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[bookmark: _Toc31603023]Introduction 
[bookmark: _Toc31603024]Aims 
the aim of this report is to develop, analyse and refine a 3D simulation of the external aerodynamics of the basic vehicle geometry known as the AHMED body. This will consist of several investigative studies followed by analysis and discussion of the results.
[bookmark: _Toc31603025]Background research and theory 
computational fluid dynamics is an aerodynamic simulation and analysis tool primarily used to verify wind tunnel data in order to optimise vehicle geometries in terms of then lift and drag coefficients.

[image: ][image: ][image: ]CFD is governed by a set of equations based upon fundamental laws of conservation within physics. For example, the conservation of mass, energy and momentum. These governing equations are known as the Navier Stokes equations. 
The AHMED body[image: ] is a simplified car model that was first created by S.R. Ahmed in 1984 and was published in his research “some salient features of the time averaged ground vehicle wake”. The AHMED body is a type of bluff body that has become the industry standard for testing wind tunnels and other aerodynamic simulation tools. The AHMED body consist of a rounded front end, an adjustable slanted rear end with a cuboid middle section. The Amed body sits upon for cylinder -shaped legs that raise the body off the ground to allow airflow underneath. The real aslant of the Amed body can be adjusted in order to optimise the lift and drag coefficients.
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Experimental data was provided from a previous study aid in comparing and validating the results obtained throughout the studies. 


	Slant Angle (φ)
	Lift Coefficient
	Drag Coefficient

	25
	0.345
	0.299

	35
	0.004
	0.279


[bookmark: _Toc31603026]Methodology 
[bookmark: _Toc31603027]Base Case

An initial base case is created as a starting point on which all future studies and runs are evaluated against. The base case will consist of a basic domain and mesh which can be adapted and refined throughout the domain and mesh studies.
The domain size the base case was determined the result of the suggestions within Marco Lanfrit’s 2005 report, “best practice guidelines for handling automotive external aerodynamics with fluent”.
Three body lengths in front of the body and five body lengths behind the body. The domain should also be three body heights above the body and three body whips beside the body. This gives a good starting domain size that can be refined throughout the domain study. 
A robust Octree mesh was chosen for the base case as it is the least computationally demanding of the possible meshing options.
Five prism layers we used for the base case. This is to allow for positive and negative adjustments and refinements within the mesh study. 

[bookmark: _Toc31603028]Domain Size 
Length: 9m in total with 4m from rear of the body forwards and 5m from the rear of the body backwards. 
Height: 1.2m 
Width: 0.6m 
[bookmark: _Toc31603029]Mesh Settings
Global Mesh Size
Global Element scale factor: 1 
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Robust (octree) 
Prism Layers 
AHMED Body: 5 
AHMED Legs: 5
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.30742973
Drag: 0.3232777
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[bookmark: _Toc31603031]Domain Study
[bookmark: _Toc31603032]Run 1
Domain Size 
Length: 9m in total with 4m from rear of the body forwards and 5m from the rear of the body backwards. 
Height: 1.2m 
Width: 1m
Results 
Lift: 0.30500
Drag: 0.30214
[bookmark: _Toc31603033]Run 2
Domain Size 
Length: 11.25m in total with 5m from rear of the body forwards and 6.25m from the rear of the body backwards. 
Height: 1.5m 
Width: 1m
Results 
Lift: 0.31241
Drag: 0.30115
[bookmark: _Toc31603034]Run 3
Domain Size 
Length: 14.0625m in total with 6.25m from rear of the body forwards and 7.8125m from the rear of the body backwards. 
Height: 1.875m 
Width: 1.25m
Results 
Lift: 0.3410249
Drag: 0.29091559
[bookmark: _Toc31603035]Run 4
Domain Size 
Length: 11.5m in total with 4m from rear of the body forwards and 7.5m from the rear of the body backwards. 
Height: 1.5m 
Width: 1.25m
Results 
Lift: 0.29449
Drag: 0.29525

[bookmark: _Toc31603036]Run 5
Domain Size 
Length: 11.8125m in total with 4m from rear of the body forwards and 7.8125m from the rear of the body backwards. 
Height: 2m 
Width: 1.5m
Results 
Lift: 0.30566
Drag: 0.28585
[bookmark: _Toc31603037]Run 6
Domain Size 
Length: 13m in total with 5m from rear of the body forwards and 8m from the rear of the body backwards. 
Height: 2m 
Width: 2m
Results 
Lift: 0.28573
Drag: 0.27835

[bookmark: _Toc31603038]Mesh Study
[bookmark: _Toc31603039]Run 1
Based off Run 3 from Domain Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 0.75 
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Robust (octree) 
Prism Layers 
AHMED Body: 5 
AHMED Legs: 5
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.68613
Drag: 0.26438

[bookmark: _Toc31603040]Run 2
Based off Run 3 from Domain Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 1.25 
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Robust (octree) 
Prism Layers 
AHMED Body: 5 
AHMED Legs: 5
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.31750124
Drag: 0.29958037

[bookmark: _Toc31603041]Run 3
Based off Run 3 from Domain Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 0.5
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Robust (octree) 
Prism Layers 
AHMED Body: 5 
AHMED Legs: 5
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.0081454257
Drag: 2.5268234

[bookmark: _Toc31603042]Run 4
Based off Run 3 from Domain Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 1
Global Element Seed Size: 0.1
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Robust (octree) 
Prism Layers 
AHMED Body: 5 
AHMED Legs: 5
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.35999
Drag: 0.28748

[bookmark: _Toc31603043]Run 5
Based off Run 3 from Domain Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 1
Global Element Seed Size: 0.3
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Robust (octree) 
Prism Layers 
AHMED Body: 5 
AHMED Legs: 5
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.34138262
Drag: 0.29327606



[bookmark: _Toc31603044]Run 6
Based off Run 3 from Domain Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 1
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Robust (octree) 
Prism Layers 
AHMED Body: 5 
AHMED Legs: 5
Max Element Size 
AHMED Body: 0.005
AHMED Legs: 0.0005
Density Box 
Wake Box: 0.025
Results
Lift: 0.16770877
Drag: 0.25732449

[bookmark: _Toc31603045]Run 7
Based off Run 3 from Domain Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 1 
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Quick (Delaunay)
Prism Layers 
AHMED Body: 5 
AHMED Legs: 5
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.342142674
Drag: 0.29338036

[bookmark: _Toc31603046]Prism Layers
[bookmark: _Toc31603047]Run 1 
Based off Run 7 from Mesh Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 1 
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Quick (Delaunay)
Prism Layers 
AHMED Body: 7 
AHMED Legs: 7
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.21010522
Drag: 0.2803843

[bookmark: _Toc31603048]Run 2
Based off Run 7 from Mesh Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 1 
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Quick (Delaunay)
Prism Layers 
AHMED Body: 3
AHMED Legs: 3
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.29643408
Drag: 0.29540846

[bookmark: _Toc31603049]Run 3
Based off Run 7 from Mesh Study as this provided the most desirable lift and drag results. 
Mesh Settings
Global Mesh Size
Global Element scale factor: 1 
Global Element Seed Size: 0.2
Shell Meshing Parameters
Mesh type: All tri 
Mesh Method: Patch Independent 
Shell Meshing Parameter
Section: Patch Independent 
Volume Meshing Parameters
Mesh Type: Tetra/Mixed
Tetra/Mixed Meshing
Mesh Method: Quick (Delaunay)
Prism Layers 
AHMED Body: 0
AHMED Legs: 0
Max Element Size 
AHMED Body: 0.01
AHMED Legs: 0.005
Density Box 
Wake Box: 0.025
Results
Lift: 0.40692003
Drag: 0.29507707

[bookmark: _Toc31603050]Density Boxes
[bookmark: _Toc31603051] Run 1
Based off Run 7 from Mesh Study as this provided the most desirable lift and drag results. 
Density Wake Box 
Scale Geometry 
X Factor: 1.5
Y Factor: 1.2
Z Factor: 1.2
Translation 
X Offset: 0.5
Results
Lift: 0.29717443
Drag: 0.2911052














[bookmark: _Toc31603052]Run 2
Based off Run 7 from Mesh Study as this provided the most desirable lift and drag results. 
[image: ]Density Slope Box 

Results
Lift: 0.22077404
Drag: 0.27704536

[bookmark: _Toc31603053]Conclusion (further work)
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Momentum Equation
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Energy Equation

1: Local energy change with time
II: Convective term
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2.3. General Form of Navier-Stokes Equation

To simplify the Navier-Stokes equations, we can rewrite them as the general form.
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