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Abstract

Pixar’s ‘Cars’ portrays Lightning McQueen as a prominent competitor in the fictional ‘Piston Cup’,

an obvious parody of NASCAR racing. This analysis compares McQueen’s car to a real NASCAR

stock car, focusing on aerodynamics, banked cornering dynamics, and slipstreaming. McQueen’s

cartoon streamlined form likely reduces drag, enhancing his drafting and “slingshot” manoeuvre,

but limited downforce would limit his cornering speeds.

Introduction

The Pixar movie, Cars (2006), anthropomor-
phises Lightning McQueen as a top-performance
car racing in an inspired NASCAR Cup Series-
inspired competition. We investigate whether
McQueen’s streamlined body design would pro-
vide him an advantage or disadvantage over an
actual NASCAR stock car on the Daytona Inter-
national Speedway.

NASCAR performance depends on three fac-
tors [1, 2]: aerodynamics, where drag and down-
force determine straight-line speed and cornering
performance; banked corners, where maximum
speed on oval tracks depends on centripetal force
and banking angle at bends; and drafting (slip-
streaming), where a trailing car experiences re-
duced drag when following closely, allowing for
more overtaking opportunities.

This approach models forces on both cars using
standard drag and cornering dynamics equations
[3, 4]. Note that while some depictions of Light-
ning McQueen feature a rear spoiler, this analysis
models his streamlined form without one to repre-
sent a lower downforce body compared to a stock
car.

Theory

Banked Corner Dynamics

For a car on a banked curve of radius r and
banking angle θ, the maximum speed (vmax) with-
out downforce (FL) is given by the approxima-
tion,

vmax =

√
rg(tan θ + µ)

1− µ tan θ
, (1)

where r ≈ 1000m, θ = 31◦ [5], and µ = 1.0
(assumed tyre–road friction coefficient [1]).

Aerodynamic Forces

The aerodynamic forces in the car are the drag
force (FD) and the downforce (FL), both of which
are proportional to the square of the velocity (v):

FD = 1
2ρCDAv

2, (2)

FL = 1
2ρCLAv

2, (3)

This equation establishes the speed limit based on
track banking and friction alone, before consider-
ing aerodynamic effect. Where ρ = 1.229 kgm−3

(standard air density at sea level [6]), CD is the
drag coefficient, CL is the lift coefficient (negative
for downforce) and A is the frontal area.



The required centripetal force for circular motion
is

Fc =
mv2

r
, (4)

and the maximum frictional force is proportional
to the normal force:

FFriction ≤ µN. (5)

The normal force includes the weight of the car
and the aerodynamic downforce: N = mg + FL.
Condition for Cornering Stability

The condition to stay on track without slipping
at a specific velocity v on a flat track (when
combining forces on a banked track) is

mv2

r
= µ

(
mg + 1

2ρCLAv
2
)
. (6)

Equation (6) represents a simplified model that
accounts for downforce but does not accurately
incorporate the effect of the banking angle on
the normal and friction forces simultaneously,
as the full mechanics require vector summation.
This simplification is maintained to focus on the
comparative effect of downforce.

Results and Discussion

For this comparative analysis, the following
aerodynamic coefficients and frontal areas were
used: NASCAR: CL = 0.30, A = 2.20 m2; Mc-
Queen (assumed race car with a sleeker trim):
CL = 0.25, A = 2.00 m2 [2].
Given that downforce is directly proportional

to the lift coefficient and frontal area and is
proportional to the square of the velocity, the
NASCAR setup generates a significantly higher
downforce. This theoretical difference, quantified
by the product (CL ·A), forms the basis for the
subsequent comparison of cornering speeds.
Neglecting downforce in Equation (6) shows

that both cars would attain the same maximum
speed on the banking. However, NASCARs gen-
erate significant downforce, effectively increasing
the normal and frictional forces.

Using the simplified stability condition (Equa-
tion (6)) for vmax:

vmax =

√
µmg

m
r − 1

2µρCLA
. (7)

Using m ≈ 1500 kg [7], g = 9.81 m s−2, and the
parameters mentioned, the calculated maximum
speeds are the following:

NASCAR: vmax = 417.42 kmh−1,

McQueen: vmax = 399.85 kmh−1.

This calculation explicitly shows that Mc-
Queen’s lower downforce profile results in a lower
calculated maximum cornering speed in this sim-
plified model.

Aerodynamic drafting lowers the drag coeffi-
cient by approximately 30% [4], depending on
the distance travelled. This reduction is treated
in this model as a simple decrease in CD. Mc-
Queen’s sleeker design, characterised by a lower
CL profile, would theoretically provide him with
an advantage during a slingshot pass.

This analysis makes a few simplifying assump-
tions. First, the aerodynamic coefficients (CD,
A) for both cars were approximated using typi-
cal ranges rather than measured values. Second,
the model for drafting assumes a pure reduc-
tion in drag force and neglects turbulence and
pressure field effects that accompany real-world
drafting. Finally, the banked cornering model
(Equation 1) simplifies the complex force summa-
tion on a banked track. All these factors would
influence the actual performance of the car in
competition.

Conclusion

This analysis demonstrates that Lightning Mc-
Queen would experience a different balance of rac-
ing performance compared to real NASCAR ve-
hicles. McQueen’s lower downforce profile makes
him relatively more efficient in slipstream tech-
niques, enabling the slingshot manoeuvre. Cru-
cially, the performance gap between the cars is
governed by the relation FL ∝ v2, meaning the
cornering speed difference of 17.57 kmh−1 in-
creases quadratically with velocity, emphasising
the aerodynamic design’s growing dominance at
greater speeds. The physics of drafting and sling-
shot passes in Cars are consistent with actual
NASCAR strategies.
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