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[bookmark: _Toc31611421]Introduction
[bookmark: _Hlk30871830]Computational Fluid Dynamics (CFD) is a powerful simulation tool that adopts mathematical and computational methods to analyse and solve problems involving fluid flow (Sharma & Kalamkar, 2015). It is used across numerous sectors to evaluate the external aerodynamics of stationary or moving bodies and investigate how the body interacts with the surrounding fluid flow through high turbulent flow regimes (Tudor, 2019). The purpose of this report is to apply these mathematical and computational methods to develop a suitable 3D simulation of the external aerodynamics for a simple vehicle geometry, namely, the Ahmed body, and conduct an aerodynamic investigation. The report will document and outline: literature review, base model set-up, modelling processes employed, results and conclusion.













[bookmark: _Toc31611422]Literature Review
[bookmark: _Toc31611423]Computational Fluid Dynamics (CFD)
[bookmark: _Toc31611424]What is CFD?
Computational Fluid Dynamics (CFD) is a branch of fluid mechanics which applies mathematics, physics and computational software to model, simulate and analyse fluid flow, heat transfer and chemical reactions within engineering systems (Versteeg & Malalasekera, 1995). It was developed in the 1960s, and has since become a contemporary process in engineering through continuous improvement of computer performance and innovative technology (Wei, 2017). The process has become popular, and is applied across a range of industries where it is used in the development stage to predict the performance of designs before they are manufactured or implemented (Hanson, 2017).
[bookmark: _Toc31611425]The CFD Process
The process of performing CFD simulations consists of three key stages: pre-processing, solving and post-processing.
Pre-processing: Involves setting up a domain where fluid flow is simulated and analysed around the structure. The domain must be simple in size and shape so no geometrical features (boundary conditions) effect the fluid flow and impact the accuracy of the simulation. Mesh is also generated and is the most time-consuming part of the simulation (Korff, 2018).
Solver: Involves applying the governing equations to determine performance of model such as lift and drag. The solver is set up by the user, who determines several features applicable to the model such as: turbulence models, fluid material, domain properties, boundary and initial conditions, numerical schemes and convergence criteria. Depending on the physical phenomena being studied, there are multiple solvers available varying in both efficiency and capability (Femto Engineering, 2017).
Post-processing: Final step of the CFD process and involves analysing, verifying and validating results obtained from the solver, ensuring the simulation model represents an accurate representation of fluid flow around the structure. Results can be presented as pictures, graphs and tables as well as documented (McBeath, 2015).
[bookmark: _Toc31611426]Governing Equations Solved by CFD
The governing equations applied in CFD are primarily produced from conventional numerical methods, namely, Finite Element Method (FEM), Finite Difference Method (FDM), Finite Volume Method (FVM) and Spectral Methods (Hosain & Fdhila, 2015). These methods solve non-linear Naiver Stokes equations which are the governing equations for describing conservation of mass, momentum and energy (Barnard, 2001).
Continuity Equation:
			Equation 1
(NASA, 2015)
X-Momentum:
[bookmark: _Toc31611487]		Equation 2
Y-Momentum:
[bookmark: _Toc31611488]		Equation 3
Z-Momentum:
[bookmark: _Toc31611489]	Equation 4
(The Chromium Authors, n.d.)
Conservation of Energy:
[bookmark: _Toc31611490]		Equation 5
(Bakker, 2006)
[bookmark: _Toc31611427]Applications of CFD
As mentioned, CFD is applied across a range of industries, to name a few: aerospace, architecture, nuclear, automotive, and marine engineering, and used for many everyday applications for both industrial and commercial purposes, such as: meteorology, engine combustion, gas turbine design, HVAC, etc (Crahmaliuc, 2019). By adopting CFD software, companies can analyse fluid flow problems faster, in more detail, and at an earlier stage in the design process for less money and lower risk (DRM Associates, 2016). 
[image: https://thumbnails-visually.netdna-ssl.com/most-popular-cfd-applications_52875a63da20d.jpg][bookmark: _Toc31611446]Figure 1: Applications of CFD (Nikunj, 2013)
















[bookmark: _Toc31611428]Methodology
[bookmark: _Toc31611429]Base Model Set-Up
A simple base model was constructed; containing a small domain geometry, coarse mesh and default solver settings. A simulation was conducted to analyse and understand the effect the domain size, mesh quality, turbulence models and other features had on representing acceptable fluid flow. 
[bookmark: _Toc31611430]Domain Geometry
The domain is a volume of space where fluid flow is simulated around the Ahmed body, analysing the external aerodynamics around the structure. The larger the domain, the more accurate predictions of flow coefficients, however, simulation time takes longer. Conversely, the smaller the domain, the less accurate predictions, however, simulation time is quicker (Patel & Ramani, 2015). 
[image: ]Initial domain geometry size of 3.132 m long (2.088m front & 1.044m back) x 1.044m high x 1.044m wide was implemented. Domain boundary conditions were created, namely; inlet, outlet, topside, floor, symmetry and top and bottom. These conditions will be useful later in the domain independent study, as they demonstrate the behaviour of the fluid flow around the vehicle, furthermore, they will not change when the domain gets altered. [bookmark: _Toc31611447]Figure 2: Base Model: Domain Geometry



[bookmark: _Toc31611431]Mesh Generation
The mesh (or grid) is a region in the domain geometry comprised of a number of small, non-overlapping cells (elements or control volumes) which solve the physics and determine properties of fluid flow such as velocity, pressure, temperature etc. The accuracy of the mesh is governed by number of cells; the more cells within the mesh, the more accurate the solution (Cakir, 2012). A coarse unstructured (octree) mesh with no prism layers was implemented to understand the balance between number of cells (accuracy) and computing time and how convergence and results change as mesh is refined in the mesh independence study. Below is the mesh-set up for the base model and results.
Mesh Setup:
Global Mesh Size  Scale Factor = 0.5  Max Element = 1.0
Shell Meshing Parameters  All Triangles  Patch Independent
Volume Meshing Parameters  Tetra/Mixed  Robust (Octree)
[image: ]Part Mesh Setup  Maximum Size  Ahmed Stilts = 0.01 & Ahmed Top = 0.02[bookmark: _Toc31611448]Figure 3: Base Model: Mesh Generation

[bookmark: _Toc31611478]Table 1: Base Model: Mesh Generation Details & Results
	Mesh Details
	Results

	Prism Layers Used? (Yes/No)
	No

	No of Elements
	348,706

	No of Nodes
	61,748

	Mesh Simulation Time (s)
	18.65 


[bookmark: _Toc31611432]Numerical Simulation (Solver)
As mentioned, the solver is where the performance of the model is determined and where the user has control over the simulation. For this base model, a polyhedral mesh was applied in order to lower the overall cell count of the octree mesh, this would result in an accurate and quicker simulation. In addition, standard turbulence models were applied to investigate the effect it had on performance of fluid flow travelling at 40 m/s-1 around the Ahmed body and by how much the simulated results would deviate from the actual lift and drag results of 0.345 and 0.299.
The results below demonstrate that by employing a small domain, applying a coarse mesh and operating the model with standard turbulence models can significantly affect the performance of the simulation, as concluded by the values of lift and drag and their errors. 
Fluent Setup 
Mesh  Polyhedral  Convert Domain 
Turbulence Models  K-Epsilon  Standard  Standard Wall Functions
Solution Controls  Flow Courant Number = 200  Momentum = 0.5  Pressure = 0.5  Turbulent Kinetic Energy = 0.8  Turbulent Dissipation Rate = 0.8
[image: ][bookmark: _Toc31611449]Figure 4: Fluent Graph Results


[bookmark: _Toc31611479]Table 2: Solver Details & Results
	Fluent Details
	Results

	Polyhedral Mesh Used? (Yes/No)
	Yes

	Estimated CL
	0.378

	Estimated CD
	0.340

	CL Error (%)
	9.57

	CD Error (%)
	13.71

	Converged At (Iterations)
	79 out of 200 

	Time Taken to Converge (s)
	14.570 (0.184/iteration)



[bookmark: _Toc31611433]Results (Post-Processing)
Pressure Contour 
[image: ]In figure five, the maximum pressure is  Pascals (Pa) represented by the dark red colour, showing the air becomes almost stagnant as it hits the nose of the model, thus, exerting very high pressure. However, as airflow travels over the curved nose it gets separated between the upper and lower surface, causing pressure to accelerate and drop, therefore, creating lift over the roof surface. As airflow travels to the rear, a slight build-up of low pressure occurs as a result of a decrease in velocity, thus, the resulting low pressure creates lift on the rear slant surface. As a coarse mesh has been implemented, the pressure contour does not represent full portrayal of the distribution along the upper and lower surface of the body, thus, the mesh must be refined further.[bookmark: _Toc31611450]Figure 5: Base Model: Pressure Contour

Velocity Contour
[image: ]In figure six, green represents velocity at 40 m/s-1, while blue and yellow represent regions of high and low velocity. As the air flow hits the nose of the body, low velocity is produced, this is expected due to a high pressure build up. However, as air flow separates between upper and lower surfaces, velocity increases, due to low regions of pressure but also because of the acceleration of air particles once they interact with the upper and lower curves of the model. As the air flow reaches the rear slant, velocity decreases resulting in a larger lift-induced drag.[bookmark: _Toc31611451]Figure 6: Base Model: Velocity Contour


Turbulence Kinetic Energy
In figure seven, the turbulence is located in the wake region, as expected, and demonstrates the behaviour of air flow as it leaves the rear slant surface, displaying eddies (swirls) caused by turbulent flow regime. Turbulence reaches its highest point just after the fluid leaves the rear slant, as shown by the yellow and red regions, meaning that drag is developed behind the model. As the air flow travels further from the rear, the turbulence gets lower, this is as a result of less amount of kinetic energy between air particles and how the air flow natural resets back to its original flow pattern. From the diagram, you can see that the turbulence is not fully defined as there should be regions of turbulence where the flow separates at the nose due to high kinetic energy as well as in the wake region. As a result the mesh should be finer in these areas.
[image: ][bookmark: _Toc31611452]Figure 7: Base Model: Turbulence Kinetic Energy Contour















[bookmark: _Toc31611434]Domain Independence Study
To investigate the effect of the computational domain on the fluid flow around the Ahmed body, six studies were conducted. The results obtained from adjusting the domain were as follows: study one, three (Strachan, et al., 2004), and four show that a small domain has greater effect on fluid flow performance around the structure, the reason being is because the boundary conditions are closer to the simulated air flow, thus, having greater effect on flow distribution around the structure. Conversely, study two, five and six show that a larger domain has less influence on flow, thus, determining a more accurate lift and drag. This describes the relationship that decreasing the computational domain, the lift and drag diverge from the actual result, thus, producing larger errors. Study five, which is a 10% increase from Strachan’s model, proved to be the optimum domain in achieving reasonable fluid flow simulation.
	No of Studies
	Domain Size
(L x H x W) (m)
	Simulated CL
	Simulated CD
	CL Error (%)
	CD Error (%)

	Study One
	2.088 x 1.044 x 0.522
	0.381
	0.427
	10.44
	42.81

	Study Two
	13.088 x 3.044 x 1.044
	0.316
	0.343
	8.41
	14.72

	Study Three
	8.352 x 2.044 x 1.044
	0.379
	0.315
	9.86
	5.35

	Study Four
	7.519 x 1.84 x 1.044
	0.418
	0.326
	21.16
	9.03

	Study Five
	9.187 x 2.248 x 1.044
	0.347
	0.317
	0.58
	6.02

	Study Six
	9.926 x 2.512 x 1.044
	0.318
	0.321
	7.83
	7.36


[bookmark: _Toc31611480]Table 3: Domain Independence Study


[bookmark: _Toc31611453]Figure 8: Domain Independence Study: CL Graph

[bookmark: _Toc31611454]Figure 9: Domain Independence Study: CD Graph

[image: ][bookmark: _Toc31611455]Figure 10: Domain Study One






[image: ][bookmark: _Toc31611456]Figure 11: Domain Study Five

[image: ][bookmark: _Toc31611457]Figure 12: Domain Study Six

[bookmark: _Toc31611435]Mesh Independence Study
[bookmark: _Toc31611436]Global Mesh
In order to achieve an optimal mesh, a study must be conducted to determine the relationship between computing time and accuracy and how changing the global mesh size will affect the number of computational cells, simulation time and lift and drag results. From data below, the results obtained from adjusting the global mesh were as follows: as the global mesh size decreased, the number of computational cells increased, however, simulation time also increased. As a result, each time the global mesh size decreased, the accuracy of the lift and drag results became closer to the actual value, thus, justifying the relationship between accurately and time. The moderate mesh was the optimum global mesh applied as a result of achieving the closest lift and drag results using less computational elements and nodes and within a quicker time period.
[bookmark: _Toc31611481]Table 4: Mesh Independence Study
	
	Coarse Mesh (Study 1)
	Moderate Mesh (Study 2)
	Fine Mesh (Study 3)
	Very Fine Mesh (Study 4)

	Max Element
	0.8
	0.6
	0.4
	0.2

	No of Elements
	400,962
	446,024
	446,024
	947,544

	No of Nodes
	70,443
	78,257
	78,257
	163,197

	Simulation Time (s)
	20.72
	26.44
	28.52
	39.38

	Simulated CL
	0.357
	0.345
	0.345
	0.335

	Simulated CD
	0.332
	0.316
	0.316
	0.314

	CL Error (%)
	3.49
	0
	0
	2.90

	CD Error (%)
	11.04
	5.69
	5.69
	5.02


[bookmark: _Toc31611458]Figure 13: Mesh Independence Study: CL Graph

[bookmark: _Toc31611459]Figure 14: Mesh Independence Study: CD Graph


[image: ][bookmark: _Toc31611460]Figure 15: Mesh Study One


[image: ][bookmark: _Toc31611461]Figure 16: Mesh Study Two



[image: ][bookmark: _Toc31611462]Figure 17: Mesh Study Four




[bookmark: _Toc31611437]Mesh Density Study
This study was conducted to determine how by changing the size and shape of the existing density box and adding new densities with a finer mesh, how that would influence the performance of fluid flow. From the data below, the results obtained were as follows: by enlarging the density box it showed to have some effect on the lift and drag results, however, to further enhance the ability to visualise key features such as front pressure wave, rear eddy flow and high and low pressure regions, two density boxes with a finer mesh density were added at the nose and rear of the body. Study two, in particular, improved the lift and drag as a result of the finer mesh in the wake region, conversely, when the density box was added to the front region it made the lift and drag values slightly worse. Study four was the optimal mesh density to apply as it produced the most accurate lift and drag results, however, the disadvantage of using this is that because this is a finer mesh, there are more computational elements and nodes, thus, the simulation takes longer to compute.
[bookmark: _Toc31611482]Table 5: Mesh Density Study
	[bookmark: _Hlk31384705]
	Mesh Density (Study 1)
	Mesh Density (Study 2)
	Mesh Density (Study 3)
	Mesh Density (Study 4)

	Density Size
	0.1
	0.05
	0.05
	0.05

	No of Elements
	741,653
	1,080,499
	1,228,361
	1,321,910

	No of Nodes
	128,414
	185,786
	210,840
	226,653

	Simulation Time (s)
	33.33
	43.39
	49.09
	53.13

	Simulated CL
	0.348
	0.341
	0.337
	0.343

	Simulated CD
	0.314
	0.309
	0.31
	0.31

	CL Error (%)
	0.87
	1.16
	2.32
	0.58

	CD Error (%)
	5.02
	3.35
	3.68
	3.68




[bookmark: _Toc31611463]Figure 18: Mesh Density: CL Graph


[bookmark: _Toc31611464]Figure 19: Mesh Density: CD Graph


[image: ][image: ][bookmark: _Toc31611465]Figure 20: Mesh Density Two
[bookmark: _Toc31611466]Figure 21: Mesh Density One

[image: ][bookmark: _Toc31611467]Figure 22: Mesh Density Three

[image: ][bookmark: _Toc31611468]Figure 23: Mesh Density Four

[bookmark: _Toc31611438]Scale Factor
To investigate the effect of the scale factor on the fluid flow around the Ahmed body four studies were conducted. The results obtained were as follows: as the scale factor decreased, the number of computational elements and nodes increased, however, simulation time increased simultaneously. By increasing the number of cells, the mesh became more accurate in terms of applying the governing equations in the solver to approximate the fluid flow over the body. The scale factor deceases every element in the mesh, meaning that the mesh will be able to capture fluid flow in relevant regions around the body but also in regions where the ambient air will be affected by pressure, velocity and turbulent regions. Study three proved to be the optimal scale factor implemented as it produced the best lift and drag results compared to the other studies, even though it took longer to simulate due to the number of elements and nodes.

[bookmark: _Toc31611483]Table 6: Scale Factor Study
	
	Scale Factor (Study 1)
	Scale Factor (Study 2)
	Scale Factor (Study 3)
	Scale Factor (Study 4)

	Scale Factor
	0.45
	0.40
	0.35
	0.30

	No of Elements
	1,783,635
	2,461,216
	3,381,562
	5,424,355

	No of Nodes
	305,210
	420,289
	576,295
	921,651

	Simulation Time (s)
	102
	78
	126
	192

	Simulated CL
	0.379
	0.382
	0.353
	0.36

	Simulated CD
	0.304
	0.299
	0.29
	0.287

	CL Error (%)
	9.86
	10.73
	2.32
	4.35

	CD Error (%)
	1.67
	0
	3.01
	4.01




[bookmark: _Toc31611469]Figure 24: Scale Factor: CL Graph

[bookmark: _Toc31611470]Figure 25: Scale Factor: CD Graph



[image: ][bookmark: _Toc31611471]Figure 26: Scale Factor Study One


[image: ][bookmark: _Toc31611472]Figure 27: Scale Factor Study Two












[bookmark: _Toc31611439]Prism Layers
To investigate the effect of the prism layers on the fluid flow around the Ahmed body seven studies were conducted. This study was conducted to determine how prism layers effect the performance of fluid flow around the body. Prism layers are useful as they help to accurately capture the velocity, turbulence and drag near the boundary layer (wall). An intuitive way to achieve high accuracy would be to place as many prism layers as possible close to the boundary wall, but this is not always the case (Kapoor, 2016). As shown by the data below, the results obtained from implementing prism layers on the model were as follows: as the number of prism layers increased, the worse the lift and drag results got to the actual values. This could be as a result of the prism layers overlapping each other every time a new prism layer gets added.

[bookmark: _Toc31611484]Table 7: Prism Layer Study
	
	Prism Layer (Study 1)
	Prism Layer (Study 2)
	Prism Layer (Study 3)
	Prism Layer (Study 4)
	Prism Layer (Study 5)
	Prism Layer (Study 6)
	Prism Layer (Study 7)

	No Prism Layers
	1
	2
	3
	4
	5
	6
	7

	Simulated CL
	0.34
	0.344
	0.349
	0.349
	0.356
	0.362
	0.364

	Simulated CD
	0.312
	0.305
	0.307
	0.306
	0.312
	0.308
	0.309

	CL Error (%)
	1.45
	0.29
	1.16
	1.16
	3.19
	4.93
	5.51

	CD Error (%)
	4.35
	2.01
	2.68
	2.34
	9.57
	3.01
	3.35



[bookmark: _Toc31611473]Figure 28: Prism Layer: CL Graph


[bookmark: _Toc31611474]Figure 29: Prism Layer: CD Graph


[bookmark: _Toc31611440]Turbulence Models
To investigate the effect of the turbulence models on the fluid flow around the Ahmed body, four studies were conducted. The results obtained from changing the turbulence models were as follows: k-ε |Standard| Scalable Wall Function, which was taken from (Igali, et al., 2019) model, proved to be the most suitable or tis model as it proved to be the best turbulence model to apply in terms of simulation time, as it was the quickest to converge while achieving the closest results to the actual lift and dag values.
[bookmark: _Toc31611485]Table 8: Turbulence Models Study
	
	k-ε |Re-normalization Group RNG | Standard Wall Functions
	k-ε | Realizable | Non-Equilibrium Wall Functions
	k-ω | Shear Stress Transport (SST)
	k-ε |Standard| Scalable Wall Function

	Scale Factor
	0.35
	0.35
	0.35
	0.35

	Max Element
	0.6
	0.6
	0.6
	0.6

	Density Size
	0.05
	0.05
	0.05
	0.05

	Prism Layers Used? (Yes/No)
	Yes (2 layers)
	Yes (2 layers)
	Yes (2 layers)
	Yes (2 layers)

	No of Elements
	3,381,500
	3,381,500
	3,381,500
	3,381,500

	No of Nodes
	576,268
	576,268
	576,268
	576,268

	Polyhedral Mesh Used? (Yes/No)
	Yes
	Yes
	Yes
	Yes

	Simulated CL
	0.303
	0.334
	0.312
	0.343

	Simulated CD
	0.28
	0.282
	0.292
	0.302

	CL Error (%)
	776.81
	3.19
	9.57
	0.58

	CD Error (%)
	6.36
	5.69
	2.34
	1.00



[bookmark: _Toc31611441]Results
[bookmark: _Toc31611442]Pressure Contour
[image: ]As a result of a more refined mesh strategy (global mesh, scale factor and mesh density) the pressure distribution along the body is much more distinctive and clear. There are some similarities between the pressure distributions in the final model compared to the base model, however, because of the improved mesh quality you can see the pressure distribution along the upper and lower surface is longer and determines how the pressure behaves along the upper and lower surfaces.[bookmark: _Toc31611475]Figure 30: Pressure Contour


[bookmark: _Toc31611443]Velocity Contour
[image: ]From the figure below as a result of the improved features which have been applied to the Ahmed model you can see from the velocity contour the smooth trail of low velocity in the wake region and high regions of velocity along the upper and lower surfaces where the pressure has deceased.




[bookmark: _Toc31611476]Figure 31: Velocity Contour

[bookmark: _GoBack]Turbulence Kinetic Energy Contour
The figure below shows the turbulence kinetic energy of the model. Compared to the original turbulence contour for the base model, there is a difference in the length of the turbulence in the wake region. As a result of a finer mesh and a density box in the wake region, it has extended the scope of behaviour where the turbulence after the air flow leaves the rear surface of the model. There is also some turbulence at the front of the model where the air flow split between the upper and lower surfaces.
[image: ][bookmark: _Toc31611477]Figure 32: Turbulence Kinetic Energy Contour














[bookmark: _Toc31611444]Conclusion
The aim of this report was to analyse the external aerodynamics of the Ahmed body and investigate how the body interacts aerodynamically. This was achieved through the application of ANSYS software which was used to analyse and understand the effect the domain size, mesh quality, turbulence models and other features had on representing acceptable fluid flow over the body as well as achieving a coefficient of lift of 0.345 and drag of 0.299. What was found as a result of conducting this investigation was that by implementing a domain size of 9.187 m x 2.248 m x 1.044 m, global mesh of 0.6, density size of 0.05, scale factor of 0.35, two prism layers and k-ε |Standard| Scalable Wall Function turbulence model, the model performed relatively well showing reasonable results and performance of the fluid flow.
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Simulated CL vs Actual CL

Simulated CL	
Domain Study 1	Domain Study 2	Domain Study 3	Domain Study 4	Domain Study 5	Domain Study 6	0.38100000000000001	0.316	0.379	0.41799999999999998	0.34699999999999998	0.318	Actual CL	
Domain Study 1	Domain Study 2	Domain Study 3	Domain Study 4	Domain Study 5	Domain Study 6	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	No of Domain Studies


CL Values




Simulated CD vs Actual CD

Simulated CD	
Domain Study 1	Domain Study 2	Domain Study 3	Domain Study 4	Domain Study 5	Domain Study 6	0.42699999999999999	0.34300000000000003	0.315	0.32600000000000001	0.317	0.32100000000000001	Actual CD	
Domain Study 1	Domain Study 2	Domain Study 3	Domain Study 4	Domain Study 5	Domain Study 6	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	No of Domain Studies


CD Values




Simulated CL vs Actual CL

Simulated CL	
Coarse Mesh (Study 1)	Moderate Mesh (Study 2)	Fine Mesh (Study 3)	Very Fine Mesh (Study 4)	0.35699999999999998	0.34499999999999997	0.34499999999999997	0.33500000000000002	Actual CL	
Coarse Mesh (Study 1)	Moderate Mesh (Study 2)	Fine Mesh (Study 3)	Very Fine Mesh (Study 4)	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	No of Global Mesh Studies 


CL Values




Simulated CD vs Actual CD

Simulated CD	
Coarse Mesh (Study 1)	Moderate Mesh (Study 2)	Fine Mesh (Study 3)	Very Fine Mesh (Study 4)	0.33200000000000002	0.316	0.316	0.314	Actual CD	
Coarse Mesh (Study 1)	Moderate Mesh (Study 2)	Fine Mesh (Study 3)	Very Fine Mesh (Study 4)	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	No of Global Mesh Studies 


CD Values




Simulated CD vs Actual CD

Simulated CD	
Density Study 1	Density Study 2	Density Study 3	Density Study 4	0.314	0.309	0.31	0.31	Actual CD	
Density Study 1	Density Study 2	Density Study 3	Density Study 4	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	No of Density Studies 


CD Values




Simulated CL vs Actual CL

Simulated CL	
Density Study 1	Density Study 2	Density Study 3	Density Study 4	0.34799999999999998	0.34100000000000003	0.33700000000000002	0.34300000000000003	Actual CL	
Density Study 1	Density Study 2	Density Study 3	Density Study 4	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	No of Density Studies 


CL Values




Simulated CL vs Actual CL

Simulated CL	
Scale Factor Study 1	Scale Factor Study 2	Scale Factor Study 3	Scale Factor Study 4	0.379	0.38200000000000001	0.35299999999999998	0.36	Actual CL	
Scale Factor Study 1	Scale Factor Study 2	Scale Factor Study 3	Scale Factor Study 4	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	No of Density Studies 


CL Values




Simulated CD vs Actual CD

Simulated CD	
Scale Factor Study 1	Scale Factor Study 2	Scale Factor Study 3	Scale Factor Study 4	0.30399999999999999	0.29899999999999999	0.28999999999999998	0.28699999999999998	Actual CD	
Scale Factor Study 1	Scale Factor Study 2	Scale Factor Study 3	Scale Factor Study 4	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	No of Density Studies 


CD Values




Simulated CL vs Actual CL

Simulated CL	
Prism Layer Study 1	Prism Layer Study 2	Prism Layer Study 3	Prism Layer Study 4	Prism Layer Study 5	Prism Layer Study 6	Prism Layer Study 7	0.34	0.34399999999999997	0.34899999999999998	0.34899999999999998	0.35599999999999998	0.36199999999999999	0.36399999999999999	Actual CL	
Prism Layer Study 1	Prism Layer Study 2	Prism Layer Study 3	Prism Layer Study 4	Prism Layer Study 5	Prism Layer Study 6	Prism Layer Study 7	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	0.34499999999999997	No of Prism Layers


CL Values




Simulated CD vs Actual CD

Simulated CD	
Prism Layer Study 1	Prism Layer Study 2	Prism Layer Study 3	Prism Layer Study 4	Prism Layer Study 5	Prism Layer Study 6	Prism Layer Study 7	0.312	0.30499999999999999	0.307	0.30599999999999999	0.312	0.308	0.309	Actual CD	
Prism Layer Study 1	Prism Layer Study 2	Prism Layer Study 3	Prism Layer Study 4	Prism Layer Study 5	Prism Layer Study 6	Prism Layer Study 7	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	0.29899999999999999	No of Prism Layes


CD Values
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