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Introduction

« JET (an acronym for job execution tool) is an early
example of an SDM tool — it was developed in 2002

* |t uses a relational database to manage the meshing
activities, define the CFD physics and solution seguence,
and process the CFD predictions in a standard format

* For some years now, Abercus has wanted to develop a
new version of the tool with expanded capabillity,

iImproved flexibility and agility, and improved accessibllity.
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Introduction

* The current paper provides
— some background to the development of JET
— the underlying database structure of the original tool

— Identifies the limitations of the original tool and outlines how
some of these limitations have been overcome

— some of our recent experiences with openSPDM

« Simulation data management should not be thought of as
exclusively the realm of large engineering organisations —
It can deliver significant benefits to any company, of any
size, that Is involved Iin advanced simulation analysis.
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Job execution tool (JET)

* The primary motivations for the development of JET were:

— to ensure that all CFD simulations were set up in a consistent
manner, regardless of who was running the analysis

— to provide an audit trail for the mesh generation process, and
provide a mechanism to allow multiple engineers to
simultaneously construct complex mesh assemblies

— to ensure that appropriate monitors and residual histories were
extracted from the CFD tools during the course of each
simulation, so that the convergence of each simulation could be
checked remotely (via a dial-up modem connection, which was
state of the art in 2002)
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Job execution tool (JET)

* The primary motivations for the development of JET were:

— to capture several novel features relating to the post-processing
(for example, automatically defining camera positions relative to
the wind direction, and automatically creating a standard form
of output that was termed projection contours)

— to automate post-processing, through the use of standard page
templates, so that the CFD predictions for large numbers of
Individual cases could be automatically compiled as
appendices to project reports.
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Job execution tool (JET)

« Capturing knowledge and experience within predefined
parameterised workflows

* There are two types of user:

— super user — an experienced individual responsible for the
development of the parameterised workflows

— ordinary user — anyone using JET to undertake simulation work
for live projects.
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Job execution tool (JET)

* Glass box approach

Front-end — user interaction

Scripts Scripts Scripts Scripts

* | &

Back-end — automated, scripted process
executed in third-party software

Mesher

Output
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Job execution tool (JET)

* Scripting
— a record of every action within every simulation sequence
undertaken within the company is maintained

— any simulation can be repeated exactly, if necessary, by anyone
at any time.
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Job execution tool (JET)

e Consensus

— the process of developing a workflow is an opportunity for the
super users to discuss how to simulate the flow application

— this discussion should include a properly documented
predictive capability assessment

— hopefully a consensus can be reached
— If not, open guestions should be recognised and documented

— capturing alternative workflows facilitates comparison between
them (can be akin to blind benchmarking)
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Initial applications

« Atmospheric dispersion
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Initial applications

 Helideck turbulence
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Initial applications

 Natural ventilation
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Initial applications

* Fire and smoke transport
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Initial applications

* Flaring and radiation

Envelope of combustion zone Incident radiation
- il il
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Initial applications

* Explosion modelling

Normalised deflection
EE 1 I
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Initial applications

« Atmospheric dispersion

» Helideck turbulence

* Natural ventilation

* Fire and smoke transport

» Flaring and radiation modelling

» Explosion modelling

General purpose CFD
code, driven by scripts
and user-defined code

Niche explosion-specific
CFD code
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Initial applications

« Common feature — interaction with incident wind
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Initial applications

« JET object structure

Specify Specify Specify Specify plot
Interactive mesh physics solver parameters
meshing parameters parameters parameters
sessions
Y Y
|
i |
Specify |
domain

parameters
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Initial applications

« JET object structure

* Two distinct types of object

— Interactive sessions — objects constructed manually through an
Interactive session with a third-party software (model object)

— non-interactive background processes — objects constructed
through a non-interactive, automated scripted background
process (domain, mesh, case, run and plot objects)
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Initial applications

00000

JET - job execution tool

(This animation does not work in the .pdf version of this presentation — please visit
http://www.abercus.com/News 20170612.aspx to download a powerpoint show with a working animation)
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Initial applications

* JET objects — models (interactive sessions)

ProjectlD: 17108 |'l-"WF Helideck Software

PhaselD: | 000 [Initial Phase Models: nsys-wb-14.0- Cases:|fluent-3D-6.0,19- Close Form
StudylD: | 000 |CAP 437 Assessment Domains: | gambit-2.0- Runs: |fluent-30-6.0.19-

MobylD: 6 Meshes: | mgrid-0.0.0~ Plots: [fluent-30-6.0.19~

StudyType: [Helideck-Airflow -

Models Domains | Meshes | Cases| Runs | Plots

First Mext Last Add Mew Copy Create * Sessions for model-001:
Madel Model Model Model Madel Model )
¥ MNew sassion | Run session
Model: model-001
Starting Model: ProjectType: ProjectiD: PhaselD:  StudylD: ModellD: ooo ‘
Model description: 'Same as model-000, but crane in ariginal position [ Analyst: [Steve Howel = | 14M2/2016 09:52:18
Comments: ' ModelSaved: ¥ ModelExported: " [ 14/12/2016 09:53:39
001 ‘
Analyst: Steve Howell [=|  Creation Date: | 14/12/2016 09:51:54 Analyst: Steve Howell *| | 14/12/2016 08:53:42
Model: ‘model-000 1 ModelSaved: ¥ ModelExported: = 1411 2/2016 16:55:51
Starting Model: ProjectType: ProjectiD:  PhaselD:  StudylD:  ModellD:
Model description: |Intial Model - Crane to South
Comments:
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Initial applications

« JET objects — domains (non-interactive process)

FrojectiD: |1T‘I 09 VWF Helideck

PhaselD: | 000 |[Initial Phase
StudylD: [ 000 [CAP 437 Assessment

MobylD: 6
StudyType: Helideck-Aiflow

Models Domains Meshes | Cases Runs |Plots

Software
Models: hnsys-wb-14.0- Cases:fluent-30-6.0.19-  (Close Form
Domains: | gambit-2.0- Runs: |fluent-30-6.0.19-

Meshes: | mgrid-0.0.0- Plots: |fluent-30-6.0.19-

[013 [msh_iface_lowerAvgLength

First Copy Creat Settings for domain-000:

Domain ‘ Domain ain | [000 [geo_windAngle | 180 *

*| Domain: [domain-000 [001 [gec_xOrigin | 2124

Starting Domain; | [002 |gec_yOrigin | 311

Starting Domain: ProjectType: ProjectiD:  PhaselD:  StudylD:  DomainlD: [003 [geo_baseElevation | 0

' B = [ - - | [004 |geo_models_xLength | 150

[005 [geo_models_yLength | 200

Demain description:[Wind fram seuth [006 [gea_models_height [ 100

Analyst: [Steve Howel Creation Date: | 13/12/2016 15:37:45 [007 |gec_demain_length | 1200

[008 |geo_domain_width | 600

lﬁ |geo_domain_windLeeFraction | 0.25

[010 [geo_domain_height | 400

[011 [msh_models_herizontal [ 10

[012 [msh_iface_lowerlnitLength | 2

014 |msh_domain_upperinitLength |

[p— [

domain-000jou - Notepad | =4 [m]

Eile Edit Format View Help

/Journal created 12/12/2016 15:37:44 by Steve Howell
{Journal to run with gambit-2.@ software
Jcreated with JET|, version @.8.6

i Scri pt created by

$domainname = "domain-@e@@.msh"

ST JET to create the
domain object, all
through a
non-interactive
background

$geo_models_ylength = 200
$geo_models_height = 180
$geo_domain_length = 1200
$geo_domain_width = cee
$geo_domain_windLeeFraction = @.25
$geo_domain_height = 4@
$msh_models_horizontal = 10
$msh_iface lowerInitLength = 2
$msh_iface_lowerAvgLength = 3
$msh_domain_upperInitLength = 4
$msh_domain_upperavglLength = 18
$szf_startLength = 1@
$sz2f_growthRate = 1.02
$szf_radius = 1eeea
$szf_maxLength = 5@

/calculate variables

/  Geometry
$models_windward = $geo_xorigin - ($geo_models_xLength/2)
$models leeward = $geo_xOrigin + ($geo_models xLength/2)
$models_leftward = $geo_yorigin - ($geo_models_yLength/2)
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 JET objects — cases

LRI ETET]

LT

Initial applications

set appropriate models E ;.m e Hep
B L L L L L L L T T T T T T T T T T T = . yes incompressible-ideal-gas ;---density -
---sol}r:r Mo:u:!;I1 . T B e 7 PRSP P LT P 5 O P P P o 8 R R T R P R TR T PO TR RO
/define/models/steady? yes - 2
/define/models/solver /pressure-based yes - ;??E_???T??tY-E???fEf???----------_____-____-_-----_--.--_-_-._..--..--..--.-.---
. ; ===domain
---Iqultipha,se model /define/boundary-conditions/zone-type windward velocity-inlet
/define/models/multiphase/model none /define/boundary-conditions/velocity-inlet windward no yes yes no 0.0 yes yes yes "udf™ "xvel” yes ye
---Energy Model ). ; /def ine/boundary-conditions/zone-type leeward pressure-outlet
/define/models/energy? yes " L /def ine/boundary-conditions /pressure-outlet leeward no 0.0 no 303.15 no yes yes yes yes "udf" “turbke
no ;viscous dissipation H 3 S z
no ;pressure work /define/boundary-conditions/zone-type domain-base wall
no ;kinetic ener?y ) /def ine/boundary-conditions/wall domain-base 0.0 no 0.0 no no no 0.0 No No no no 1.56-03 no 0.5 yes
yes ;inlet diffusion ; ;i
/define/boundary-conditions/zone-type model_sea wall
---viscous Model /define/boundary-conditions/wall model_sea 0.0 no 0.0 no no no 0.0 no no no no 1.5€-03 no 0.5 yes
/define/models/viscous/ke-standard? yes 3
/define/models/viscous/near-wall-treatment/non-equilibe fus-wall-fn? no | O eI, o rar 14T ACTIEI CTRSte/Sd1C trgar’ SR I Amez (FTCOMT I3 D182 PY D ST T YTt amelOCErameztDrOg0D

/define/models/viscous/near-wall-treatment/enhanced-wall-treatment? no
/define/models/viscous/buoyancy-effects? yes

'—,m appropriate models F\ il

AN :---solver Model
/define/models/steady? yes

N /define/models/solver /pressure-based yes

N }---Multiphase wodel
AN | /define/models/multiphase/mode] none

|

|

B '

i ---Ener

N s I
|

|

|

odel

/define/models/energy? yes
no jviscous dissipation
no  ;pressure work

no ;kinetic (ner?y

yes iinlet diffusion
viscous Model
/def ine/models/viscous/ke-standard? yes
/define/models/viscous/near-wall-treatment,/non-equilibr fum-wall-fn? no l
/def ine/models/viscous/near-wall-treatment /enhanced-wall-treatsent? no
/define/models /viscous/buoyancy-effects? yes /

> e
/def ine/materials/change-create/air fluid-template no no No NO NO NO NO yes
/define/materials/change-create/aluminum solid-template no no no yes

/define/models/species/species-transport? yes mixture-template
/def ine/models/species/multicomponent-diffusion? yes
/define/models/species/thermal-diffusion? yes

/def ine/materials/change-create/mixture-template mixture-template yes 1 fluid-template 0 0 no no no No No No No
n

/define/materials/delete nitroge
/def ine/materials/delete oxygen
/define/materials/delete water-vapor

iset material options

Plfuids
/define/materials/change-create/fluid-tesplate none ambient-air
s incompressible-ideal-gas ;---density

cx-gui-do cx-activate-ites "Crejte/Edit Materials*Frame2(pProperties)*Table2(Properties) Framel0*Frame2*0ropoonnList:
cx-gui-do cx-set-real-entry-1is} “Thermal Diffusion Coefficients*Frame2*Frame2*Realentry3” "( 1.0€-5))

cx-gui-do cx-activate-ites "Thermal Diffusion Coefficients*panelButtons*PushButtonl (oK)

cx-gui-do cx-activate-item "Crdate/edit Ma(er\a'ls'Pane1Bultons‘PusMultmlEchmqe{crea!e )

cx-gui-do cx-activate-ites “Crdate/Edit materials*PanelButtons*Pushsuttonl(Close)")

define/models/species/species-transport? yes gas-mixture

enera o
/def ine/boundary-conditiods/fluid fluid
/def ine/boundary-conditiops/fluid fluf

ixture yes gas-mixture no no .
ixture yes gas-mixture no no no no 0.

domain
/def ine/boundary-conditions/zone-type windward velocity-inlet
/def ine/boundary-conditions/velocity-inlet windward no yes yes no 0.0 yes yes yes "udf” "xvel” yes yes "udf" “yv|

/def ine/boundary-conditions/zone-type leeward pressure-outlet l
/define/boundary-conditions/pressure-outlet leeward no 0.0 no 303.15 no yes yes yes yes "udf" “Turbke” yes yes "

/def ine/boundary-conditions/zone-type domain-base wall
/def ine/boundary-conditions/wall domain-base 0.0 no 0.0 no o no 0.0 PO No no no 1.56-03 no 0.5 yes I

/define/boundary-conditions/zone-type model_sea wall
\ _/deFine/boundary_conditjons/wall nodel_sea 0.0 no 0.0 no no o 0.0 no no no o 1.56-03 me 0.5yes /|
/def ine/boundary-conditions/zone-type leftward symmetry
/def ine/boundary-conditions/zone-type rightward sysmetry
/define/boundary-conditions/zone-type domain-sky symmetry

Pe-ewalls
/define, ary-conditions/wall burnerboom 0.0 no 0.0 no yes heat-flux no 0.0 no yes motion-bc-stationary yes s
/def ine/boundary-conditions/wall burnerboos_35s 0.0 no 0.0 no yes heat-flux fo 0.0 no yes motion-bc-stationary ys
7def ine/boundary-conditions/wall cranes 0.0 no 0.0 no yes heat-flux no 0.0 no yes motion-bc-stationary yes shear
/def ine/boundary-conditions/wal] derrick 0.0 no 0.0 no'yes heat-flux no 0.0 no'yes motion-be-stationar
7def ine/boundary-conditions/wall exproequipment 0.0 no 0.0 no yes heat-flux no 0.0 no
7def ine/boundary-conditions/wall funnels 0.0
7def ine/boundary-conditions/wall hull 0.0 no

n
0.0 o yes heat-flux no 0.0 o yes motion-bc-stationary yes shear-be
/et ine/boundary-conditions /wall lifeboats 0.0'no 0.0 no yes heat-flux no 0.0 no yes motion-bc-stationary yes shi
/def ine/boundary-conditions/wall 1 0.0 no 0.0 no yes heat-flux no 0.0 no yes =otion-bc-stationary yes shear-bc-t
/define/boundary-conditions/wall poopdeck 0.0 no 0.0 no yes heat-flux no 0.0 no yes motion-bc-stationary yes she:

« n »
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* JET objects — plots

7 plot-001 jou - Notepad

Organize »

4

Include in hbrary +

cases
case-000
case-001
case-002
| case-003
case-004
case-005
case-006
case-007
case-008
case-009
case-010
case-011
cose-012
case-013
case-014
case-015
L case-016
case-017
case-018
case-019
case-020
case-021
case-022
case-023
run-000
L run-001
run-002
| run-003
run-004
run-005
. run-006
fun-007
fun-008
run-009
ki run-010
run-011
| run012
run-013
| run014
| run15
| un016
b run017

J. monitors
plots
case-024
case-025
raceNf

Share with v

Fle Edt Format View Help

Read case and
/file/read-case- da(a run 01/.(35 9z

.c R R T
7surface/iso-surface molef-hydrocarbon-gas plotsurface-000 8 8 0.025 8
/surface/iso-surface molef-hydrocarbon-gas plotsurface-001

Se( hard(opy options
/display/set/picture/color/color

/ splay/set/picture/invert-background? yes
/display/set/picture/landscape? yes

/display/set/picture/driver png
/dusplay/set /picture/x-resolution 800
/display/set/picture/y-resolution 800

,sﬂ window options

’disglay/se( /windows /axes/visible?
aisphy/seuu‘naow /scale*v(s(ble" no
misv\ay, set/windows/text/visible? no
7display/set /windows/10g0? no

/display/set/windows/main/visible? yes
indows/main/left -1.0
Jdisplay/set/windows/main/ Jright 120
/display/set /windows /main/top 1
7display/set /windows /main/ Bortoa -1.0

set ?r!d surface op!
display/set/renderi
display/set/fil1ed-me:

tons T
ng- ognon.,'surface edge-visibility yes no no yes 20

/display/set/colors/ fwall

“gray”

/display/surface-gr i
domain-base
model_sea
burnerboom
burnerboom_35s
cranes
derrick
exproequipment
funnels

hu
lifeboats

poopdeck
\(/iml.wﬂ 1

et camera optior
/display/view camera projection orthographic

/d1sp1ay view/camera/position 1000.0 1000 0 120.0
l ew /camera/target 0.0 0.0 120.

di amera/up-vector 0. 0 0 0 a3 0

’dlsplay’vﬁem(amera’flﬂd 300.0 3

set lighting options TR
/display/set;1ights/lights-on? yes

/display/set/lights/set-ambient-color 0.7 0.7 0.7

iset contour options

’d1sp'|ay/set /color-map_bgr

/display et/(oﬂtour’c\ip to-ral
/display/set/contour /node-values yes
/display/set/contour /n-contour 11

/display/set/contour /filled-contours? yes
/display/set/contour /render-grid? yes

/display/set/contour /surfaces
plotsurface-
g;onur'au 001

ot-003 jou

—
01004 png

Initial applications

CFD predictions

Latitude = 19°

Latitude = 9°

Wind speed

Wind direction.
Ambient temperature:
Flow rate

Discharge

Vent temperature:

5.0 m/s

145

300°C

45 MMscfd
10" relief tie-in

180 °F

Concentration of hydrocarbon

. 50% LEL

10% LEL

ENVELOPE PLOT FOR CONCENTRATION OF HYDROCARBON

25 Nov 2015 SR-150802-001-A ******xxxaxrxxx CED, effect of latitude 13

Abercus Riverside House Riverside Drive Aberdeen ABII 7LH www.abercus.com

s rxnrersaTRRRS
[Sevey e — Aoyt
\
LS
— 50 % LEL 0%
TAT: on
Wind speedt soms
Wit aracecn st
Vet sceaano 10 raief e, 45.0 30 &4 180 °F.
Boom posiion 145"
Figure C.3
w——— Wi
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Initial applications

o

n Organize ~ Include in library v Share with v Bu
. . study-001
batches
L nput Organize v Include in library v Share with v Burn New folder
cases ses
case-000 case-000
o case-001
Abercus case-001 Wi L
case-002 case-003 At
[he folder structure |
case-004 case-005 4
Business 005 case-006 /|
- - case-007 —
IS automaticall Consutant s =
onsultan Ze e
150802_*******+*xxxx DispersionCfd e e
created by JET ‘ — ==
— case-
y Correspondance case-010 case-013
case-011 case-014
m m Documents case012 case-015
O e S ] O al n S 3 . case-013 case-016
Information e 014 cose017
case-018
. case-015 case-019
meshes and cases | -
case-017 case-021 I
= phase 000 ae0it case-022
nised at s
are organi |
case-020 un-001 plot-002.png
- - study-OO‘I case-021 fun-002
the top level within m
= _batches __ N 4 | case03 run-005
. \ run-000 run-006
the study folder ——--- L
= run-008 .
| cases I run-002 .
| : run-003 run-010 u n J
| domains | run-004 run011
I | run-005 run-012
| meshes | . = are store
| l run-007 ::n as
\ models run-008 run-016 0 =
o e hierarchically
ibrary = eonkors
plots
run-011 0
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Limitations of the original JET tool

 Workflows are hard-coded into JET

« Templates for the solution sequence are not readily
created

 The object structure iIs fixed

o
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Limitations of the original JET tool

Wind frequency data Release frequency data lgnition frequency model

(from QRA) (UKOOA)

f !
SDM tool

Characteristic Q9/FLAM
velocity history

Triangulated
overpressure
histories

aurtea e

Common Ventilation Dispersion Explosion

Object structure for a probabilistic explosion assessment
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Limitations of the original JET tool

 Workflows are hard-coded into JET

« Templates for the solution sequence are not readily
created

 The object structure iIs fixed

o

* Remote access?
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Drivers for a new SDM tool

* Expand capabillity

* Improve flexibility and agility for a wider range of
application areas

» Allow access from anywhere via a web browser

* There are several successful implementations of SDM
using either in-house custom tools or through the use of
commercial codes

* The cost of commercial SDM software Is a major barrier
for small companies such as Abercus.
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Recent experience with openSPDM

* openSPDM was brought to Abercus’ attention by
theSDMconsultancy at the 2016 NAFEMS UK conference

* openSPDM Is an extension of the open source
ARAS PLM platform for SPDM, and is based upon the
Microsoft solution stack of Windows Server, Internet
Information Services (11S), SQL Server and .NET.




spom . .
Recent experience with openSPDM

* openSPDM allows the rapid development of simulation
workflows through drag-and-drop functionality, whilst the
construction of the associated database structure Is
automatically handled in the background

* Abercus has been supporting some developments that
specifically focus on simulation — a workflow display
module that enables users and managers to access any
process step or data item used at any stage of a particular
simulation workflow.




spom . .
Recent experience with openSPDM

—_—
£ English (United Kingdom) (2IHep

ThIS IS a.” done In B e T -r,’- 2?2 > (@ SimProces: - OFFCONSEIBSFASIDISCEDSICIOIEET - Malla Frefon

a browser window " Custom object structures |, °""° ?

can be created =
) S N = The metadata describing each
instance of each workflow

|
- |

|
' ‘ object is entered via forms
2 | Modellnput  Contrdd  Output  Iput Using
| e ‘ — | e~ == w o ARA -

| Name descrigtan Type pumbnal [...] Long Descriptio
B SrrProcasses 5% ] | - J

The underlying ..o | /'

database structureis = |~ T
automatically handled, R e
but can be accessed
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Recent experience

with openSPDM

» Abercus has been working to replicate Its existing

workflow for atmospheric dispersion

using openSPDM

* Existing VB code from JET has been re-used to replicate

similar tasks in openSPDM

* Crucially, openSPDM allows custom
be rapidly generated, which allows t
from the restricted fixed structure im

object structures to
ne workflows to break
nlemented In the

original version of JET — our atmosp

neric dispersion

example does still conform to this workflow, but it Is no
longer a requirement of the SDM tool.
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The way forward?

* 0penSPDM is a powerful tool, but Is not necessarily that
easy to use at first

—there I1s a lot to learn

— Is this appropriate for companies that may use the tool
iInfrequently

* openSPDM would benefit from a library of worked
examples/tutorials.
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The way forward?

* Abercus has re-started the development of JET

* Over the last year, having had the opportunity to use
openSPDM, some of our original ideas in 2002 are not too
dissimilar to the methodology captured in openSPDM

At that time we did not have the conviction to implement
them within the original tool

* Now, confident in the knowledge that some of our early
iIdeas were at least sensible, Abercus has a renewed
appetite to capture some of this functionality within JET.
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