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Abstract: For this study, Improved Delayed Detached-Eddy Simulations (IDDES) were
used to analyze the wake of a modified Ahmed body with varying upper and lower slants.
The modified geometry produced a constant projected vertical base area, ensuring that the
base and slant drag were a function of the pressure caused by the wake structures. Except
at extreme slant angles, the general structures of the wake were a base torus with two pairs
of streamwise-oriented vortices on each slant. These structures strongly correlated with the
drag contribution of the rear surfaces: the torus with the vertical base and the streamwise-
oriented vortices with the slants. As such, the base drag was minimized when the torus
was most centrally aligned with the base, producing the largest stagnation region. Two
slant-drag minima developed corresponding to two regimes of vortical flow on opposing
slants. On one slant, the vortices were attached, and the drag correlated with the size and
strength of the vortices. On the other slant, the vortices separated, and the drag correlated
with the slant normal due to a more uniform pressure. This demonstrates a rich and
complex set of interactions that must be managed in the development of base drag caused
by wake flows.

Keywords: wake flow; bluff body flow; three-dimensional wake structures; vortex flows;
base drag

1. Introduction
Base pressure drag can contribute up to 50% of the total force on automotive vehicles

caused by the highly separated base wake [1,2]. These base wakes are extremely complex,
consisting of regions of separation, reattachment, recirculation, multiple merging shear
layers, and vortices. Massive changes in these structures can occur due to only minor
changes in vehicle geometry, leading to large changes in vehicle drag [3,4]. Due to the
high complexity of base wakes and their sensitivity to small changes in geometry, it has
been extremely difficult to characterize base wakes in a way that directly connects them
to the subsequent base drag. By developing a clear and simple connection between the
wake structure and the base drag, engineers can design flow control methods to produce a
specific wake structure that is favorable for their design goals.

A great deal of work has been conducted over the years to characterize bluff body
wakes and analyze their impact on base drag. In the seminal work of Ahmed et al. [3],
the drag on the Ahmed body was found to increase with the rear slant angle for angles
above 10◦ until a critical angle of 30◦, at which point a drag crisis developed, resulting in a
change in the wake flow. Before the drag crisis, streamwise-oriented vortices developed
on the slant, producing a low-pressure footprint [3,5]. Both the size and pressure deficit
of the low-pressure footprint were found to be related to the strength of the streamwise-
oriented vortices [6]. Thus, reducing the strength of the vortices has proven beneficial in
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reducing drag [7–10]. Above the critical angle, the pressure becomes relatively uniform as
the flow completely separates and the vortices are no longer present [3,5,11]. Eliminating
the vortices causes a drag reduction, which has led many to develop flow control methods
to take advantage of the phenomenon [7–10,12,13]. While eliminating the vortices reduces
drag, some flow control devices lose effectiveness with a different wake structure [14].

Although the rear slant is a major contributor to the total drag, the vertical base also
produces a substantial proportion of the total vehicle drag for the Ahmed body [3]. Various
studies have noted that the drag is connected to the wake length. However, there are
discrepancies, as some studies have observed a decrease in drag with increasing wake
length [7,15,16], while others have observed an increase in drag with increasing wake
length [17]. This suggests that there may be a change in the wake structure that may
not correlate directly with the wake length. Although the streamwise vortices have been
heavily characterized in their general structure, the wake structure past the vertical base
has had substantially less focus.

Despite the clear and definitive characterization of the base wake structure, additional
flow control studies have targeted drag reduction on the base through the implementation
of a lower slant (i.e., diffuser) [18–21]. These devices add further complexity to the wake
structure, as with the rear slant on the upper body, a basic diffuser can introduce both
streamwise-oriented vortices and separated flows [18–21]. Although streamwise-oriented
vortices produce a higher drag prior to the drag crisis for the upper slant, there is actually
a decrease in drag that develops in this regime for a diffuser [18,19]. This reversal in
trends between the upper-body slant and the lower-body diffuser does not carry over when
separation occurs, as separated flows in the diffuser can still lead to a drag reduction [20,21].
This change raises questions about the complex interaction between the vortices forming
on the upper and lower slants and the structures past the vertical base, as well as their
individual contributions to the total drag.

The individual surface contributions to the total drag have been a challenge since the
original work by Ahmed et al. [3]. The authors observed that with increasing slant angle, the
drag contribution of the vertical base tended to decrease. However, the exact relationship
between the wake and the slant angle is hard to determine since the base continually
shrinks with increasing slant angle, effectively sharpening the body. Sharpening a bluff
body or streamlining the geometry, sometimes referred to as boat-tailing, is well known
to decrease drag [22]. This varying area makes it difficult to connect the individual drag
contributions of the slant and the base to the total drag, especially when connecting the
effects of the individual wake structures, let alone adding further wake complexity with
a diffuser.

Thus, the goal of this work is to better understand the complex three-dimensional (3D)
wake structures behind a generic bluff body and their interaction with the vehicle body to
produce drag. To achieve this goal, we developed a modified Ahmed body with varying
upper and lower slants to produce a complex wake with multiple interacting structures,
but with a constant projected vertical base area (Section 2.1). A constant base area facilitates
the characterization of the individual drag contributions of the wake structures to the
slants and the base. Computational Fluid Dynamics (CFD) simulations based on Improved
Delayed Detached-Eddy Simulations (IDDES) were performed to capture the entire wake
flow. To provide confidence in the solution, multiple meshes were tested (Section 2.2) in the
IDDES setup (Section 2.3) to confirm grid convergence, and the simulations were further
validated with experiments (Section 2.4). The drag was then determined for multiple slant
angles and subsequently broken down into contributions from the different components
of the vehicle base, before being connected to structures within the wake (Section 3). All
findings are summarized in Section 4.
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2. Simulation Details
2.1. Geometry

In the current study, we utilized the full-scale Ahmed body [3] with length L = 1.044 m,
height H = 0.389 m (excluding pins), and width W = 0.288 m, given that it is a heavily
simplified geometry and a staple in studies of automotive aerodynamics. We initially
used the standard Ahmed body with a fixed slant angle as a baseline configuration. The
base height h was then fixed to ensure both a constant base area and a constant projected
slant area, regardless of upsweep and downsweep. In order to accommodate both an
upsweep angle (β) and a downsweep angle (α), the Ahmed body was modified to have a
fixed streamwise slant location (Figure 1). The slant location was selected to align with the
streamwise location of the baseline Ahmed body. As a baseline, we chose a slant of 40◦.
This ensured that there was a fully separated wake for both extremes of the downsweep
and upsweep angles, i.e., α = 40◦ and β = 40◦, respectively [20,21]. With the fixed base
height h and streamwise location of the two slants, the upsweep angle β then became a
function of the downsweep angle α. Thus, the entire geometry could be modified via α.
The different upsweep and downsweep angles analyzed in this work are listed in Table 1.

Figure 1. Geometry of double-slanted Ahmed body, including both upsweep and downsweep surfaces
with fixed base height h. Different base geometry profiles are shown as a function of the downsweep
angle α.

Table 1. Variations in the double-slanted Ahmed body’s upsweep and downsweep angles for
this study.

Downsweep α Upsweep β
(Degrees) (Degrees)

40.0 0.0
35.0 7.9
30.0 14.7
25.0 20.4
20.0 25.4
15.0 29.7
10.0 33.5
5.0 36.9
0.0 40.0

2.2. Meshes

The meshes were constructed using OpenFOAM’s built-in blockMesh and snappy-
HexMesh for the background and full meshes, respectively. The initial background mesh
was a uniform Cartesian grid with a spacing of δ = 0.125 m. General refinement re-
gions were then added using three boxes surrounding the vehicle model (listed as large,
medium, and small boxes) and an additional refinement box to better resolve the base (base
refinement box) (Figure 2). Additional refinements were added to the ground (ground
refinement) and around the vehicle surface extending 0.02 m from the body (body refine-
ment) to better resolve the boundary layers on the ground and the vehicle body. Further
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boundary layer refinement was added through inflation layers. Each of the ground and
vehicle body surfaces was given inflation layers of 25 and 10 layers, respectively (Figure 3).
This ensured that the majority of the surface had a y+ < 10 for both the body and the
ground. On the body in particular, 96% of the cells had a y+ < 10, with an average of
y+ ∼ 4. A similar distribution of y+ was found to be effective for wall-modeled LES in
automotive geometries [23]. The maximum values for both the body and ground (within
the region of ground refinement) occurred at the junction of the mounting pins, where the
inflation layers distorted to accommodate the surface discontinuity. While this ultimately
resulted in a wall-modeled grid, the effects of wall-modeling on automotive flow fields are
believed to be low compared to a wall-resolved grid, according to recent results reported
in the Second Automotive CFD Prediction Workshop [24]. The refinement regions were
then adjusted to various grid spacings to create two different meshes. More details on the
meshes can be found in Table 2.

(a) Side-view

(b) Frontal-view

Figure 2. Refinement boxes used to define meshes.

Table 2. Mesh refinement regions for the 25◦ Ahmed body case.

Mesh 1 Mesh 2

Base Mesh Size (m) 0.125 0.125
Ground Refinement (m) 0.008 0.008

Body Refinement (m) 0.002 0.002
Base Refinement Box (m) 0.004 0.002

Small Box (m) 0.008 0.004
Medium Box (m) 0.016 0.008

Large Box (m) 0.031 0.016
y+ minimum (body) 0.06 0.06
y+ maximum (body) 137.58 142.39

y+ average (body) ∼4 ∼4
y+ minimum (ground) 0.08 0.05
y+ maximum (ground) 341.10 252.42

Total cells (millions) 14.9 35.2
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Figure 3. Slice of Mesh 2 along the centerline y = 0 for the 25◦ Ahmed body, with the inset showing
the inflation layers on the ground and vehicle body.

2.3. Numerical Setup

The model was placed in a hexahedral box with dimensions of 7 m × 1.875 m × 1.375 m
in the streamwise, spanwise, and road-normal directions, respectively. The spanwise and
road-normal dimensions were selected to roughly align with the nozzle dimensions of
the experiments in Lienhart and Becker [25] while allowing for a uniform background
grid spacing of 0.125 m. For the boundary conditions, a uniform velocity inlet of 40 m/s
was used at the upstream end of the domain. The distance between the vehicle nose
and the inflow plane was adjusted iteratively to match the experimental upstream profile
in Lienhart and Becker [25], with the final distance being 2 m. At the downstream end,
a pressure outlet was set. The sides and top of the domain were set to a symmetry condition
to model the effects of the free shear layer from the 3/4 open jet without having to resolve
the shear layer. The vehicle body and ground were set to a no-slip wall condition.

We utilized OpenFOAM (v1912) to run Improved Delayed Detached-Eddy Simulations
(IDDES) [26]. IDDES have the advantage of blending Large-Eddy Simulations (LES) and
Detached-Eddy Simulations (DES) in a way that acts as a wall-modeled LES with sufficient
grid refinement. This method has been found to be accurate in automotive applications at
a reduced cost compared to LES [27]. Moreover, unsteady simulations of this nature have
performed well in predicting incremental changes in complex wake flows [28]. The IDDES
were solved using OpenFOAM’s pimpleFoam solver, which combines the SIMPLE [29]
and PISO [30] algorithms. For the fluxes, a second-order linear scheme was applied, with
upwinding used only for inviscid fluxes. Time-marching used a second-order backward
scheme with a time-step size of ∆tU∞/L = 3.8 × 10−3 (1 × 10−4 s) corresponding to an
average local Courant number of Co = ∆t|u⃗|/ 3

√
Vol = 1, where U∞ is the free stream

velocity, |u⃗| is the magnitude of the local time-averaged cell velocity predicted by an initial
Reynolds-Averaged Navier–Stokes (RANS) solution, and Vol is the local cell volume. This
method has been found to be effective in reducing the computational cost of unsteady
simulations while still producing accurate time-averaged flow fields [31]. Two corrective
steps were used for pimpleFoam, while two sub-iterations were used for each time step.
The simulations were run out for a total of 20 convective times tU∞/L (0.522 s) after a
washout of 5 convective times (0.1305 s). This was found to be sufficient to ensure that the
time-averaged drag coefficient CD (CD = D/[q∞ A], where D is the time-averaged drag,
q∞ is the freestream dynamic pressure, and A is the frontal area) changed by less than
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one count (∆CD = 0.001 is one count) over the last 5 convective times (Figure 4) and that
the time-averaged streamwise velocity profiles u along the vehicle centerline converged
(Figure 5).

Figure 4. Convergence of the time-averaged drag coefficient CD as a function of time.

(a) Slant Boundary Layer Profiles

0.8 0.9 1 1.1 1.2 1.3 1.4
-0.2

0

0.2

0.4

0.6

0.8

1

1.2

(b) Wake Profiles

Figure 5. Comparison of the time-averaged (a) slant boundary layer and (b) wake streamwise velocity
profiles u/U∞ between different averaging windows tavgU∞/L along the vehicle centerline (y = 0)
for the 25◦ Ahmed body case.
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2.4. Grid Convergence and Comparison with Experiments

In order to ensure that our numerical setup was accurate, we initially simulated flow
around the 25◦ Ahmed body to compare with an existing dataset from Lienhart and Becker [25],
which has been made publicly available [32]. Figure 6 shows a comparison of the time-averaged
streamwise velocity profiles u predicted by the IDDES with those of the experiments along the
vehicle centerline (y = 0). Upstream of the vehicle, the 2 m distance between the inlet and vehicle
nose was sufficient to ensure a quality match in the velocity profile 0.4 m upstream of the vehicle
(Figure 6a). Along the body, upstream of the slant (Figure 6b), there was excellent agreement
between the experiments and the simulations. However, once downstream of the roof/slant
junction, there was a slight overprediction of separation from the simulations, and increasing
the mesh resolution hardly improved the comparison. Although not shown, switching the
turbulence model to Delayed Detached-Eddy Simulations (DDES) resulted in comparisons
that were nearly identical to those of IDDES. Similar errors were found by Ashton et al. [33],
who also reported that the IDDES results for the Ahmed body did not change with different
turbulence models, wall models, or solvers. When examining the vehicle wake (Figure 6c), the
difference between the experiments and simulations was even more marginal, indicating that
this error produced only slight differences from the experiments. Thus, the current setup is
considered sufficient to produce accurate results in the wake. The results presented in the rest
of this paper utilize the finer mesh, given the slight differences observed.

(a) Ground Boundary Layer Profile

0.75 0.8 0.85 0.9 0.95 1 1.05
0.5

0.6

0.7

0.8

0.9

1

1.1

(b) Slant Boundary Layer Profiles

Figure 6. Cont.
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(c) Wake Profiles

Figure 6. Comparison of the time-averaged (a) ground boundary layer at 0.4 m upstream of the
model nose, (b) slant boundary layer, and (c) wake streamwise velocity profiles (u/U∞) between
CFD and experiments [25] along the vehicle centerline (y = 0) for the 25◦ Ahmed body case.

3. Results and Discussion
To begin our analysis, Table 3 shows the time-averaged lift and drag coefficients CL

and CD, respectively, as a function of the upper slant angle (downsweep angle) α, where
the force coefficient CF = F/(q∞ A). The lift produced by the vehicle was a strong function
of α, fluctuating between positive lift and extremely negative lift (positive downforce) for
0◦ ≤ α ≤ 40◦. The net lift variation was more than 600 counts (∆CF = 0.001 is 1 count),
ranging from −0.5319 to 0.0829. Similar variations in CL have been found for the Ahmed
body when only the upper slant angle was changed [19,34,35]. On the other hand, drag
was substantially less sensitive to the upper slant angle than lift, with a variation of only
35 counts over 0◦ ≤ α ≤ 40◦.

Table 3. Time-averaged force coefficients as a function of the upper slant angle α.

α CL CD

0 −0.2624 0.2620
5 −0.1242 0.2333
10 −0.0779 0.2267
15 0.0057 0.2313
20 0.0829 0.2323
25 −0.1694 0.2446
30 −0.5319 0.2597
35 −0.3106 0.2382
40 0.0020 0.2476

Figure 7 further shows the drag trends with respect to the upper slant angle α. Like
the single-slanted Ahmed body, the drag of the double-slanted Ahmed body exhibited a
parabolic variation with α, producing a clear minimum at α = 10◦. Increasing the angle
beyond 10◦ led to an increase in drag until α = 30◦, when a sudden decrease in drag
occurred. For the single-slanted Ahmed body, previous studies have found that the flow
behind the base transitions from the vortex regime into the wake regime at α = 30◦. The
wake regime is characterized by fully separated flow over the rear slant, which leads to
minor changes in drag up to at least α = 40◦. However, for the double-slanted Ahmed
body, the drag increased by up to 10 counts from the local minima from α = 35◦ to 40◦.
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Figure 7. Time-averaged total vehicle drag coefficient CD with respect to the upper slant angle α.

Figure 8 shows the contribution of the total drag between the different rear surfaces
CDi (i indicates the contribution to the total drag coefficient of the surface(s)) to further
illustrate the complex interactions between these different surfaces. The drag contribution
of the base was consistently lower than that of the two slants. Although lower, the variation
in the base drag over the different slant angles was actually larger than that of the slant
drag coefficient (∆CDi = 31 counts versus 28 counts, respectively). Additionally, there was
a minimum in the base drag at α = 20◦. However, this slant angle did not result in minimal
total drag. Rather, due to the larger contribution of the slants to the total drag, the two
minima in slant drag at α = 10◦ and 35◦ aligned with those in total drag. Breaking down
the slant drag between the upper and lower slants showed that the minima in slant drag
occurred when one of the two slants dominated the slant contribution to the drag. When
the contributions from the two slants were nearly equal (α = 20◦ − 30◦), the slant drag was
at its peak.

To further elucidate the development of drag on the different surfaces, Figure 9
visualizes the pressure distribution on the base and the slants through the surface pressure
coefficient Cp ≡ P/q∞, where P is the time-averaged static pressure. Focusing first on the
vertical base, we observed high pressure near the center associated with the rear stagnation
point of the wake highlighted by a contour line of Cp = −0.09. At the extreme angles
of α = 0◦ and 40◦, a clear low-pressure footprint formed near the outer span of the base.
At α = 20◦, where the downsweep and upsweep angles had similar values (Table 1),
the stagnation region increased in size with larger pressure values, while the outboard
low-pressure footprint disappeared, resulting in minimum base drag. Interestingly, this
occurred when α = 20◦ rather than 25◦, where the pressure distribution was nearly
symmetric on a road-normal (Z) plane. Moving on to the slants, at higher angles, the
pressure distribution across the slant was relatively uniform, aligning with what would be
expected of separated flow [3]. As the slant angles became smaller, a clear low-pressure
footprint formed around the upstream periphery of the slant. This low-pressure footprint
aligned with the development of the streamwise-oriented vortices, drastically changing the
pressure distribution, even though the geometry was only marginally different [3,36]. For
the two minima in slant drag (α = 10◦ and 35◦), the slant with the higher angle indicated
fully separated flow, while the other slant showed signs of the streamwise-oriented vortices
just beginning to develop. This effectively produced a balance between reducing the
low-pressure footprint from vortices and minimizing the surface normal on the opposing
surface to reduce the streamwise component of pressure contributing to the drag.
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Figure 8. Breakdown of contributions to the total time-averaged drag of (a) base drag and slant drag,
and (b) upper and lower slant drag CDi with respect to the upper slant angle α.

To connect the pressure footprint with the wake structures, we utilized the Ω-criterion [37]
to identify the vortical structures in the wake (Figure 10). In general, the structure of the
wake consisted of a torus near the base and a pair of streamwise-oriented vortices on the
lower-angled slant. Exceptions to this included α = 25◦, in which two pairs of streamwise-
oriented vortices were produced (one by each slant), and two extreme angles (α = 0◦

and 40◦), in which no vortices formed and the torus became open. In nearly all cases,
the asymmetry of the torus about the road-normal direction was evident. The orientation
of the dominant (i.e., more bulged) side of the torus corresponded to the lower pressure
formed on the base, as shown in Figure 9. Only the case where α = 25◦ produced a nearly
symmetric torus, again aligning with the base-pressure footprint. This shows that the base
pressure correlated with the size and orientation of the torus formed past the base. Moving
on to the streamwise-oriented vortices, there was a clear connection between the size of the
vortices and the pressure footprint on each slant. As the vortices became larger, so did the
low-pressure footprint. The drop in pressure was likely due to an increase in the strength
of larger vortices, as Bulathsinghala et al. [6] previously demonstrated that the drag caused
by the base slants is linearly proportional to the circulation of the slant vortices.
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(a) α = 0◦ (b) α = 5◦ (c) α = 10◦

(d) α = 15◦ (e) α = 20◦ (f) α = 25◦

(g) α = 30◦ (h) α = 35◦ (i) α = 40◦

Figure 9. Time-averaged base pressure coefficient Cp with respect to the upper slant angle α. The
solid black line highlights the contour line of Cp = −0.09.

To identify clear trends, we analyzed the torus and streamwise vortices in more detail.
Starting with the torus, we used the streamline topology along the centerline (y = 0) to
determine the location of the vortex centers via the foci [38,39] (Figure 11). At low angles
of α, the upper vortex core was located much further downstream than the lower vortex
core. As α increased, the upper vortex core moved closer to the base, decreasing the angle
from the vertical and steadily moving closer to the lower vortex core until α = 20◦. At
downsweep angles greater than 20◦, the vortex cores became nearly vertical. Instead, as the
downsweep angles increased, the vortex cores were displaced, such that the center point
between them was no longer centrally located on the base. Thus, the minimum in base
drag corresponded to the vortex cores being nearly vertical and centrally aligned with the
base, aligning with the concept of a symmetric wake for a bluff body torus [40].
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(a) α = 0◦ (b) α = 5◦ (c) α = 10◦

(d) α = 15◦ (e) α = 20◦ (f) α = 25◦

(g) α = 30◦ (h) α = 35◦ (i) α = 40◦

Figure 10. Time-averaged iso-surface of the Ω-criterion (Ω = 0.65), colored by the time-averaged
streamwise velocity u/U∞.

Figure 11. Time-averaged vortex core locations along the centerline (y = 0) with respect to the
downsweep angle α.

Next, we considered the slant vortices captured via the streamwise component of the
time-averaged vorticity ωx (Figure 12). At lower slant angles, there was a clear development
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of streamwise-oriented vortices, as seen in the pressure footprints shown in Figure 9. As
the slant angle increased, the vortices became larger, corresponding to the larger size of
the lower-pressure footprint in Figure 9 and the increased slant drag shown in Figure 8b.
However, the low-pressure footprint and subsequent slant drag decreased with increasing α

or β values from α = 25◦. Despite the vortices appearing at their largest size, as evidenced
in Figure 10, they detached from the slant surface. This led to a reduction in the low-
pressure footprint and the slant drag observed previously. Above α = 25◦ or β = 20.4◦,
the vortices were still present, but the size and concentration of the vorticity were greatly
reduced compared to lower slant angles, even though this regime is typically described as
fully separated [3,4]. Therefore, slant drag can be reduced by separating the vortices from
the surface and/or reducing vortex strength.

(a) α = 0◦ (b) α = 5◦ (c) α = 10◦

(d) α = 15◦ (e) α = 20◦ (f) α = 25◦

(g) α = 30◦ (h) α = 35◦ (i) α = 40◦

Figure 12. Streamwise normal slices of y < 0, colored by the contours of the time-averaged
streamwise-oriented vorticity ωx L/U∞.
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4. Conclusions
In this work, we used IDDES to simulate the flow around a double-slanted Ahmed

body. We found that varying the slant angle while maintaining a constant base height
resulted in a variation of 35 counts in vehicle drag. Although the drag produced by the
slants was the predominant component, there was slightly greater variation in base drag
than in slant drag. Drag on both the vertical base and slants was related to differing
structures within the wake.

The vertical base was more directly affected by the structure of the wake torus. As the
two slant angles became more equal, a higher stagnation pressure formed over a larger
area of the base. The minimum base drag occurred when α = 20◦ (β = 25.4◦). However,
this was not the most symmetric wake, as is typically described for similar bluff body flows.
Rather, this was the angle when the wake was nearly vertical (determined via the centerline
foci) and nearly symmetric about the body in the road-normal direction.

The slant drag, on the other hand, was predominantly affected by the formation of a
pair of streamwise vortices. While the vortices were always present, aside from the extreme
angles that only produced a single slant, their state relative to the forming slant changed.
At high angles, they separated from the corresponding slant, leading to a decrease in the
pressure loss across the base. Although the pressure on the slant increased, greater slant
angles resulted in an increased contribution of pressure to drag via the surface normal
vector. At low angles, the vortices remained attached and increased in size and strength
until separation as the slant angle increased. As long as the vortices were attached, there
was a substantial increase in the low-pressure footprint on the slants. Thus, the two minima
in slant drag (α = 10◦ and 35◦) occurred when one side produced separated vortices, while
the other side had extremely weak vortices. To minimize drag, the base torus should
be centrally aligned with the body, while the vortices should be reduced, eliminated, or
separated from the slant surface.

Given the complexity of this flow, future work should focus on the relationship
between the developing structures and the slant angle, as well as their correlation with
pressure loss. In particular, the relationship between vortex strength and displacement from
the vehicle surface with pressure loss is a complex and interesting problem. Additional
work could be conducted through flow control to determine methods for either weakening
and/or displacing the vortices from the body, as well as manipulating the orientation of
the base torus.
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