Computational Fluid Dynamics (CFD) Basic Running Procedure
Steps based on Ahmed Body, but are transferable to other geometries.
These steps do not claim to fully explain CFD - this document has been produced to allow the reader to run an iteration on a given geometry quickly and correctly. For more information see ANSYS help pages or university tutorials.
Max Hart     Ainsley Martin

Loading in and setting up Geometry

Component Systems
Drag ‘geometry’ box onto screen
Right click question mark (may have to wait a bit)
New DesignModeler Geometry

File
Import External Geometry File
[image: ]Generate 

[image: ]Sketch 
Select rectangle tool and sketch around the body and feet. Don’t intersect line below geometry, draw slightly above
Click dimensions. Horizontal - full width and distance from back of geometry to back of box
Vertical - full height and distance from bottom axis line to bottom box line
Alter the dimensions to roughly what is seen below. This is the domain
[image: Image result for ahmed CFD]






                                                                       Figure 1 - domain dimensions                                 (Simanungkalit, 2016)
[image: ]Generate 

Create
Boolean
Operation = subtract
Expand ‘2 parts, 2 bodies’ in parts tree and use this to select the following:
Target = domain 
Tool = Geometry
[image: ]Generate 

[image: ]Click ‘select faces’
Name each of the faces of the domain as follows. Once a face is named, press F8 to hide it so it isn’t selected twice. Click Generate after naming each face
Front = ‘Velocity_Inlet’
Back = ‘Pressure_Outlet’
Side by axis = ‘Symmetry’ (‘Symmetry_Right if analysing full car)
Other side = ‘Symmetry_Left’
Top = ‘Symmetry_Top’
Bottom = ‘Road’
Right click - show all faces

Tools - Freeze - Close (X in top right)

Integrated Computer-aided Engineering and Manufacturing CFD
(ICEM CFD) (ANSYS, 2017)

Component Systems.
Drag ICEM CFD to white geometry box so red guidelines appear and a chain is formed.
Double click white model.
Expand ‘parts’
Deselect all apart from ‘Solid_1_1’
Expand geometry and check surfaces
Click shaded cylinder icon at the top
[image: ]
Select repair geometry
Set tolerance to 0.0002 
Apply

Right click on part
Create part
Name the part ‘feet’
Click shining arrow and click and drag to select the feet
Follow on-screen instructions for selection - press F9 to move body freely then F9 again to return to selection controls
Click dismiss
Repeat for ‘car’
Click dismiss
[image: ]
Click ‘create body’
Name it ‘Body’
Click two opposite corners of the domain 

[image: ]Click mesh tab
Click Global Mesh Setup
Scale Factor 1 - can set to 0.5 for twice as many elements but takes much longer.
Max element 1

Global Mesh Setup (currently on) - move to red logo (shell meshing parameters)
Mesh type = all tri
Mesh method = patch independent 

Move to blue logo (volume meshing parameters)
Mesh type = Tetra/Mixed
Mesh Method = Robust (Octree)
Edge Criterion = 0.06 (use very small, ≈ 0.01, for very thin geometry. Use higher, ≈ 0.2, for thicker geometry)
Apply

Move to orange logo (prism meshing parameters)
Number of layers = 5








[image: ]
Move to next icon on the geometry tab (part mesh setup)
Tick Prism for Body, Feet, Road and set all to Number of layers = 5
It is good practice to press enter after imputing each number to confirm its entry
Set size of mesh: Body = 0.01    Feet = 0.005
Apply and Dismiss 
[image: ] 
Click ‘Create mesh density’
Set size to 0.1
Select Density location from ‘entity bounds’
Click arrow on box symbol and select all by clicking and dragging
Apply and Dismiss
[image: ]
[image: ]Click on geometry tab, click ‘transform geometry’ 
Select density box using       and clicking top left node to select entire box
[image: ]Select ‘scale geometry’ 
Set scales to roughly same size as domain (figure 5) - rough scale factors X = 1, Y = 1.6, Z = 1.6
Set centre point to ‘centroid’
[image: ]Use ‘translate geometry’         to ensure correct positioning
[image: ]
Select Mesh tab and click ‘compute mesh’ 
Mesh type and method will already be set
Click compute
[image: ]
Go to edit mesh tab and click ‘display mesh quality’ 
Criterion = skew
Apply
If Skew is large (bars don’t increase in equal parts) - element size can be reduced to increase accuracy of results - speak to more experienced user if this does not solve issue.
Criterion = TGrid Skew
Apply
If skew is too large again here, global mesh size can be reduced to increase accuracy of results - speak to more experienced user if this does not solve issue.
[image: ]
[image: ]Go back to mesh tab, ‘compute mesh’ 
Select ‘prism mesh’ 
Compute

[image: ]Edit mesh tab
Select ‘repair mesh’
Click apply to repair any imperfections in mesh 












Setting Physical Modelling Capabilities - Fluent CFD

Launch Fluent - drag from component systems to white ‘model’ box
Double click setup
Turn off Workbench Colour Scheme
Set processor to parallel
Set Processes to 4 

From tree, select models 
Viscous Laminar
K-Epsilon - select non-equilibrium wall functions

Boundary Conditions
Check that for body and feet type = wall and all symmetry sides type = symmetry
Double click Pressure_Outlet and check gauge pressure is 0
Double click velocity inlet check that velocity specification method = magnitude & direction
Set velocity to desired value (35 m/s is good if unsure)
Set turbulent intensity to 1%

Reports
Projected Areas 
Select Ahmed and Feet
Set minimum feature size to 0.001m
Click compute to generate frontal area - copy this value

Reference Values
Compute from Velocity_Inlet
Paste in frontal area value

Methods
Scheme = coupled
Pressure = standard
Momentum = First Order Upwind

Controls
Flow Courant Number = 50
Momentum & Pressure = 0.25
Turbulent Kinetic Energy & Turbulent Dissipation Rate = 0.5
Turbulent Velocity = 0.8
Click limits
+ 4 zeros to Maximum Turbulent Viscosity Ratio

Report Definitions
New
Force Report - Drag
Name ‘cd’
Select Body and Feet
Tick ‘report file’, ‘report plot’ and ‘print to console’
Repeat this but for ‘cl’ (lift) 

Initialisation
Click Initialise 


If result says ‘convergence tolerance not reached’ this will hinder accuracy. Re-mesh may be required - speak to more experienced user if this does not solve issue.

Click Run Calculation (Sirius CFD, 2012)
Set number of iterations to 100 

After 100 iterations change the following and run for another 100 iteration

Momentum = Second Order Upwind
Kinetic x2 = Second Order Upwind

Controls
Turbulent Kinetic Energy & Turbulent Dissipation Rate = 0.9
Turbulent Velocity = 0.95

Then run until converged 
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