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Abstract

This paper addresses the aerodynamic characteristics of FSAE racing cars under multiple operating
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conditions. Taking Shandong University’s 2025 season E17 racing car as the research subject, CFD
simulation analyses were conducted using STARCCM+ software for three typical operating condi-
tions: pitch, yaw, and steady-state looping. By constructing multiple simulation models, the study
systematically investigated the variation patterns of aerodynamic characteristics—including over-
all downforce, drag, downforce-to-drag ratio, and aerodynamic balance—under different operating
conditions. Results indicate: Under pitch conditions, overall downforce increases with greater dive
angles, but extreme dive attitudes cause front wing flow separation, leading to a sudden drop in down-
force. During yaw conditions, both downforce and downforce-to-drag ratio decrease with increasing
yaw angles; at 12° yaw, the downforce coefficient drops by approximately 18.1%. During steady-state
looping maneuvers, the downforce coefficient decreased by 11.2% compared to straight-line condi-
tions, with the front wing exhibiting high yaw sensitivity. This study reveals the risk of abrupt aer-
odynamic behavior changes in racing cars under extreme conditions and proposes that critical com-
ponents like the front wing should prioritize aerodynamic sensitivity optimization. It provides the-
oretical foundations and methodological references for designing and validating high-performance
aerodynamic Kits for FSAE racing cars.
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Figure 1. ISO vehicle coordinate system designation
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Figure 2. Schematic diagram of pneumatic balance
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Figure 3. Schematic diagram of pitch model
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Table 1. Mesh and physical model settings
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Figure 4. Schematic diagram of the pitch and yaw simulation grid
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Figure S. Vehicle pitch aerodynamic characteristics diagram
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Figure 9. Vehicle body tilt diagram
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Figure 12. Vehicle yaw angle under various operating conditions (line graph)
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Table 3. Pre-processing settings for steady-state loop simulation
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