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Automotive spoilers are aerodynamic devices designed to modify airflow around a
vehicle's body, primarily to reduce drag and increase downforce, thereby improving
vehicle stability and fuel efficiency at high speeds. This study presents a Computational
Fluid Dynamics (CFD) investigation of the aerodynamic performance of a rear spoiler
using ANSYS Fluent 2026 R1. The spoiler geometry, with a cross-sectional area of
6557.84 mm?, a face-face offset of 210 mm, and a height of 70 mm, was modelled and
simulated at three freestream inlet velocities: 20 m/s (72 km/h), 40 m/s (144 km/h),
and 80 m/s (288 km/h). A polyhedral mesh was employed, with refined inflation layers
around the spoiler surface to resolve boundary-layer effects accurately. The k-w SST
turbulence model was applied for all cases. Velocity contour and streamline results
reveal that flow accelerates significantly over the upper surface of the spoiler at all
speeds, generating a region of elevated velocity above the spoiler and a distinct low-
velocity wake region downstream of the trailing edge. As inlet velocity increases from
20 m/s to 80 m/s, the maximum local velocity rises proportionally (approximately
32.49 m/s, 66.83 m/s, and 136.1 m/s, respectively), consistent with inviscid scaling.
Recirculation structures and vortex formations in the spoiler wake become
progressively more pronounced at 80 m/s. The results demonstrate that the spoiler
geometry effectively redirects airflow, supporting downforce generation. This study
validates the use of ANSYS Fluent for external automotive aerodynamics and provides
a foundation for geometry optimisation of spoiler profiles.

1. Introduction

Aerodynamic performance is a critical factor in the design of modern road vehicles, particularly

at high speeds where aerodynamic forces can dominate vehicle dynamics. Among the various
aerodynamic devices used in automotive engineering, the rear spoiler is one of the most widely
employed. A spoiler primarily alters airflow over the rear of a vehicle, reducing the lift force acting
on the body and increasing downforce, which enhances tyre contact with the road surface and thus
improves handling and stability [1,2]. In addition to improving stability, well-designed spoilers can
reduce aerodynamic drag, leading to improved fuel economy and, in racing vehicles, higher top
speeds and faster cornering [3].
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The aerodynamic behaviour of spoilers and similar external devices is inherently complex,
involving phenomena such as flow separation, vortex shedding, boundary layer transition, and wake
formation. Traditional experimental approaches, such as wind tunnel testing, are accurate but
expensive and time-consuming. Computational Fluid Dynamics (CFD) has therefore become an
indispensable tool in automotive aerodynamic analysis, enabling detailed investigation of the flow
field around vehicle bodies and their accessories at a fraction of the cost and time [4,5]. CFD
simulations allow engineers to study velocity distributions, pressure fields, and aerodynamic
coefficients across a wide range of operating conditions without the need for physical prototypes.

Several studies have investigated the aerodynamic performance of automotive spoilers using
CFD. The effect of spoiler angle on drag and lift for a simplified car model and found that spoiler
geometry significantly influences downforce [6]. Oggiano et al., [7] conducted aerodynamic studies
on a racing car spoiler and demonstrated the effectiveness of CFD in predicting aerodynamic loads
consistent with experimental results. Ramsay et al., [8] conducted a comprehensive CFD analysis of
a sedan fitted with a rear spoiler, demonstrating a measurable reduction in the drag coefficient
compared to the baseline configuration. Kheirkhah et al., [9] investigated aerodynamic interference
between a car body and a rear spoiler, highlighting the importance of spoiler positioning and angle
of attack on overall vehicle aerodynamics.

The choice of turbulence model is a key consideration in automotive CFD studies. The k-w SST
(Shear Stress Transport) model, proposed by Menter [4], is widely adopted for external vehicle
aerodynamics due to its ability to accurately predict boundary layer behaviour under adverse
pressure gradients and flow separation, both of which are characteristic of bluff bodies and spoiler
geometries [10,11]. The SIMPLE (Semi-Implicit Method for Pressure-Linked Equations) algorithm,
coupled with second-order upwind discretisation, is standard practice for pressure-velocity coupling
in such simulations [12,13].

The present study aims to perform a detailed CFD analysis of a rear automotive spoiler at three
distinct freestream inlet velocities: 20 m/s, 40 m/s, and 80 m/s, corresponding to road speeds of 72
km/h, 144 km/h, and 288 km/h, respectively. The objectives are: (i) to characterise the velocity field
and flow structure around the spoiler at each speed; (ii) to compare the flow behaviour and wake
development across the three conditions; and (iii) to evaluate the aerodynamic effectiveness of the
spoiler geometry using ANSYS Fluent 2026 R1 as the CFD platform.

2. Methodology
2.1 Spoiler Geometry and Dimensions

The spoiler geometry used in this study was designed using CAD software and imported into
ANSYS Fluent for CFD simulation. The side-view dimension diagram is shown in Figure 1, and the top-
view layout is presented in Figure 2. Key geometric parameters of the spoiler cross-section are
summarised in Table 1.
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Fig. 1. Side-view dimension diagram of the spoiler—distance between objects: 210 mm,
area: 6557.84 mm?, perimeter: 485.70 mm
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Fig. 2. Top-view layout of the spoiler. Height (face-face offset): 70 mm, area: 779 mm?,
perimeter: 827.6 mm

Table 1

Key geometric parameters of the spoiler
Parameter Value
Cross-sectional area 6557.84 mm?
Perimeter (side) 485.70 mm
Face-face offset (length) 210 mm

Spoiler height 70 mm
Top-view area 779 mm?
Top-view perimeter 827.6 mm

Angle between objects 0° (Parallel)

2.2 Computational Domain and Meshing

The computational domain was defined as a rectangular enclosure surrounding the spoiler, with
sufficient upstream and downstream length to allow the flow to develop and the wake to dissipate
before the outlet boundary. The spoiler geometry was positioned near the inlet to represent a
vehicle-mounted configuration exposed to freestream flow.

Mesh generation was performed within ANSYS Fluent 2026 R1 using a polyhedral mesh scheme,
as shown in Figure 3. Polyhedral cells offer advantages over tetrahedral meshes in terms of accuracy
per cell and convergence rate [14]. The mesh was refined in the near-wall region around the spoiler
surface using inflation layers, ensuring adequate resolution of the boundary layer. The first-layer
thickness was selected to maintain y* < 1 in the near-wall region, consistent with the requirements
of the k-w SST turbulence model for resolving the viscous sublayer without wall functions [4,15]. The
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far-field region uses coarser polyhedral cells to reduce computational cost while maintaining
numerical accuracy.

2.3 Boundary Conditions

The boundary conditions applied in all three simulation cases are summarised in Table 2. Air at
standard conditions (density p = 1.225 kg/m3, dynamic viscosity u = 1.789 x 10~° Pa-s) was used as
the working fluid, consistent with standard CFD practice for external automotive aerodynamics
[16,17]. The inlet was defined as a velocity inlet with uniform freestream velocity corresponding to
each test case. The outlet was set as a pressure outlet with zero-gauge static pressure. All solid
surfaces, including the spoiler body, were assigned no-slip stationary wall boundary conditions.

Table 2

Boundary conditions and simulation parameters

Case Speed (km/h)  Inlet velocity (m/s)  Pressure oulet (Pa) Spoiler wall Iterations
Casel 72 20 0 No-slip 100

Case 2 144 40 0 No-slip 100

Case 3 288 80 0 No-slip 100

2.4 Governing Equations and Solver Settings
The flow is governed by the incompressible Reynolds-Averaged Navier-Stokes (RANS) equations:

Vu=0 (1)

p (5o +u.Vur) = —Vp + V. [( + ) (Vu + Vu") (2)
where “u” is the velocity vector, “p” is the static pressure, p is the fluid density, “u” is the dynamic
viscosity, and “p_t” is the turbulent eddy viscosity provided by the turbulence model. The k-w SST
turbulence model [4] was employed for all three cases. This model blends the k-w formulation near
the wall with the k-e formulation in the freestream, providing superior performance for flows with
adverse pressure gradients and boundary-layer separation, as seen in spoiler flows [10,11].

A steady-state, pressure-based solver was used with the SIMPLE algorithm for pressure-velocity
coupling [12]. Second-order upwind spatial discretisation was applied to the momentum, turbulent
kinetic energy, and specific dissipation rate equations to minimise numerical diffusion [13]. Each case
was run for 100 iterations, which were sufficient for the residuals to converge to below 10~ for all
transport variables.
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3. Results
3.1 Case 1: Inlet Velocity 20 m/s (72 km/h)

The velocity contour and streamline results for the 20 m/s case are presented in Figures 4 and 5,
respectively. At this speed, the flow field around the spoiler is characterised by a region of elevated
velocity above the spoiler's upper curved surface, where streamlines converge, and the airflow
accelerates. The maximum recorded velocity in the domain is approximately 32.49 m/s,
corresponding to a local velocity amplification of approximately 1.62 times the freestream value,
consistent with the effect of flow acceleration over a cambered surface, as predicted by Bernoulli's
principle [5,16].

Below the spoiler, a stagnation region is visible at the leading edge, where the airflow impinges
on the spoiler body and velocity reduces toward zero. Downstream of the trailing edge, a distinct
low-velocity wake region develops, bounded above and below by shear layers. The streamlines
indicate that the flow separates smoothly from the trailing edge at this moderate speed, with only
minor downstream recirculation, consistent with attached or mildly separated flow behaviour
[17,18].
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Fig. 4. Velocity contour for inlet velocity 20 m/s (72  Fig. 5: Vélacity streamlines for inlet Qéibdty 20 m/s
km/h) (72 km/h)

3.2 Case 2: Inlet Velocity 40 m/s (144 km/h)

Figures 6 and 7 present the velocity contours and streamlines for the 40 m/s case. At this higher
speed, the flow patterns observed at 20 m/s are maintained but intensified. The maximum velocity
in the domain increases to approximately 66.83 m/s, again approximately 1.67 times the freestream
velocity, indicating consistent aerodynamic behaviour with increasing speed [2,7]. The velocity
contour (Figure 6) shows a broader, more prominent high-velocity region over the spoiler's upper
surface, with a correspondingly larger area of elevated green-to-yellow velocity magnitude extending
downstream from the trailing edge.

The stagnation zone ahead of the spoiler leading edge is more clearly defined at 40 m/s, and the
wake region behind the trailing edge shows increased development compared to the 20 m/s case.
The streamlines (Figure 7) reveal that the flow over the upper surface remains largely attached along
the spoiler's chord before separating at the trailing edge, producing a coherent wake. This behaviour
is consistent with the spoiler's design intent to redirect airflow downward, thereby increasing
downforce on the rear axle [8,19,20].
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3.3 Case 3: Inlet Velocity 80 m/s (288 km/h)

The velocity contour and streamline results for the 80 m/s case are presented in Figures 8 and 9.
At this high inlet velocity, the maximum recorded velocity reaches approximately 136.1 m/s,
approximately 1.70 times the freestream value. The velocity contour (Figure 8) reveals that the high-
velocity region above the spoiler is now extremely pronounced, with large areas of elevated velocity
magnitude (green to yellow-green in the colour scale) extending well downstream from the trailing
edge of the spoiler.

Notably, at 80 m/s, the streamline plot (Figure 9) reveals the formation of a recirculation zone
and vortex structures in the near-wake immediately behind the spoiler trailing edge. The presence of
these vortical structures, visible as spiral or closed-loop streamline patterns in the wake, indicates
that flow separation becomes more significant at this higher speed, consistent with Reynolds-
number-dependent separation behaviour on bluff and semi-bluff bodies [11,21,22]. The large
orange-red region visible beneath and behind the spoiler in the contour plot reflects a zone of
accelerated flow associated with the underside throat geometry. These complex flow features at 80
m/s highlight the importance of CFD analysis for understanding the aerodynamic performance
envelope of spoiler designs, particularly at elevated vehicle speeds, where aerodynamic loads scale
with the square of velocity [5,17].
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Fig. 8. Velocity contour for inlet velocity 80 m/s (288 et velocity 8(7)};1/5
km/h) (288 km/h)

3.4 Comparative Analysis
Table 3 summarises the key aerodynamic parameters across the three simulated inlet velocities.

The results clearly demonstrate a consistent trend: as inlet velocity doubles and then doubles again
(20 = 40 > 80 m/s), the maximum local velocity in the domain scales proportionally, confirming that
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the fundamental aerodynamic character of the flow field is preserved across the speed range. The
velocity amplification factor (U_max/U_inlet) remains approximately 1.62-1.70 across all three cases,
indicating that the spoiler geometry produces a consistent aerodynamic effect regardless of speed.

The progressive development of the wake region and the emergence of recirculation structures
at 80 m/s are consistent with Reynolds number scaling. At 20 m/s, the flow remains relatively
attached, and the wake is modest. At 40 m/s, the wake grows, and trailing-edge separation becomes
more apparent. At 80 m/s, clear vortex structures appear in the near wake, and the interaction
between the upper-surface high-velocity flow and the lower-surface recirculation region becomes
complex. These observations are broadly consistent with the findings of Oggiano et al., [7], who
reported increasing wake complexity with speed for similar spoiler geometries, and with the general
aerodynamic behaviour of lifting surfaces at high Reynolds numbers [19,21].

It should be noted that aerodynamic forces (drag and lift/downforce) scale with the square of
velocity, meaning that the aerodynamic loads at 80 m/s are approximately 16 times those at 20 m/s.
This has significant implications for structural design and vehicle stability at highway and motorsport
speeds. The CFD results presented here provide a basis for estimating these loads and for further
optimisation of the spoiler gecometry through parametric studies [9,23].

Table 3

Comparative summary of aerodynamic results at inlet velocities

Case  Speed Inlet velocity Max velocity Velocity ratio Wake behaviour
((km/h) — (m/s) (m/s) (Umax/Uin)
72 20 32.49 1.62 Mild wake, minor separation
144 40 66.83 1.67 Developed wake, trailing edge

3 288 80 136.1 1.70 Large wake, recirculation vorties

4. Conclusions

This study has successfully performed a CFD analysis of the aerodynamic behaviour of an
automotive rear spoiler at three inlet velocities (20 m/s, 40 m/s, and 80 m/s) using ANSYS Fluent
2026 R1. The following conclusions are drawn:

i The spoiler geometry produces consistent flow acceleration over the upper surface at all
three speeds, with a velocity amplification factor of approximately 1.62 to 1.70 times the
freestream velocity. This indicates effective downforce generation by the spoiler profile.

ii. As inlet velocity increases from 20 m/s to 80 m/s, the maximum local velocity scales
proportionally (32.49 m/s, 66.83 m/s, and 136.1 m/s, respectively), consistent with
inviscid aerodynamic scaling laws.

iii. The wake region behind the spoiler trailing edge develops progressively with increasing
speed. At 80 m/s, distinct recirculation vortices are observed in the near-wake, indicating
increased flow separation consistent with higher Reynolds number effects.

iv. The k-w SST turbulence model, implemented in ANSYS Fluent with a polyhedral mesh and
inflation layer refinement, provides physically consistent predictions of the velocity field
around the spoiler geometry across all three operating conditions.

V. The CFD methodology demonstrated in this study provides a cost-effective and detailed
approach for evaluating spoiler aerodynamics, supporting design optimisation before
physical prototype testing.
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