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Study on aerodynamic performance of rear wing for Formula

SAE racing cars based on finite element method
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Abstract: The negative lift generated by the aerodynamics package plays an important role in improving the
track performance of the Formula One racing . The rear wing is one of the main components that generate
negative lift. In this paper, Computational Fluid Dynamics (CFD) technology is used to study the
aerodynamic characteristics of the rear wing of formula racing car for college students. The results show
that the value of negative lift generated by the empennage increases with the increase of the angle of attack
of the main wing in a certain range. The external factors affecting the negative lift of the tail in the Formula
SAE vehicle flow field are mainly the body blockage and the upstream airflow of the front wing. The
maximum negative lift loss is about 40% ; designing different main wing angles of attack for the tail sub-
region can effectively improve the ability of the Formula SAE tail to produce negative lift.
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Fig. 1 Vehicle half-side model and calculation domain model
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Fig. 2 Computing domain overall meshing
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Fig. 3 Schematic diagram of the tail structure
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Fig. 4 Schematic diagram of the simplified vehicle calculation model
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Fig. 5 Schematic diagram of the tail structure
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Fig. 6 Schematic diagram of the combined airfoil seam parameters



#4 9 FAE.F RFEFERRERLAANHRARARL 3

x1 ERFHSH

Table 1 Tail structure parameters
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Fig. 7 The negative lift characteristics with the angle of attack of the main wing
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Fig. 8 Trend of residual negative lift coefficient in the range of 0° to 12° angle of attack of the main wing of the tail
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Table 2 Absorbing negative lift and remaining negative lift coefficient of

the tail of the main wing angle of attack from 0° to 12°

R FEFAA/ O R#E 0T J1/N ST R AT R
0 290.02 0.781 22
2 292.14 0.775 36
4 289.17 0.757 11
6 284.72 0.727 34
8 281.34 0.706 38
10 267.80 0.663 91
12 244.81 0.596 39
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Table 3 Negative lift conditions of the two types of tail fins in the 15° to 35° range of the front wing flaps

RS AR A /(O 0" EHEH KT I/N 10°F 3 B 7T 5 /N
15 282.38 266.91
20 279.78 264.37
25 279.28 264.11
30 278.95 263.05
35 273.70 261.83
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Table 4 Relationship between the coefficient 17, and the angle of the front

wing flap at the angle of attack of the main wing of 0° tail

RIRAERLA/ ) FRGT I RL SR AROT I RZE . AR AR AT R .

15 0.760 64 0.973 65
20 0.753 64 0.964 69
25 0.752 29 0.781 22 0.962 96
30 0.751 40 0.961 82
35 0.737 26 0.943 72
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Table S Relationship between the coefficient 17, and the angle of the front

wing flap during the attack angle of the main wing of the 10° tail

RIS/ ) FRGOT IR PR AROT R ZAFEE R AR AT R g,

15 0.661 70 0.996 67
20 0.655 41 0.987 19
25 0.654 75 0.663 91 0.986 20
30 0.652 13 0.982 26
35 0.649 11 0.977 71
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Fig. 9 30° front wing flap setting under the angle of attack angle 1, of the tail angle of 0° to 12°
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Fig. 10 Pressure shadow of the impact of the headrest, helmet and other coverings
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Fig. 11 Flow chart of the influence of the front lift of the car on the tail
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Table 6 Main wing angle of attack 0° to 12° interval tail windward area (X direction)

BEEHELA/C) 0 2 4 6 8 10 12
JE 3L XU AR (X A /m? 0.268 0.270 0.274 0.286 0.294 0.302 0.310
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Fig. 12 Comparison of pressure cloud maps of different wings at different positions
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Table 7 Comparison of negative lift characteristics between segmented tail and conventional tail

IR HARIRZS ST /N BERSHTII/N PSS IES @]
0C°FEHEREH 371.24 278.61 0.750 48
12°E 3B E 410.48 247.41 0.602 73
B R 370.78 281.12 0.763 58
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Fig. 13 Schematic diagram of the Fig. 14 Schematic diagram of multi-section
segmented tail design with partition curved main wing tail design
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Table 8 Negative lift characteristics of main wing tail of multi-section curved surface
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377.78 289.36 0.765 95
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