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A Numerical Study on the Thermal Performance of a Solar Air Heater
Depending on the Hole Configuration and Geometry in the Absorber
Plate
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Abstract : A series of numerical analyses was conducted to predict the thermal performance of a solar air heater
depending on the hole configuration and geometry in the absorber plate. The planar dimensions of the prototype
were 1 m (W) by 1.6 m (H), and the maximum air flow considered was 187 m’h. It was considered that
protruding holes with a triangular opening in the absorber plate would invoke turbulence in the air flow to enhance
the convection heat transfer. Six different hole configurations were investigated and compared with each other,
while the hole opening height was considered as a design variable. Three-dimensional transient analyses were
performed with a commercial software package on the airflow and heat transfer in the model. The numerical
results were analyzed and compared from the view point of the outlet air temperature and its time response to
derive the optimal hole pattern and hole opening height.
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Table 1 Dimensions of the numerical model
Width, W 40 mm
Length, L 16 m
Absorber Length, / 1.5 m

Channel height, front side, HF 50 mm
Channel height, rear side, HR 30 mm
Absorber thickness, t 2 mm
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Fig. 2 Geometry and generated meshes of the
numerical model (partial view)
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Table 2 Operating conditions and parameters in the
numerical analysis

Time step size (sec) 5.0
Iteration per time step 20
Absorbed solar irradiance, S (W/m?) 800, 850
Volumetric air flow rate (m%h) 3.40, 7.48
Inlet air temperature (K) 283
Temperature (K) 283
Ambient [Convective heat transfer
air coefficient at the outer surface 5.0
of cover glass (W/m?-K)
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Table 3 Properties of the absorber plate and cover glass

Absorber plate | Cover glass
at 283 K at 300 K

Material Aluminum(pure) | Glass(pyrex)
Density 2700 kg/m’ 2225 kg/m’
Specific heat 835 J/kg'K 835 J/kg'K
CTOlﬁfl‘éﬂvity 237 W/mK | 14 W/mK
Absorptivity 0.9 (coating) -
Emissivity 0.9 (coating) -
Transmissivity - 0.9

Table 4 Properties of air at 283 K

Density (kg/m?) 1.2407
Specific heat (J/kg-K) 1004.7
Thermal conductivity (W/m-K) 0.0249
Viscosity (N-s/m?) 1.761x10°°
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Table 6 Numerical results for the 6 different hole
patterns (S = 850 W/m?, air flow 85 mh)

Average outlet air temperature(K)

Hole Hole pattern

P hte| 1-a | 1-b | 2-a | 2-b | 3-a | 3-b
10 mm | 316.1 | 317.5 | 317.8 | 318.0 | 316.7 | 317.8
5mm | 3166 | 3174 | 3174 | 3174 | 317.3 | 317.7
1.3 mm| 316.0 | 316.0 | 316.9 | 3165 | 315.9 | 316.8

Rate of heat loss through cover glass(W)

10 mm| -46 | 26 | 22 | -21 -36 | -22
5mm | -38 | 27 | 26 | 27 | -29 | -24
1.3 mm| -3.3 -33 | 25 | 29 | 34 | 2.7
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Table 7 Summary of the numerical analyses for 4
significant hole patterns (S= 850 W/m?, air flow 187 m%h)

Average outlet air temperature (K)

Hole_ Hole pattern
opening
height 1-a 2-a 2-b 3-a
10 mm 3019 302.0 302.1 302.0
7 mm 3019 301.9 301.8 301.7
5 mm 301.9 302.0 302.1 302.0
2 mm 301.8 302.0 302.0 301.9
1.3 mm 301.3 301.6 301.4 301.2

Rate of heat loss through cover glass (W)
10 mm -1.8 -14 -1.1 -14
7 mm -1.8 -1.6 -1.7 -2.0
5 mm -16 -1.3 -1.2 -14
2 mm -1.2 -1.3 -1.4 -16
1.3 mm -1.6 -1.3 -1.4 -16
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