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Experimental Study on the Thermal Performance of a Domestic Solar
Air Heater with Protruding Triangular Openings on the Absorber Plate
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Abstract : A solar air heater was designed for supplementary domestic heating. The absorber plate had a series
of protruding notches which had triangular openings on the front surface of the absorber plate to direct partial
air flow to the rear surface and to enhance the convective heat transfer to the flowing air. The height of the
opening as well as the opening configuration was determined by preceding numerical simulations. The
experimental model had an absorber plate of 0.78-m width and 1.0-m length which was coated with black paint.
The air temperature increased as much as 18°C for 90-m*/h flow rate when the absorber plate was inclined by
45° for a clear-day solar irradiation of about 906 W/m® The collector efficiency ranged from 69 to 74%.
Considering the simplicity of the structure and low manufacturing cost, the solar air heater might have competence
as an auxiliary heating device for domestic use. On-site experimental results are presented with discussion for

various solar irradiations and air flow conditions.
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%% (Selective solar coating), =% % (Temperature rise), & & & & (Collection efficiency)
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Fig. 1 Schematic of the solar air heater in this study : side side
(a) plain view, (b) side view (a)

Table 1 Specification of the solar air heater used in

this study
Glazing cover
material Polycarbonate
size 120 m (H) x 0.86 m (W)
thickness 3 mm
area 1.03 m®
Absorber plate
material Galvanized steel iron
size 1.00 m (H) x 0.78 m (W)
area, Aabs 0.78 m*
absorptivity, a 0.96
emissivity, & 0.52 ) . ) )
Fig. 2 (a) Schematic of the protruding triangular
Fan ) )
voltage/power/speed ‘12 VDC /126 W/ 3600 tpm openings on the absorber plate and the air flow

around them (b) photograph of the openings
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Table 2 Dimensions of the triangular openings on the
absorber plate

Hole width, Whee (mm) 5.6
Hole length, Liuge [flow direction] (mm) 10
Pitch, Phoe (mm) 20
Hole opening height, hpoe (mm) 3.6
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Fig. 3 (a) Photograph of the absorber plate (b)
partial cross—sectional view of the absorber plate
and detail view
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Fig. 5 Schematic diagram of the air-flow rectifier

Table 3 Relative errors in air-flow measurement

Air flow Hot-wire Vane Relative
23 X 7]%% = 7§ range anemometer | anemometer error
e AN o m/h) | (m¥h) (m/h) (%)
Xt}oaﬂ/‘évé“q 7"”}\\_‘5 ‘ﬂsﬁj‘1f <) ]7]' %‘l‘?l’ 80-95 926 90.2 26
A Ao st ol & A= A 95-110 1113 107.7 32
3 FU) e =4 o] ho e o] o} EAA o 110-125 126.1 121.3 3.8
2 AHEE ARA Ao T FIRd o
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Fig. 6 Temperature increase through the solar air

heater with different surface coatings (m= 0.027 kg/s,
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Table 4 Air flow rates for performance test

. temperature .
m p \%
range
(kg/s) (C) (kg/m”) (m’/h)
0.027 30 ~ 48 1.0823 90.2
0.033 271 ~ 41 1.1050 107.7
1.1025 121.3

0.037 26 ~ 41
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Fig. 7 Temperature increase through the solar air heater
against total solar irradiation and air mass flow rates
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Table 5 Summary of experimental results
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