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Dr Steve Howell

Steve is a chartered engineer with 25+ years experience in the application and

development of CFD. He founded Abercus, an independent, privately-owned

consultancy specialising in advanced engineering simulation, in 2010 to provide
specialist simulation and modelling services, initially to the energy sector.

Steve is an active member of the CFD (Chair) and A VAVAVAVAVY
SGM* working groups at NAFEMS, the international RO N A FE'\AS
. g.g P . o , AVAVAVA VAV
organisation for engineering simulation. AVAVAVAVAV

* Simulation governance and management
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Abercus

Abercus is an independent, privately-owned consultancy
specialising in advanced engineering simulation —
CFD, FEA, bespoke software tools and teaching/training.

Consultancy

Software Collaboration and
development knowledge sharing
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Agenda

Introduction.

CFD for understanding risk in the offshore industry.

CFD-based probabilistic explosion risk assessment .

CFD-based fire risk assessment .

CFD-based atmospheric dispersion.

Confidence in simulation for certification.

— Verification and validation.

— Understanding the physics — conceptual models, representativeness of the referent.

— For widespread adoption in industry — develop mature processes, blind benchmarking.

* Summary.

This page is hyperlinked. Click on the title bar to return to this page from anywhere in the presentation, and then navigate fro u --.
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Introduction

* The use of engineering simulation is becoming ever more popular:
— Digital twins.
— Machine learning.

— Simulation for certification.

* We need to remember that a simulation prediction is only as good as the
verification and validation activities that underpin it.

* In the offshore industry, CFD has been widely used to support the safety case
approach since the 1990s, and there are clear lessons to be learned...
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CFD for understanding risk in the offshore industry

Atmospheric dispersion
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CFD for understanding risk in the offshore industry

Helideck turbulence

|
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CFD for understanding risk in the offshore industry

Natural ventilation
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CFD for understanding risk in the offshore industry

Fire and smoke transport

Looking towards starboard
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CFD for understanding risk in the offshore industry

Flaring and radiation

Envelope of combustion zone Incident radiation
I i 0
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CFD for understanding risk in the offshore industry

Explosion modelling

Normalised deflection
[ P I I |
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CFD-based probabilistic explosion risk assessment

Explosion safety timeline

1990s — Need to consider NORSOK STANDARD s qu;.g;i
risk management/escalation o

1990s — Explosion pressures
higher than expected,

1970s — Need to understand explosion phenomena too
explosions/simple models complex for simple models,
— 1974: Flixborough explosion CFD required Risk and emergency preparedness assessment

o o o o

1980s — Need to change 2000s — Probabilistic ERA _‘
safety standards/regulations industry standard -
— 1988: Piper Alpha (NORSOK Z-013) B e ol
i : e e R e e
explosion and fire e o .
‘Standards Norway Talephone: + 47 67 83 86 00
Strandveien 18, P.O. Box 242 Fax: +47 67 8386 01
e~ S -
Capyrights resanved

[IT Risk and Emergency Preparedness Analysis, NORSOK standard Z-013 Annex F, Rev 3, 2010.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013

* The oil and gas industry has steadily moved towards a
probabilistic approach for explosion risk assessment (ERA) -
since the conception of the NORSOK Z-013 standard [I]
in the late 1990’s and its first publication in 2001.

Risk and emergency preparedness assessment

[IT Risk and Emergency Preparedness Analysis, NORSOK standard Z-013 Annex F, Rev 3, 2010.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - typical methodology

* A probabilistic explosion risk assessment in line with
NORSOK Z-013 involves three steps: o E212

|.  CFD simulations — use computational fluid dynamics (CFD) to
simulate a large number of deterministic cases (for ventilation, gas
dispersion and explosion) to form a database of representative Fisk and emergency preparecness assessment
scenarios for pre and post (delayed) ignition behaviour following a
loss of containment of flammable material.

PR [
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - typical methodology

|. CFD simulations

— Simulate a large number of representative scenarios
using an application-specific CFD code
(cannot use a general-purpose CFD code).
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - typical methodology
|. CFD simulations I

Underlying FLACS mesh (structured orthogonal mesh)

— Simulate a large number of representative scenarios
using an application-specific CFD code : EEaRaEERE
(cannot use a general-purpose CFD code). : am

o [n]

)

Congestion represented by distributed porosity across the

¥ ol

S - model.

FLACS model for the 2600m?3 full-scale rig at Spadeadam
(Courtesy of Gexcon)
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - typical methodology

* A probabilistic explosion risk assessment in line with
NORSOK Z-013 involves three steps: o E212

|.  CFD simulations — use computational fluid dynamics (CFD) to
simulate a large number of deterministic cases (for ventilation, gas
dispersion and explosion) to form a database of representative Fisk and emergency preparecness assessment
scenarios for pre and post (delayed) ignition behaviour following a
loss of containment of flammable material.

2. Probabilistic analysis — consider frequencies and probabilities of
release and ignition for each simulated scenario to construct |
exceedance data for blast loads. R e ==
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - typical methodology

2. Probabilistic analysis

— Consider frequencies and probabilities of
release and ignition for each simulated
scenario to construct exceedance data for
blast loads.

— Stages of analysis are decoupled so that each
is a separate body of work connected only by

frequency arguments relating to a single
metric.

— With an understanding of the frequencies of
occurrence at each stage, exceedance data for
the explosion loads can be compiled.

Frequency

Event

Wind
frequency data
for the site — for
the probability of

Analysis

background
ventilation
state

Release - failure
of component
allows flammable
material to escape

Release
frequency data —

typically from a
QRA

I

I

I

I

| Feedback — possible feedback
| from gas detection and emergency
I shut-down safety systems
I

I

I

I

Ignition
frequency model

Normal operations —
background ventilation
due to prevailing wind

conditions and/or HVAC

Discharge - release
of flammable material
at rupture location

Dispersion - discharged
material disperses to
form flammable cloud

Delayed ignition —
initiates combustion
of flammable cloud

— dependence upon
release rate and
time since
release

Explosion - rapid
combustion and
expansion of gas

generates overpressure

s BS
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - typical methodology

* A probabilistic explosion risk assessment in line with
NORSOK Z-013 involves three steps: o E212

|.  CFD simulations — use computational fluid dynamics (CFD) to
simulate a large number of deterministic cases (for ventilation, gas
dispersion and explosion) to form a database of representative Fisk and emergency preparecness assessment
scenarios for pre and post (delayed) ignition behaviour following a
loss of containment of flammable material.

2. Probabilistic analysis — consider frequencies and probabilities of

o . . B
release and ignition for each simulated scenario to construct i
exceedance data for blast loads. R e ==

3. Determine the blast loads — from the exceedance data, retrieve the - ==

blast load corresponding to the frequency acceptability criterion.
R s e S . i R
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - exceedance curves and the 104 criterion

3. Determine the blast loads

1.E+00
— The exceedance curves show the
predicted frequency for explosion 1 E01
loading at a target of interest.
— For a specified allowable S ko ey proparsdnen asecsamant
. . 0
frequency, in this case 10 /yr, the S
design load is read from the curve S L Eos \
g NI B
and can be used for structural i \\ =
deSIgn. 1.E-04 __:__,__.__,._jl_-_.\_:_ﬁ —————"
- Design explosion ﬂ\_\
~load of 2 barg |
1.E-05

0 1 2 3 4
Peak overpressure [bar]
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - potential for inconsistency

* NORSOK Z-013 is not prescriptive — there is room for
interpretation.

NORSOK STANDARD Z-013
E October 2010

* The devil is in the detail, and each party undertaking
probabilistic ERA in line with the standard is required to
develop its own approach.

Risk and emergency preparedness assessment

* Inevitably this can lead to inconsistency across the
industry [2,3].

* This was recognised as early as the 1990s. —_ _,,,,,, ==

il Industry a0 The Federation of Norwegian acusy. Plosse ncls that whist every ofor has
n made to ‘accuracy of this NORSOK . naither OLF nor The Fedaration of Norwagian
ir membars i il ‘Standards Narway is

[2] A review of the Q9 equivalent cloud method for explosion modelling, Stewart | and Gant S (UK HSE), FABIG newsletter 75, 2019.
[3]1 Quantifying risk and how it all goes wrong, Miller K, Hazards 28,2018.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - previous ERA blind comparison [4]

* In 1999, Statoil and Norsk Hydro
arranged a blind comparison exercise to
investigate the potential for inconsistency
with the NORSOK Z-013 approach:

— Five leading Norwegian consultancies
performed nominally identical probabilistic
ERA for the Huldra platform [4].

— Exceedance curves for overpressure were
compiled and presented anonymously
(identified only as A to E).

[4] Comparison of Five Corresponding Explosion Risk Studies Performed by Five Different Consultants, Holen |, ERA Conference, London, 2001.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - previous ERA blind comparison [4]

* Four participants (A-D) used the

Air changes — 10 m/s wind

FLACS CFD code and simulated - |
transient dispersion. 50 |- | -
. .. 5 ER! | 7 —A
* The fifth participant (E) used FLUENT for 2 400 [Cqb—n s s R
ventilation/ dispersion and FLACS & 300 | PR -
for explosion, and simulated steady-state £ 200 | e
il uent
dispersion. 100
|
0

0 30 60 90 120 150 180 210 240 270 300 330 360
Wind angle (deg)

[4] Comparison of Five Corresponding Explosion Risk Studies Performed by Five Different Consultants, Holen |, ERA Conference, London, 2001.

.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - previous ERA blind comparison [4]

¢ PartiCiPantS A'D PrEdiCted d |0_4/)’r Exceedance curves for overpressure at the firewall
overpressure of 0.5-1.0 barg at the firewall: eon
— Predictions A and C were very close. = & ’
.. . L BEREREEEEEN |
* Participant E predicted 2 barg. _ HE03 o e
. . = Sy I {——A4
* As a consequence of this comparison, g ST Ea —
& 1,E-04 gmtm== e EEES 3 =S il [ c
standard ERA procedures were agreed £ s === B .. D
. = :: . ~ L HEW — [ F—— g
in Norway. I IJE ST :_»\-4\.'
* However, it seems that unfortunately they 4 S e SaarsamEmcoaE
. o LB AR O TR E T
have diverged again in recent years. TE Gttt w2 REEEcARs
0 0,5 1 1,5 2 2,5 3
Pressure (bar)
[4] Comparison of Five Corresponding Explosion Risk Studies Performed by Five Different Consultants, Holen ], ERA Conference, London, 2001. _‘-.‘
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - concerns with current methodology

* In recent years, several parties have expressed concerns relating to the
consistency of the probabilistic approach:
— NORSOK Z-013 is not prescriptive — there is room for interpretation.
— There is no international standard detailing the methodology.

— No similar benchmark as that carried out in Norway in the late 1990s has ever been performed
in the UK or other regions around the world.

— Abercus has reviewed several probabilistic studies and, depending upon the input assumptions,
the design blast loads may vary significantly.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - concerns with current methodology

* In recent years, several parties have expressed concerns relating to the
consistency of the probabilistic approach.

Recent work from the UK HSE stated [2]:

— Clearer guidance on how probabilistic ERA should be undertaken is needed, along with more rigorous
documentation of the assumptions, and associated uncertainties, made when performing an ERA to
determine an overpressure exceedance curve. With the present system, it is extremely difficult to have
proper oversight (either by the client or regulator) when the ERA is based on so many expert judgement
decisions. There is little value in undertaking ERA studies if the results cannot be trusted.

i
r
o
I

i
o
i
|
| |
|
]

[2] A review of the Q9 equivalent cloud method for explosion modelling, Stewart | and Gant S (UK HSE), FABIG newsletter 75, 2019.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - concerns with current methodology

* In recent years, several parties have expressed concerns relating to the
consistency of the probabilistic approach.

* In 2021, the UK Institution of Mechanical Engineers (IMechE) IS\A'I'FFEQI,I"IINCI;%!I\]%E

released a technical safety guide — ALARP for engineers [5]:

Page 10 — UK legislation does not require the quantification of risks, and the methods of estimating
or calculating them are prone to unacceptable errors and uncertainties.

Page 60 — The use of probabilistic prediction methods such as risk matrices and QRA
are not recommended.

Page 60 — Probabilistic mis-judgements may have been a cause in most major accidents.

Page 95 — Probabilistic errors can be notoriously difficult to find, even by experts, so a
sufficiently rigorous quality assurance process, (which interrogates the data collection, its
interpretation, the algorithms, and the model’s architecture), may not be a realistic proposition.

[S] ALARP for engineers: a technical safety guide, IMechE, 2021. ----.
https://www.imeche.org/page-not-found?aspxerrorpath=/docs/default-source/ | -oscar/reports-poIicy-statements-and-documents/alarp-tw--.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - concerns with current methodology

* In recent years, several parties have expressed concerns relating to the

consistency of the probabilistic approach. -
e In 2021, the UK Institution of Mechanical Engineers (IMechE) |E&iEs 9
released a technical safety guide — ALARP for engineers [5]: | = == = ™™ = = =

— Note that this document has been withdrawn and we are awaiting an update... |weREsoRry.

The page you are looking for is not currently
available.

You might find these pages helpful:

- Homepage

* Membership and registration
ers & Education

- Getinvolved

» Training

+ Events

« Industry sectors

- Libraries & Archive

[S] ALARP for engineers: a technical safety guide, IMechE, 2021. =

R | [ |
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - concerns with current methodology

* In recent years, several parties have expressed concerns relating to the

consistency of the probabilistic approach.

* Abercus has two recommendations to improve
consistency:

|. Use relative acceptance criteria rather than absolute
acceptance criteria [6].
This approach has the significant benefit that any
uncertainties in the input assumptions are inherent in

Hazards30

26-27 November 2020, Virtual

On the 10 /yr criterion for blast overpressure
An alternative comparative approach for safer design

-
both the acceptance model and the model used to Steve Howell and Prankul Middha =
. . . 26 November 2020 i
create the relative criterion, so that when they are SR =
. Abercus 7 Queent Gardens Aberdeen ABIS 4YD wwwabercus.com W
compared any error will, to a large degree, cancel out. B
[6] On the 10-4 lyr criterion for blast overpressure,An alternative comparative approach for safer design, Hazards 30 conference,_2_020. T --‘----E
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - concerns with current methodology

* In recent years, several parties have expressed concerns relating to the
consistency of the probabilistic approach.

* Abercus has two recommendations to improve
consistency:

|. Use relative acceptance criteria rather than absolute
acceptance criteria [6].

FABIG

FIRE AND BLAST INFORMATION GROUP

Lunchtime Webinar - |13 January 2021

2. Undertake blind benchmarking within a joint The benefits of blind benchmarking of
Probabilistic Explosion Risk Analysis (ERA) studies

industry project to gain a better understanding of . B

the uncertainties relating to the probabilistic 0060000 R T‘:J‘,"(RPS) : =
approach — PROBABLAST |IP [7]. — \scuunsnmng =
L — (o0 escicioge) =

[6] On the 10-4 lyr criterion for blast overpressure,An alternative comparative approach for safer design, Hazards 30 conference, 2020. T | | --‘----.

[7]1 The benefits of blind benchmarking of Probabilistic Explosion Risk Analysis (ERA) studies, FABIG Webinar, |3 January 2021.
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - concerns with current methodology

* In recent years, several parties have expressed concerns relating to the
consistency of the probabilistic approach.

The beneits af biind benchmarkingaf Probabilistic Explosion Risk Analyss (ERA) studics

* Abercus has two recommendations to improve Uncertainties in probabilistic ERA approach
COﬂSlStenCY' Areas of uncertainty
Deterministic Probabilistic
|. Use relative acceptance criteria rather than absolute Predictive ools [pm.,abi.i,uTTf: ]
acceptance criteria [6] - {[}[ f:‘;ffx“]“} e )

2. Undertake blind benchmarking within a joint

Predictive tool inputs Inputs to the

o o . . Deterministic simulations robabilistic assessment
'ndUStrY project to gain a better underStandmg of Data inputs [{““][m“"‘)] [:::".:“‘;{“:;:m }{w;’;:’] =
the uncertainties relating to the probabilistic s e N N B
approach — PROBABLAST |IP [7]. _ as =
B L CACACA ACA04,
B
B
B

[6] On the 10-4 lyr criterion for blast overpressure,An alternative comparative approach for safer design, Hazards 30 c&ference, 2020.
[7]1 The benefits of blind benchmarking of Probabilistic Explosion Risk Analysis (ERA) studies, FABIG Webinar, |3 January 2021. _—'_----------
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CFD-based probabilistic explosion risk assessment

NORSOK Z-013 - concerns with current methodology

* In recent years, several parties have expressed concerns relating to the
consistency of the probabilistic approach.

* In the Norwegian sector, it may already be too
late for CFD-based methods [8]:

— Studies have indicated significant uncertainty in the
explosion analysis late in detail engineering phase,
relating to both the inputs to the analysis the CFD
analysis and the probabilistic methodologies used.

FABIG

WEBINARS

FABIG Webinar 016 - 9'" December 2020

RispEx - Simplified tool for explosion load
decision support

Presented by Linda Flgttum, Aker Solutions u
Jens Johansson Garstad, DNV GL

WWW.FABIG.COM

— To address this, RispEx has been developed to replace
the use of CFD-based methods. It is a simplified tool
based on learning (look-up) from previous CFD studies.

[8] RispEx - Simplified tool for explosion load decision support, FABIG Webinar, 9 December 2020.
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CFD-based fire risk assessment

* Another common CFD application for offshore safety is modelling fire risk.

* Again, the approach is not prescriptive, and there is plenty of scope for inconsistency.

CFD for fire simulations

Personal experience (oil and gas)

Fire and smoke assessment for an offshore platform (general-purpose CFD vendor)

Jet fire represented by a fixed cone, with
uniform smoke/heat sources within the cone.

Confidence in CFD for fire applications

Steve Howell — 27 September 2022

i
1 [
1
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[9] Confidence in CFD for fire applications, IMechE Seminar, 27 September 2022.

Abercus 7 Queen’s Gardens Aberdeen ABI5 4YD www.abercus.com
© 2023 Abercus. All Rights Reserved.



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

CFD-based fire risk assessment

* Another common CFD application for offshore safety is modelling fire risk.

* Again, the approach is not prescriptive, and there is plenty of scope for inconsistency.

MECHANICAL
— ENGINEERS

Improving Fire Safety Through Simulation and Modelling:
pp tions

Confidence in CFD for fire applications

Steve Howell — 27 September 2022

CFD for fire simulations

Personal experience (oil and gas)

Fire and smoke assessment for an offshore platform (general-purpose CFD vendor)

Temperature

Abereus T Queen's Gardens Aberdeen ABIS 4YD wwwabereus.com
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[9] Confidence in CFD for fire applications, IMechE Seminar, 27 September 2022.
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CFD-based fire risk assessment

* Another common CFD application for offshore safety is modelling fire risk.

* Again, the approach is not prescriptive, and there is plenty of scope for inconsistency.

TT220403PR.001-8

TMCHE Fire Sfuty Simulatin snd Modefing - Confidents In CFO far e applicarions

IMechE Fire Safery Simulation and Madelling— Confidence in CFD far fire applicarions

CFD for fire simulations

Institution of

_ MECHANICAL
ENGINEERS

Personal experience (oil and gas)

Fire and smoke assessment for an offshore platform (general-purpose CFD vendor)

Improving Fire Safety Through Simulation and Modelling:
Tools, Techniques and Real-World Applications

* A lot of effort had gone into surface wrapping the congested geometry across the
topsides of the platform, leading to a +60M cell mesh that required an HPC facility

Confidence in CFD for fire applications to solve.

* Very little thought had gone into thinking about the physics relevant to the fire

Steve Howell — 27 September 2022 application, or the scenarios to consider.

* This case study is not a good advert for CFD! It is very easy to create
colourful nonsense with a CFD code.

Abercus 7 Queen’s Gardens Aberdeen ABIS5 4YD www.abercus.com
€ 2022 Abercus, All Rights Reserved

* Abercus updated the assessment five years later using KFX, an application-specific

CFD code for fires that is widely used in the oil and gas sector. = = = ===
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[9] Confidence in CFD for fire applications, IMechE Seminar, 27 September 2022.
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CFD-based fire risk assessment

* Another common CFD application for offshore safety is modelling fire risk.

* Again, the approach is not prescriptive, and there is plenty of scope for inconsistency.

CFD for fire simulations

Institution of
~__ MECHANICAL
— ENGINEERS

Personal experience (oil and gas)

Fire and smoke assessment for an offshore platform (updated by Abercus with KFX)

(Lo Yoy ot 50 COPORINN + 5 10% (NI TC0 concummunon « w ebns

-
Improving Fire Safety Through Simulation and Modelling:
Tools, Techniques and Real-World App tions

Confidence in CFD for fire applications

Steve Howell — 27 September 2022
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[9] Confidence in CFD for fire applications, IMechE Seminar, 27 September 2022.
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CFD-based fire risk assessment

* Another common CFD application for offshore safety is modelling fire risk.

. Agaln the approach is not prescriptive, and there is plenty of scope for |ncon5|stency

nmmwmmmm - onlideniis In CFO far e pplicirions

- Gonfidence In CFD ar fire applications

CFD for fire simulations

Institution of
_ MECHANICAL
ENGINEERS

Personal experience (oil and gas)
Fire and smoke assessment for an offshore platform (updated by Abercus with KFX)
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Improving Fire Safety Through Simulation and Modelling:
Tools, Techniques and Real-World Applications

Confidence in CFD for fire applications

Steve Howell —27 September2022 ~ -o=wl | 020202 KBTS
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[9] Confidence in CFD for fire applications, IMechE Seminar, 27 September 2022.
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CFD-based fire risk assessment

* Another common CFD application for offshore safety is modelling fire risk.

. Agaln the approach is not prescriptive, and there is plenty of scope for inconsistency.

TMCHE Fire Sfuty Simulatin snd Modefing - Confidents In CFO far e applicarions

IMechE Fire Safery Simulation and Madelling— Confidence in CFD far fire applicarions

CFD for fire simulations

Institution of

_ MECHANICAL
ENGINEERS

Personal experience (oil and gas)
Fire and smoke assessment for an offshore platform (updated by Abercus with KFX)

Improving Fire Safety Through Simulation and Modelling:

g * The previous study predicted completely unrealistic behaviour, with fire
temperatures of only around 80 °C in the region around the decks, and a
maximum temperature of 200-300 °C occurring at a height of around 100 m
above the deck (at the top of the fixed fire cone).

Confidence in CFD for fire applications

* Based upon this CFD assessment, the fire scenarios considered were not thought
to pose a significant risk to the facility.

Steve Howell — 27 September 2022
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* The updated study by Abercus (with KFX) predicted realistic fire temperatures of
~1000 °C in the region around the deck, which does pose a significant risk to the
facility. By the time Abercus updated the study, the facility had already been bu1ir_.=
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[9] Confidence in CFD for fire applications, IMechE Seminar, 27 September 2022.
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CFD-based atmospheric dispersion

* In ~2010, CFD was withdrawn as an option for simulating atmospheric dispersion for
onshore regulatory compliance in France — this was because there had been too
much inconsistency between practitioners with the CFD-based approach.

* A blind benchmarking exercise was subsequently established
to explore inconsistency between practitioners, in order to
re-establish confidence in the CFD approach [10].

[10] Guide de bonnes pratiques pour la realisation de modelisations 3D pour des scenarios de dispersion atmospherique en situation accidentelle,

il
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CFD-based atmospheric dispersion

* In ~2010, CFD was withdrawn as an option for simulating atmospheric dispersion for
onshore regulatory compliance in France — this was because there had been too
much inconsistency between practitioners with the CFD-based approach.
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[10] Guide de bonnes pratiques pour la realisation de modelisations 3D pour des scenarios de dispersion atmospherique en situation accidentelle,

Ineris report DRA-15-148997-06852A, July 2015. e i

Abercus 7 Queen’s Gardens Aberdeen ABI5 4YD www.abercus.com
© 2023 Abercus. All Rights Reserved.



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

CFD-based atmospheric dispersion

* In ~2010, CFD was withdrawn as an option for simulating atmospheric dispersion for
onshore regulatory compliance in France — this was because there had been too
much inconsistency between practitioners with the CFD-based approach.
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[10] Guide de bonnes pratiques pour la realisation de modelisations 3D pour des scenarios de dispersion atmospherique en situation accidentelle,
Ineris report DRA-15-148997-06852A, July 2015.
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Confidence in simulation for certification

How can we achieve confidence in simulation for certification?

* Through rigorous verification and validation, capturing all relevant physics

— This requires significant effort that should not be underestimated.

* For widespread adoption in industry:
— Develop mature processes — embed best practice within a workflow approach.
— Competence — training and accreditation for both CFD users and CFD codes/workflows.
— Improve confidence in the CFD process through blind benchmarking.
— How to interpret the CFD predictions — absolute or relative criteria.

— Standard templates for certification using CFD.
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Confidence in simulation for certification

Verification and validation

* ASME and NAFEMS have published a What is? guide
that is freely available for download:

http://www.nafems.org/publications/browse_buy/browse_by_topic/ga/verification_and_validation/

What 1s”)

Verification and Validation

rrrrrrrrrrrrrrrrrr
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S NAFEMS
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Confidence in simulation for certification

Verification and validation (oo, ) ASHE VaY 10206

omponent, subassembly, assembly or system) (Derived from)

Abstraction

* ASME and NAFEMS have published a What is? guide Cb
that is freely available for download: T

http://www.nafems.org/publications/browse_buy/browse_by_topic/qa/verification_and_validation/ mocelling o

e »[ Mathematical
model

Physical
model

l‘_
l‘_

e Verification is: o

verification Implementation Implementation
1

. . . \ + Revise
— the process of determining that a computational model oy ompuont ) v spproprse
accurately represents the underlying mathematical e T
. . verificlation + +
model and its solution. )
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o e . Simulation Quantitative Experimental
— the process of determining the degree to which a model e
is an accurate representation of the real world from the P — No
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Confidence in simulation for certification

Verification and validation ( S ) ASME V&V 10-2006

omponent, subassembly, assembly or system) (Derived from)

Abstraction

* ASME and NAFEMS have published a What is? guide C:
that is freely available for download: T

http://www.nafems.org/publications/browse_buy/browse_by_topic/qa/verification_and_validation/ mocelling S
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solved correctly?
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Verification and validation ( S ) ASME V&V 10-2006

omponent, subassembly, assembly or system) (Derived from)

Abstraction

* ASME and NAFEMS have published a What is? guide C:
that is freely available for download: T

http://www.nafems.org/publications/browse_buy/browse_by_topic/qa/verification_and_validation/ mocelling S
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Verification and validation ¢ — D

omponent, subassembly, assembly or system) (Derived from)

Abstraction

Conceptual

model

I 1
Mathematical Physical

modelling modelling
e »| Mathematical Physical
J/ model model
1
.Code. Implementation Implementation
verification
1
N v Revise
Sso # Computational Preliminary appropriate
e model calculations moces
, or
" experiment
Calculation Calculation Experimentation
erification
verificati +

\
S Simulation Experimental
- results data

Uncertainty _ - Validation ~ _ Uncertainty
. . quantification

quantification

Quantitative
comparison

Modelling, simulation and
experimental activities

Assessment activities

Yes

v

(Next reality of interest in the hierarchy)

Abercus 7 Queen’s Gardens Aberdeen ABI5 4YD www.abercus.com
© 2023 Abercus. All Rights Reserved.



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

Confidence in simulation for certification

Verification and validation
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Verification and validation
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Verification and validation
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Verification and validation

Abstraction validation
What is being validated? Is it the conceptual model?
It is certainly not the reality of interest.

Code verification

Are the numerical algorithms correctly implemented in the computer code?
Are they functioning as intended?
Does the code correctly solve the underlying equations, as intended?

Uncertainty quantification
Are the simulation results sensitive to the simulation inputs?

UQ margins of uncertainty accumulate on top of any errors due to code and calculation verification.

Experimental branch
Similar verification and UQ activities mirrored along the experimental branch.

Validation

Quantitative comparison of simulation outcomes with experimental outcomes.
Is the prediction within the required bounds?
Not a comparison of single point data, but of predictive/experimental bounds.

Reality of interest
Component, subassembly, assembly or system)
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model J
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(Derived from)
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1
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Verification and validation

ASME V&V 10-2019

[Revisic n of ASME V&V 10-2006 (R2016)]

Standard for

Updated in 2019

Verification and
Validation in
Computational
Solid Mechanics

Standard for
Verification and Validation
in Computational Fluid
Dynamics and Heat Transfer

ASME V&V 20-2009

AN INTERNATIONAL STANDARD

The American Society of
Mechanical Engineers

>) The American Saciety of
'© Mechanical Engineers
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V&V Standards Committee on Verification and Validation in Modeling and Simulation

Subcommittees:

V&V 10-Verification and Validation in Computational Solid Mechanics

V&V 20-Verification and Validation in Computational Fluid Dynamics and Heat Transfer
V&V 30-Verification and Validation in Computational Simulation of Nuclear System Thermal
Fluids Behavior

V&V 40-Verification and Validation in Computational Modeling of Medical Devices

V&V 50-Verification and Validation of Computational Modeling for Advanced Manufacturing
V&V 60-Verification and Validation of Computational Modeling in Energy Systems

V&V 70 — Verification and Validation of Machine Learning

Other Related ASME Committees for VWVUQ Community Consideration

* MBE Model Based Enterprise
* PHM Subcommittee on Monitoring, Diagnestic, and Prognostic for Manufacturing Operations

Interested in joining a V&V or related subcommittee? Membership on a V&V or related
subcommitiee is free and open to anyone with interest and experience in the relevant technical
area. Contact: Michelle Pagano—1.212.591.8399; paganom@asme.org Kate Hyam-1.212.591.8704;
hyamk@asme.org

ASME V&V Standards

Below are a list of the currently published and upcoming ASME V&V Standards.

V&V 10-2019, Standard for Verification and Validation in Computational Solid Mechanics
V&V 101-2012, An lllustration of the Concepts of Verification and Validation in Computational
Solid Mechanics

V&V 202009, Standard for Verification and Validation in Computational Fluid Dynamics and
Heat Transfer

V&V 402018, Assessing_Credibility of Computational Modeling_through Verification and
Validation: Application to Medical Devices

We use cookies to personalize content and ads, to provide social media features and to analyze our traffic. We also
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'?'Qrof\'x

-

X

© 2023 Abercus. All Rights Reserved.



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

Confidence in simulation for certification

Verification and validation

* What is validation?

— From ASME V&V 10 2019:
Validation is the process of determining the degree to
which the model is an accurate representation of
corresponding physical experiments from the perspective
of the intended uses of the model.

— This is different to NAFEMS WT09 and V&V 10 2006:
Validation is the process of determining the degree to
which a model is an accurate representation of
the real world from the perspective of the intended
uses of the model.

Validation case in hierarchy

ASME V&V 10-2019
(Derived from)

Abstraction
¥
Conceptual |
model
Simulation Experimental
branch v branch
, |
Mathematical Experiment
model design
y A
Computational Validation
model experiment
A4 A 4
Simulation Experimental
results results
Simulation Quantitative Experimental
outputs comparison outputs

Revise model
or simulation
or experiment

No

Yes

d

Next validation case in hierarchy
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Verification and validation

* NAFEMS validation spectrum

— Essentially V&V 10 requires a quantitative
comparison of the simulation outputs with the
outputs of a validation experiment.

— Whilst this might represent best practice, often it
is not possible to undertake physical testing within
the scope of a real project.

— NAFEMS recognises this and has developed the
validation spectrum.

Validation case in hierarchy

ASME V&V 10-2019
(Derived from)

Abstraction
¥
Conceptual
model
Simulation Experimental
branch v branch
, |
Mathematical Experiment
model design
A
Computational Validation
model experiment
A4 A 4
Simulation Experimental
results results
Simulation Quantitative Experimental
outputs comparison outputs

’Saﬁsﬁed?

Yes

d

Revise model
or simulation
or experiment

No

Next validation case in hierarchy
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Confidence in simulation for certification

Verification and validation

* NAFEMS validation spectrum

Referents

N

Validation processes

¥

Category 1
Supported by new physical

Category 2
Supported by historical

s

Category 3
Not supported by physical

test physical test test
| I |
| | | I I | |
Method 1.1 Method 1.2 Method 2.1 Method 2.2 Method 2.3 Method 3.1 Method 3.2

Measurements from Measurements from Measurements from Previous Previous Alternative Expert panel
new physical test other new physical historical physical calculations calculations calculations assessment
designed for test test within historical outside historical
validation validation domain validation domain

Decreasing validation rigour

>

A Narems

Model Validation from an Implementation Perspective.
How much Validation Rigour for Credibility?

exander Karl, Ola Widlund
NAFEMS SGMWG

Jean-Frangois Imbert, Chris Rogers, A

' b
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Confidence in simulation for certification

Verification and validation

* NAFEMS validation spectrum

Referents

=

Validation processes

¥ ¥
Category 1 Category 2 Category 3
Supported by new physical Supported by historical Not supported by physical
test physical test test
] I ]
| 1 l | |
Method 1.1 Method 1.2 Method 2.1 Method 2.2 Method 2.3 Method 3.1 Method 3.2
v v v v v v v
Measurements from Measurements from Measurements from Previous Previous Alternative Expert panel
new physical test other new physical historical physical calculations calculations calculations assessment

designed for
validation

test

test

within historical
validation domain

outside historical
validation domain

Decreasing validation rigour

>

Validation case in hierarchy

ASME V&V 10-2019
(Derived from)

Abstraction
N4
Conceptual
model
Simulation Experimental
branch v branch
, |
Mathematical
model
L .
Computational Rew‘se quel
model or simulation
or experiment
Referent
A 4
Simulation
results
y
Simulation Quantitative _|
outputs comparison

Yes

d

‘Saﬁsfied?

No

Next validation case in hierarchy
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Confidence in simulation for certification

Verification and validation

* NAFEMS validation spectrum

Reality of interest
1

Abstraction
¥
Conceptual
model (ROI) ASME V&V 10-2019
Validation processes (Derived from)
|____‘________I
Validation case in hierarchy <
¥ ¥ | I
Category 1 Category 2 Category 3 | Abstraction
Supported by new physical Supported by historical Not supported by physical | Conceptual I
test physical test test model (VC) |
| I i I
I 1 | | | 1 | | Simulation Experimental
branch v branch
Method 1.1 Method 1.2 Method 2.1 Method 2.2 Method 2.3 Method 3.1 Method 3.2 ]
l Revise model
) v v v ¥ ¥ v —— o or simulation
Measurements from Measurements from Measurements from Previous Previous Alternative Expert panel Simulation Quantltr?\tlve Referent or experiment
Referents new physical test other new physical historical physical calculations calculations calculations assessment model comparison
designed for test test within historical outside historical
ﬁ validation validation domain validation domain I I
| Decreasing validation rigour > I Satisfied? NE I
I Yes I
I Next validation case in hierarchy I
e O I B R
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

Reality of interest
1

— The collection of assumptions and descriptions of physical Abstracion
o . . . Conceptual
processes representing the solid mechanics behavior from mocel (RO e
erived rrom
which the mathematical model and referent can be | ——————— " T
Validation case in hierarchy <
constructed. | —
Abstraction
— Think of this as a free body diagram for the simulation. | Pt (v0) J°
I Simulation Experimental
branch v branch
| 1 1
I Slnn:l]lélcz":léllo n S::]r;ta“:r?:gs Referent or experiment
: Satisfied? No
I Yes
| l

Next validation case in hierarchy
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. . . 'i—ﬁ\ fﬁ"\\‘ CF
Real validation case studies x”igﬁ aphivezs

Example 2 — compartment fire with conjugate heat transfer . ] ]
Real validation case studies

 Validation experiment hierarchy

A
Reality of interest: unintended release of oil forms NAFEMS SGMWG
pool, is ignited, and the subsequent fire engulfs Greg Westwater (Chair), Alexander Karl, Steve Howell

the vessel. Upon detection, the local water spray
system is activated to cool the vessel walls.

Exp-A: Fire within test compartment,
with vessel engulfed in fire and local
water spray cooling activated.

?

Exp-B: Fire within
compartment. No vessel
and no water cooling.

?

Exp-C: Fire under open hood. No Exp-D: Vessel heated by electric Exp-E: Activation of water
compartment, no vessel and no blanket. No compartment, no cooling system on vessel in
water cooling. fire and no water cooling. compartment . No fire.

NAFEMS W ngress 2023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. : B
Real validation case studies ggﬁ

Example 2 — compartment fire with conjugate heat transfer

* Reality of interest (jet fire)

Domain: object

Domain: within compartment

.
[[Radirton |

+ Consorvation ofamerey B
(conduction/convection/radiation) — Conduction
o T 3
Transport of water droplets
temparature dependance » Canservation of mass.
+Conservation of mamentum
Dropletdrag

/ 1
Far boundary Hy « Buoyancy

NAFEMS World Cong 3 | Tampa, Florida, USA | May 15-18 2023

7
smhNwCzs

ORLD CONGRE!

Real validation case studies

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. ; T THNWC23
Real validation case studies *%gﬁ W i

Example 2 — compartment fire with conjugate heat transfer S )
Real validation case studies

» Reality of interest (pool fire)

Domain: object NAFEMS SGMWG

Domain: within compartment

Greg Westwater (Chair), Alexander Karl, Steve Howell

ction,
regions within the object, buoyancy)

Domain: Compartment wall

*Canservation af e

nergy
/ (canduetion/convecton/radiation)
3

salid]
(conduction/comection/radiation? i luid

)‘/ cavity within wall, buoyancy)

Domain: surrounding environment

P ki
Fuel evaporation f\(| ack | [ watersupaty },\D

Fam
Domain: Pool ﬁre\r \I) Domain: Water system
B

+ Conservationof ener
(eonduction/corveetion within iauid pooi)

rinkler

«Fluid -
temperature dependance

Jf
f"/. L3
I Far boundary |_.<} +Buoyancy

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

Real validation case studies wy

Example 2 — compartment fire with conjugate heat transfer S )
Real validation case studies

 Validation experiment hierarchy
A

Validation is the process of determining the degree to which the
model is an accurate representation of corresponding physical
experiments from the perspective of the intended uses of the model.

e r— e

Exp-A: Fire within test compartment,
with vessel engulfed in fire and local
water spray cooling activated.

f

Exp-B: Fire within
compartment. No vessel
and no water cooling.

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

Exp-C: Fire under open hood. No Exp-D: Vessel heated by electric Exp-E: Activation of water
compartment, no vessel and no blanket. No compartment, no cooling system on vessel in
water cooling. fire and no water cooling. compartment . No fire.

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. : X SSNWC23
Real validation case studies wy (L et

Example 2 —compartment fire with conjugate heat transfer S )
Real validation case studies

 Reality of interest (pool fire)

Domain: within compartment

Domain: object NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

o if fluid
regions within the object, buoyancy)

P ki
Fual evaporation /\e/{ ack | [ watersuppy I.\D

b
Domain: Pool ﬁre\fl j) Domain: Water system\’(
 Conservation of energy  Flows through water noz: n

I/
\ Far boundary H?I

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. . 5 SENWC23
Real validation case studies gggl W livN22

Example 2 — compartment fire with conjugate heat transfer S )
Real validation case studies

» Exp-A (pool fire) — fire with object and cooling

NAFEMS SGMWG
Object: different fluid Greg Westwater (Chair), Alexander Karl, Steve Howell
within vessel

Domain: within compartment

Compartment:

] | T construction and
= air-tightness

Domain: Water systemv
Pool: confined in tray
rather than spillage

Far boundary

Abercus 7 Queen’s Gardens Aberdeen ABI5 4YD www.abercus.com
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. : X
Real validation case studies wy

Example 2 — compartment fire with conjugate heat transfer

 Validation experiment hierarchy
A

Validation is the process of determining the degree to which the
model is an accurate representation of corresponding physical
experiments from the perspective of the intended uses of the model.

S —

Exp-A: Fire within test compartment,
with vessel engulfed in fire and local
water spray cooling activated.

f

Exp-B: Fire within
compartment. No vessel
and no water cooling.

Exp-C: Fire under open hood. No Exp-D: Vessel heated by electric Exp-E: Activation of water
compartment, no vessel and no blanket. No compartment, no cooling system on vessel in
water cooling. fire and no water cooling. compartment . No fire.

NAFEMS World Congr 023 | Tampa, Florida, USA | May 15-18 2023

Real validation case studies

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. : X SSNWC23
Real validation case studies wy (L et

Example 2 —compartment fire with conjugate heat transfer S )
Real validation case studies

 Reality of interest (pool fire)

Domain: within compartment

Domain: object NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

o if fluid
regions within the object, buoyancy)

P ki
Fual evaporation /\e/{ ack | [ watersuppy I.\D

b
Domain: Pool ﬁre\fl j) Domain: Water system\’(
 Conservation of energy  Flows through water noz: n

I/
\ Far boundary H?I

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. : B
Real validation case studies Qgﬁ

Example 2 — compartment fire with conjugate heat transfer

* Exp-B (pool fire) — no vessel and no cooling

Domain: within compartment

Compartment:
construction and
air-tightness

Pool: confined in tray
rather than spillage

Real validation case studies

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

Real validation case studies wy

Example 2 — compartment fire with conjugate heat transfer S )
Real validation case studies

 Validation experiment hierarchy
A

Validation is the process of determining the degree to which the
model is an accurate representation of corresponding physical
experiments from the perspective of the intended uses of the model.

e

Exp-A: Fire within test compartment,
with vessel engulfed in fire and local
water spray cooling activated.

’

Exp-B: Fire within
compartment. No vessel
and no water cooling.

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

Exp-C: Fire under open hood. No Exp-D: Vessel heated by electric Exp-E: Activation of water
compartment, no vessel and no blanket. No compartment, no cooling system on vessel in
water cooling. fire and no water cooling. compartment . No fire.

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. : X SSNWC23
Real validation case studies wy (L et

Example 2 —compartment fire with conjugate heat transfer S )
Real validation case studies

 Reality of interest (pool fire)

Domain: within compartment

Domain: object NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

o if fluid
regions within the object, buoyancy)

P ki
Fual evaporation /\e/{ ack | [ watersuppy I.\D

b
Domain: Pool ﬁre\fl j) Domain: Water system\’(
 Conservation of energy  Flows through water noz: n

I/
\ Far boundary H?I

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. : B
Real validation case studies ggﬁ

Example 2 — compartment fire with conjugate heat transfer

* Exp-C (pool fire) — fire under open hood

O

Fuel evaparation /I Radiative feedback I

Pool: confined in tray
rather than spillage

Far boundary

mz".',.N

amhNwezs

Real validation case studies

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

Real validation case studies wy

Example 2 — compartment fire with conjugate heat transfer S )
Real validation case studies

 Validation experiment hierarchy
A

Validation is the process of determining the degree to which the
model is an accurate representation of corresponding physical
experiments from the perspective of the intended uses of the model.

e

Exp-A: Fire within test compartment,
with vessel engulfed in fire and local
water spray cooling activated.

’

Exp-B: Fire within
compartment. No vessel
and no water cooling.

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

Exp-C: Fire under open hood. No Exp-D: Vessel heated by electric Exp-E: Activation of water
compartment, no vessel and no blanket. No compartment, no cooling system on vessel in
water cooling. fire and no water cooling. compartment . No fire.

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. : X SSNWC23
Real validation case studies wy (L et

Example 2 —compartment fire with conjugate heat transfer S )
Real validation case studies

 Reality of interest (pool fire)

Domain: within compartment

Domain: object NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

o if fluid
regions within the object, buoyancy)

P ki
Fual evaporation /\e/{ ack | [ watersuppy I.\D

b
Domain: Pool ﬁre\fl j) Domain: Water system\’(
 Conservation of energy  Flows through water noz: n

I/
\ Far boundary H?I

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

SMNWC23

. : T Y
Real validation case studies sgg’l WYL

Example 2 — compartment fire with conjugate heat transfer S )
Real validation case studies

» Exp-D — vessel heated by electric blanket

NAFEMS SGMWG
Object: different fluid Greg Westwater (Chair), Alexander Karl, Steve Howell
within vessel

Domain: electric blanket

| m].w.m;m.m«

Abercus 7 Queen’s Gardens Aberdeen ABI5 4YD www.abercus.com
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

Real validation case studies wy

Example 2 — compartment fire with conjugate heat transfer S )
Real validation case studies

 Validation experiment hierarchy
A

Validation is the process of determining the degree to which the
model is an accurate representation of corresponding physical
experiments from the perspective of the intended uses of the model.

e

Exp-A: Fire within test compartment,
with vessel engulfed in fire and local
water spray cooling activated.

’

Exp-B: Fire within
compartment. No vessel
and no water cooling.

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

Exp-C: Fire under open hood. No Exp-D: Vessel heated by electric Exp-E: Activation of water
compartment, no vessel and no blanket. No compartment, no cooling system on vessel in
water cooling. fire and no water cooling. compartment . No fire.

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Understanding the physics

* Conceptual model

. : X SSNWC23
Real validation case studies wy (L et

Example 2 —compartment fire with conjugate heat transfer S )
Real validation case studies

 Reality of interest (pool fire)

Domain: within compartment

Domain: object NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

o if fluid
regions within the object, buoyancy)

P ki
Fual evaporation /\e/{ ack | [ watersuppy I.\D

b
Domain: Pool ﬁre\fl j) Domain: Water system\’(
 Conservation of energy  Flows through water noz: n

I/
\ Far boundary H?I

NAFEMS World Co 023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

. . . o L
Real validation case studies WY & et

Example 2 —compartment fire with conjugate heat transfer S )
Real validation case studies

* Exp-E (pool fire)

NAFEMS SGMWG
Ohiact: different fluid Greg Westwater (Chair), Alexander Karl, Steve Howell
vessel

Domain: within compartment

Film: isothermal, no
deposition of soot

Abercus 7 Queen’s Gardens Aberdeen ABI5 4YD www.abercus.com
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Confidence in simulation for certification

Understanding the physics

* Conceptual model

Real validation case studies wy

Example 2 — compartment fire with conjugate heat transfer S )
Real validation case studies

 Validation experiment hierarchy
A

Reality of interest: unintended release of oil forms
pool, is ignited, and the subsequent fire engulfs
the vessel. Upon detection, the local water spray
system is activated to cool the vessel walls.

Exp-A: Firg
with vessg
water sprg

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

ectric
no

hood. No
| and no

uuuuuuu
nnnnnn

NAFEMS World Congre
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Understanding the physics

* Conceptual model

Real validation case studies wy

Example 3 - compartment fire with conjugate heat transfer

» Reality of interest (pool fire)

Domain: object

= Canservation of energy = T
{canduction/convestion fradiation] _’—7\?’)‘, (conduction/c ion/ra
i ~7|  cavity within wall, buoyancy)
I Phase-changs. I Transport of water droplets ‘()‘/
. mass. /
« Conservation of momentum - - -
= Dropletdrag I D I Domain: surrounding environment

P N
= =_

Domain: Water system\f/

o Fl

low through wat

Jefsprinkler
rvoir,

Jf
f"/. L3
I Far boundary |_.<} +Buoyancy

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

Real validation case studies

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell
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Confidence in simulation for certification

Understanding the physics

* Representativeness of the referent

TN KN C2
Discussion '%gﬁ aphiwezs

Real validation case studies

* Representativeness of the referent

—J

[ Reality of interest

— The bottom part of the diagram NAFEMS SGMWG
relating to validation quality is detailed ASHE Ve 102019 Greg Westwater (Chair), Alexander Karl, Steve Howell
In ASME V&V 10. e )

— For the top part of the diagram relates
to abstraction from the reality of

interest, which is less well defined.

— The latest contribution from NAFEMS
is to recommend that a PIRT* analysis
be undertaken to formally identify the
important physical phenomena for any
particular validation case. @~  |——————————————— y

* Phenomena Identification and Ranking Technique

il

r

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Representativeness of the referent

R THNWCZ
Discussion ) e

Real validation case studies

* Representativeness of the referent

—J

[ Reality of interest

— By its very nature, a PIRT analysis is NAFEMS SGMWG
somewhat Subjective: what is ASME V&V 10-2019 Greg Westwater (Chair), Alexander Karl, Steve Howell
e
considered to be an important I —— === )

T
Abstraction

phenomenon by one expert may be
viewed differently by another.

— How can the rigor of this process be
improved?
— Is there a role for NAFEMS here?

Conceptual
model (VC)
ion X

il

— — — —— — — — — —— — — — —

-
\_

* Phenomena Identification and Ranking Technique

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Representativeness of the referent

Discussion w

Real validation case studies

« Can we devise some simple way to
illustrate the rigour of the validation
activities, both validation (V&V 10)
and representativeness, so that
they can be better understood?

NAFEMS SGMWG
ASME V&V 10-2019 Greg Westwater (Chair), Alexander Karl, Steve Howell

model (RO
(W
Validation case in hierarchy

Abercus 7 Queen’s Gardens Aberdeen ABI5 4YD www.abercus.com
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Confidence in simulation for certification

Understanding the physics

Representativeness of the referent

- - - ﬂﬂj SmNwcC23
Real validation case studies WY ®
Example 4 — Formula 1, porpoising and ground effect cars S )
Real validation case studies
» This was essentially a very public T T —
blind benchmarking exercise e T — NAFEMS SGMWG
* It demonstrates the importance of: e. R Smetsffin iy soafhy o Greg Westwater (Chair), Alexander Karl, Steve Howell

— improving confidence through blind
benchmarking (Session 6L, Wed 16:10)

— the representativeness of the referent.

Concept for ground effect cars

S [TTTTTY
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Understanding the physics

* Representativeness of the referent

>
Discussion “*‘-',.-%'wj

Real validation case studies

m—
Yes

[ Next validation case in hierarchy ]—

— e ——— — —— — — — — — — —

Validation (V&V 10)

Prearclons CFD modd compared ( ety of meres )
T
Abstraction
o e NAFEMS SGMWG
2 @ @
b / T Improved CFD model compared model (ROI) ASME V&V 10-2019 Greg Westwater (Chair), Alexander Karl, Steve Howell
with on-track testing (Derived from)
c | —_——— e
3 , F—|
7
T *’ | |
/

- |
9 O~ ! :
(%)) - ™ pre-Barcetona CFD moc compared |
() with wind tunnel experiment |
— R del
a I . e |
o ; | [ Sttaton | Quanttaive | ceterent | of expetment |
T .. I |

Low High I

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

Understanding the physics

* Representativeness of the referent

5 HNWC23
Discussion o W e

Real validation case studies

Pre-Barcelona CFD model compared [ Reality of interest ]
with on-track testing .
Abstraction
n NAFEMS SGMWG
2
Ieb) Improved CFD model compared model (RON) ASME V&V 10-2019 Greg Westwater (Chair), Alexander Karl, Steve Howell
c with on-track testing (Derived from)
Q
T
o
c
(5]
n Pre-B: D model compared
()] with wind tunnel experiment
- Revi_se que\
o [ Simulation Quanl\tgtive‘_[ metorent ] ot
q) model comparison

Validation (V&V 10)

— e ——— — —— — — — — — — —
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Confidence in simulation for certification

Understanding the physics

* Representativeness of the referent

B THNWC23
Discussion %gﬂ ww V-2

Real validation case studies

Realm of digital twins Full-scale validation
. — ™ 7Y ([ ") experiment under
e b _J real-world operation

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell

0 Validation experiments
I in the laboratory

J

(T e

Representativeness

Low L=
Low High

Validation (V&V 10)
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TT230501-PR-001-B Comment La Simulation Supporte La Certification? — Confidence in simulation for compliance in the energy sector (technical safety)

Confidence in simulation for certification

How can we achieve confidence in simulation for certification?

* Through rigorous verification and validation, capturing all relevant physics

— This requires significant effort that should not be underestimated.

* For widespread adoption in industry:
— Develop mature processes — embed best practice within a workflow approach.
— Competence — training and accreditation for both CFD users and CFD codes/workflows.
— Improve confidence in the CFD process through blind benchmarking.
— How to interpret the CFD predictions — absolute or relative criteria.

— Standard templates for certification using CFD.
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Confidence in simulation for certification

How can we achieve confidence in simulation for certification?
Develop mature processes — embed best practice within a workflow approach

Processes are continually improved
through innovative and incremental
technological improvements

L4 Quantitatively Processes are measured and controlled,
managed timing is predictable, quantitative quality
goals are set and met

Processes are well characterised
L3 Defined and understood — specifications,
peer-review, version control.

Processes are planned, documented,
L2 Managed performed, monitored and controlled at
the project level. Often reactive.

Processes are ad-hoc, success depends upon
competencies and heroics of individual people.
The person is responsible for the result.

Simulation deployed for the first time.

Competencies, methods and processes
need to be developed.

Capability maturity model integration (CMMI)
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Confidence in simulation for certification

How can we achieve confidence in simulation for certification?
Blind benchmarking — NAFEMS SGMWG database of blind benchmarks

Examples of past blind benchmarking ™ =

The importance of
[Jimwd-25] Round-Robin Study of a-priori Modelling Prediction of the Dalmarnock Fire Test One, blind benchmarking
G. Rein et al, Fire Safety Journal 44 (4), 590-602, 2009.

(Presentation to SGMWG/CFDWG, 27 February 2023)

NAFEMS SGMWG

10000 Table 2: Comparison of simulated time to flashover and maximum Greg Westwater (Chair), Alexander Karl, Steve Howell, Jim Wood
02 D average temperature in the smoke layer of the main compartment with ' ' ’
8000 E1 g 2 experimental dat
Simulation Timeto  Maximum Average § :Jh
. Flashoverfs]  Layer Temperature [°C]
< 6000 B 790
= A2 290 500
['d 840 690
% 4000 E2 * i no flashover 200
|4 Y £2 200 720
| 4 80 150
8k 180 %00
2000 ot () AmLd ‘ 180 610
(i el - L L O C 720 590
/ """" e 2 850 720
% 200 400 600 800 1000 1200 Experimental 00 750
time [s]
Figure 6: Evolution of the global heat release rate within the compartment. Legend for the different curves:
i line for CFD si i dashed line for zone model simulations; and dotted for the experimental

data with error bars.
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Confidence in simulation for certification

How can we achieve confidence in simulation for certification?
Blind benchmarking — NAFEMS SGMWG database of blind benchmarks

Examples of past blind benchmarking % & wezrmrzeess

The importance of
An inter-comparison exercise on the capabilities of CFD models to predict the short and long term blind benchmarking
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.

P— ) Sonsar 2 NAFEMS SGMWG

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

I -
| . ﬂf:ygﬂr;‘;j‘;:}'ﬁ;ll;;.‘:;‘kﬂefw
A

“““““

Hydrogen release, 1 g/s (4 minutes) in a 80 m3 room
NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

How can we achieve confidence in simulation for certification?
Blind benchmarking — NAFEMS SGMWG database of blind benchmarks

Ny N (b
fﬁ‘j f“""Na‘S
Examples of past blind benchmarking &% e
The importance of
An inter-comparison exercise on CFD model capabilities to predict a hydrogen explosion in a blind benchmarking
simulated vehicle refuelling environment, (Refueling station experiments)
Makarov D et al, Intl J Hyd Ener, 34(6), 2800-14, 2009. ., 2
90 | =——Experiment
80 1 Facsa FLACS-L NAFEMS SGMWG
g ;g T —FLACS2 N Greg Westwater (Chair), Alexander Karl, Steve Howell, Jim Wood
= [ \ if‘% FLACS-2
i t+ ~
P T ] G
_ :g || TTRAcst FLACS-1 ‘f RVA I‘\, ]
§ g | A2 R ARV
g il — FLACS-2 ViA ]
2 40 ﬁ / ¥ AW
g 30 ; %‘ ’/\ 004 005 006 007 008 009 010
- sosm | 1om § 20 IR AN Time (5)
AR K £ WA e
g 0 ¥ \\C“
orl] 0 -
Ej_ =5 000 001 002 003 004 005 006 007 008 009 010
o Time (s)
Hydrogen explosion in a stoichiometric cloud (70 m3)

ngress 2023 | Tampa, Florida, USA | May 15-18 2023
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Confidence in simulation for certification

How can we achieve confidence in simulation for certification?
Blind benchmarking — NAFEMS SGMWG database of blind benchmarks

Examples of past blind benchmarking

Erosion of helium layer by jet, OECD/NEA PSI exercise

Wy 1t 1 TKE 1txt
Range of values

expected for a free jet (see text)

T
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k
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h g | /
g, ) e
o1 o/
! J
o2l
} ol
aes o [
* - 1
- +—F o¢ 4000 5000 @00 7000
% £ B mW B aoeg w e = =5 ¥
. s 1700 » M5 1700 b
o | | eeeses
o —— o2 -
——— 5
g
fe H
L

ool

Woo e W00 e o8 oo e Bx % § W0 Wes WS w0 WG W
e C““”“‘:’: :lhm .m:.':f:ﬂ ,:llwl:il:;‘o.::o - :F6 e Figure 6. Vertical Distribution of the y-component of the Velocity along the Injection Axis at 111 s
NG Cheee. St o) (left); Vertical Distribution of TKE along the same Vertical Line (right).

NAFEMS World Congress 2023 | Tampa, Florida, USA | May 15-18 2023
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The importance of
blind benchmarking

NAFEMS SGMWG

Greg Westwater (Chair), Alexander Karl, Steve Howell, Jim Wood
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TT230501-PR-001-B Comment La Simulation Supporte La Certification? — Confidence in simulation for compliance in the energy sector (technical safety)

Summary

The use of engineering simulation is becoming ever more popular:
— Digital twins
— Machine learning

— Simulation for certification.

We need to remember that a simulation prediction is only as good as the
verification and validation activities that underpin it.

In the offshore industry, CFD has been widely used to support the safety case
approach since the 1990s, and there are clear lessons to be learned...

... confidence in simulation can be eroded if there is inconsistency
between parties — in some regions, this has precipitated a shift away

from engineering simulation for certification
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TT230501-PR-001-B Comment La Simulation Supporte La Certification? — Confidence in simulation for compliance in the energy sector (technical safety)

Summary

* How can we achieve confidence in simulation for certification?
— Through rigorous verification and validation, capturing all relevant physics

— This requires significant effort that should not be underestimated.

* The following recommendations should be considered:
— Develop mature processes — embed best practice within a workflow approach.

— Competence — training and accreditation for both CFD users and CFD codes/workflows.

— Improve confidence in the CFD process through blind benchmarking. B
— How to interpret the CFD predictions — absolute or relative criteria. j' =
— Standard templates for certification using CFD. "===
|

| | [

I ———— ]
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TT230501-PR-001-B Comment La Simulation Supporte La Certification? — Confidence in simulation for compliance in the energy sector (technical safety)

Summary

* A simulation prediction is only as good as the verification and validation activities
that underpin it:

— This is becoming more important than ever with the emergence of machine learning tools
where predictions may not depend upon physics-based models.

— If there are important physics missing from the physical experiment, the outcomes of a
simulation model and physical validation experiment can agree very well with each other, but
not necessarily with the reality of interest.

— Simulation tools should not be used as out-of-the-box solutions. It is not possible to validate a
simulation code alone, it is the combination of code plus user, or code plus workflow that must

i
be validated. ‘==
— To have confidence in simulation predictions requires the V&V 10 diagram to be considered in ‘===

its entirety — this is the responsibility of the user of the simulation code, not the code = [ F
developer, and it represents a significant investment of effort. 4______--‘---=.
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Contact us

Enquiries can be directed to:
steve.howell@abercus.com
www.abercus.com
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