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ABSTRACT 
This paper presents an experimental study of solar air heater for natural ventilation in ventilated room. This is a way to increment 
natural ventilation and as a consequence to improve indoor air quality. In this work, Two different types of solar air heaters have 
been taken into consideration i.e. flat glass plate solar air heater, overlapped solar air heater.Anoverlapped glass plate solar air 
heater is 172cm long and 70cm breadth and glass plate is 4mm and 5mm thickness. Experimental research indicates that the air 
change per hour of room varies from 4 to 8 according to the solar incident radiation.Instead of flat glassplate solar air heater, the 
above approach of introducing an overlapped glass plate solar air heater method will give better solution for natural ventilation in 
buildings.It has been found that the overlapped solar  air  heater  is  more  efficient  than  the  conventional  flat plate solar  air  
heaters. The models were analyzed using CFD software and the results are compared. 
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INTRODUCTION 

 

Solar energy is becoming an alternative for the limited fossil fuel resources. One of  the  simplest  and  

most  direct  applications  of  this  energy  is  the  conversion  of  solar radiation into heat, which can be used in 

water and air heating systems. A commonly used solar collector is the flat-plate. A  solar  air  collector  has  an  

important  place  among  solar thermal systems because it is widely used in many commercial applications such 

as the supply of hot air to school buildings, agricultural and industrial drying to dry products viz., cocoa, coffee 

beans, fruits, noodle, rubber  or  some  marine  products  and  paint  spraying  operations  which  are  cost  

competitive  and  attractive applications. A lot of research has been conducted in order to analyze the flat-plate 

operation and improve its efficiency.Zhao et al. [1]proposed a computer model derived from basic laws 

governingthermal energy exchanges between surfaces for the transient simulation of flat plate collectors. The 

temperature profile along the collector, of the cover plates, of the absorbing plate, and of the insulation surface, 

as well as of the fluid can be determined at each time interval. In the approach presented in the paper, starting 

from the basic laws of energy balance, a set of algebraic equations are obtained and solved simultaneously for 

each sub-region along the collector. Choudhary et al. [2] analyze in detail one pass corrugated bare plate solar 

air heater. The result obtained from the study can be used to calculate the performance, to optimize the design 

and to improve the efficiency without increasing the cost of system.Gupta et al. [4] studied the thermo hydraulic 
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performance of solar air heaters with roughened absorber plates. The optimum design and operating parameters 

have been determined. Jannot et al [5] presented a new set of equations for radiative balance of the absorber plate 

and the transparent cover of a solar air heater covered with plastic film. Resulting in the enhancement of thermal 

efficiency of the solar collector by creating the greenhouse effect. Mohammad et al. [6] presented an analysis for 

novel type solar air heater. The main idea is to minimize the heat losses from the top glass cover of the collector 

and maximize heat extraction from the absorber. The pressure drop is not high if high porous medium is used. 

However, the thermal efficiency of the proposed design is found significantly high.Kolb et al. [8] described the 

development and testing of an efficient and single glazed solar matrix air collector. This collector is designed in 

order to overcome physical problems of conventional flat plate air collectors as well as technical problems of 

matrix air collectors. The absorber consists of two parallel black galvanized industrial woven fine meshed copper 

wire screens. In this way the operating temperatures of the system, and thus the heat losses from the collector are 

reduced which results in higher collector efficiencies.Muluwork et al. [10] in his paper presented experimental 

results for air flow in the rectangular duct with repeated discrete rib roughness on the upper broad wall, which is 

subjected to uniform heat flux. The use of artificial roughness results in considerable enhancement in the heat 

transfer. 

 

Problem Investigated: 

A  literature  review  of  solar  air  heaters  shows  that  that  the  different  type  ofsolar air heaters have 

been investigated experimentally under different systems andoperating conditions by  several researchers. A 

comparison of performance of theseheaters  become  difficult  without    identical  values  of  parameters  such  

a  ambientconditions,  inlet  air  temperature,  air  mass  flow  rate  per  unit  collector  width,  gapbetween  the  

absorber  and  cover  plates,  intensity  of  solar  radiation  etc.  In view of the above, flat and overlapped glass 

platesolar air heatershavebeen done in the present work.  The two solar air heaters are selected for the purpose 

of enlightening the heat rate. Also, theevaluation of various performance parameters will be carried out through 

the same.Moreover,  the  performance  of  these two  solar  air  heaters  will  be  analyzed  andcompared.A flat 

plate solar collector is a device designed to absorb incident solar radiation and to transfer the heat energy to air 

which is in contact with it. Utilization of solar energy requires solar collectors. In this projectflat and over 

lapped glass plate collector are used. The collector is designed compactly. The collector consists of a series of 

overlapped parallel glass plates. The lower most is blackened and the bottom of the unit is insulated. All the 

glass are of 3mm thick and width of collector is 700mm. between the glass plates 7mm gap is provided. 

The collector has a length of 1720mm. Glass plates are overlapped in series. In this setup five glass plates 

are used. The collector is mounted stationary. It is titled to an angle of approximately 11 degrees and placed 

north south for better absorption. The collector is to obtain an average temperature of 70oc. This is because the 

bricks to be dried needs temperature less than 100oc. The essential parts of the collector are absorbed plate, 

cover plate and insulator. 

 

Methodology: 

A. Analytical methods: 

Energy balance  analysis  have  been  done  here  for  two  types  of  solar  air heaters,  conventional  with  

single  glass  cover,  conventional  with  overlapped solar air heaters. The analysis of conventional type solar air 

heater is done so that the performance of other heaters can be compared with it. The analysis is based on the 

assumption that heat and the fluid flow are one-dimensional and in steady state.  

 

B. Numerical methods: 

The given analysis involves the following assumptions: 

a) The analysis is in a two-dimensional Cartesian coordinate system and steady state condition. 

b) The fluid properties are constant and flow is isothermal. 

c) The flow is turbulent. 

d) Flow is incompressible and Newtonian. 

Under these assumptions, the governing equations to be solved are as follows: 

a) Continuity equation 
∂u
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whereρ is the density, u the velocity in x-direction, v the velocity in y-direction, and p is the pressure. For 

modeling the turbulent quantity, standard two-equation k-ε model is used. The above equations are solved 

numerically using the FLUENT CFD software. 
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The boundary conditions to solve the problem are:  

a) The air flow is given in the inlet, 

b) No slip boundary condition is applied on the floor  

c) The building surface and the outlet has zero pressure boundary condition (p = 0). 

The model is created using the SOLIDWORKS software. Boundary layer type mesh is applied on the floor 

and building surfaces. The uniform or expanding grid spacing is applied over the remains regions. The entire 

region is treated as fluid (air) continuum. The basic conservation equations are solved numerically using the 

FLUENT CFD software. Steady state solver is activated. 

Air as fluid is defined and the Boussinesq’s model is selected. Gravity is activated. In boundary condition, 

value for the inlet-velocity magnitude has given. Iterated still the solution is calculated. The grid display, contour 

of properties, velocity vector and stream function are viewed from the ‘Display’ option. 

 

RESULTS AND DISCUSSION 

 

The conversion of natural air to high temperature air is successfully explained in this project. We conclude 

that solar energy is the vast energy source available in our universe. So we use the solar energy which is 

renewable and non-pollution to our environment. Using the solar power the rate of conversion of normal air to 

high temperature air is high in effect.An analysis was made with this inlet velocity and the results were 

taken.CFD analysis was made in solar air heater for obtaining temperature and velocity of the contour. The 

results obtained are shown below 

a) Flat glass plate solar air heater 

 

 
Fig. 1: (a) 

 
 

Fig. 1: (b) 
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Fig. 1: (c) 

Fig. 1: CFD results for the flat glass plate solar heater (a) velocity (b) temperature(c) pressure  

 

b) Overlapped glass plate solar air heater: 

The analysis with inlet velocity 1.66 m/s given through overlapped plate is carried out and the final results 

are shown below. The results of all two cases are compared and the optimum design is found. 

 
Fig. 2.(a) 

 
Fig. 2.(b) 

 
Fig. 2.(c) 

Fig. 2: CFD results for the overlapped glass plate solar heater (a) velocity (b) temperature(c) pressure  
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Conclusion: 

In the present study, two types of solar air collectors were analyzed and their performance was compared. 

CFD results, where inlet and outlet air temperatures are compared for a selected representative day. Hence the 

highest collector efficiencyand air temperature rise were achieved by overlapped glass plate solar heater. 
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