Introduction to Vehicle Aerodynamics

Introduction to Vehicle Aerodynamics
Key concepts, principles, and practical implications for automotive design

1. Why Aerodynamics Matters

Aspect Effect on Vehicle
Fuel efficiency Reduces drag ? lower engine load ? less fuel consumption
Performance Lower drag improves top speed and acceleration

Stability & handling Controlled airflow creates down?force, enhancing grip
Noise & comfort Streamlined flow reduces wind noise and turbulence inside the cabin

Emissions Better fuel economy ? lower CO? output

2. Fundamental Terms

. Typical
Term Definition )
Units
Drag Force (Fp) Resistance caused by air moving around the vehicle Newtons (N)
Lift/Down?Force (F Vertical component of aerodynamic force (positive = lift,
_ Newtons (N)
L) negative = down?force)
Drag Coefficient (C . _ o
) Dimensionless number describing shape?related drag -
D
Lift Coefficient (C, ) Dimensionless number describing vertical aerodynamic force —
Frontal Area (A) Projected area of the vehicle facing the flow m2
Dynamic Pressure _ _
1L?7?7?V2 (air density x speed?) Pascal (Pa)
(@)
Reynolds Number _ o _ o _
(Re) Ratio of inertial to viscous forces; indicates flow regime —
e

3. Core Aerodynamic Equations
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1. Drag Force
[ F_D =\tfrac{1}{2},\rho,vV*2,C_D,A]

2. Lift (or Down?Force) Force
[ F_L =\tfrac{1}{2},\rho,vV*2,C_L,A]

3. Power Required to Overcome Drag
[P_D=F_D\times V = \tfrac{1}{2},\rho,v*3,C_D,A ]

4. Reynolds Number
[ Re =\frac{\rho V L{\mu} ]
L = characteristic length (e.g., vehicle length), ? = dynamic viscosity.

4. Flow Regimes Around Vehicles

Typical Re range (road

Regime _ Characteristics
vehicle)
Laminar <?27?x?107? Smooth, orderly layers; low skin?friction drag
Transitional 2?x?10? — 5?x?107? Mixed laminar?turbulent patches

Chaotic eddies, higher skin?friction but more tolerant to

Turbulent >?57x?107? _ _
surface imperfections

Most passenger cars operate in the turbulent regime over most of their surfaces.

5. Main Aerodynamic Features of a Vehicle
1. Front End (Nose)

o Shape determines pressure recovery and initial separation.
o Rounded or tapered noses lower Cp,.
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2. Windshield & Roof

o Slope angle influences flow attachment.
o A steep roof can cause early separation ? vortex formation.

3. Side Windows & Pillars

o Flush glass reduces disturbances.
o A?
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