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Abstract

The solar air heater has various performances according to an obstacle installed in the air duct.
Many studies on thermal performance have been conducted. But many of these studies were
using a kind of rib type obstacle attached at the bottom of absorbing plate, but they are so hard to
be manufactured. In this study, characteristics of the heat transfer and pressure drop in the solar
air heater with various horizontal rectangular obstacles was investigated by CFD (Compu-
tational Fluid Dynamics) analysis. As a result, the heat transfer performance was improved from
1.2 to 3.32 times depending on installation conditions of rectangular obstacle. The pressure
drop, however, also increased with increment of heat transfer performance from 2.8 to 180 times
only by changing installation conditions of rectangular obstacle. Thus, the performance factor
presenting the thermal performance enhancement on the same pressure drop was also confirmed.
As a result, the highest value of 0.828 as better performance factor was obtained at the lower
height of rectangular obstacle and this value has started to decrease with increment of heat
transfer performance. In the end, it could be confirmed that the pressure drop was carried higher
than the quantity of improvement of the heat transfer performance when the heat transfer
performance was increased by change of installation conditions of rectangular obstacle. Both
heat transfer enhancement and pressure drop to be required for system need to be considered
before the rectangular obstacles are applied to the solar air heater.

Keywords: B %<& A] 2~ El(Solar thermal system), %<& & & 7](Solar collector), B ¥ <L 57|
7F&7](Solar air heater), ZAF-7-A] < SHComputational fluid dynamic), ©\] 2|2 2F(Energy
saving)
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. Heat transfer rate [W]

Temperature [C]
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Temperature of heat plate [*C]
: Heat transfer area [m’]
k¢t Thermal conductivity [W/mK]

A P Pressure drop [Pa]
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Dy: Hydraulic diameter [m]
v:  Velocity [m/s]

Nu: Nusselt number [~]
Re: Reynold’s number [-]
f+ Friction factor [-]

PE: Performance factor [—]

J2jA 23

o: Density [kg/m’]
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air: Air
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out: Outlet

avg: Average
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Fig. 1 Schematic view of solar air heater with rectangular obstacle
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Fig. 2 Computational domain and boundary conditions for smooth duct
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Fig. 3 Geometric condition of rectangular obstacle

Table 1 Simulation conditions

Parameter Value
Entarance 400
Length(mm) Test section 1800
Duct size Exit 700
Width(mm) 500
Height(mm) 80
Heat flux (W/m?) 1000
Velocity inlet (m/s) 1.2708
Reynold’s number (-) 12,000
Pr(-) 0.744
e/h(-) 0.2, 0.5, 0.8 (e = 16 mm, 40 mm, 64 mm)
/e (-) 0.5, 1.0, 1.5 (1= 8 mm ~ 96 mm)
L/p 8, 12, 18 (L =225 mm, 150 mm, 100 mm)
%0 B AN RNG k-¢ enhanced wall treatment
e e k-0 SST R
45— —@— — Realizable k- enhanced wall treatment :
——v—— Standard k- enhanced wall treatment )
ob = Dittus-Boelter ) o
35
g 30
4
25
2t
15 F
10 : : : :
4000 8000 12000 16000

Re(-)

Fig. 4 Comparison between simulation results and Dittus-Boelter equation
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Fig. 5 Nusselt number with respect to installation conditions of rectangular obstacle

(c) e/h=0.2, I/e=1.5, L/p=18
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Fig. 6 Velocity vector with respect to installation conditions of rectangular obstacle
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Table 2 Pressure drop with respect to installation conditions of rectangular obstacle

e/h 'L L/p dp e/h IIL L/p dp e/h L L/p dp
0.5 8 23543 0.5 8 12.0303 0.5 8 129.8947
1.0 12 2.7391 1.0 12 113163 1.0 12 123.9089
15 18 2.9206 15 18 9.9663 1.5 18 119.1849
0.5 8 2.0874 0.5 8 10.5200 0.5 8 111.9737
0.2 1.0 12 24813 0.5 1.0 12 9.5074 0.8 1.0 12 104.7364
1.5 18 2.6931 1.5 18 8.3573 1.5 18 99.2538
0.5 8 2.0107 0.5 8 9.4675 0.5 8 99.4419
1.0 12 2.3838 1.0 12 8.3856 1.0 12 93.5484
1.5 18 2.5394 15 18 7.4202 1.5 18 74.5801
E l M I |
(a) e/h=0.2, I/e=0.5, L/p=8 (b) e/h=0.2, I/e=1.0, L/p=12 (c) e/h=0.2, l/e=1.5, L/p=18
F s 4"535:5;?5;*.;'5.%:#5
| -ﬁ B
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Fig. 8 Pressure contour with respect to installation conditions of rectangular obstacle
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