed to be recorded for improving efficiency. In present work, air movement and spread inside 

the SAH was considered the most important parameter for improving efficiency. The enhancement of resident time of air inside SAH 

with less air velocity (laminar zone) was studied in this simulation to predict the outlet air temperature. ANSYS 2021R1 was used 

to visualize the air movement path in a SAH. Changing air inlet direction was an important consideration for turbulence and retention 

time enhancement. Air velocity enhancement parameters have been incorporated in the simulation to observe the increase or decrease 

in air outlet temperature. It was observed that air spread, velocity are two very important parameters and the finer adjustment of these 

two parameters will enhance the efficiency in a SAH. 
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I. INTRODUCTION 

 

Solar irradiation is a no-cost energy available globally to all of humankind. World energy requirement is increasing day-by-day with 

explosion of population and increase in standard of living. Currently, fossil fuel is getting exhausted at a very faster rate due to its 

over use. All are aware that they have to use solar energy extensively to fulfill their growing power needs as a sustainable alternative 

among all available non-renewable energies. Installing and harnessing the solar energy system requires more area. People staying in 

rural areas can use solar energy affordably as the cost of land in rural areas is less compared to cities. As of date, the SAHs require 

more area for installation is the greatest constrain. Presently, floating type solar energy harnessing devices are getting more 

popularity. These structures (thermal or photovoltaic) are less efficient and expensive. There are many techniques available for 

enhancing the efficiency of the solar heaters. The current research is a numerical study, in which increase of air retention time and 

enhancement of the heating efficiency of a solar air heater are observed [2]. Many researchers have done extensive work on different 

aspects of SAH to increase the heater efficiency. The solar air heater uses solar radiation energy for heating air. The sort wave 

radiation of sun is absorbed by the suitable rough and black body to increase its temperature. The hot body thus generates long wave 

radiation. The air surrounded in this system is heated by the internal reflection of long waves known as greenhouse effect. This 

reduces the absorber temperature and minimizes the heat loss.  The primary, secondary and subsequent circulation enhances the 

retention time and lowers the surface temperature [1]. Higher outlet air temperature can be achieved by keeping the air inside the 

solar air heater for a longer time by regulating the direction of air inlet pipe. Air inside the SAH meets solar insolation and hot walls 

for a longer time, because of which the air temperature increased more compared to the existing SAH setup. A cuboid SAH geometry 

(2.0 m. L X 1.0 m. W X 0.35 m. H) was used for the simulation purpose. The simulation was performed at a location - GITA 

Bhubaneswar, Odisha, India (Latitude 20.2961° N and Longitude 85.8245° E). The insolation for the month of March (third week) 

was considered as the sky remains cloud free during this time and the solar irradiation is excellent in this area. The theoretical 

simulation work for finding outlet air temperature and experimental work was performed side by side to crosscheck the results of 

simulation. The construction of the SAH has used sixteen numbers of 3D elbows, 2 numbers of 4D elbo and bamboos for making 

the frame. The base is filled with black-colored granite pebbles of 0.05 m diameter with a bed of 0.3 m. thickness and covered from 
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all five sides with black airtight PUF. The top side was covered with two layers of transparent polyethylene / polypropylene/ 

polycarbonate   sheet. The four walls are made of locally available bamboo of 0.05 m. diameter. The inlet and outlet cuts were made 

for air movement. The temperature and airflow rate was measured and controlled using thermometers and butterfly valves. The 

structure does not use any baffle, as the air inlet pipe was turned 15o to 60o from the perpendicular direction on the short side face to 

give higher air retention effect. The air temperature at outlet was measured at various inlet conditions and recorded for 

recommendation.  

 

II. MATERIALS AND METHODS  

 

Solar air heaters use radiation, convection heat transfer for heating the air inside it.  

The solar radiation is the source of heating, and can be expressed as; 

𝑆𝑜𝑙𝑎𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = ℎ𝑒𝑎𝑡 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑆𝐴𝐻 + ℎ𝑒𝑎𝑡 𝑙𝑜𝑠𝑡 𝑓𝑟𝑜𝑚 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑤𝑎𝑙𝑙𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑆𝐴𝐻 +

𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒            

  (1) 

𝐻𝑒𝑎𝑡 𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 𝑖𝑛 𝑡𝑜 𝑡ℎ𝑒 𝑆𝐴𝐻 = 𝑈. 𝐴 . 𝐿𝑀𝑇𝐷        (2) 

Where, 

U = Over all heat transfer coefficient 

A = Surface area of the collector 

LMTD = Log mean temperature Difference. 

The overall heat transfer coefficient is computed from the conduction and boundary layer values of the SAH collector.  

            𝑢 =
1

[
1

ℎ1
+

𝑑𝑥

𝑘
+

1

ℎ2
]
          (3)   

Where, h1 = outside air film coefficient 

 h2 = inside air film coefficient 

 k = thermal conductivity of glass 

 dx = thickness of glass. 

The absorber temperature increase and radiation starts at longer wave length from the absorber which is computed using Stefan-

Boltzmann law of radiation.   The heat transfer equation is represented as  

  

𝑞 =  ⍺. ℯ. 𝐴. 𝑇4           (4)   

Where, 

q = heat lost form the absorber  

A = surface area of the absorber 

T surface temperature of the absorber 

⍺= 5.67 × 10−8 J/s · m2 · K4 

ℯ= Emissivity  

T = temperature of the surface in K 

To improve heat transfer, Phase change material was used to improve the storage efficiency of solar collector.  The upper portion 

(Collector) of the solar air heater was insulated during night time to observe the change in heat loss. This technique can be used for 

improving deficiency of the solar air heater after the sunset.  It was further reported that the outlet temperature is maintained for a 

longer duration. [7]. The solar air heater has been used in Egypt in industries like poultry farming and in the painting industry to 

keep the environment warmer. Researchers have tried to enhance the surface area of the solar collector by adding fins and corrugated 

surfaces.  The searchers have studied Increase of air flow velocity and enhancement of heating efficiency in solar air heaters, 

Lauric acid is used as a phase change material which acts as an insulator on the top of the transparent glass permitting solar radiation 

to enter into the heating system of the solar air heater during day time and prevent heat loss during night time.  
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 Heat transfer fundamentals equations 

         𝑞 = 𝑚. 𝑐𝑝.△ 𝑇          (5) 

Where m is the mass flow rate, Cp the specific heat of air and △ 𝑇 is the difference between outlet and inlet air temperature.  

Upstream and downstream pointing rectangular winglet pairs were considered for evaluation of a flat belt solar air heater. The 

Reynolds number computed in the channel region which varies from 5000 to 23000. Higher heat transfer Coefficient is observed at 

higher attack angle  [10,11]. Many researchers have tried various techniques to increase overall heat transfer coefficient in solar air 

heaters. Winglets improves heat transfer efficiency as it generates secondary flow in addition to the main flow which improves the 

overall heat transfer coefficient thereby efficiency of the system.  there are two types of vertex formation, named as the 

longitudinal vertex and transverse vertex. Longitudinal vertex is more efficient compared to the transverse one. a combined wing 

and vertex approach should be applied to enhance the heat transfer coefficient in a flatbed solar collector. The Reynolds number is 

computed by  

        𝑅𝑒 =  ϼ. 𝐷.
𝑉

µ
                           (6)            

Re = Reynolds number 

ϼ= density of air  

v = velocity of air and  

µ= viscosity of air. 

D = diameter of the conduit 

Ambient temperature, solar radiation and wind velocity are considered as the input factor and one ANN model was developed to 

predict the outlet temperature of the solar air heater. The result obtained from the simulation is fairly matching with the practical 

data. Generally, in solar air heater top cover is transparent which allows the solar radiation to enter into the flat plate box Play Store. 

The heat wave from the Sun enters into the solar collector and internally reflected as long wave radiation which increases the outlet 

temperature of air passing through the solar air heater [14,15].  

SOLAR AIR HEATERS: 

 

Solar air heating is mostly used for human comfort, food drying and food storage. The solar heaters are of different dimensions and 

geometries. Most common SAH is a flat plate collector and advanced techniques like vacuum tube heating are gaining popularity 

along with such SAH [1]. Concave and concentric plate solar collectors are used to attain more air outlet temperature. These collectors 

are costly and difficult to construct by less trained artisans. The constructions of such structures are less practical in rural areas. The 

dimensions and chimney heights are computed for such SAH so that the air velocity maintained inside is less than 2.9 m/s [2]. The 

higher velocity and spread of the air inside the SAH was attained by putting baffles at suitable locations [3].   

 

Researchers have conducted experiments and simulations by changing the air velocity, roughness of the base (absorber) and 

turbulence to attain higher air outlet temperature. Many authors have considered the airflow rate and enhancing its contact time with 

the hot surface by introducing rough surfaces and baffles. The simulation and experimental evaluation were performed for 

verification of design outputs of SAHs. Small size batteries of SAHs are preferred over large ones as the operation and maintenance 

is better [4].    

 

Change in curvature of the flat plate collector and its effect on absorption of solar radiation and air heating was studied [5]. The 

curvature of the collector has some area at 90o angle to the solar radiation ray. It enhances the heating. Further, the air movement 

over the curve surface was facilitated. Due to faster removal of air, the boundary layer thickness is low and the solar air heater is 

better absorber compared to the flat face one. The main crux is the construction of such solar air heaters and safety of such structures, 

as all such solar air heaters are to be used in adverse rural condition involving a lot of transportation.  

 

To enhance the thermal property of the solar air heater by addition inclined friction surface and fins below the absorber plate of the 

solar air heater [6]. The fin angle and pitch were changed in the numerical study. The flow condition was turbulent as Renaults 

number varied from 4000 - 24000. The higher performances were recorded at 45o angle, 20 mm pitch and 20000 Renaults number. 

The similar analyses were conducted on L shape, rectangular and circular cross section geometry. The author uses parallel and 

counter flow pattern for numerical simulation [7]. Conversion efficiency were observed to be ranging from 23% – 83% under 

different set of conditions. Average errors of thermal efficiency were computed to be 9.16oC. Theoretical and experimental value 

has error level of 6 %– 9% only.  

 

The author has changed shape of the baffles and studied its effect on the efficiency of air heating [8]. Positioning the baffles correctly 

is very important to achieve the enhancement of the heating efficiency. The area covered by the baffles during the simulation was as 

high as 50%. The Renaults number was in the transient flow region (2370 – 8340).  The solar heater length was 1.6 m and the heat 
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transfer coefficient at different position was simulated. An innovative baffle (spring of diameter 1.6 mm – 3.2 mm) were used in the 

solar air heater [9]. Normal fins were replaced with round helical spring with definite pitch and lead. The turbulent generated is 

higher compared to the flat surface baffles. The springs were fitted to the bottom surface of the base. The hydraulic heating 

performances were recorded to be high.   

 

Tubular solar air heater with baffles inside has been fabricates, simulated and results are compared [10]. It has been observed that 

the results fairly matches and acceptable. The simulations were carried out with no baffle, half baffle and full baffles. The length of 

the tube used in the simulation is 1 m. the outlet temperature obtained was as high as 48the outlet temperature obtained was as high 

as 48oC. The air velocity used in the tubes is 5 m /s. Under above circumstance the thermal efficiency was reported to be as high as 

71%. The air enters through a hole of 7.66 mm diameter, which was made, on the crust of the corrugated sheet and the air circulates 

in the circle formed by two numbers of corrugated sheet placed on each other [11]. With airflow rate of 0.04 Kg /s and porosity of 

98-100%, the thermal efficiency was found to be 98%. The gap between the two corrugated plates was found to be 300-mm. air 

velocity developed inside the solar air heater was 1.4 m/s.   

 

The author has tried to dry wood using scale up greenhouse type of dryers [12].  Different low and medium cost transparent material 

was used in fabricating the setup. The use of Plexiglas cover decreases the drying time of wood by 25%. The addition of cost is by 

57% compared to the plastic-glass combination. The hot air temperature generated was about a little more than 55oC.  

 

ANSYS SIMULATION 

 

ANSYS (CFD) was used to perform theoretical simulation study related to heating and fluid flow. The numerical analysis techniques 

such as predictive corrective methods were used to find temperature and flow distribution in SAH and the meshing of the geometries 

were made as preparatory work for simulation of theoretical values of the parameters inside the design domain (SAH). 3D drawings 

(to the scale) were prepared using Spaceclaim software. Further, continuity, energy equations and properties of the construction 

material of the SAH were incorporated into the simulation framework. The operating parameters at each wall, inlet and outlet were 

assigned in the software before simulation. The numerical method to be used in the simulation process was also selected and 

initialized. The simulation process was executed with an error limit of 10-5. The results were analyzed and interpreted for 

recommendation of the best operating condition for a cuboid geometry [13].  

 

The contour plots with respect to temperature; pressure was plotted for interpretation using ANSYS. The high and low temperature 

zones were clearly visible on such coloured plots. The results were useful for researchers for optimizing the air outlet temperature 

and other related parameters of the SAH. Similarly, the flow line of air was used to visualize the air movement inside the experimental 

domain for better interpretation and appreciation. The even spread of air was well seen on a 3D wireframe view. The temperature / 

pressure conditions with respect to the parameter and location (point, line or plane) of interest to the researcher was determined to 

highlight the realistic conditions. This can be compared with the experimental setup for confirmation [14]. 

 

FLOW CHART 

 

Flow chart (Figure. 1) was prepared considering the operating parameters, properties of the raw materials used in construction and 

dimensions were used to fabricate a SAH. The flow chart shows different data set used in simulations. The outputs of the simulations 

are compared to find the condition where the output air temperature is highest. The decision box in the flow chart shows the condition 

for completion of the simulation.  
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Figure 1. Flow Chart - Solar Air Heater Outlet temperature maximization 

 

A 3D digital-twin of the experimental setup was drawn. Presently available SAH has air inlet from the front face and outlet from the 

opposite side. The simulation was carried out as a control test. The research objective was to find the maximum outlet temperature 

that can be produced from a SAH with manipulation of the inlet air pipe angle and air velocity. The chimney height was computed 

to attend 2.9 m/s air velocity assuming the diameter to be 0.2 m. The alternative to this was proposed (to use a solar powered exhaust 

fan to generate air velocity of 2.9 m/s). Separate drawings were prepared with different inlet angles and the simulation was performed 

to find the corresponding air outlet temperature. The results obtained were also used to generate the contour plots and airflow lines 

for interpretation. The contour as well as the flow line plots was prepared in XY, XZ and YZ planes to see the performance of the 

air mixing by varying the inlet angle. The outlet temperature was recorded and the condition where maximum air temperature 

condition was obtained, was used for fabrication of SAH. 

ANSYS (CFD) is software to perform theoretical simulation study related to heating and fluid dynamics. The numerical analysis 

technique such as predictive corrective methods is used to find the values of theoretical parameters inside the design domain (SAH). 

3D drawings (to the scale) are prepared and the meshing of the geometry was made as preparatory work for simulation. Further, 

continuity, energy equations and properties of the construction material of the SAH are incorporated into the simulation. The 

operating parameters at each wall, inlets and outlet are assigned in the software before simulation. The numerical method to be used 

in the simulation process is also selected and initialized. The simulation process is executed with an error limit of 10 -5. The results 

are analyzed and interpreted for recommendation of the best condition of operation for cuboid geometry.  

 

The contour plots with respect to temperature, pressure were plotted for interpretation using ANSYS. The high and low temperature 

zones were clearly visible on such colored plots. The results were useful for researchers for optimizing the air outlet temperature and 

other related parameters of the SAH. Similarly, the flow line of air will show the air movement inside the experimental domain for 

better interpretation and appreciation. The even spread of air can be well seen on a 3D ware frame view. The temperature / pressure 

conditions with respect to the parameter and location (point, line or plane) of interest to the researcher were determined to showcase 

the realistic conditions. This was compared with the experimental setup for confirmation [14].  

 

DRAWINGS AND MESHING 

 

In general, commercial rectangular flat plate solar air dryers have two square meters (2 m. X 1 m.) of radiation collection surface 

area. The inlet of air for above SAH is from one short face. The top face has the air outlet through a pipe. Considering the above 

design considerations for the dryer, inlet and outlet were positioned conveniently (Figure. 2). The air flow line / temperature contour 

lines inside the SAH were found out after CFD simulation using ANSYS to know the increase in air outlet temperature.  The next 

simulation was to prepare the SAH with provision for increasing the residence time of air inside the SAH for achieving higher outlet 

temperature by controlling the direction of inlet air. The air inlet cross sectional area has been reduced to generate controlled flow 
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path inside the solar air heater. The outlet was placed at a position to increase air retention time inside the device. The height of the 

closed cuboid has been taken as 300 mm. This is the standard dimension solar air heater manufacturing company use in Odisha.  

 

 

 

 

 

 

 

 

 

Figure 2. Flat Plate Solar Collector 

Drawing 

 

The air inlets (two numbers) were from the sidewall with provision for aligning the inlet pipes at different angles from the vertical 

plane. Whereas, the air outlet was from the top surface oriented vertically near to the top sidewall of the SAH. Diameter of the pipe 

used in the air inlet was 0.1 m, and length of the inlet pipe was 0.10 m. Similarly, the diameter of the outlet pipe was 0.2 m, and 

length of the outlet pipe was 0.2 m. Inlet pipe angle was changed from vertical position through 15, 30, 45, and 60 degrees 

respectively in a clockwise manner. The other inlet was a mirror reflection of the first inlet pipe. All the five drawings were drawn 

using Space claim software available in ANSYS. These drawings were imported to ANSYS, meshing (Figure. 3) was done and the 

simulation was carried out using standard simulation procedure. 

 
Figure 3. Meshing of Flat Plate Solar Collector 

Two inlets, one outlet, one top glass, one base plate and sidewalls and pipe walls names were assigned to the respective geometries 

before meshing it. Finer mesh (0.3 million nodes) with face meshing was performed for obtaining better simulation results. The 

property of glass, wood, and air were imported from the fluent database and assigned to the respective parts. Same meshing was used 

for all simulations so that the change in outlet temperature can be compared. 

PARAMETER TO BE CONSIDERED IN SIMULATION 

 

ANSYS simulation software, which computes accurate results with proper inputs. Care was taken to provide right inputs. In present 

simulation work, the air inlet velocity was (1.0 m/s to 5.0 m/s) with suitable step size and angle of air entering to SAH (15o – 60o) 

with suitable step size have been considered. The solar radiation enters into the solar air heater from top of the geometry where 

transparent polycarbonate sheet was fixed (0.8 transmittance). The standard property of the polycarbonate sheet was used in this 

simulation. The Latitude and Longitude of the place (GITA Bhubaneswar, India) was considered for simulation. Solar calculator of 

ANSYS computes all types of solar insolation received by the SAH at the area for the particular time and date of a month. All other 

simulation parameters were maintained constant for other set of simulations. 

 

AIR INLET CONDITION 

 

The air inlet angle was changed in steps of 15o to create higher turbulence inside the solar air heater so that the spread and velocity 

of air was uniform inside the heating chamber. ANSYS simulation was formulated at different inlet angles to evaluate the outlet 

temperature and heat absorption efficiency. The maximum temperature of the outlet corresponding to the orientation angle was 

treated as the best suitable angle for this geometry. Considering the air velocity as laminar, heating effects was clearly visible when 

drawing of the flow line was prepared using ANSYS software after the simulation.  

 

AIR MASS FLOW RATE 

 

Considering a normal air draft in SAH, the air velocity used in the simulation is very low, preferably in the laminar zone. The air 

mass flow rate used is 2.9 m/s. This air velocity was attended using one solar photovoltaic panel and air circulating fan. The 
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simulation at higher velocity like 1 m/s and 5 m/s was also generated with the fan and valve. The outlet temperature was less 

compared to lower flow velocity like 2.9 m/s. 

 

INSULATION 

 

All the five surfaces except the top surface were insulated. The top surface was fitted with transparent polycarbonate sheet. Bottom 

surface (base) is fitted with aluminum net and filled with granite pebbles to absorb radiation and re-emitted at longer wavelength to 

create the greenhouse effect. Solar insolation was computed using the solar calculator of ANSYS software for location Bhubaneswar 

Odisha India. All sides except the top surface were insulated for preventing heat loss. 

 

VI. RESULTS AND DISCUSSIONS 

 

SOLAR RADIATION COMPUTATION 

The detailed dataset for Bhubaneswar with respect to direct, indirect and diffused radiation was studied, simulated for use. The hourly 

plot for daytime was also computed. In addition to this the horizontal as well as vertical plane data of solar radiation has been 

computed and presented. Solar annual hourly data was obtained from ISHRAE as per the data recorded at the Biju Patnaik 

International airport, Bhubaneswar. Upon filtering the data for the 8760 hours of a typical year, the observation was plotted for 

graphical understanding of the solar situation at the location of study. The solar radiations analyzed were the Direct Normal Radiation 

and the Horizontal Diffuse radiation. The Ladybug component of Rhinoceros was used for sanitation, analysis and visualization of 

the data set. 

The nature of exposure of a body to radiation in the open skies of Bhubaneswar in a typical year was analysis by a Radiation dome 

analysis to understand the angle at which a body receives the maximum radiation when understood in context of yearly average data. 

 

An hourly analysis of the direct normal radiation was done for the 8760 hours of the year and represented through color coding to 

represent the exact hours at which the maximum and minimum radiation was received. The data was filtered to show only the hours 

6 am to 6 pm among the dataset to remove the redundant data of 0 radiations at night. 

Solar air heater’s testing was carried out at GITA Bhubaneswar, Odisha, India, which receives solar irradiation of 2030-2060 kWH 

/ m2 per day. Considering the average power consumption per person in India as 1400 kWH per day, the enhancement of SAH 

efficiency to 50% or higher will require 10 m2 area to meet the heating power demand per a family of 5 people in India. On the 

other hand, unit operations like solar drying of agricultural products require air temperature of 60oC-75oC. It is easy to achieve 

such temperatures in solar parabolic collectors. However, for a flat plate collector made from locally available natural construction 

material, it is a challenge to attain higher air outlet temperature. A finer detail of the airflow inside the closed compartment of the 

solar air dryer has been simulated using ANSYS.  The resident time of air inside the solar air heater was enhanced due to 

recirculation. This was increased by increasing reverse flow of air inside the compartment. 
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AIR VELOCITY CALCULATION: 

 

Using Mathcad, the equation was feed to the software and the air velocity developed in the SAH has been computed. 

 

𝑣 = (
2.𝑔.(𝜌0−𝜌𝑖).ℎ

𝜆.𝑙.𝜌𝑖
𝑑

+𝑙.𝜌𝑖

)

1

2

          (7) 

Where, all notations used in equation 5 are standard notations of physics and heat transfer. 

Velocity of air is computed to be   v = 2.948 m/s 

 

Name 𝜌𝑖 𝜌0 h 𝜆 l d 

Value 1.029 1.205 3.5 0.019 3.7 0.2 

 

It has been observed that the air velocity with in the SAH is 2.95 m/s. This value was used for simulation calculations. The air outlet 

velocity with natural draught has been considered for simulation. A solar panel and a dc fan will be used to regulate the airflow in 

the closed cabinet. The cost of such a 10-watt panel and exhaust fan is affordable. The air velocity will be controlled using a dc 

regulator for enhancing the efficiency of the solar air heater. Initial simulation was conducted with air velocity of 3.0 m/s. The air 

velocity inside the solar air heater was calculated from the simulation output. This data will help in remodeling the air heater. 

 

OUTLET TEMPERATURE OF CONVENTIONAL MODEL 

ANSYS 2021R1 student’s version was used for simulation of all experiments. Commercial solar heater geometry with 2 square meter 

area was considered. Present experiment location was at Bhubaneswar with latitude and longitude 20.2961° N, 85.8245° E. ANSYS 

software has an inbuilt solar calculator function, which uses this latitude and longitude along with time zone to compute the insolation 

of a place for a particular date in one calendar year. Standard calculation procedure for laminar flow model, physical property data 

of the material used in construction of the SAH was obtained from the ANSYS fluent database and continuity equations was solved 

for finding out the outlet temperature of the solar air heater. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Flow line and temperature contour of a standard SAH  

 

Triangular meshing was used to compute the temperatures, pressure and flow velocity of SAH. The geometry was divided into 0.3 

million triangular elements for higher accuracy during simulation. Computations of parameters have been performed with error limits 

of 10-5. The outlet temperature, energy and continuity equation plots are consistently observed on screen until simulation converges. 

The results are analyzed and plotted on different planes for different parameters considering the outlet temperature. 

 

Simulation of air spread and outlet temperature in a commercial flat plate SAH was required for reference and development of highly 

efficient SAHs. A 3D digital-twin of a flat plate SAH was drawn using Space claim software available in ANSYS 2021R1 with the 

entire short side face used as an inlet.  
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The simulation result using ANSYS 21R1 shows that with entire transverse cross section as inlet area, the spread of air inside the 

SAH was excellent. The air comes out as a plug flow. Air is a bad conductor of heat and the resident time for heating of the air is 

least. Due to this, the outlet air temperature was low as the central core of air moves out in form of a plug flow without coming in 

contact with any heating surface or zone (Figure. 4). Plots along the XY, XZ and YZ planes were made to visualize the hot air 

contours.  These contour plots clearly show that the air heating with a similar condition of inlet was less effective as the mixing / 

resident time of air was less. In the conversional air heaters, no facility was provided for mixing of the air and reducing air velocity 

so that the air outlet temperature is high and drying time is minimum. This is one of the criteria for acceptance of such solar dryers. 

Such dryers are used in drying of fish. The enhancement of drying time decreases the dry-fish quality. Similarly, fruits and vegetables 

are rich in nutrients and sugar. Quick drying of fruits and vegetables produces best-dried processed products. The temperature inside 

the SAH was 421 Kelvin but the air outlet temperature was only 304 Kelvin. Air is a bad conductor of heat. This prevents air from 

absorbing more heat and getting heated soon. Some alternative heat trapping and long wave radiation mechanism in a SAH is required 

for achieving higher air outlet temperature. It was observed that the air velocity attained is 5 m /s. The simulation was conducted for 

2.9 m/s. The temperatures of the corners where the air movement is least, shows that the surface / air temperature is highest. It is of 

no use to enhance the drying process. 

 

CHANGE OF FLOW PATH INSIDE SAH OVER TIME 

VARIATION OF OUTLET TEMPERATURE WITH OPTIMAL INLET PIPE ANGLE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Development of flow line at different time steps in a SAH 

To improve the air heating, air inlet angles were changed and simulation findings were presented below depleting airflow lines under 

different settings. In case of 0o inlet angle, spread area of air is minimum (Figure.  5). the flow line plot at different time step (40, 

80,120, 200 s) were prepared. It is visible that the flow inside SAH has a plug flow pattern at 40 s time step. Such flow was visible; 

as the flow was not fully developed and stabilized. At the beginning, the air velocity is low, so air moves all over the surface with a 

good spread. Once the flow develops at 80 s time step, the spread of air decreases and air follows least displacement pattern. The 

airflow line further refines at 120 s time step. The two jet of air from inlet1 and inlet 2 collide and forms a definite air movement 

stabilized pattern. This is visible on the flow pattern of air. The airflow inside SAH develops and stabilizes at 200 s. It prompts the 

researchers to carry out the simulation beyond 200 s to be steady state one. All the simulations are conducted for steady state 

condition.  

 

Simulation was conducted for different set of inlet pipe angle. The value varied at step of 15O. It was observed that the air residence 

time in a SAH is less at different inlet pipe angle. It was further observed that at a 60o angle of inclination of the inlet pipe, the outlet 

temperature of air is maximum (Figure. 7). Further, increasing the inlet angle to 70 degree, it is observed that outlet temperature is 

decreasing because the air circulates for a longer time in the inlet zone where the cold air volume is maximum hence has not been 

considered for reporting.  
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Figure 6. Flow line development at different inlet pipe angle 

  

HIGHEST TEMPERATURE SIMULATION 

 

The outlet temperature was simulated for air inlet pipe angle of 10o. It was observed that the admixing of air inside the SAH is best 

at 10o angle of inclination of air inlet pipe. The air gets heated to a temperature of 349K compared to other angles. The plug flow 

zone area was reduced. The contact times with the hot surfaces were more and the outlet temperature reaches highest temperature. 

The movie clip of the air movement shows air circulates at high temperature zone for more time resulting in high outlet temperature. 

This was a simple simulation to find out that the temperature inside SAH can be increased by increasing the air residence time in the 

SAH. Further, the large mass of granite stone also generates the greenhouse effect to increase the outlet temperature of the hot air.  

It was observed that the mixing of the air due to change of inlet air direction results in higher outlet air temperature.  The cost 

associated with making inclined inlet pipe was least compared to providing baffles. There was considerable increase in outlet air 

temperature due to changing inlet air temperature only. The outlet temperature increased by 49oC (Figure. 8) above ambient 

temperature. This intervention has increased the efficiency by 52.7%. This was better than the old practice, where the air temperature 

at outlet with such a high velocity will be very less. The model equation of the outlet temperature is also developed. The air velocity 

increase with increase in angle of air inlet. The turbulence and air velocity are to be linked and studied in a different simulation 

(Figure. 9).  
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Figure 7. Simulation for finding outlet temperature at 600 inlet pipe angle 

 

 
Figure 8. Outlet Temperature vs air inlet angle 
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Figure 9.  Air inlet angle vs outlet velocity plot 

Figure 9. Air Inlet Angle vs Outlet Velocity 

 

IV. CONCLUSION 

It was observed that baffles could be replaced by changing inlet pipe angle to have the same effect inside a solar air heater. The 

baffles add to the cost of the solar air heater and fabrication complications whereas, orienting the inlet air pipe is easy and cheap one. 

Detailed study shows that, at a 30o angle of inclination of inlet pipe, the air inlet creates maximum turbulence inside the heating 

chamber and increases the residence time of air. ANSYS - 21R1 post processing graphical outputs are useful in observing the 

temperature contours analysis across three different planes separately. Plotting contour map along the outlet plane clearly shows that 

the air was heated before leaving the air heater compared to the traditional solar air heater. Further, contour map across the transverse 

section shows that the air was well heated from all walls/ glass. The central core area with low temperature is least, which is more in 

traditional solar air heaters. The quantification has not been done, as the area measurement in the software is cumbersome one. The 

outlet temperature was maximum. The difference between the inlet and outlet temperature was about 49oC. It is observed that, air 

was heated from 30oC to top glass temperature is 420K (Glass surface temperature). This outlet temperature was enough to dry 

agricultural produces for preservation. All agricultural produce has high moisture content (about 90%). The removal of this moisture 

content must be carried out within 6-8 hours of drying time so that the bacterial growth in the product is minimum and the dried 

product is fresh with high re-hydration property. Organoleptic quality is best and nutrition retention was high. The simulation carried 

out and results are interpreted from the graphics output. Detailed measurement of all temperature, velocity and pressure parameters 

will provide additional conformity. Many more simulations varying inlet position and outlet position along with its air velocity can 

be computed for achieving different requirements. It will be one eye opening technique for many researchers to form numerical 

experimentation and the same can be verified on the experimental setup. 

This kind of design will reduce the cost of solar air heater and complications in fabricating the baffles and placing it correctly. The 

wastage from agricultural products is as high as 45%. This wastage can be prevented once low cost solar dryers fabricated with 

locally available raw materials and are available for all households. The availability of solar energy in tropical areas is very good. 

This will help farmers to dry and preserve the agricultural produces, which is harvested, in huge volume due to seasonal production. 

This will improve the food security. Prevention of waste means increase in production of fruits and vegetables.  
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