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Abstract

The report details the development of a CFD model and solution for an Ahmed body with a rear slant
angle of 25° with a flow rate of 40 m/s utilising ANSYS Workbench R16.2 Academic and fluent solver
software. Refinement of the domain and mesh are discussed, and result considered against experimental
data and literature review results.
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1.0 Introduction

The study investigates the development and validation of a computational Fluid Dynamic (CFD) model
solution of the fluid flow characteristics over a simplified vehicle body and the resultant flow disruption
in the near wake area. The simplified vehicle body specified for the study is the Ahmed bluff body (figure
1), which is a simplified geometric model of a passenger vehicle, having representative aerodynamic
properties, and is frequently used as a computational benchmark.

The simulation utilises an Ahmed body with a rear slant angle of ¢ = 25°, where the incoming fluid flow
velocity is taken as 40 m/s with the flow straight onto the body. The software package used for the
simulation is ANSYS Workbench R16.2 Academic, with the Design Modeller, ICEM CFD mesh generator,
Fluent solver and Results postprocessor utilised. The experimental data is supplied by UWTSD as part of
the assignment specification, detailed in table 1.
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Figure 1. General arrangement of Ahmed body (UWTSD, 2019)

Experimental Data for Ahmed Geometry

Slant Angle (@) Lift Coefficient Drag Coefficient
25 0.345 0.299

Table 1. Experimental data (UWTSD, 2019)

A meshing strategy is implemented to refine successive meshes to establish an optimised solution which
can be processed by the computer resource utilised in the study. The optimised solution is analysed in
the post processor software where the pressure contours and velocity streamlines over the body rear
slant and near wake area are considered.



2.0 Background
Computational fluid Dynamics (CFD) can be generally divided in to three separate processes, typically
referred to as; Pre-Processing, Solving and Post-Processing.

2.1 Pre-Processing

Consists of domain and mesh type specification and generation. The design modeller and ICEM CFD mesh
generator from within the ANSYS workbench complete the pre-processing function. The quality of the
mesh being of critical importance if inaccurate results are to be avoided (Andersson, et al., 2012).
Simplifying assumptions can be made to reduce the domain and mesh size, where the model is
symmetrical only, one half would need to be considered, in turn reducing the computational capacity
required.

2.2 Solving

Boundary conditions, fluid properties and turbulence model are specified at the solver stage. Fluent is
utilised from ANSYS workbench to complete the solving process. The solving process utilises the finite
volume method, where the Navier-Stokes general conservation equations for mass, momentum and
energy are solved for each individual element (ANSYS, 2015). Where turbulent flows are solved the
Navier-Stokes equations are not applied directly, but a turbulence model is utilised (Andersson, et al.,
2012) The k-epsilon realisable model utilised extensively for turbulent flow problems. The overall solving
process is determined by the convergence monitoring conditions, which specify the point where the
solution is considered converged.

2.3 Post-Processing

The post-processing stage allows the solution to be analysed and quality of the result determined. The
Results post processor being utilised. Pressure contours, streamlines and various other visual tools can
be applied to the domain model to assess the solution results.



3.0 Methodology

3.1 Fluid Domain Geometry

The Ahmed body geometry is imported into the design modeler as a Parasolid model in the x_t. file format,
the format allows manipulation of precision surface features found in computer generated simulation
geometry.

The fluid domain is constructed within the design modeler by creating an extruded box around half of the
Ahmed geometry running along the X-Y centre line plane, the box plan being defined as a sketch on the
X-Y plane. As the flow downstream of the Ahmed body is expected to be turbulent in nature the sketch
dimensions in the Y plane are constrained to the Y origin allowing independent reassignment of the

dimensions upstream and downstream.

o

Figure 2. Ahmed body geometry imported into Design Modeler with domain box plan on X-Y plane.
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Figure 3. Final domain form with subtracted Ahmed body profile highlighted green.



The simulation conditions allowed a number of simplifying assumptions to be made with regards to the
domain geometry which reflect the conditions under which the experimental validation data was
recorded.

3.2 Meshing Quality

The quality of the generated mesh has a direct effect on the solver output, resulting in calculation
convergence problems and poor interpretation of the physical problem. To ensure that the mesh
generated is of an acceptable quality before uploading to the solver it is assed for Skewness and
Orthogonal Quality. Where the generated mesh is found outside of acceptable limits it is subject to
refinement in the identified problem areas and re-assessed before uploading to the solver. Acceptable
limits for maximum Skewness being < 0.95, and minimum Orthogonal Quality > 0.1.

3.3 Meshing Strategy

To ensure the optimum use of computing resources the meshing strategy will focus on refinement of the
mesh in areas where high turbulence and pressure changes are expected, these are considered the near
wake area to the rear slant and back face of the Ahmed body, the underbody space between the Ahmed
body and the floor, and the immediate front face of the Ahmed body. Refinement of the mesh is managed
through the introduction of density boxes with defined mesh size in identified areas.

The flow rate of 40 m/s over the Ahmed body equates to a turbulent Reynolds number of 2.8x109,
therefore the boundary layer thickness and corresponding mesh resolution in the boundary layer is
considered of critical importance in establishing realistic simulation environments. The meshing strategy
uses tetrahedral elements to fill the domain and considers the introduction of prism layers into the
boundary layer as a refinement method.

3.4 Boundary Conditions

As the Ahmed body is simulated in a straight-ahead direction with no cross forces it is assumed that the
flow around the Ahmed body is symmetrical about the X-Y plane, this allows one half of the Ahmed body
and subsequent domain to be omitted from the simulation. By optimising the model in this way allows a
significant amount of computational time and resources to be saved due to the reduction in the number
of elements present within the domain. Lanfrit (2005) states that the modelling approach will be
determined by the computer resources available. This is considered an important point in the study due
to the simulations being undertaken on a desktop computer with the following specification: Processor —
Intel® Core™ i7-7700 CPU 3.6 Ghz (4 available cores) RAM: 32.0 GB. The X-Y plane is assigned as a
symmetry boundary condition.

The Ahmed body and floor are both considered as fixed solids within the domain and are assigned wall
boundary conditions respectively. The domain side and top faces are assigned symmetry boundary
conditions. As the study considers the simulation parameters the dimensions for the described faces with
exception of the Ahmed body are reassigned as part of the study and are not specified in accordance with
experimental wind tunnel parameters.



The inlet face boundary of the domain is assigned as a velocity inlet, with a velocity of 40 m/s in the X
plane. The outlet face boundary of the domain is assigned as a pressure outlet, with a gauge pressure of
0 pa. A pressure outlet being defined over a velocity outlet for the domain outlet as better rates of
convergence are achieved (Andersson, et al., 2012).

3.5 Turbulence Model

The turbulence model utilised for the initial solution and subsequent solutions during the domain and
mesh refinement is Realisable k-epsilon model with Standard Wall Functions, being recommended for
applications where separation and vortex shedding is present in the study of bluff bodies (ANSYS, 2015)

Further turbulence models are applied to the final refined mesh for evaluation, these being; RNG k-
epsilon, Standard and SST k-Omega.

3.6 Solver Settings

The default solver settings are applied for simulations runs, being pressure based as the simulation is sub-
sonic. An exception being the pressure-velocity coupling scheme being set to Coupled as this is preferred
over Simple where convergency problems are encountered (ANSYS, 2015). The use of the coupled
pressure-velocity coupling also being considered appropriate due to the computer resource available.
Due to the time taken to complete each solution the maximum number of iterations considered is 400, as
solutions for high domain element counts take in the region of an hour to complete.



4.0 Results

The affect of simulation parameters is investigated by running simulations with varying parameters and
comparing results to experimental data. The first simulation run consists of a relatively coarse mesh and
domain dimensions based on the assumption that the downstream flow is disrupted and turbulent due
to the Ahmed body, the intention of the initial solution being to establish flow structure so that further
refinement is applied in the correct areas of the domain in accordance with meshing strategy discussed.

4.1 Initial Mesh and Solution Run 1
An initial run is configured with minimum refinement of the domain and mesh to establish the mesh
strategy.

The initial solution domain having overall dimensions of

e length—7m
e Height—-2m
e Depth—2m

The initial maximum domain mesh being specified as —0.2m
Initial number of elements within domain - 114553

A density box is applied about the Ahmed body (from the centroid) with dimensions increased by the
following factors X - 2, Y - 1.5, Z— 1.5. The density box being offset in the X plane by 0.8m to include the
near wake area of the Ahmed body. The maximum mesh size applied to the density box being —0.05m
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Figure 4. Initial (Run 1) domain mesh applied within the ICEM CFD meshing tool.



The initial solution converged after 87 iterations, with lift and coefficients of 0.338 and 0.419 recorded

respectively.

UV
Iterations

continuity x-velocity y-velocity z-velocity Kk epsilon c1-1 cd-1

1.3862e-03 3.7848e-06 1.7327e-06 2.1345e-06 6.867%e-04 1.2142e—04 3.3587e-01 4.1776e-01 0:00:
79 1.4215e-83 3.5701e-06 1.5836e-06 2.08280e-86 6._6358e-04 1.1786e-04 3.3328e-61 4_208%e-01 0:00:41 121
80 1.3716e-03 3.5643e-06 1.6613e-06 2.1302e-86 7_4501e-04 1.2058e-04 3.3525e-01 4.1731e-01 0:00:32 120
81 1.2137e-83 3.2380e-06 1.5063e-06 1.0956e-06 5.3768e-04 1.0712e-04 3.3576e-01 X4.1908e-01 0:00:26 119
82 1.1790e-83 3.2465e-06 1.51088e-06 1.7935e-06 4.733%2-04 9.35086e-05 3.3505e-01 X4.1924e-01 0:00:4% 118
83 1.1135e-83 2.9488e-06 1.3512e-06 1.5994e-06 4.20092-04 7.3161e-05 3.3546e-61 X4.1951e-01 0:00:35 117
84 1.8952e-83 2.8555e-06 1.2762e-06 1.4430e-06 4.6217e-04 7.4248e-05 3.3399e-61 4.2116e-01 0:00:28 116
85 1.2425e-83 3.1292e-06 1.3147e-06 1.8979e-06 8.19792-04 B8.1222e-05 3.3666e-61 X4.1685e-01 0:00:22 115
86 1.8323e-063 2.8552e-06 1.3200e-06 1.6886e-06 X4.2313e-04 8.4558e-05 3.3805e-01 X4.1931e-01 0:00:48 114

* 87 solution is converged
87 9.2516e-84 2.6721e-06 1.1625e-06 1.3847e-06 3.4977e-84 7.3700e-05 3.3767e-61 AH.1944e-01 0:00:32 113

Figure 5. Initial (Run 1) solution convergence history

The coefficients for lift and drag on convergence for the initial solution were considerably outside of the
figures stated from the experimental data (lift — 0.345, drag — 0.299), this being expected with a low-
resolution domain mesh. However, a valuable graphical interpretation of the flow structure around the
Ahmed body and in the near wake region can be utilised from the Fluent results graphics postprocessor
for Pressure, Velocity Magnitude and Turbulent Kinetic Energy Distributions. Which will aid in determining
the refinement meshing strategy for the following solution calculation runs.

The initial solution contour graphics for contours of velocity magnitude (figure 6) and contours of
turbulent kinetic energy (Figure 7) describe the areas where the greatest disturbances are present as
expected in the near wake region and underbody floor region of the Ahmed body, despite the fact that
the domain mesh is of a low resolution. These areas therefore will be the focus of subsequent runs in the
development of the domain mesh in establishing a simulation model which reflects the experimental data.



3: Contours of Velocity Magn ~

Figure 6. Initial (Run 1) Solution — Contours of Velocity Magnitude

3: Contours of Turbulent Kine ~

Figure 7. Initial (Run 1) Solution — Contours of Turbulent Kinetic Energy

4.2 Progressive Refinement of Domain and Mesh

For the following refinement simulation runs utilising the realisable k-epsilon turbulence model the
domain size was set in accordance with the recommendation suggested by Lanfrit (2005), where the
dimensions of the domain forward of the Ahmed body are set at 3 body lengths, and to the rear 5 body
lengths. The displacement of the Ahmed body in the X face direction where the length and breadth of
the domain was retained at 2m in each direction respectively was found to be 1.44%, within the range
suggested by Lanfrit (2015) at 1-1.5%.

By retaining the domain dimensions as described, the study focuses on the effect of mesh strategy on the
simulation results and those of coefficients of lift and drag. The mesh parameters subject to variation
being density in areas of disturbance, and the introduction of prism layers. The summary of the
progressive refinement simulation runs is described in table 2. The following paragraphs discuss the
observations noted and refinements made.



Ansys - Ahmed 25 @ 40m/s
Run Lift Drag Converged Prism layers
1 | 0.338 | 0.419 87 0
2 | 0.245 | 0.413 87 0
3 0.412 | 0.361 104 0
4 | 0.342 | 0.356 110 0
5 | 0.325 | 0.284 131 0
6 | 0.363 | 0.303 127 3
7 | 0362 | 031 164 3
8 | 0.367 | 0.31 171 3
9 N/A N/A NC@400 5
10 | 0.354 | 0.292 233 7
11 | 0.357 | 0.287 239 7
12 | 0.341 | 0.287 255 7

Table 2. Results of simulation with progressive refinement

4.3 Simulation Run 2 and 3

Run 2 consisted of the same mesh sizes as run 1 however within the domain dimension suggested by
Lanfrit, run 3 refines run 2 by the improvement of the resolution of the density box mesh to 0.03m. The
mesh quality for both runs remaining within acceptable limits. An improvement in the structure of the
turbulent flow was noted in the near wake area at the rear of the Ahmed body which is shown in figure
8, detailing contours of velocity magnitude during run 3, further supporting the increase of mesh
resolution within the density box covering the near wake area, when compared to figure 6 for run 1.

3 Contours of Velaaty Magn

Figure 8. Run 3 Solution - Contours of Velocity Magnitude

4.4 Simulation Run 4

Mesh resolution for the domain and Ahmed body density box remain as run 3, however the dimensions
of the density box are specified in line with recommendation made by Lanfrit (2015), where dimensions
are in terms of the body, 0.5 body forward, 0.5 body top, 0.5 body side, 1 body forward. Figures 9 and 10
describe the extent of the density box applied to the Ahmed body.


mailto:NC@400

Figure 9. Density box viewed from the front face of the Ahmed body.

Figure 10. Density box viewed from the X-Y face of the Ahmed body.

The mesh quality remains consistent with earlier runs within acceptable limits. The increase in size of the
density box allows the flow disruption to be observed as in previous runs but with no further improvement
of detail about the Ahmed body surfaces, as the flow is turbulent further refinement is required in the
boundary layer area of the near wall surfaces.

4.5 Simulation Run 5

The surface mesh element size is increased in line with recommendations made by Lanfrit (2015). Due to
the computer resource available a medium mesh resolution is considered with an element count for the
domain size in up to 5 million elements, this correlates to a y* value in the range of 150.
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Figure 11. Estimation of body surface mesh length (Adapted from Best practice guidelines for handling
Automotive External Aerodynamics with fluent. Lanfrit, 2015).

\ coarse (y-plus 300)
medium (y-plus 150)

Reference length [mm]

The estimated surface mesh length obtained from Lanfrit’s graph is approximately 0.005m for a medium
mesh with a fluid velocity of 40 m/s.
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The maximum surface mesh size of 0.005m is applied to the Ahmed body, the domain and density box
remain as run 4. The element count within the domain increases to 1196390, mesh quality was found to
be within acceptable limits.

4.6 Simulation Run 6, 7 & 8 - 3 Prism layers

As the flow over the Ahmed body is turbulent, the viscous sublayer in the near wall area is of significant
importance in establishing realistic models that reflect experimental conditions. The area of the viscous
sublayer is covered by prism layers from the body wall, through the viscous sublayer into the tetrahedral
elements of the domain mesh.

The size of the first prism layer is important to ensure that the desired Y* value is near to the desired (Y*
=150)
From the equation that defines y* the approximate height of the first prism layer can be calculated
+ _ pUTy *
=— - y=
u Urp

<
=

Taking the velocity and Reynolds number specified for the simulation, standard sea level conditions for
density and dynamic viscosity of air. The value of the first prism layer is approximately 0.0014m.

Run 6 was completed with no height control over the prism layers, however the cell quality was noted to
deteriorate in the way of the support legs of the Ahmed body. Hight control was introduced to the prism
layers for Run 7, however there was no improvement noted in the cell quality in the area of the support
legs. Figure 12 details the mesh quality report for Run 7.
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Figure 12. Detail of Run 7 cell quality report, with poor cells highlighted in support area.
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The domain mesh was modified for Run 8 to include a second density box with a size factor of 1.2 of that
of the Ahmed body, the maximum mesh size within the second density box was specified as 0.01m. The
original density box maximum mesh size was reduced to 0.02m, the maximum mesh size to the Ahmed
body faces remained at 0.005m. Figure 13 details the arrangement of density boxes for run 8.

Figure 13. Run 8, second density box (brown) added in addition to first density box (Orange).

Considerable improvement in cell quality was found in the way of the support legs by increasing the
resolution of the cells in the area between the lower of the Ahmed body and floor when compared to run
7. However, the total cell count within the domain had increased to 1783626.
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Figure 14. Detail of Run 8 cell quality report.
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The solution for run 8 converged after 171 iterations, with coefficients of lift and drag reported as 0.367
and 0.310 respectively.
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w1
lterations

iter continuity =x-velocity y-velocity z-velocity k epsilon c1-1 Cd-—1 time/iter
166 1. 3. - - 8.8108e-84 3.30952e-04 3.6693e-01 3.88091e-01 0:81:53 34

z
1

4819e-06 1.5467e-86 8.5478e-04 3.2788e-04 3.6688e-01 3.0906e-01 0:01:5% 33
1
1
1

167 1.1438e-03 3.8250e-86
168 1.1862e-83 3.6613e-86
169 1.0701e-083 3.4991e-86
178 1.0336e-83 3.3366e-86
* 171 solution is converged
171 9.9786e-84% 3.1826e-B6 1.2668e-86 1.3676e-86 7.5332e-04 2.8348e-04 3.6666e-01 3.8953e-81 B:81:42 29

4255e-86 -4962e-86 8.2841e-B4% 3.1533e-84 3.6682e-01 3.69208e-81 B:81:48 32
.4508e-06 §.0228e-04 3.0335e-04 3.6677e-01 3.0932e-01 0:01:48 k2
-4084e-86 7.7703e-84 2.0340e-84 3.6672e-01 3.6943e-81 B:81:42 38

3695e-06
3173e-86

Ao

Figure 15. Run 8 Solution convergence history.

The increase in cell count within the domain and specification of maximum cell size to the Ahmed body
and density boxes has resulted in significant improvement in the resolution of the contours of velocity
magnitude plots. Areas of high velocity are clearly visible from the change in section on the front of the
Ahmed body to the top and bottom and the rear where transferring to the slant. The near wake
turbulence structure has clear definition at the rear of the body.

Figure 16. Run 8 Solution - Contours of Velocity Magnitude — Ahmed body forward

3 Cantous of Velocty Magn

Figure 17. Run 8 Solution - Contours of Velocity Magnitude — Ahmed body rear

13



4.7 Simulation Run 9 - 5 Prism layers

The domain mesh of run 8 was refined for run 9 to include 5 prism layers, however it was found that the
solution had not converged after 400 iterations. No further amendments were made to the prism layer
height or mesh density. Further investigation of the effects on coefficients was abandoned in favour of
progressing with investigation of 7 prism layers.

4.8 Simulation Run 10, 11 & 12 - 7 Prism layers

The domain mesh of run 8 was refined for run 10 to include 7 prism layers, the solution was found to
converge and have coefficients that were generally in agreement with Run 8. However the mesh quality
again was noted to be poor in the support leg area.

For run 11 a further density box, box 3 was added in the Ahmed body to floor area with a maximum mesh
size of 0.005m applied which aligns with the maximum mesh size of the Ahmed body surfaces at 0.005m.

Density box 2 was increased by a factor of 1.5 in the x direction due to increased resolution of the near
wake turbulence noted during run 8.

Figure 18. Density box 3 added as part of run 11, in the Ahmed body to floor area.

The total cell count in the domain increasing to 3977132. Run 11 convergence and reported coefficients
were found to be in good agreement with run 10. However, the total cell count in the domain for run 10
was 2579909, which would suggest that the solution is becoming mesh independent. Figures 19 and 20
depict the solution convergence history for runs 10 and 11 respectively. Comparison of the respective
convergence history tends to support mesh independence.
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Figure 19. Run 10 Solution convergence history.
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Figure 20. Run 11 Solution convergence history.

Review of the contours of static pressure and velocity magnitude for run 11 indicated that a pressure
gradient and possible flow separation is present on the Ahmed body rear slope, therefore run 12
incorporates an additional density box in the way of the rear slope with a maximum mesh size of 0.005m.
The total cell count in the domain for run 12 increasing to 4793496. Comparison of run 12 convergence
history with that of run 10 and 11 show good agreement. The total cell count aligns with the medium
resolution mesh (¥* 150) discussed by Lanfrit, which the dimensions of the simulation domain are based.

Figure 21. Density box 4 added as part of run 12, in the Ahmed body rear slant area.
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Run 12 was found to converge after 255 iterations with recorded coefficients of lift and drag at 0.341 and
0.287 respectively. An improvement in the lift coefficient was noted over run 11 with the addition of the
rear slant density box. Review of the contours of static pressure confirm that a pressure gradient is

present on the slant surface.

Iterations

iter continuity s-velocity y-velocity =z-velocity k epsilon c1-1 C
254 9.2398e-84 3.5778e-86 1.6333e-086 1.3073e-86 1.0007e-083 5.6306e-84 3.4137e-01 2._8708e-81 6:07:
* 255 solution is converged
| 255 8.9564e-04 3.4730e-06 1.5831e-06 1.26089e-06 9.8781e-04 5.5434e-04 3.4144e-01 2.8731e-01 0:097:47 45

Figure 22. Run 12 Solution convergence history.
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Figure 23. Run 12 Solution - Contours of Static Pressure — Ahmed body rear

4.9 Simulation Run 12 - Evaluation of Turbulence models
The solution of run 12 are considered in good agreement with the experimental results for coefficients of
lift and drag, therefore run 12 is taken forward for further analysis using post processing techniques.

The solution of run 12 was also further modified to evaluate other turbulence models, RNG k-epsilon,
Standard and SST k-Omega. In all cases no convergence of the solution was reached within 400 iterations,
therefore further investigation was abandoned.
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4.10 Postprocessing — Simulation Run 12
The solution data from fluent is passed through to the postprocessor module, Results.

By applying a velocity streamline plane to the symmetry plane two recirculatory flow regions in the near
wake structure are visible, which show good agreement with the recirculatory flow described by Ahmed,
et al. (1984) in the same location, (wake schematic diagram figure 27). The separation bubble also
discussed is seen to develop in the region between the lower recirculatory region and floor.

- 3.672e+01

1.836e+01

0.000e+00
[m s?-1]

Figure 25. Simulation Run 12 — Postprocessing — Recirculatory flow regions and separation bubble

The streamline plane is moved in 0.1945m in the Z axis to align with the vertical edge of the Ahmed body,
the development of the vortex described by Ahmed in seen to form from the slant edge.
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Figure 26. Simulation Run 12 — Postprocessing — Formation of wake trailing vortex

Figure 27. Horseshoe vortex systém in wake (Ahmed, et al., 1984)

By applying a vortex core region overlay to the Ahmed body, the formation of the near wake recirculatory
regions and trailing vortex are clearly seen. The separation of the vortex structure from the slant face
showed similar characteristic to that presented in a study by Guilmineau (2018) where the computation
solution was derived from a domain mesh containing 23.1x10° cells, suggesting further that the solutions
obtained for run 12 are accurate for the medium resolution mesh and domain utilised in the study as
recommended by Lanfrit (2015).

18



Figure 29. Simulation Run 12 — Postprocessing — Vortex core region overlay, trailing vortex

Pressure distribution contours of the slant face (figure 30) identify lower pressure areas where flow
separation and the trailing vortex is noted to form and start to recirculate as shown in the streamline
plane, the lower pressure areas increasing drag respectively. The distribution was found to be similar to
those presented by Lienhart and Becker (2003) and also Keating, et al. (2008).
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Figure 30. Simulation Run 12 — Postprocessing — Pressure contour — Ahmed body rear slant
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5.0 Conclusion

The simulated results obtained for the Ahmed body utilising the ANSYS Workbench R16.2 Academic
software were in good agreement with the experimental result. Where the calculated solution
coefficients for lift and drag are 0.341 and 0.287 respectively, compared to experimental results of 0.345
and 0.299. The pressure contours and streamlines applied during postprocessing were comparable with
results obtain by literature review.

Computing resource should be considered at an early stage in the design of a fluid domain and mesh, as
the number of elements in a domain can quickly exceed what can be viably processed, the resolution and
location of fine mesh density boxes should be considered carefully and supplemented or replaced with
prism layers where possible. The use of prism layers in the viscous sub-layer provided considerable
refinement of the solution. Mesh quality was found to be affected where prism layers were introduced
around small features such as the body supporting legs, further refinement of the mesh is required in
these areas to address the quality.

The study has confirmed that refinement of the domain and mesh by the application of a sound strategy
is critical in obtaining reliable results, application without due consideration is likely to result in much

uncertainty.
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