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Why ROMSs?

« Large disparity in run times between 3D CFD
models and native unit operation models

« ROMSs run much faster than 3D CFD models
« ROMs can be
— Models with reduced dimensionality
— Response surfaces that map inputs to outputs
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APECS Workflow using ROMs

 Replace FLUENT model with Reduced
Order Model (ROM)

CFD Engineer

Develop CFD Model

Configure CFD model
for CO-compliance

Process Engineer

' Set up solution
Add CFD Model to Develop Process model | strategy
Databa l l

Browse CFD Database Map species namep
£*** | and select ROM

v Conduct integrated
Set model parameters |[— | simulation
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Run CFD Model and
create ROM from resulty

|

Add ROM t0 Database | =ssesssssasunsi . !
View ROM results
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Purpose of the ROM Builder

* Provide a simple method for APECS users to
create ROMs from CFD simulations

* Provide control over the input parameter space
covered when “training” ROMs

— Building “on the fly” approach unsuccessful
— Abillity to specify Upper and Lower Bounds

* Provide information to the user as to the
*accuracy” of the ROM
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ROM Builder Functionality

1} APECS User Interface

File  Database

* Unified user interface for selecting,
 E ~configuring, and running CFD
LS models

+ 1.. Examples
+ g FLUEMT 12.0.16

G  Ability to specify (input) sample

+- R 30 FLUENT mixer with Fugl air mixture

: & o points manually or using DOE

+ l. Models-with-multiple-solvers
+ g Multiphase

+- G Pipes . .
Qo — Latin Hypercube Sampling

-y C5TRS

1S « Ability to rerun simulations that did
= TeamMsting_Jan2003

T - not converge

+ ﬂ. pipe model ROM

% S * Ability to modify solution

= ﬂ. Splitters
+ & Splitter for Demo Regression Rom

-3 parameters (e.g., under-relaxation
factors) and rerun simulations that
did not converge

Select APECS Model l
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ROM Builder Functionality (2)

[ Gereral \.‘r Post Processing \f ANNROM '\

Available Yariables

B

Cell Reynolds Mumber
Density Al

Drwnamic Pressure
Entropy

Incident Radiation
Internal Energy
Laminar Viscosity

Mass Imbalance
Pressure Coefficient
Radiation Heat Flux
Radiation Temperature
Relative Axial Velocity
Relative Radial Yelocity

Relative Total Temperature | s
Relative velocity Magnitude
Rothalpy cea

Scattering Coefficient

Skin Friction Coefficient

Surface Heat Transfer Coefficient
Surface Musselk Number
Surface Stankon Number

Total Energy

Total Enthalpy

Total Enthalpy Deviation

Total Pressure

Tokal Surface Heat Flux

Total Temperature

velocity Angle

Worticity Magnitude

‘wall Temperature Inner Surface
‘wall Temperature Outer Surface

Selected Variables

EU

Absolute Pressure
Absorption Coefficient
Axial Velocity

Density

Effective Viscosity
Enthalpy

Mass Fraction of c4h10
Mass fraction of co2

Mass Fraction of hzo
Mass fraction of n2

Mass fraction of 02

Mean Mixture Fraction
Mixture Fraction Yariance
Molar concentration of c4h10
Molar concentration of co2
Molar concentration of hzo
Molar concentration of N2
Molar concentration of 02
Mole fraction of c4h1d
Mole fraction of coZ

Mole fraction of hZo

Mole fraction of Nz

Mole fraction of o2

Radial velocity

Static Pressure

Skatic Temperature
Turbulent: Dissipation Rate
Turbulent Intensity
Turbulent: Kinetic Energy
Turbulent: Yiscosity
Turbulent: Yiscosity Ratio
‘ielocity Magnitude

Cancel l

* Ability to select
solution variables
for PCA ROMs

 Ability to specify
computer(s) to run
simulations

 Ability to use the
parallel FLUENT
solver

e Autosave
functionality in
case ROM Builder
crashes
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ROM Builder Functionality (3)

Comparision of Fluent Predictions and ROM Prediction

Fluent Prediction ROM Prediction

~ g 107 s
[.752 l.794
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6.041 6,079
5,666 5,721
5.331 5,363
4.620 4,648
4,264 4,291
3.909 5,933
3,554 ‘ 5,575 ‘
3,196 5,218
-
2,343 ’ 2,860 (
2,487 2,503
2,132 } 2,145 }
1,430
1.072
715

1,421
1.066
.710
,355
oo

Contour Plot of Velocity Magnitude (m/s)

| Statistical tools for

ROM accuracy
evalution

 Ability to compare
ROM predictions
and CFD
predictions

o Comparison of
contours generated
by the CFD model
and the PCA ROM
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ROM Builder Functionality (4)

1N APECS Model

non-premixed col
Linear Regressi

] [ Import From COM{ Met Salver ]

] [ Import from Corba Solver ]

r,r General | V Parts \‘,r Parame ters \‘,r Species \‘,r Solvers \‘,r Summar Fa \
Cakegory
Reactors Madel Library
Tvpe
lebjwidmannpc.win. ansys.com: 5180
Combusk
Model M. [ Import from APECS DB
Berl combustor Regression ROM [ Import From A3CIT file
Madel Dy Jald

mbustion with gas phase Fuel skream;

ion ROM

Save ] [Upload model ko Database

 Ability to upload
ROMs to Model
Database

e Can be combined
with original
FLUENT model for
manual or
automatic solution
strategies
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Summary

« The APECS ROM Builder was developed
to provide a user-friendly means of
creating ROMs from CFD simulations

* Many features have been added to provide

greater functionality and flexibility for the
user

- DEMO
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