
What is Computational 

Fluid Dynamics?

Modelling wind and dispersion in urban environments

Text book references: Computational Fluid Dynamics , a practical 

approach, J.Tu et al.



Learning Objectives:

• Understand what CFD is 

• Understand the advantages and limitations when using CFD 

• Know the reasons why CFD might be relevant in science, industry and your own career 

After this class, you will be able to:  



Outline of the class:

1. What is Computational Fluid Dynamics? 

2. Advantages and limitations of CFD 

3. Why should you care about CFD? 

4. The fields that benefit from CFD 

5. How can CFD shape your future?
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What is Computational Fluid Dynamics?

https://en.wikipedia.org/wiki/Computational_fluid_dynamics



What is Computational Fluid Dynamics?

Computational Fluid 

Dynamics

Engineering (fluid 

dynamics)

Computer ScienceMathematics



What is Computational Fluid Dynamics?

Computational Fluid 

Dynamics

Analytical fluid dynamics
Experimental fluid 

dynamics
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Advantages/limitations of CFD

• Study different terms in equations 

• Complements experimental/analytical with 

cost effective simulations 

• Reduces lead times and costs in design and 

production (low cost in time/money) 

• Allows to reproduce scenarios/conditions non-

explorable in labs 

• Provides detailed, visualised and 

comprehensive information 

• Permits alternative designs to be evaluated 

over a range of non-dimensional parameters 

• Ability to simulate ideal/real conditions 

(hypersonic)
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Advantages Limitations

• Physical models of real world problems 

• Numerical errors exist: numerical results 

are different from reality (round-off, 

truncation) 

• Erroneous solution might look equally 

good! 

• Numerical results always require a 

critical eye before they are believed 

• Computer resources are still requiredSchool of  Aerospace, Mechanical & Manufacturing Engineering           22

Limitations of CFD (2)
• Boundary Conditions

– As with physical models, the accuracy of the CFD solution is only as 
good as the initial/boundary conditions provided to the numerical model.

– Example: Flow in a duct with sudden expansion
• If flow is supplied to domain by a pipe, you should use a fully-

developed profile for velocity rather than assume uniform conditions.

poor better

Fully Developed 
Inlet Profile

Computational 
DomainComputational 

Domain

Uniform Inlet 
Profile

• Computer Resources
– Even with the advent of ever faster computers and larger storage media, 

simulation of complex engineering systems could still require more 
computer resources.
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Why should you care about CFD?

Instructions: go to menti.com enter code: 61051114 

Then reply to the question: how do you plan to use CFD in 

the future?

http://menti.com


Why should you care about CFD?

When you think about the planet we live in, almost everything revolves in one 

way or another around a fluid or moves within a fluid: 

• Wind prediction for wind energy resource 

•      

•     

•      

•    



Why should you care about CFD?

Instructions: go to menti.com enter code: 8211618 

Can you give an example where CFD could be applied?

http://menti.com
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The fields that benefit from CFD Aerospace

[thermoflow.com]

[https://s3-eu-west-1.amazonaws.com/fetchcfd/original/file-1513290801689.jpg]

[nasa.gov]

http://thermoflow.com
https://s3-eu-west-1.amazonaws.com/fetchcfd/original/file-1513290801689.jpg
http://nasa.gov


The fields that benefit from CFD Automotive

[simscale.com]

[https://www.greencarcongress.com/2019/12/20191214-mirrorcam.html]

[https://www.engineering.com/portals/0/BlogFiles/CFD-OpenFOAM-Import-VA-One.jpg]

http://simscale.com
https://www.greencarcongress.com/2019/12/20191214-mirrorcam.html
https://www.engineering.com/portals/0/BlogFiles/CFD-OpenFOAM-Import-VA-One.jpg


The fields that benefit from CFD Biomedical

[https://doi.org/10.1016/j.jaerosci.2010.11.008]

[https://www.nextflow-software.com/nextflow-joins-the-living-heart-project/]



The fields that benefit from CFD Nuclear safety

[https://scialert.net/fulltext/?doi=jas.2008.780.787]

[https://doi.org/10.1016/j.nucengdes.2007.03.015]

https://scialert.net/fulltext/?doi=jas.2008.780.787
https://doi.org/10.1016/j.nucengdes.2007.03.015


The fields that benefit from CFD Power generation/

renewables

[https://doi.org/10.5194/wes-3-713-2018]

[10.1007/s10546-019-00473-0]

https://doi.org/10.5194/wes-3-713-2018


The fields that benefit from CFD Sports

[https://www.hpcwire.com/2018/07/05/aerodynamic-simulation-reveals-best-position-in-a-peloton-of-cyclists/]

[http://www.urbanphysics.net]

https://www.hpcwire.com/2018/07/05/aerodynamic-simulation-reveals-best-position-in-a-peloton-of-cyclists/
http://www.urbanphysics.net


The fields that benefit from CFD Civil/Environmental

[C. García-Sánchez, PhD thesis, 2017]



The fields that benefit from CFD Civil/Environmental

Water surface Normal EWI building Terrace on top EWI building Half EWI building

Wind Velocity [m/s]0 4.9

[C. García-Sánchez, PhD thesis, 2017]

[GEO5013, 2019]



The fields that benefit from CFD Indoor ventilation

[https://www.ansys.com/advantage-magazine/volume-xv-issue-2-2021/breathe-easy-

conquering-coronavirus-cfd]

[https://www.researchgate.net/publication/343618144_The_Build-

Up_of_DropletAerosols_Carrying_the_SARS-CoV-2_Coronavirus_in_Confined_Spaces/figures]

https://www.ansys.com/advantage-magazine/volume-xv-issue-2-2021/breathe-easy-conquering-coronavirus-cfd
https://www.ansys.com/advantage-magazine/volume-xv-issue-2-2021/breathe-easy-conquering-coronavirus-cfd
https://www.researchgate.net/publication/343618144_The_Build-Up_of_DropletAerosols_Carrying_the_SARS-CoV-2_Coronavirus_in_Confined_Spaces/figures
https://www.researchgate.net/publication/343618144_The_Build-Up_of_DropletAerosols_Carrying_the_SARS-CoV-2_Coronavirus_in_Confined_Spaces/figures
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How can CFD shape your future?

• Buildings Consultancy (ARUP, Royal HaskoningDHV) 

• Architecture firms interested in climate 

• Air quality research institutions (RIVM, VITO, TNO) 

• Ubereats, google 

• Competitive sports teams (formula 1) 

• Siemens, Dassault Systems, Simscale

Skills collected: numerical methods, computer skills, data processing, physical and 

critical thinking for real world problems 



Wrap Up:

Next class:
An introduction to the atmospheric boundary layer

• What is Computational Fluid Dynamics? 

• Advantages and limitations of CFD 

• Why should you care about CFD? 

• The fields that benefit from CFD 

• How can CFD shape your future?


