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Optimal aerodynamic design for formula SAE car using curved wings

ZHOU Tao, ZENG Zhong
(College of Aerospace Engineering, Chongqing University, Chongqing 400044, P.R.China)

Abstract: Optimizing the design of the aerodynamic packages can effectively improve the performance of the
formula SAE (FSAE) racing car. Following the rules of Formula Student China, we take the lead in using
the curved wings to optimize the front wing and rear wing for Chongqing University formula SAE racing
car. Profili and Xfoil are used to choose the wing sections and optimize the attack angles. An in-depth study
is undertaken to analyze the flow field around the formula car in the rectangular parallelepiped wind tunnel
simulation via numerical simulations (CFD, computational fluid dynamics). The results indicate that
downforce is increased with a sword cured front wing and a rear wing. The rear wing contains a main
straight wing and upwarp flap. The downforce coefficient is improved to 1.68 and downforce-drag ratio is
improved to 1.91.
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Fig.1 The relationship between down force coefficient and angle of wing section
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Fig.2 Comparing of two wing sections at large angle
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Fig.3 The coordinate of joined-wing Fig.4 The relationship between C./C;, and angle of wing section
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Fig.7 Pressure contour of 2D joined-wing
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Fig.8 Fengchi-15 model (a) and its simplified model (b)
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Table 1 CFD boundary conditions of FSAE car model
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Fig.9 Parts of Fengchi-15 model
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Fig.10 Mesh of Fengchi-15 model in ICEM
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Table 2 CFD data of Fengchi-15
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Table 3 Types of rear wings for Fengchi -16
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Table 4 CFD data of rear wings for Fengchi-16
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K 3h-15 —195.4 36.4 —135.2 —60.2 5.368
3 —202.2 36.6 —135.4 —66.8 5.525
Iy o —173.4 35.0 —113.8 —59.6 4.954
4] 5= 5o 48 —190.6 35.6 —125.6 65.0 5.353
3 —190.8 35.9 —133.6 57.2 5.329
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Fig.11 Streamline of rear wing
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Fig.13 Pressure contours of end plates
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Fig.14 3D model of front wing with tire of Fengchi-15 (half)
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Fig.15 New curved front wing for Fengchi-16
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Table 5 Comparison of CFD dates between new front wing and old wing N

HB A M 3t-16 7 i 3 K BE-15 1H 32

BT /8E —104.9 / 91.4 —76.0 / 119.4

B3R T 47 /B S —142.4 / 20.0 —132.0 / 52.8
5T/ 7.5 / 36.8 9.4 / 35.8
HiEe T /B 30.0 / 34.6 46.6 / 31.4
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Fig.16 Pressure contours and streamlines of two front wings
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Table 6 CFD data of Fengchi-16

At J1/N w1 J1/N
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Fig.17 Pressure contour of Fengchi-16 Fig.18 Streamline of Fengchi-16
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