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advanced engineering simulation , in 2010.

Steve is an active member of the CFD (Chair) and 
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Agenda

ÅSimulating vapour cloud explosions (VCE) with CFD:

ðPredominantly, this is the porosity distributed resistance (PDR) approach.

Yesterday Today Tomorrow?...

[Ref. 1]: van Wingerden K, òAdvances in Explosion Modellingó, FABIG Newsletter 62, 2013 (Link).

[Ref. 2]: òAnalysis Origins ð KFX and FLACS, Modelling Explosions and Combustion and the Impact of Piper Alphaó, NAFEMS, 2018 (Link).

[Ref. 3]: Hisken H et al, (2025), "45 Years of Modelling Gas Explosions with the PDR Concept ð Current Status and Future Prospectsó, 2nd Olympiad in Engineering Science ð OES 2025 (Link).

http://www.abercus.com/
http://www.abercus.com/
https://www.fabig.com/publications-and-videos/technical-newsletters/newsletter-issue-062/
https://www.nafems.org/blog/posts/analysis-origins-kfx-and-flacs/?srsltid=AfmBOooW2ZWBhDqy0m00LHFqrdQligIvu8wbyfLX4E8O3d2a85dtCrt4
https://www.uis.no/en/research/events/technology-and-natural-sciences/2nd-olympiad-in-engineering-science-oes-2025
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Agenda

ÅSimulating vapour cloud explosions (VCE) with CFD:

ðPredominantly, this is the porosity distributed resistance (PDR) approach.

ÅMeet PeDRo, our black-box friend who will help us explore 

this journey:

ðYesterday: what is the PDR approach?

ðToday: how to earn trust in the PDR approach (VVUQ*).

ÀVVUQ framework ð NAFEMS/ASME.

ÀUser VVUQ.

ðTomorrow?...

Yesterday Today Tomorrow?...

[Ref. 1]: van Wingerden K, òAdvances in Explosion Modellingó, FABIG Newsletter 62, 2013 (Link).

[Ref. 2]: òAnalysis Origins ð KFX and FLACS, Modelling Explosions and Combustion and the Impact of Piper Alphaó, NAFEMS, 2018 (Link).

[Ref. 3]: Hisken H et al, (2025), "45 Years of Modelling Gas Explosions with the PDR Concept ð Current Status and Future Prospectsó, 2nd Olympiad in Engineering Science ð OES 2025 (Link).

ôVVUQ ð Verification, Validation and Uncertainty Quantification

http://www.abercus.com/
http://www.abercus.com/
https://www.fabig.com/publications-and-videos/technical-newsletters/newsletter-issue-062/
https://www.nafems.org/blog/posts/analysis-origins-kfx-and-flacs/?srsltid=AfmBOooW2ZWBhDqy0m00LHFqrdQligIvu8wbyfLX4E8O3d2a85dtCrt4
https://www.uis.no/en/research/events/technology-and-natural-sciences/2nd-olympiad-in-engineering-science-oes-2025


8UKELG 65 (BP Sunbury, November 2025) ð Trust and VVUQ for explosion simulations with CFDTT251003-PR-001-B

www.abercus.com

Abercus  7 Queenõs Gardens  Aberdeen  AB15 4YD  www.abercus.com

© 2025 Abercus.  All Rights Reserved.

www.abercus.com

Agenda

ÅSimulating vapour cloud explosions (VCE) with CFD:

ðPredominantly, this is the porosity distributed resistance (PDR) approach.

ÅMeet PeDRo, our black-box friend who will help us explore 

this journey:

ðYesterday: what is the PDR approach?

ðToday: how to earn trust in the PDR approach (VVUQ*).

ÀVVUQ framework ð NAFEMS/ASME.

ÀUser VVUQ.

ðTomorrow?...

Yesterday Today Tomorrow?...

[Ref. 1]: van Wingerden K, òAdvances in Explosion Modellingó, FABIG Newsletter 62, 2013 (Link).

[Ref. 2]: òAnalysis Origins ð KFX and FLACS, Modelling Explosions and Combustion and the Impact of Piper Alphaó, NAFEMS, 2018 (Link).

[Ref. 3]: Hisken H et al, (2025), "45 Years of Modelling Gas Explosions with the PDR Concept ð Current Status and Future Prospectsó, 2nd Olympiad in Engineering Science ð OES 2025 (Link).

ôVVUQ ð Verification, Validation and Uncertainty Quantification

VVUQ ð Verification, Validation 
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ÅSimulating vapour cloud explosions (VCE) with CFD:

ðPredominantly, this is the porosity distributed resistance (PDR) approach.

Agenda

ÅMeet PeDRo, our black-box friend who will help us explore 

this journey:

ðYesterday: what is the PDR approach?

ðToday: how to earn trust in the PDR approach (VVUQ*).

ÀVVUQ framework ð NAFEMS/ASME.

ÀUser VVUQ. ð Revisit today.

ðTomorrow?... ð Closing remarks. ð The way forwardé

Yesterday Today Tomorrow?...

[Ref. 1]: van Wingerden K, òAdvances in Explosion Modellingó, FABIG Newsletter 62, 2013 (Link).

[Ref. 2]: òAnalysis Origins ð KFX and FLACS, Modelling Explosions and Combustion and the Impact of Piper Alphaó, NAFEMS, 2018 (Link).

[Ref. 3]: Hisken H et al, (2025), "45 Years of Modelling Gas Explosions with the PDR Concept ð Current Status and Future Prospectsó, 2nd Olympiad in Engineering Science ð OES 2025 (Link).

ôVVUQ ð Verification, Validation and Uncertainty Quantification

This presentation is hyperlinked. Click on the title bar to 

return to this slide. Click on the relevant words below 

to jump to the associated slides later in the presentation.
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https://www.nafems.org/blog/posts/analysis-origins-kfx-and-flacs/?srsltid=AfmBOooW2ZWBhDqy0m00LHFqrdQligIvu8wbyfLX4E8O3d2a85dtCrt4
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Yesterday

Å1974: Patankar and Spalding conceive the PDR 

approach for CFD:

[Ref. 4]: Patankar SV and Spalding DB,  A calculation procedure for the 

transient and steady-state behaviour of shell-and-tube heat exchangers. 

In Afgan NH and Schundler EV (Eds.), Heat exchangers: design and 

theory sourcebook (pp. 155ð176). McGraw-Hill, 1974.

Yesterday Today Tomorrow?...

1974

http://www.abercus.com/
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[Ref. 4]: Patankar SV and Spalding DB,  A calculation procedure for the 

transient and steady-state behaviour of shell-and-tube heat exchangers. 

In Afgan NH and Schundler EV (Eds.), Heat exchangers: design and 

theory sourcebook (pp. 155ð176). McGraw-Hill, 1974.

Yesterday

Å1974: Patankar and Spalding conceive the PDR 

approach for CFD:

ðOriginally intended for modelling the fluid domain on the 

shell-side of a heat exchanger without having to explicitly 

capture the tubes within a body-fitted CFD grid.

Yesterday Today Tomorrow?...

1974

http://www.abercus.com/
http://www.abercus.com/
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Yesterday

Å1974: Patankar and Spalding conceive the PDR 

approach for CFD.

ðOriginally intended for modelling the fluid domain on the 

shell-side of a heat exchanger without having to explicitly 

capture the tubes within a body-fitted CFD grid.

Body-fitted PDR approach

Yesterday Today Tomorrow?...

1974

[Ref. 4]: Patankar SV and Spalding DB,  A calculation procedure for the 

transient and steady-state behaviour of shell-and-tube heat exchangers. 

In Afgan NH and Schundler EV (Eds.), Heat exchangers: design and 

theory sourcebook (pp. 155ð176). McGraw-Hill, 1974.
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Yesterday

Å1974: Patankar and Spalding conceive the PDR 

approach for CFD.

ðOriginally intended for modelling the fluid domain on the 

shell-side of a heat exchanger without having to explicitly 

capture the tubes within a body-fitted CFD grid.

Body-fitted PDR approach

Yesterday Today Tomorrow?...

1974

[Ref. 4]: Patankar SV and Spalding DB,  A calculation procedure for the 

transient and steady-state behaviour of shell-and-tube heat exchangers. 

In Afgan NH and Schundler EV (Eds.), Heat exchangers: design and 

theory sourcebook (pp. 155ð176). McGraw-Hill, 1974.

Cell count = 100Cell count = x1000
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Yesterday

Å1986: The first PDR-CFD code is developed for 

simulating vapour cloud explosions (through a JIP*):

Yesterday Today Tomorrow?...

1974 1986

*GEP 80-86, Gas Explosion Programme sponsored by BP, Elf, Esso/Exxon, Mobil, Norsk Hydro and Statoil, running from 1980 to 1986.

http://www.abercus.com/
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Yesterday

Å1986: The first PDR-CFD code is developed for 

simulating vapour cloud explosions (through a JIP*):

ðThe strength of a vapour cloud explosion is known to be 

strongly dependent upon the level of small-scale congestion due 

to pipework and other obstructions within the flammable cloud, 

which are often too small to resolve with body-fitted meshing.

ïWith the PDR approach, the effect of small-scale congestion is instead 

captured at the sub-grid level through equivalent porosity source terms and 

empirical turbulent combustion corrections. 

Yesterday Today Tomorrow?...

1974 1986

*GEP 80-86, Gas Explosion Programme sponsored by BP, Elf, Esso/Exxon, Mobil, Norsk Hydro and Statoil, running from 1980 to 1986.

http://www.abercus.com/
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Yesterday

ÅLate 1980s/1990s: Several PDR-based CFD codes 

are developed for modelling hydrocarbon vapour 

cloud explosions, primarily in the offshore sector:

ðThe PDR codes are commercial, black-box codes.

ðGeometry is represented in terms of the equivalent 

boxes/cylinders approach.

Geometry model viewed as CAD

Yesterday Today Tomorrow?...

1974 1986 1990sLate 1980s

http://www.abercus.com/
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Yesterday

ÅLate 1980s/1990s: Several PDR-based CFD codes 

were developed for modelling hydrocarbon vapour 

cloud explosions, primarily in the offshore sector:

ðThe PDR codes are commercial, black-box codes.

ðGeometry is represented in terms of the equivalent 

boxes/cylinders approach. Corresponding PDR model (actually used by CFD solver)

Geometry model viewed as CAD

Yesterday Today Tomorrow?...

1974 1986 1990sLate 1980s

While an explosion model may look impressive within the CFD 

modelling software, it is important to remember that under the 

hood, the PDR CFD model is actually very simple:

Å It is generally a Lego-style geometry captured on a structured 

orthogonal grid, with varying shades of grey representing the 

volume and area porosity for the local level of congestion. 

Å Correspondingly, empirical parameters for turbulent 

combustion are assigned at each cell. 

http://www.abercus.com/
http://www.abercus.com/
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While an explosion model may look impressive within the CFD 

modelling software, it is important to remember that under the 

hood, the PDR CFD model is actually very simple:
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ÅLate 1980s/1990s: Several PDR-based CFD codes 

were developed for modelling hydrocarbon vapour 

cloud explosions, primarily in the offshore sector:

ðThe PDR codes are commercial, black-box codes.

ðGeometry is represented in terms of the equivalent 

boxes/cylinders approach. Corresponding PDR model (actually used by CFD solver)

Geometry model viewed as CAD

Yesterday Today Tomorrow?...

1974 1986 1990sLate 1980s

While an explosion model may look impressive within the CFD 

modelling software, it is important to remember that under the 

hood, the PDR CFD model is actually very simple:

Å It is generally a Lego-style geometry captured on a structured 

orthogonal grid, with varying shades of grey representing the 

volume and area porosity for the local level of congestion. 

Å Correspondingly, empirical parameters for turbulent 

combustion are assigned at each cell. 

The PDR-CFD approach is an imperfect but pragmatic approach 

for modelling vapour cloud explosions ð it allows us to consider 

explosion dynamics in an engineering way.
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ÅLate 1980s/1990s: Several PDR-based CFD codes 

were developed for modelling hydrocarbon vapour 

cloud explosions, primarily in the offshore sector:

ðThe PDR codes are commercial, black-box codes.

ðGeometry is represented in terms of the equivalent 

boxes/cylinders approach.

Geometry model viewed as CAD

Yesterday Today Tomorrow?...

1974 1986 1990sLate 1980s

ïIndustry validation campaigns (for example, MERGE and BFETS) are 

undertaken to provide a basis for earning trust in the PDR-CFD tools. 

The PDR-CFD approach is an imperfect but pragmatic approach 

for modelling vapour cloud explosions ð it allows us to consider 

explosion dynamics in an engineering way.

http://www.abercus.com/
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Yesterday

ÅLate 1980s/1990s: Several PDR-based CFD codes 

were developed for modelling hydrocarbon vapour 

cloud explosions, primarily in the offshore sector:

ðThe PDR codes are commercial, black-box codes.

ðGeometry is represented in terms of the equivalent 

boxes/cylinders approach.

Geometry model viewed as CAD

Yesterday Today Tomorrow?...

1974 1986 1990sLate 1980s

ïIndustry validation campaigns (for example, MERGE and BFETS) are 

undertaken to provide a basis for earning trust in the PDR-CFD tools. 

A 1996 scatter plot:https://h2tools.org/sites/default/files/2019-09/120075.pdf 

The PDR-CFD approach is an imperfect but pragmatic approach 

for modelling vapour cloud explosions ð it allows us to consider 

explosion dynamics in an engineering way.

[Ref. 5]: Hansen OR, Storvik I and van Wingerden K, òValidation of CFD-Models 

for gas explosions, where FLACS is used as example ð model description, experiences 

and recommendations for model evaluationó, Proceedings of the European Meeting 

on Chemical Industry and Environment III, Krakow, Poland, P. 365-382, 1999.

http://www.abercus.com/
http://www.abercus.com/
https://h2tools.org/sites/default/files/2019-09/120075.pdf
https://h2tools.org/sites/default/files/2019-09/120075.pdf
https://h2tools.org/sites/default/files/2019-09/120075.pdf


24UKELG 65 (BP Sunbury, November 2025) ð Trust and VVUQ for explosion simulations with CFDTT251003-PR-001-B

www.abercus.com

Abercus  7 Queenõs Gardens  Aberdeen  AB15 4YD  www.abercus.com

© 2025 Abercus.  All Rights Reserved.

www.abercus.com

Yesterday

ÅLate 1980s/1990s: Several PDR-based CFD codes 

were developed for modelling hydrocarbon vapour 

cloud explosions, primarily in the offshore sector:

ðThe PDR codes are commercial, black-box codes.

ðGeometry is represented in terms of the equivalent 

boxes/cylinders approach.

Geometry model viewed as CAD

Yesterday Today Tomorrow?...

1974 1986 1990sLate 1980s

ïIndustry validation campaigns (for example, MERGE and BFETS) are 

undertaken to provide a basis for earning trust in the PDR-CFD tools. 

ïBlind comparison exercise in 1998 (part of BFETS) ð poor predictive 

performance led to further improvements in the PDR-CFD codes. 
[Ref. 6]: Tam V, òOnce upon a timeéó,  FLACS User Group meeting, Bergen, May 2014.

The PDR-CFD approach is an imperfect but pragmatic approach 

for modelling vapour cloud explosions ð it allows us to consider 

explosion dynamics in an engineering way.

http://www.abercus.com/
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Yesterday

Å2000s: PDR approach starts to mature:

ðResearch into explosions with other fuels, such as hydrogen.

ðDevelopment of the PDR approach on an unstructured mesh.

ðFluidðstructure interaction ð direct coupling with FEA.

[Ref. 7]: ACE Method (2004) ð PDR implementation on an unstructured 

mesh (http://www.abercus.com/SoftwareSolutions_ACEMethod.aspx). 

Yesterday Today Tomorrow?...

1974 1986 1990s 2000sLate 1980s

http://www.abercus.com/
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Yesterday

Å2000s: PDR approach starts to mature:

ðResearch into explosions with other fuels, such as hydrogen.

ðDevelopment of the PDR approach on an unstructured mesh.

ðFluidðstructure interaction ð direct coupling with FEA.

ðIncreasing commercial use (following Piper Alpha).

ðNORSOK Z013 for CFD-based probabilistic ERA.

Yesterday Today Tomorrow?...

1974 1986 1990s 2000sLate 1980s
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Yesterday

Å2010s: PDR approach continues to mature:

ðGrowing user base of commercial PDR codes.

ðHigh-Performance Computing (HPC).

ðAutomation/Simulation Data Management (SDM) 

implemented by advanced users (users develop 

integrated eco-system around PDR-CFD tools).

ðOpen-source codes and academic in-house codes.
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Yesterday

Å2010s: PDR approach continues to mature:

ðGrowing user base of commercial PDR codes.

ðHigh-Performance Computing (HPC).

ðAutomation/Simulation Data Management (SDM) 

implemented by advanced users (users develop 

integrated eco-system around PDR-CFD tools).

ðOpen-source codes and academic in-house codes.

Yesterday Today Tomorrow?...

1974 1986 1990s 2000s 2010sLate 1980s

ÅNew validation campaigns:

ðHySea.

ðMEASURE.

ÅComparisons with existing data:

ðSandia FLAME.

ðFraunhofer LANE.

ðDOWSES.

ðFM Global chamberé

ðRUT facility

ðBakerRisk testsé

ÅIncident investigations:

ðBuncefield.

ðJaipur.

ðKjorbo.

ðé
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Today

Å2020s: Democratisation:

ðDirect CAD import.

ðShift away from boxes/cylinders towards

generalised mesh objects.

ðòWith [our PDR-CFD software], you get results you can trust 

to control risks and improve safetyó.
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Today

Å2020s: Democratisation:

ðDirect CAD import.

ðShift away from boxes/cylinders towards

generalised mesh objects.

ðòWith [our PDR-CFD software], you get results you can trust 

to control risks and improve safetyó.

[Ref. 8]: LinkedIn post: https://www.linkedin.com/posts/gexcon-as_processsafety-consequencemodelling-flacs-activity-7302633161547513858-

_Dyu/?utm_source=share&utm_medium=member_desktop&rcm=ACoAAATcQoQBItzQPCgxkhqoy2vOHUZLIZrJO3I 

Yesterday Today Tomorrow?...

ÅòWith over 40 years of validation from real-world 

experiments, [our PDR-CFD software] delivers 

reliable modelling resultsó.

ÅòOur automated framework checks simulations against 

real-world data from lots of experiments and incidents, 

ensuring accurate and reliable resultsó.

ÅòWith [our PDR-CFD software], you get results you 

can trust to control risks and improve safetyó.
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Today

Trevor Kletz Keynote Lecture ð Ken Rivers (UK HSE, former IChemE President)

[Ref. 9]: De Phillips, Berliner and Cribbin (1960), "Meaning of learning and knowledge". 

In Management of Training Programs. Homewood, IL: Richard D. Irwin. p. 69.

ÅòWith over 40 years of validation from real-world 

experiments, [our PDR-CFD software] delivers 

reliable modelling resultsó.

ÅòOur automated framework checks simulations against 

real-world data from lots of experiments and incidents, 

ensuring accurate and reliable resultsó.

ÅòWith [our PDR-CFD software], you get results you 

can trust to control risks and improve safetyó.
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Today

Trevor Kletz Keynote Lecture ð Ken Rivers (UK HSE, former IChemE President)

[Ref. 10]: Rivers (2025), "Process Safety Leadership: meeting emerging challenges in the UK 

industry", Hazards 35, Birmingham, November 2025.

ÅòWith over 40 years of validation from real-world 

experiments, [our PDR-CFD software] delivers 

reliable modelling resultsó.

ÅòOur automated framework checks simulations against 

real-world data from lots of experiments and incidents, 

ensuring accurate and reliable resultsó.

ÅòWith [our PDR-CFD software], you get results you 

can trust to control risks and improve safetyó.
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Unconscious incompetence: 

you are not aware of

what you do not know.

Conscious incompetence: 

you become aware of

your lack of knowledge.

Conscious competence: 

you develop the knowledge

you need and are aware of it.

Measure

Measure

Systems

Unconscious competence: 

you use this 

knowledge instinctively.

Audit, learning from others

Alert to incidents and sharing/learning from them

CHRONIC UNEASE ð mindset shift that goes beyond compliance

Today

Trevor Kletz Keynote Lecture ð Ken Rivers (UK HSE, former IChemE President)

[Ref. 10]: Rivers (2025), "Process Safety Leadership: meeting emerging challenges in the UK industry", Hazards 35,  Birmingham, November 2025.

[Ref. 11]: www.macmillancentreforlearning.co.uk/the-journey-from-unconscious-incompetence-to-unconscious-competence-adapted-from-noel-birch-1970s-by-malcolm-macmillan/  

ÅòWith over 40 years of validation from real-world 

experiments, [our PDR-CFD software] delivers 

reliable modelling resultsó.

ÅòOur automated framework checks simulations against 

real-world data from lots of experiments and incidents, 

ensuring accurate and reliable resultsó.

ÅòWith [our PDR-CFD software], you get results you 

can trust to control risks and improve safetyó.
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Today

Trevor Kletz Keynote Lecture ð Ken Rivers (UK HSE, former IChemE President)

Unconscious incompetence: 

you are not aware of

what you do not know.

Conscious incompetence: 

you become aware of

your lack of knowledge.

Conscious competence: 

you develop the knowledge

you need and are aware of it.

Measure

Measure

Systems

Unconscious competence: 

you use this 

knowledge instinctively.

Audit, learning from others

Alert to incidents and sharing/learning from them

CHRONIC UNEASE ð mindset shift that goes beyond compliance

Where are we in terms of CFD for simulating explosions?

ÅòWith over 40 years of validation from real-world 

experiments, [our PDR-CFD software] delivers 

reliable modelling resultsó.

ÅòOur automated framework checks simulations against 

real-world data from lots of experiments and incidents, 

ensuring accurate and reliable resultsó.

ÅòWith [our PDR-CFD software], you get results you 

can trust to control risks and improve safetyó.

[Ref. 10]: Rivers (2025), "Process Safety Leadership: meeting emerging challenges in the UK industry", Hazards 35,  Birmingham, November 2025.

[Ref. 11]: www.macmillancentreforlearning.co.uk/the-journey-from-unconscious-incompetence-to-unconscious-competence-adapted-from-noel-birch-1970s-by-malcolm-macmillan/  
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Today

Trevor Kletz Keynote Lecture ð Ken Rivers (UK HSE, former IChemE President)

Unconscious incompetence: 

you are not aware of

what you do not know.

Conscious incompetence: 

you become aware of

your lack of knowledge.

Conscious competence: 

you develop the knowledge

you need and are aware of it.

Measure

Measure

Systems

Unconscious competence: 

you use this 

knowledge instinctively.

Audit, learning from others

Alert to incidents and sharing/learning from them

CHRONIC UNEASE ð mindset shift that goes beyond compliance

?

Where are we in terms of CFD for simulating explosions?

ÅòWith over 40 years of validation from real-world 

experiments, [our PDR-CFD software] delivers 

reliable modelling resultsó.

ÅòOur automated framework checks simulations against 

real-world data from lots of experiments and incidents, 

ensuring accurate and reliable resultsó.

ÅòWith [our PDR-CFD software], you get results you 

can trust to control risks and improve safetyó.

[Ref. 10]: Rivers (2025), "Process Safety Leadership: meeting emerging challenges in the UK industry", Hazards 35,  Birmingham, November 2025.
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Trevor Kletz Keynote Lecture ð Ken Rivers (UK HSE, former IChemE President)

Unconscious incompetence: 

you are not aware of

what you do not know.

Conscious incompetence: 

you become aware of

your lack of knowledge.

Conscious competence: 

you develop the knowledge

you need and are aware of it.

Measure

Measure

Systems

Unconscious competence: 

you use this 

knowledge instinctively.

Audit, learning from others

Alert to incidents and sharing/learning from them

CHRONIC UNEASE ð mindset shift that goes beyond compliance

?

Where are we in terms of CFD for simulating explosions?

ÅòWith over 40 years of validation from real-world 

experiments, [our PDR-CFD software] delivers 

reliable modelling resultsó.

ÅòOur automated framework checks simulations against 

real-world data from lots of experiments and incidents, 

ensuring accurate and reliable resultsó.

ÅòWith [our PDR-CFD software], you get results you 

can trust to control risks and improve safetyó.

In his presentation, Ken pointed out that very often, 

a state of unconscious competence can look very much 

like a state of unconscious incompetenceé

[Ref. 10]: Rivers (2025), "Process Safety Leadership: meeting emerging challenges in the UK industry", Hazards 35,  Birmingham, November 2025.
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Unconscious incompetence: 

you are not aware of

what you do not know.

Conscious incompetence: 

you become aware of

your lack of knowledge.

Conscious competence: 

you develop the knowledge

you need and are aware of it.

Measure

Measure

Systems

Unconscious competence: 

you use this 

knowledge instinctively.

Audit, learning from others

Alert to incidents and sharing/learning from them

CHRONIC UNEASE ð mindset shift that goes beyond compliance

?

Where are we in terms of CFD for simulating explosions?

ÅòWith over 40 years of validation from real-world 

experiments, [our PDR-CFD software] delivers 

reliable modelling resultsó.

ÅòOur automated framework checks simulations against 

real-world data from lots of experiments and incidents, 

ensuring accurate and reliable resultsó.

ÅòWith [our PDR-CFD software], you get results you 

can trust to control risks and improve safetyó.

In his presentation, Ken pointed out that very often, 

a state of unconscious competence can look very much 

like a state of unconscious incompetenceé

[Ref. 10]: Rivers (2025), "Process Safety Leadership: meeting emerging challenges in the UK industry", Hazards 35,  Birmingham, November 2025.
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VVUQ framework ð NAFEMS/ASME 

ÅFrom the validation case of interest, a 

conceptual model is abstracted.

ÅFrom the conceptual model stem two branches:

ðThe simulation branch comprises verification and 

uncertainty quantification activities (mathematics only).

ðThe physical experimentation branch comprises quality 

assurance and uncertainty quantification activities.

ÅAt the bottom there is a quantitative 

comparison between the outputs from each 

branch ð this is validation.

ASME V&V process diagram 

[Ref. 12]: Standard for Verification and Validation in Computational Solid Mechanics, ASME V&V 10:2019
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VVUQ framework ð NAFEMS/ASME  

ÅIf a developer asserts that its PDR-CFD code is 

validated, this strictly refers to the validation of 

its own internal workflows.

ÅUnless the code owns the entire left-hand branch, 

such that a user cannot interfere with it, 

validation is not of the code, but of the 

combination of code plus user/workflow.

ÅUsers should undertake validation for themselves, 

to understand how their own predictions compare 

to experimenté

ASME V&V process diagram 

Developer

User

[Ref. 12]: Standard for Verification and Validation in Computational Solid Mechanics, ASME V&V 10:2019
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https://www.asme.org/codes-standards/find-codes-standards/standard-for-verification-and-validation-in-computational-solid-mechanics
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Examples of past blind benchmarking 
An inter-comparison exercise on CFD model capabilities to predict a hydrogen explosion in a 

simulated vehicle refuelling environment, (Refueling station experiments)

Makarov D et al, Intl J Hyd Ener, 34(6), 2800-14, 2009.

FLACS-1

FLACS-2

FLACS-1

FLACS-2

FLACS-1

FLACS-2

FLACS-1

FLACS-2

Hydrogen explosion in a stoichiometric cloud (70 m3)

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15 -18 2023 2

The importance of 

blind benchmarking

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell, Jim Wood

May 15-18, 2023

VVUQ framework ð NAFEMS/ASME  

Blind benchmarking

Blind benchmarking is the true test of any simulation approach ð 

and whenever blind comparisons are undertaken, there are usually 

differences between participants, often significant differences.

[Ref. 13]: Westwater G, Karl A, Howell S and Wood J, òThe importance of blind benchmarkingó, NAFEMS World Congress 2023.

http://www.abercus.com/
http://www.abercus.com/
https://www.nafems.org/downloads/nwc23/agenda/nwc23_-_agenda-may8th2023.pdf?srsltid=AfmBOorUQADMsGyDdbiajlAJ8CyzYfT2blnUvUAmSmX8iE4C-pmjzEpO
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Examples of past blind benchmarking 
An inter-comparison exercise on the capabilities of CFD models to predict the short and long term 

distribution and mixing of hydrogen in a garage, (INERIS Garage release experiments)

Venetsanos AG et al, Intl J Hyd Ener, 34(14), 5912-23, 2009.

Hydrogen release, 1 g/s (4 minutes) in a 80 m3 room

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15 -18 2023 2

The importance of 

blind benchmarking

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell, Jim Wood

May 15-18, 2023

VVUQ framework ð NAFEMS/ASME  

Blind benchmarking

Blind benchmarking is the true test of any simulation approach ð 

and whenever blind comparisons are undertaken, there are usually 

differences between participants, often significant differences.

[Ref. 13]: Westwater G, Karl A, Howell S and Wood J, òThe importance of blind benchmarkingó, NAFEMS World Congress 2023.

http://www.abercus.com/
http://www.abercus.com/
https://www.nafems.org/downloads/nwc23/agenda/nwc23_-_agenda-may8th2023.pdf?srsltid=AfmBOorUQADMsGyDdbiajlAJ8CyzYfT2blnUvUAmSmX8iE4C-pmjzEpO


54UKELG 65 (BP Sunbury, November 2025) ð Trust and VVUQ for explosion simulations with CFDTT251003-PR-001-B

www.abercus.com

Abercus  7 Queenõs Gardens  Aberdeen  AB15 4YD  www.abercus.com

© 2025 Abercus.  All Rights Reserved.

www.abercus.com

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15 -18 2023 13

Examples of past blind benchmarking 
[Jimwd-25]  Round-Robin Study of a-priori Modelling Prediction of the Dalmarnock Fire Test One, 

G. Rein et al, Fire Safety Journal 44 (4), 590-602, 2009.

(Presentation to SGMWG/CFDWG, 27 February 2023)

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15 -18 2023 2

The importance of 

blind benchmarking

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell, Jim Wood

May 15-18, 2023

VVUQ framework ð NAFEMS/ASME  

Blind benchmarking

Blind benchmarking is the true test of any simulation approach ð 

and whenever blind comparisons are undertaken, there are usually 

differences between participants, often significant differences.

https://era.ed.ac.uk/bitstream/handle/1842/2704/Rein_

RoundRobinModelling_FSJ09_preprint.pdf;sequence=1 

[Ref. 13]: Westwater G, Karl A, Howell S and Wood J, òThe importance of blind benchmarkingó, NAFEMS World Congress 2023.

http://www.abercus.com/
http://www.abercus.com/
https://era.ed.ac.uk/bitstream/handle/1842/2704/Rein_RoundRobinModelling_FSJ09_preprint.pdf;sequence=1
https://era.ed.ac.uk/bitstream/handle/1842/2704/Rein_RoundRobinModelling_FSJ09_preprint.pdf;sequence=1
https://www.nafems.org/downloads/nwc23/agenda/nwc23_-_agenda-may8th2023.pdf?srsltid=AfmBOorUQADMsGyDdbiajlAJ8CyzYfT2blnUvUAmSmX8iE4C-pmjzEpO
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Examples of past blind benchmarking 
[Jimwd-25]  Round-Robin Study of a-priori Modelling Prediction of the Dalmarnock Fire Test One, 

G. Rein et al, Fire Safety Journal 44 (4), 590-602, 2009.

(Presentation to SGMWG/CFDWG, 27 February 2023)

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15 -18 2023 2

The importance of 

blind benchmarking

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell, Jim Wood

May 15-18, 2023

VVUQ framework ð NAFEMS/ASME  

Blind benchmarking

Blind benchmarking is the true test of any simulation approach ð 

and whenever blind comparisons are undertaken, there are usually 

differences between participants, often significant differences.
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Examples of past blind benchmarking 
[Jimwd-25]  Round-Robin Study of a-priori Modelling Prediction of the Dalmarnock Fire Test One, 

G. Rein et al, Fire Safety Journal 44 (4), 590-602, 2009.

(Presentation to SGMWG/CFDWG, 27 February 2023)

https://era.ed.ac.uk/bitstream/handle/1842/2704/Rein_

RoundRobinModelling_FSJ09_preprint.pdf;sequence=1 
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Blind benchmarking

Blind benchmarking is the true test of any simulation approach ð 

and whenever blind comparisons are undertaken, there are usually 

differences between participants, often significant differences.

[Ref. 14]: Skjold T et al, òBlind-prediction: Estimating the consequences of vented hydrogen deflagrations for inhomogeneous mixtures in 20-foot ISO containersó, J. Loss Prev. Proc. Ind. 61 pp 220-236, 2019.

http://www.abercus.com/
http://www.abercus.com/
https://www.sciencedirect.com/science/article/pii/S0950423019302517?ref=pdf_download&fr=RR-2&rr=9a5e8bb19f3eb3f0
https://www.sciencedirect.com/science/article/pii/S0950423019302517?ref=pdf_download&fr=RR-2&rr=9a5e8bb19f3eb3f0
https://www.sciencedirect.com/science/article/pii/S0950423019302517?ref=pdf_download&fr=RR-2&rr=9a5e8bb19f3eb3f0
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VVUQ framework ð NAFEMS/ASME  

ÅPDR-CFD may now have a 40-year track record, but the core experience is 

perhaps largely focussed within the offshore sector considering hydrocarbon 

vapour cloud explosions within large platforms.

ÅThere is now increasing interest in new applications ð hydrogen, renewables, 

battery energy storage, etc ð which may differ from offshore platforms in terms of 

geometry length scales, congestion densities, and fuels, so how do we know that 

we can move into these new application domains with confidence?

Validation domain

http://www.abercus.com/
http://www.abercus.com/
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VVUQ framework ð NAFEMS/ASME  

ÅPDR-CFD may now have a 40-year track record, but the core experience is 

perhaps largely focussed within the offshore sector considering hydrocarbon

vapour cloud explosions within large platforms.

ÅThere is now increasing interest in new applications ð hydrogen, renewables, 

battery energy storage, etc ð which may differ from offshore platforms in terms of 

geometry length scales, congestion densities, and fuels, so how do we know that

we can move into these new application domains with confidence?

ÅWhat does a 40-year track record really mean anyway? 

ðAre the people who developed the PDR-CFD code during those 40 years still there and involved? 

ðIs the knowledge from those people still woven into day-to-day practice within the organisation?

ðDid we manage to resolve all of the key knowledge gaps during those 40 years in the first place?

Validation domain

http://www.abercus.com/
http://www.abercus.com/
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User VVUQ ð code verification
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[Ref. 15]: Standard for Code Verification in Computational Fluid Dynamics, AIAA S-141:2024
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https://arc.aiaa.org/doi/10.2514/4.107467.001
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User VVUQ ð code verification

ÅCode verification is the process of establishing the 

correctness of the computational algorithms and 

their implementation in a CFD code.

ÅThe standard requires:

ðEstablish correctness by comparing the observed order  

of accuracy of the computational solutions from the code 

with the formal order of accuracy of the code. 

ðThis involves plotting the trend of the discretization error 

against the discretization step on a log-log graph.

ðIn order to calculate the discretization error, an exact 

reference solution is needed ð this error is the difference 

between the CFD prediction and the reference solution.

[Ref. 15]: Standard for Code Verification in Computational Fluid Dynamics, AIAA S-141:2024

http://www.abercus.com/
http://www.abercus.com/
https://arc.aiaa.org/doi/10.2514/4.107467.001
https://arc.aiaa.org/doi/10.2514/4.107467.001
https://arc.aiaa.org/doi/10.2514/4.107467.001
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User VVUQ ð code verification

ÅCode verification is the process of establishing the 

correctness of the computational algorithms and 

their implementation in a CFD code.

ÅThe standard requires:

ðEstablish correctness by comparing the observed order  

of accuracy of the computational solutions from the code 

with the formal order of accuracy of the code. 

ðThis involves plotting the trend of the discretization error 

against the discretization step on a log-log graph.

ðIn order to calculate the discretization error, an exact 

reference solution is needed ð this error is the difference 

between the CFD prediction and the reference solution.

[Ref. 15]: Standard for Code Verification in Computational Fluid Dynamics, AIAA S-141:2024
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User VVUQ ð code verification

ÅCommercially available PDR-CFD codes are generally black-box tools, so users 

donõt have the full functionality needed to apply this standard for themselves. 

ÅJust because a user cannot apply the AIAA standard in full, doesnõt mean the user 

canõt do anything. There are some simple checks that all users of PDR-CFD codes 

can do for themselves:

ðSymmetry checks.

ðRotational checks.

ÅUsers should focus on what they can do, rather than what they canõt do.

http://www.abercus.com/
http://www.abercus.com/
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User VVUQ ð code verification

Symmetry checks

Looking downward

Looking horizontally
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User VVUQ ð code verification
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User VVUQ ð code verification
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User VVUQ ð code verification

Symmetry checks

Looking downward

Looking horizontally

The predictions may be close in the high-X/high-Y 

quadrant in this case, but they are not identical.
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User VVUQ ð code verification
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Looking downward
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The predictions may be close in the high-X/high-Y 
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User VVUQ ð code verification

Symmetry checks

Looking downward

Looking horizontally

+Y

-Y

+X-X

Symmetry is not preserved ð the prediction for the low-X/low-Y quadrant 

does not match that for the high-X/high-Y quadrant in this caseé
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Symmetry checks

Looking downward

Looking horizontally
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Symmetry is not preserved ð the prediction for the low-X/low-Y quadrant 

does not match that for the high-X/high-Y quadrant in this caseé

Note the colour scale is logarithmic 

and covers three orders of magnitude!
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Symmetry checks

Looking downward

Looking horizontally

é are the PDR-CFD solvers still tethered to the staggered 

meshing approach that was commonplace 40 years ago?

Symmetry is not preserved ð the prediction for the low-X/low-Y quadrant 

does not match that for the high-X/high-Y quadrant in this caseé
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Rotational checks
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With the traditional boxes/cylinders approach, each object has principal 

directions and non-alignment from the CFD grid is clearly apparent.

Non-alignment of boxes/cylinders with the grid can have a significant 

impact upon the prediction of overpressure ð this is already well known, 

and PDR-CFD software tools have incorporated warnings about this.

Cylinders
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User VVUQ ð code verification

Rotational checks
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With the traditional boxes/cylinders approach, each object has principal 

directions and non-alignment from the CFD grid is clearly apparent.

Non-alignment of boxes/cylinders with the grid can have a significant 

impact upon the prediction of overpressure ð this is already well known, 

and PDR-CFD software tools have incorporated warnings about this.

Boxes
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Rotational checks
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Some PDR-CFD codes are moving towards a 

generalised mesh object approach with direct CAD 

import. With this approach, there is no concept of 

principal directions.

Predictions for boxes/cylinders and generalised 

mesh objects are identical, as expected. But with 

mesh objects, rotational effects may go unnoticed.
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Rotational checks

0.01 0.1 1 10

Some PDR-CFD codes are moving towards a 

generalised mesh object approach with direct CAD 

import. With this approach, there is no concept of 

principal directions.

Predictions for boxes/cylinders and generalised 

mesh objects are identical, as expected. But with 

mesh objects, rotational effects may go unnoticed.
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Rotational checks
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Some PDR-CFD codes are moving towards a 

generalised mesh object approach with direct CAD 

import. With this approach, there is no concept of 

principal directions.

Predictions for boxes/cylinders and generalised 

mesh objects are identical, as expected. But with 

mesh objects, rotational effects may go unnoticed.
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Rotational checks
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Some PDR-CFD codes are moving towards a 

generalised mesh object approach with direct CAD 

import. With this approach, there is no concept of 

principal directions.

Predictions for boxes/cylinders and generalised 

mesh objects are identical, as expected. But with 

mesh objects, rotational effects may go unnoticed.
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Rotational checks

0.01 0.1 1 10

Some PDR-CFD codes are moving towards a 

generalised mesh object approach with direct CAD 

import. With this approach, there is no concept of 

principal directions.

Predictions for boxes/cylinders and generalised 

mesh objects are identical, as expected. But with 

mesh objects, rotational effects may go unnoticed.

There remain plenty of open questions about the PDR approach, 

and how it is implemented within individual PDR-CFD codes.
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ÅSolution verification is the process of determining 

the accuracy of a particular numerical solution 

relative to an estimate of the exact solution of the 

computational model.

ÅIt is a user activity relating to convergence and 

estimating the error in the computational solution:

ðThe mesh/time-step resolution.

ðIterative convergence. 

ÅCode verification is an error evaluation process, 

whereas solution verification is an error estimation 

process ð no exact solutions are available.
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Sensitivity of overpressure to grid spacing ð PDR-CFD training (1994 report)
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Sensitivity of overpressure to grid spacing ð PDR-CFD training (1994 report)

MERGE Case 23: Geometry E, methane.
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Sensitivity of overpressure to grid spacing ð PDR-CFD training (1994 report)

MERGE Case 23: Geometry E, methane.
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Sensitivity of overpressure to grid spacing ð PDR-CFD training (1994 report)

MERGE Case 23: Geometry E, methane.

There is a plateau in the mid-range 

where the predicted overpressure is 

seemingly less sensitive to grid spacing.
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Sensitivity of overpressure to grid spacing ð PDR-CFD training (1994 report)

MERGE Case 23: Geometry E, methane.

Grid recommendations at the time 

were for 13 cells across the cloud.
(This could be reduced if bounded by a solid surface).

13

There is a plateau in the mid-range 

where the predicted overpressure is 

seemingly less sensitive to grid spacing.
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Sensitivity of overpressure to grid spacing ð PDR-CFD training (1994 report)

MERGE Case 23: Geometry E, methane.

There is a plateau in the mid-range 

where the predicted overpressure is 

seemingly less sensitive to grid spacing.

Grid recommendations at the time 

were for 13 cells across the cloud.
(This could be reduced if bounded by a solid surface).

13

This graph is plotted on log-log axes ð 

the variation in the overpressure 

is ±20% within this plateau.
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Sensitivity of overpressure to grid spacing ð PDR-CFD training (1994 report)

MERGE Case 23: Geometry E, methane.

There is a plateau in the mid-range 

where the predicted overpressure is 

seemingly less sensitive to grid spacing.

Grid recommendations at the time 

were for 13 cells across the cloud.
(This could be reduced if bounded by a solid surface).

13

There was also a second data series, 

based on a reduced simulation domain

http://www.abercus.com/
http://www.abercus.com/


91UKELG 65 (BP Sunbury, November 2025) ð Trust and VVUQ for explosion simulations with CFDTT251003-PR-001-B

www.abercus.com

Abercus  7 Queenõs Gardens  Aberdeen  AB15 4YD  www.abercus.com

© 2025 Abercus.  All Rights Reserved.

www.abercus.com

User VVUQ ð solution verification

Sensitivity of overpressure to grid spacing ð User VVUQ (MERGE)

The graph on the left shows the maximum 

predicted peak overpressure for two 

different PDR-CFD codes for

MERGE Case 23 (Geometry E, methane) at 

Transducer 1, which is at the centre of the 

footprint of the congested region.

Looking down

Ground

Looking across
Transducer 1

PDR 1

PDR 2

http://www.abercus.com/
http://www.abercus.com/

















































































































































