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Numerical study on the pressure drop and heat transfer enhancement in a flat-plate
solar collector
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Abstract: The use of artificial roughness in various forms of shapes and sizes is the most common and effec-
tive way to improve the performance of a flat-plate solar collector. In the present study, numerical analysis
on heat transfer and pressure drop was performed in a rectangular channel with various rib arrays. The uni-
form heat flux is applied to the channel from the upper side. The forms of ribs considered in this study were
rib 90°, groove 90°, groove 60°, baffle 90°, baffle 60°, wave 90° and wave 60°. Air is the working fluid,
and the Reynolds number ranges from 3200 to 17800. Nusselt number and friction factor were investigated to
predict the performance of the system with various type of ribs. The average Nusselt number and pressure
drop were increased with the increase of velocity in all types of ribs. The highest heat transfer and pressure
drop occurred for the baffle 90°, but highest performance factor considering heat transfer and pressure drop
together occurred for the groove 60°. Therefore, heat transfer and pressure drop should be considered together
when a flat plate solar collector is designed.

Keywords: Solar collector, Heat transfer enhancement device, Heat transfer characteristics, Pressure drop,
Performance factor
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Figure 1: Test section and heat transfer enhancement device.
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Table 1: Values of parameters.

Parameters Values
Relative roughness pitch(p/e) 2
Rib height(e) 10 mm
Rib width(b) 2 mm
Relative roughness height(e/ D)) 0.0377
Duct aspect ratio(W/H) 5.87
Angle of attack(a) 90°~60°
Reynolds number 3200~17800
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Figure 2: Comparison of analysis and experiment.
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