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Introduction and Objective

o CFD models are standards to simulate urban air pollution.

o Inconsistencies between models and modelling approaches pose challenges 

for harmonisation and reproducibility.

o OpenFOAM and ANSYS Fluent are the most commonly used CFD tools.

o How different are the results for two of the most common used CFD models?

o How hard it is to setup/replicate the same results in both models?



Methodology

Same Urban Geometry

N

o Interest area approx: 700m x 800m

o Square domain length = 2250m

o Hmax = 50 𝑚
o ≈ 10.7M Cells

WD



Methodology

Uref 2.66 [m/s]

Zref 10 [m]

Z0 0.65 [m]

C1 0.0

C2 1.0

o Pressure-based steady solver

o Simple algorithm 

o Realizable k-ε turbulence model

o Second order schemes
Same simulation conditions



Methodology

Same simulation conditions

Uref 2.66 [m/s ]

Zref 10 [m]

Z0 0.65 [m]

C1 0.0

C2 1.0

o Pressure-based steady solver

o Realizable k-ε turbulence model

o Second order schemes



Methodology
Same Pollutant

o Passive scalar transport approach;

o Nitrogen Oxides (NOX), modelled as 

mass-equivalent NO2;

o No chemical reactions considered;

o Two pollutant source locations:

o North link → 3.61 × 10-4 kg 

o South link → 2.45 × 10-4 kg

WD



Methodology

H1

H2

H3

V1

V2

V3

Same sample locations

4337 points sampledHorizontal plots are at 1m height



Methodology

Same Urban Geometry

Same Simulation conditions

Same Pollutant

Same Comparizon locations

What’s different?

Different Models

and Meshes



Methodology

CASE A
Mesh + Simulation

CASE B
Mesh + Simulation

CASE C
Mesh + Simulation

Same Urban Geometry

Same Simulation conditions

Same Pollutant

Same Comparizon locations

What’s different?

Different Models

and Meshes



Results | horizontal line samples



Results | vertical line samples



Results | point samples

U [m/s] RMSE MAE R² Pearson r

A vs B 0.35 0.16 0.93 0.97 Good agreement. Differences are solver-related.

B vs C 0.14 0.10 0.99 0.99
Results match. Meshing software denotes no 

differences.

A vs C 0.38 0.22 0.91 0.96 Larger deviations from combined solver + mesh.

NO2

[μg/m3]
RMSE MAE R² Pearson r

A vs B 15.58 5.25 0.65 0.92 Moderate agreement.

B vs C 2.84 0.59 0.93 0.96
Good agreement. Meshing software denotes no 

differences.

A vs C 12.67 5.65 0.57 0.88 Larger deviations.



Results | point samples | velocity



Results | point samples | NO2



Discussion | Conclusions

o Validation against measurements, is essential to ensure accuracy, 

reliability, and applicability.

o No vegetation was considered.

o Both Fluent and OpenFOAM demonstrate consistent results under 

similar methodological setups.

o Solver/Software-specific differences exist, and outputs should be 

interpreted carefully when informing real-world decisions.



Implications for Practice

o Awareness of solver-specific variability is important for practitioners 

translating CFD outputs into policy or design.

o Demonstrated consistency across tools supports continued confidence in 

CFD as a basis for urban air quality assessments.

o Harmonisation Supports Progress
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Methodology | What’s different?

CASE A
Mesh + Simulation

CASE B
Mesh + Simulation

CASE C
Mesh + Simulation

Mesh differences

EXTRA SLIDES

CASE A + CASE B CASE C



Results | point samples | TKE EXTRA SLIDES

TKE [m2/s2] RMSE MAE R² Pearson r

A vs B 0.08 0.05 0.87 0.94

B vs C 0.01 0.07 0.84 0.96

A vs C 0.13 0.09 0.66 0.91



Results | point samples | Turbulent energy dissipation EXTRA SLIDES

TKE [m2/s2] RMSE MAE R² Pearson r

A vs B 0.02 0.007 0.52 0.77

B vs C 0.01 0.003 0.81 0.90

A vs C 0.03 0.009 0.25 0.58



Results | point samples | NO2 EXTRA SLIDES



Results | point samples | NO2 EXTRA SLIDES



Results | point samples | NO2 EXTRA SLIDES


