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Fig. 1 Structure of foldable vehicle-mounted photovoltaic system
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Table 1  Results of mesh independence verification
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Table 2 Impact of foldable vehicle-mounted photovoltaic sys-

tem on vehicle aerodynamic performance
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Fig. 6 Velocity streamline diagrams in the external flow field

of the vehicle before and after the installation of fold-

able vehicle-mounted photovoltaic system
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Fig. 9 Pressure contour map of the system after fairing installation
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Fig. 10 Velocity streamline diagrams of foldable vehicle-

mounted photovoltaic system
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Table 3 Factor setting and level number of orthogonal test
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Table 4 Results and analysis of orthogonal test

Hif R RS

S i) ) fm G PN G FNN
1 10 0 100 0.62 44.15 1.07 78.66
2 10 30 150 0.63 48.85 1.09 79.00
3 10 60 200 0.65 53.66 1.19 85.91
4 30 0 150 0.58 45.27 0.99 76.75
5 30 30 200 0.64 53.17 1.08 78.82
6 30 60 100 0.60 43.04 1.19 85.55
7 50 0 200 0.60 47.39 1.02 77.24
8 50 30 100 0.56 39.83 1.10 78.98
9 50 60 150 0.58 45.05 1.18 85.25

10 70 0 100 0.46 33.30 0.98 74.61
11 70 30 150 0.47 37.19 1.09 79.02
12 70 60 200 0.53 49.07 1.10 80.62
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Fig. 16 Schematic diagram of the rear wing structure for

vehicle-mounted photovoltaic system
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Table 5 Simulation results obtained at different rear wing angles

RBIEMAEIC)  C, c, RIEMEIC)  C, o
40 0.343  -0.066 -10 0.360 0.049
30 0.347 -0.074 -20 0.358 0.048
20 0.360  0.017 -30 0.356 0.053
10 0.360  0.018 -40 0.357 0.066
0 0.356  0.050
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Fig. 17  Fitting results of cubic spline interpolation
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Table 6  Simulation verification results of extreme points

AI':E/ Eﬁfﬁ C F /N C F.N
(m-s™) JFEI(°) d D 1 C

15.0 33.96 0.343 93.86  -0.086 -23.16
20.0 33.96 0.343  166.71  -0.085 -42.20
25.0 33.96 0.343  259.23  -0.083 -55.22
30.0 33.96 0.343  375.56  -0.082 -78. 65
35.0 33.96 0.343 510.86 -0.080 —129.00
40.0 33.96 0.343  666.84 -0.079 -151.65
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Table 7 Comparison of vehicle aerodynamic performance

X c, FyN o FIN
JRR A 0.415 372.42  -0.008 -7.22
I ZEA R BOR RS 0.619  484.26 0. 065 57.61
AR+ EBOLIR R G+
. o 0.343 375.56 -0.082 -78.65
P+ R
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Fig. 18 Velocity streamline diagram in the external flow field

of vehicle
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Table 8 Resistance on the vehicle at different speeds

s wgmE SRR SRTHER
5.0 10. 35 13.45 10. 46
7.5 23.25 30.27 23.52
10.0 41.38 53.81 41.82
15.0 93.11 121. 07 93.86
20.0 165. 53 215.23 166. 71
25.0 258.63 336. 30 260. 48
30.0 372.42 484.26 375.56
35.0 506. 91 659. 14 510. 86
40.0 662. 08 860. 92 666. 84
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HR R G HIFTIR I 9,

K9 RALHTIE FHOCR R A
Table 9  Net power of the vehicle-mounted photovoltaic system

before and after optimization

A3/ (m-s™) ALHRRDIZW R A/W

5.0 457.35 432.71

7.5 416. 69 431.10
10.0 348.55 428.86
15.0 53.45 422.01
20.0 -521. 15 409. 66
25.0 -1468.91 387.00
30.0 2882.36 339.06
35.0 -4855.21 295.01
40.0 -7480. 76 242.86

IMT R OB R T, RAL)E R G AR A I
PR A X BHYG BB P 2 T /NS o T, (HY 2
K T 6. 58 m/s 2o A7 B R GEH DR B K TARARHT,
H 22 PR R 42 30 i i K, 7E 423 40. 0m/s
B 325385 T 7723. 62 W,

4 Zw
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(1) 38 33 %) & i S A g AR AL LAY, AR A
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FREE R RG> Ao > J5 15 M o RS B30
Mz iash, W aiif i 70° 5 MIo° . &
45 e FE I 100 mm A e %6 0 AR B BUR ST
b, A FHBH LA A BE R 33.96°

(2) ZHAACIE G HOCR R GE M 40 1) 25 <
FIZBON0. 619 AR E 0. 343, FFIEIL44.59%, =
Bl BH J1 M\ 484.26 N [ fik % 375.56 N, [# i ik
22.45%; T+ 12BN 0. 065 AR 2= -0. 082, i
iK226. 15%; FEI107 R LSRR, HEER TR
) A A N B SR LR o S Kol i s U 1 7
M, SJEAIEXT I, 2SR TI REN0. 415 FE(R 2
0.343, FFIRIL17.35%, [BFHIIM372. 42N T+
F375.56N, U3, 14N, FEAWER T A& HOLR
RS R Sl R SR 1 B TR

)Pk a B 28GR R G v D) A 4l KT
6. 58 m/s ZE AT IR A AbTT, H228E Rl 2 Y
THE MK, FEA N 40. 0 m/s I IR 22385 T
7723.62W, BLHASCR AL T S AT A AR TR A0
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Aerodynamic Performance Optimization of Vehicle-Mounted Photovoltaic
System for Net Power Maximization

LUO Yutao LIN Zhigiang
(School of Mechanical and Automotive Engineering/ Guangdong Provincial Key Laboratory of Automotive, South China University of

Technology, Guangzhou 510640, Guangdong, China)

Abstract: The present researches on vehicle-mounted photovoltaic systems mainly focus on increasing the installa-
tion area of photovoltaic panels by optimizing the folding mechanism to enhance the power generation capacity,
while neglecting the issue of the synergistic optimization of power generation capacity and the additional drag
energy consumption of the system. To enhance the net power of vehicle-mounted photovoltaic systems, by optimizing
the aerodynamic performance of the system, this paper presents a new methodology to reduce the additional drag
energy consumption imposed by the system on the vehicle, and thereby to increase the net power of the system.
Firstly, a foldable vehicle-mounted photovoltaic system was designated as the object, and a high-transmittance
fairing and a tail wing that conform to the aerodynamic principle were designed. Subsequently, three design
variables, namely the front tilt angle of the fairing, the back angle, and the system height, were selected to optimize
the shape of the fairing. Through the construction of an orthogonal test scheme and the analysis of polar deviation,
the influence degree of the three design variables on the system aerodynamic drag was obtained as system height >
front tilt angle > back angle. From the analysis of the main effect plot, the three variables are found exhibiting
monotonic effects on the aerodynamic drag of the system, thus determining the structural parameters of the fairing
shape as follows: a front tilt angle of 70°, a back angle of 0°, and a system height of 100mm. Subsequently, the tail
attack angle of the vehicle-mounted photovoltaic system was optimized, a cubic spline interpolation approximation
model was constructed based on the experimental data, and the tail attack angle with optimal lift-to-drag ratio was
obtained as 33.96". In addition, the vehicles equipped with the on-board photovoltaic system proposed in this
paper were compared with those without the system. It is found that the air resistance coefficient decreases by
44.59%, the aerodynamic resistance decreases by 22. 45% and the lift coefficient decreases by 226. 15%, and that
the direction of the lift undergoes a transformation from upward to downward. This transformation serves to mitigate
the adverse impact of upward aerodynamic lift on the handling and safety performance of the entire vehicle. A
comparison of the original vehicle model with the modified version reveals a significant decrease of air resistance
coefficient of 17. 35% and a modest aerodynamic resistance increase of 3. 14 N, which means that the modification
effectively mitigates the adverse effects of the on-board photovoltaic system on vehicle s aerodynamic performance.
Finally, a comparison and analysis of the net power of the on-board photovoltaic system before and after the
optimization was conducted. It is found that the proposed optimization scheme can effectively increase the net
power generation of the vehicle-mounted photovoltaic system during vehicle operation. When the vehicle speed is
40. Om/s, the net power difference reaches 7723. 62 W.

Key words: vehicle-mounted photovoltaic system; aerodynamic performance optimization; net power





