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Structure Optimization of Building Integrated Photovoltaic Tile Roof
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Abstract : This paper proposes a novel building-integrated photovoltaic ( BIPV ) tile module , builds an experimental test rig
in Beijing,and establishes a corresponding numerical model to optimize the structural parameters of the module ,addressing
the heat dissipation problem of BIPV tile roofs. Taguchi method and Computational Fluid Dynamics ( CFD ) numerical
simulation were employed to design and simulate orthogonal schemes,optimizing photovoltaic tile roof structure for the first
time by considering three factors: height of counter batten, radius of heat emission hole and hole spacing. The results
indicate that the radius of heat emission hole has the most significant impact on the temperature of the photovoltaic
backsheet , followed by hole spacing and the height of counter batten. In the Beijing area, the optimal scheme features a
counter batten height of 60 mm,radius of heat emission hole of 60 mm and spacing between heat emission holes of 250 mm.
Compared with the control group,the temperature of the photovoltaic panel backsheet is reduced by 1.43 C.

Key words : building integrated photovoltaic tile roof, structure optimization, heat dissipation, Taguchi method, Computa-

tional Fluid Mechanics simulation
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Fig. 1 Building Integrated Photovoltaic tile roof

2 WSS BT BB

J= K 5% 22 181 25 T A i 3, R B 2838 USRS IR & p A 0. S D Y6k o= i
P, e AL 5t A R0 &, MR BB, S IR I E R A .
21 REAE
mE 2, B 4 m, %% 3 m, SGARAF LA KSR FE 4358 7.59 mm 30 mm 80 mm. J& [
REHI R B 10% , 201 K AR 21.40% , IR E Z80-0.34%/C.
MR PR T 28 B AR Ok RGPk fE—4 2 305 PEREIEAL 7 3% ) (TEC TS 61724-2)1"7 ¢
\ b

B2 (XREE®EXEE
Fig.2 Photovoltaic( PV ) tile roof testbed
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Table 1 Detection instrument
{7 & & WY PRl A R LRIk #K/ (R /min)

-50~80 C,+0.3 C
0~70 m/s,+0.3 m/s
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A RE E<5% (B A5 7K 95%)
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0~1 000 V,0.1V
= VIRV E TN 60 mA~20 A,1 mA AR ik L B 5 W AR A A IR R 12
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Table 2 Material parameters
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TREET 130.00 0.44 750
BH 7.85 55.00 460
RS 1.29 / /
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Fig.3 Grid division of PV tile roof
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Fig. 5 Optimization process of PV tile roof Fig. 6 PV tile roof physical model
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Table 3 Orthogonal simulation schemes mm
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1 1(50) 1(30) 1(250) 9 3(70) 1 3

2 1 2(40) 2(300) 10 3 2 4

3 1 3(50) 3(350) 11 3 3 1

4 1 4(60) 4(400) 12 3 4 2

5 2(60) 2 13 4(80) 1 4

6 2 2 1 14 4 2 3

7 2 3 4 15 4 3 2

8 2 4 3 16 4 4 1
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Table 4 Range analysis C
s
Ji's
MBIk S BE (A) LR (B) HEELIEIEE (C)
K, 261.78 265.77 259.05
K, 260.31 265.73 259.19
K, 261.66 257.74 262.41
K, 260.90 255.41 264.00
k, 65.45 66.44 64.76
ky 65.08 66.43 64.80
ks 65.42 64.44 65.60
k, 65.23 63.85 66.00
525 (R) 0.37 2.59 1.24
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