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We will examine new workflows available to capitalize on your CAD data using SimStudio

Tools for CAD cleanup or surface wrapping to nearly eliminate any CAD preparation. We will 

then do a deep dive into the new turbulence models available and the best practices and 

which ones to use for aerodynamics simulations. We will touch on mesh adaption best 

practices for aerodynamics to reduce the typical meshing guesswork and increase solving 

efficiency for complex aerodynamics models. The discussion will conclude with methods to 

accurately capture the wall force results to measure lift and drag on bodies using efficient 

techniques. 

Class summary



At the end of this class, you will be able to:

 Capitalize on SimStudio Tools or Surface Wrapping for Simulation 

CFD to reach the desired simulation aerodynamics goals

 Define which advanced turbulence models should be used for 

aerodynamics analysis

 Be more comfortable with implementing mesh adaption to eliminate the 

guess work from meshing complex aerodynamics models

 Extract accurate steady state or transient wall force results efficiently 

from different areas of a complex model.

Key learning objectives



What are some general goals with aerodynamics 

simulation?

 Lift

 Drag

 Side Forces

 Moments

 Pressure Distribution

 Pressure/Force mapping for 

FEA

 Force distribution around body

 Wake Structure/Frequency

 Visualization

 Series/Array of objects and their 

effects on each other

 Building Layouts within a city or 

campus

 Flow control: Breaks, radiator, 

sensors



My motivation



Capitalize on SimStudio Tools 

or Surface Wrapping



SimStudio Tools – CAD Prep



What is SimStudio Tools?

 Built off Fusion360

 CAD tool geared for 

Simulation Community

 Fastest way to prepare 

your geometry to be 

simulation ready.



Alias Dirty CAD





Alias ‘Clean’ CAD





SimStudio Tools – Find and Fix

8 Potential Issues Remain



SimStudio Tools – Find and Fix

Locates issues with suggested solutions!



SimStudio Workflow model simplification

1. Remove Seams

2. Fill Seams

 Patch

 Loft

 Stitch/Unstitch

 Merge

 Extend Face/Trim

Examine Work

http://autode.sk/1ji9dBP
http://autode.sk/1VfuaJg
http://autode.sk/1PC99Ho


Car Prepared for Wind Tunnel and Simulation Ready!



Surface Wrapping – Avoid CAD



What is Surface Wrapping for Autodesk CFD?

 Geometry Surface 

Wrapping technology

 External Flow/Wind 

Tunnel

 Can simulate difficult to 

nearly impossible 

geometry without 

extensive CAD cleanup



1. Open geometry

2. Define Wind Tunnel Geometry

3. Build Surface Wrap

4. Optional: Define Refinement Regions

5. Generate Volume Mesh

6. Export NAS file

7. CFD: Create new design study and CAD Mesh File

Basic Steps for Surface Wrapping



Dirty CAD Ready for Surface Wrapping



Surface Wrapping Demo



Surface Wrapped Car – Side View Results



Which method should be used?

SimStudio Tools

 Time Available

 Leverage all CFD Meshing 

Tools/Adaptation

 Highly Accurate Model Required 

 Forces measured at different zones 

in model

 Complex Wind Tunnel Setups

 More precise geometry position 

control

Surface Wrapping

 Need Results ASAP!

 Rough Measurements/Trending

 Geometry too complex

 Only Visualization required

 System Level Forces



Advanced Turbulence model 

for Aerodynamics



 What is Turbulence?

 How is Turbulence modeled in CFD Software?

 General Timeline of Turbulence Models Academic Development

 Overview of Select Turbulence Models
 K-omega SST

 K-omega SST RC (Hellsten)

 K-omega SST RC (Smirnov-Menter)

 K-omega SST SAS

 K-omega SST DES

 Best Practices

 Examples

Agenda



Noun: Violent or unsteady movement of a fluid.

What is Turbulence?



 Flow Averaging (Reynolds Averaged Navier-Stokes RANS)

 Subgrid-Scale Models (Large Eddy Simulation LES)

 Hybrid of Flow Averaging and Subgrid-Sale Models (Detached Eddy 

Simulation DES)

 Direct Numerical Simulations (DNS) – No turbulence model used

 Wall Functions



Selected Turbulence Model Research Timeline



 SST (shear stress transport) k-omega is a 

hybrid turbulence model combining the 

best of k-epsilon and k-omega. 

 Near-wall regions are resolved with k-

omega, allowing for simulation down to 

the viscous sub-layer. 

 The model transitions into k-epsilon as the 

distance from a wall increases. 

 Wall Considerations
 y+ can be up to 100

 Ideal y+ value of less than 2 with a goal of 0.3

 Very Robust 10-100

 Blending of direct calculation when refined mesh is 

present and wall functions for higher y+ value

Pros:

 Robust across a wide range of flows
 Accurate for predicting flow separation

 Ideal for adverse pressure gradients (occurs with flow 

separation)

 Accurate for high Prandtl number (liquids) 

wall heat flux prediction

Cons:

 Can require a very fine boundary layer 

mesh 10-15 mesh enhancement layers

 Lacks ability to capture high curvature

SST k-omega
Two-equation, linear eddy viscosity RANS



 SST (shear stress transport) k-omega is a 

hybrid turbulence model combining the 

best of k-epsilon and k-omega. 

 Near-wall regions are resolved with k-

omega, allowing for simulation down to 

the viscous sub-layer. 

 The model transitions into k-epsilon as the 

distance from a wall increases. 

 Wall Considerations
 y+ can be up to 100

 Ideal y+ value of less than 2 with a goal of 0.3

 Very Robust 10-100

 Blending of direct calculation when refined mesh is 

present and wall functions for higher y+ value

Pros:

 Robust across a wide range of flows
 Accurate for predicting flow separation

 Ideal for adverse pressure gradients (occurs with flow 

separation)

 Accurate for high Prandtl number (liquids) 

wall heat flux prediction

 Slight mathematically change to Standard 

SST k-omega

 Theoretically, correction shouldn’t impact 

when not needed

 Good pressure accuracy for cyclones

Cons:

 Can require a very fine boundary layer 

mesh 10-15 mesh enhancement layers

 Moderate flow profile accuracy for 

cyclones

SST k-omega RC (Hellsten)
Two-equation, linear eddy viscosity RANS



Why use the Hellsten model?
Coandă Effect: Tendency for fluid jet to be attracted to a nearby surface



 SST (shear stress transport) k-omega is a 

hybrid turbulence model combining the best 

of k-epsilon and k-omega. 

 Near-wall regions are resolved with k-

omega, allowing for simulation down to the 

viscous sub-layer. 

 The model transitions into k-epsilon as the 

distance from a wall increases. 

 Wall Considerations
 y+ can be up to 100

 Ideal y+ value of less than 2 with a goal of 0.3

 Very Robust 10-100

 Blending of direct calculation when refined mesh is 

present and wall functions for higher y+ value

Pros:

 Robust across a wide range of flows
 Accurate for predicting flow separation

 Ideal for adverse pressure gradients (occurs with flow 

separation)

 Accurate for high Prandtl number (liquids) 

wall heat flux prediction

 Mathematically more complex than Hellsten

 Theoretically, correction shouldn’t impact 

when not needed

 Similar pressure drop accuracy for cyclones 

as Hellsten

 More accurate flow profiles for cyclones

Cons:

 Can require a very fine boundary layer 

mesh 10-15 mesh enhancement layers

SST k-omega RC (Smirnov-Menter)
Two-equation, linear eddy viscosity RANS



 Simulates the formation of turbulent 

structures in unsteady regions

 Can be used for Steady State and 

Transient simulations.  Using in a transient 

analysis is more appropriate.

 Dynamically adjusts to resolved structures 

which results in a LES-like behavior in 

unsteady flow regions

Pros:
 State of the art turbulence modeling technique for 

simulations

 More reasonable for use with industrial models when it is 

needed

 Less mesh dependent compared to DES while delivering 

similar accuracy

Cons:
 Can be more computationally intense than previous 

mentioned models

 Requires fine boundary layer mesh for maximum accuracy

 Transient is best use case which requires longer runtimes

SST k-omega Scale Adaptive Simulation (SAS)
Two-equation, linear eddy viscosity URANS



 Simulates the formation of turbulent 

structures in unsteady regions

 Hybrid between URANS (transient) SST k-

omega and LES (Large Eddy Simulation)

 Unsteady RANS employed in near-wall 

 LES employed in the turbulent core region 

where large turbulent scales play a 

dominant role

Pros:
 Max possible accuracy for separated, high Re external 

aerodynamics

 More efficient than full LES

Cons:
 More computationally intensive than SST and SST w/ SAS

 Works best with smooth (more uniform) mesh distributions

 Highly sensitive to mesh sizing

 Very academic in use

SST k-omega Detached Eddy Simulations (DES)
Two-equation, linear eddy viscosity URANS



3 Levels of External Aero
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What is 2 Orders of Magnitude for Convergence?



Accuracy vs. Precision for Product Design



Attached Flow

Example



NACA 0012 CFD Setup Strategy



 Advanced Turbulence
 Attached Flow Configuration 

SST k-omega RC (Hellsten)

 Updated Wall Calculator

 resid_bdry_force_calc 1

 Meshing

 30 to 60 Enhancement Layers

 mesh_enhance_thick (%): 400

 Layer Factor: 0.8

 Airfoil Surface mesh: 2.5 mm

 Airfoil Tail mesh: 0.5 mm

 First Region: 5 mm

What is the NACA 0012 CFD setup strategy?



NACA 0012 Results



Customer Case: NACA 4415



Mesh Adaptation 

Best Practice for Aerodynamics



 Adaptation Workflow

 Aerodynamic Specific Adaptation Configuration

 Pitfalls

 Solar Panel Example

Agenda



Mesh Adaptation Workflow








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User-Defined Mesh

 Manual Mesh

 Suppress Solids

 Large size on external domain 

for a fast first cycle

 Tighter surface mesh 

compensate for air domain size

 Manual Mesh 4:1 rule?



Mesh Adaptation Setting Panel



The Importance of Solution Convergence
Leverage 2nd Order Manual Automatic Convergence Assessment



Example: Flow around 2x2 Solar Panel Array



Solar Panel Array



Side View of Mesh Adaptation (1 & 2)



Side View of Mesh Adaptation (3 & 4)



Top View of Mesh Adaptation (1 & 2)



Top View of Mesh Adaptation (3 & 4)



Flow Around Leading Leg



Attached Flow: 20 mph Iso-Surface



 Continued Final Mesh 

Adaptation for Transient

 Transient: 1e-5 s

 Intelligent Solution Control 

Enabled

Complex Turbulence Structures
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Complex Turbulence Structures

20 mph Iso-Surface



Final Outcome



Extract accurate steady state or 

transient wall force results 



 Review Best Practices

 Newer Wall Calculator algorithm

 Wall History Application
 Flow over a Cylinder to capture Strouhal Number

 Get the Installer & Code

Agenda



1. Leverage SimStudio to clean the geometry

2. Select the correct meshing/turbulence scheme

• Attached Flow

• Complex Turbulence Structures

• Strouhal Number / Model Wake Structures

3. Leverage Mesh Adaptation if Needed

Best Practices for Accuracy



resid_bdry_force_calc A

 A = 1 (On): Causes the fluid forces at the walls to be computed in a consistent manner and includes the shear forces during run-time and results visualization.

 A = 0 (Off): Disables the flag. (Default)

Description

 The resid_bdry_force_calc flag computes the wall forces and properly distributes it from the nodes to 

the logical CAD surfaces to report in the wall calculator. Another benefit is that the same calculation 

results are available during run-time. Without it, the run time wall calculator force results only involve the 

pressure and not shear.

Newer Wall Calculator algorithm



Wall Force History Tool

•

•

•

•

•

•

•



Strouhal Number

Example



Flow over a Cylinder
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Flow over a Cylinder – Expected Results

http://autode.sk/1MDZvAz


Flow over a Cylinder – Results Summary

Strouhal Number Setup



Flow over a Cylinder – Results Summary

Attached Flow Setup



Flow over a Cylinder – Re Sweep



 Download 

 Today: https://autodesk.box.com/DE10379

 Eventually: https://apps.autodesk.com/SCFD/en/Home/Index

Where to get the Wall Force History Tool?

https://autodesk.box.com/DE10379
https://apps.autodesk.com/SCFD/en/Home/Index


Bonus! Results Visualization



 Flag: write_wall_dist 1

 Overwrites the Y+ result with a distance from the wall

 Iso-Surface: ‘Y+’ with a small value + Vectors

Flow profile along wall?



Summary

You should now:

 Understand when to use SimStudio Tools or Surface Wrapping for 

Simulation CFD

 Choose one of three approaches to correctly leverage advanced 

turbulence models for aerodynamics analysis

 Have a simple workflow to follow for mesh adaption that can then be 

used for transient analysis

 Use the wall force history tool to capture steady state or transient wall 

force results efficiently from different areas of a complex model.



http://www.autodesk.com/creativecommons
http://www.autodesk.com/creativecommons
http://www.autodesk.com/creativecommons
http://www.autodesk.com/creativecommons

