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What is CFD?

Computational Fluid Dynamics (CFD) is the science of predicting fluid flow, heat and 
mass transfer, chemical reactions, and related phenomena.

To predict these phenomena, CFD solves equations for conservation of  mass, 
momentum,  energy etc..

CFD can provide detailed information on the 
fluid flow behavior:
• Distribution of pressure, velocity, temperature, etc.

• Forces like Lift, Drag.. (external flows, Aero, Auto..)

• Distribution of multiple phases (gas-liquid, gas-
solid..)

• Species composition (reactions, combustion, 
pollutants..)

• Much more...

CFD is used in all stages of the engineering 
process:
• Conceptual studies of new designs
• Detailed product development
• Optimization
• Troubleshooting
• Redesign

CFD analysis complements testing and experimentation by reducing 
total effort and cost required for experimentation and data acquisition
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How Does CFD Work?

ANSYS CFD solvers are based on the finite volume method

• Domain is discretized into a finite set of control volumes

• General conservation (transport) equations for mass, momentum, energy, 
species, etc. are solved on this set of control volumes

• Partial differential equations are discretized into a system of algebraic 
equations

• All algebraic equations are then solved numerically to render the solution field

Control
Volume*

Equation f
Continuity 1

X momentum u
Y momentum v
Z momentum w

Energy h

Unsteady Convection Diffusion Generation
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Step 1. Define Your Modeling Goals

What results are you looking for (i.e. pressure drop, mass flow rate), and how will they 
be used?

What are your modeling options?

– What simplifying assumptions can you make (i.e. symmetry, periodicity)?

– What simplifying assumptions do you have to make?

– What physical models will need to be included in your analysis

What degree of accuracy is required?

How quickly do you need the results?

Is CFD an appropriate tool?
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Step 2. Identify the Domain You Will 
Model

How will you isolate a piece of the complete physical system?

Where will the computational domain begin and end?

• Do you have boundary condition information at these boundaries?

• Can the boundary condition types accommodate that information?

• Can you extend the domain to a point where reasonable data exists?

Can it be simplified or approximated as a 2D or axi-symmetric 
problem?

Domain of Interest
as Part of a Larger
System (not modeled)

Domain of interest
isolated and meshed
for CFD simulation.
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Step 3. Create a Solid Model of the 
Domain

How will you obtain a model of the fluid region?

• Make use of existing CAD models?

• Extract the fluid region from a solid part?

• Create from scratch?

Can you simplify the geometry?

• Remove unnecessary features that would complicate meshing 
(fillets, bolts…)?

• Make use of symmetry or periodicity?

– Are both the flow and boundary conditions symmetric / 
periodic?

Do you need to split the model so that boundary conditions 
or domains can be created?

Original CAD Part

Extracted
Fluid Region
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Step 4. Design and Create the Mesh

What degree of mesh resolution is required in each region of 
the domain?

• Can you predict regions of high gradients?
– The mesh must resolve geometric features of interest and capture       

gradients of concern, e.g. velocity, pressure, temperature gradients

• Will you use adaption to add resolution?

What type of mesh is most appropriate?

• How complex is the geometry?

• Can you use a quad/hex mesh or is a tri/tet or hybrid mesh suitable?

• Are non-conformal interfaces needed?

Do you have sufficient computer resources?

• How many cells/nodes are required?

• How many physical models will be used?
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Step 5: Set Up the Solver

For a given problem, you will need to:

• Define material properties

– Fluid 

– Solid

– Mixture

• Select appropriate physical models

– Turbulence, combustion, multiphase, etc.

• Prescribe operating conditions

• Prescribe boundary conditions at all boundary zones

• Provide initial values or a previous solution

• Set up solver controls

• Set up convergence monitors

For complex problems solving a 
simplified or 2D problem will provide 
valuable experience with the models 
and solver settings for your problem in 
a short amount of time
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Step 6:  Compute the Solution

The discretized conservation equations are solved 
iteratively until convergence

Convergence is reached when:
• Changes in solution variables from one iteration 

to the next are negligible
– Residuals provide a mechanism to help 

monitor this trend

• Overall property conservation is achieved
– Imbalances measure global conservation

• Quantities of interest (e.g. drag, pressure drop) have reached 
steady values
– Monitor points track quantities of interest

The accuracy of a converged solution is dependent 
upon:

• Appropriateness and accuracy of physical models

• Assumptions made

• Mesh resolution and independence

• Numerical errors

A converged and mesh-independent 
solution on a well-posed problem 
will provide useful engineering 
results!
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Step 6:  Compute the Solution FASTER
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Step 7: Examine the Results

Examine the results to review solution and extract 
useful data

• Visualization Tools can be used to answer such questions 
as:
– What is the overall flow pattern?

– Is there separation?

– Where do shocks, shear layers, etc. form?

– Are key flow features being resolved?

• Numerical Reporting Tools can be used to calculate 
quantitative results:
– Forces and Moments

– Average heat transfer coefficients

– Surface and Volume integrated quantities

– Flux Balances

Examine results to ensure correct physical behavior and 
conservation of mass energy and other conserved 
quantities.  High residuals may be caused by just a few 
poor quality cells.
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Step 8: Consider Revisions to the Model

Are the physical models appropriate?

• Is the flow turbulent?

• Is the flow unsteady?

• Are there compressibility effects?

• Are there 3D effects?

Are the boundary conditions correct?

• Is the computational domain large enough?

• Are boundary conditions appropriate?

• Are boundary values reasonable?

Is the mesh adequate?

• Does the solution change significantly with a refined mesh, or is the solution mesh independent?

• Does the mesh resolution of the geometry need to be improved?

• Does the model contain poor quality cells?

High residuals may be caused by 
just a few poor quality cells
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Advanced and Accurate Turbulence 

Some of the technical capabilities

• Laminar / Transition / Turbulence Models

• Fast 2-equations steady models

• Advanced turbulent scale resolving unsteady simulation

• Automatic enhanced wall treatment

Laminar

Transition

Courtesy of Eurocopter.Original 
EWT

Improved 
NWT

Incompressible flat plate boundary layer: improved prediction of wall shear stress 
for Standard-(k, ε) on different grids (varying mesh density).
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Multiphase Challenges? Multiple 
Solutions

Some of the technical capabilities

• Discrete phase flow

• Particles (solid/liquid), Bubbles (gas)

• Multiple types of injection / Spray

• Resolved particle collision

Droplet emision calculated from liquid wall film shear

Spray break-up
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Multiphase Challenges? Multiple 
Solutions

Some of the technical capabilities

• Multispecies

• Mixing template up to 500 species

• Eulerian

• Evaporation, Boiling, Cavitation, Solidification, 

Condensation, Melting, Phase change

Water condensation near a wall 
at a fluid-solid interface

Droplets
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Combustion and Reacting Flows

Some of the technical capabilities

• In-cylinder specific module

• NOx prediction models

• Laminar / Turbulent Flamelet

• Detailed chemistry

Muffler

Catalytic 

Converter

Exhaust 

Manifold

Temperature Rise 

due to Reaction

Courtesy John Zink Company, LLC

WB-ICE Tool

Catalytic reaction in porous media
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Example: LNG Production Plant Design

• Potential - 6 LNG, 9 Upstream trains & 3 Power Plants

• Forced convection cooling is best if neighbouring plant heat 
is not entrained.

• Atmospheric and wind conditions are not consistent.

Wind RosePotential extent of a plant layout
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Aligned wind

• Wind passes between trains 
and drawn into intakes

• Plume further adds to vertical 
velocity component

• Slow flow regions 
downstream of obstacles

• Train also acts as large 
blockage to flow due to 
intakes



© Copyright 2017. Fluid Codes FZ LLE. Fluid Codes Confidential

Aligned wind

• Plume motion across site tracked 
using contours of temperature 
above ambient

• Plume buoyancy seen to lift hot 
air clear on intakes 

• Intake/plume driven flow clearly 
overrides wind inertia



© Copyright 2017. Fluid Codes FZ LLE. Fluid Codes Confidential

Offshore Leg - geometry

Release of heavy hydrocarbon gas 
and liquid inside the leg of an 
offshore platform

Asses the role of extract ventilation 
in mitigating against heavy 
flammable gas concentrations

Internal Structure

Leak Location
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Offshore Leg - results

Ventilation turned off

5 minutes 10 minutes 15 minutes

After 10 minutes the flammable volume covers most of the 
internal structures 
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Offshore Leg - results

Ventilation turned on

5 minutes 10 minutes 15 minutes

The flammable volume stays below the internal structures 
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Flow induced erosion in sea water 
piping networks

• Objective: 
✓ Identify eroded regions in the pipeline subjected to 

high shear rates
✓ Recommend best throttling strategy of butterfly valves 

placed at various locations along the pipeline
• Challenges: 

✓ Sea water exhibits a corrosive characteristic due to 
its rich content of sodium chloride

✓ Combined with flow fluctuation, sea water can result 
in erosion of metal surface and subsequent 
degradation of pipelines structural integrity 

• Solution: 
✓ Carry out a CFD study on the piping network to 

predict the flow field and pressure distribution Butterfly valves scenario

Wall shear stress
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Cyclone Separator 

• Objective: 
✓ To increase the life of Cyclone separator 

• Challenges: 
✓ Particle distribution for various sizes are flow rates 

are studied to optimize the intake design.
• Solution: 

✓ Modified intake design, to increase the life of the 
product, and to reduce serviceability. 

Geometry to be simulated

Existing designErosion contours Particle distribution
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MEG and Solvent Mixing Study

• Objective: 
✓ To model injection of thinning solvent into existing gas 

piping system. The study was required to ascertain if 
mixing would be sufficient at various critical locations.

• Challenges: 
✓ The thinning solvent was highly viscous and due to 

less flow rate the simulation time was longer.
• Solution: 

✓ The study showed that injection location would need 
to be shifted and no quills are needed, giving 
significant cost saving and client assurance.
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Bulk Separation (VOF)  

• Gas pipeline from off-shore 
field to land-based Hannibal 
terminal

• Slug catcher separates residual 
liquid from gas at end of 
pipeline

• Plan to increase pipeline 
capacity to supply new power 
station

• Question: Does capacity of slug 
catcher also have to be 
increased?

Inlet from 
pipeline

Gas 
outlet

Liquid 
outlets

Estimated cost of modifying slug 

catcher $25M

Courtesy of Genesis Oil and Gas
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Slug Catcher High Flow Operation

 

• Can slug catcher cope 

with increase in capacity of 

pipeline? – Yes!

•Liquid carry-over limited to 

a fine aerosol

Liquid carry-overFlow rates

Peak Level

Courtesy of Genesis Oil and Gas
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A summary of ANSYS CFD Strengths

• ANSYS CFD offers solutions which amplify engineering 
productivity for a wide range of industries                                                                  
and applications

• Best in class physical models in Turbulence, Heat 
transfer, Multiphase and Reacting flow

• ANSYS CFD solution can be trusted because they are 
well validated

• Specific capabilities to quickly improve you system 
performance via optimization and HPC


