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What is APECS?

 Enabling software that permits users to add high-fidelity
CFD models (or ROMSs) to process modeling environmen  ts
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Examples
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Performed by collaborators at NETL and ALSTOM Power

4 © 2009 ANSYS, Inc. Proprietary - All rights reserved.



User’'s Manual Available

APECS: The Advanced Process Engineering
Co-Simulator

User’'s Manual

Version 1.6.1

June 2009
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APECS Features

« Easyto Use

« CAPE-OPEN (CO) Compliant

o Separation of Tasks between CFD and PME users
« Shared Model Database

* Physical Properties Transferred to FLUENT Model
 CFD Models can be Executed Remotely
 Geometric Parameterization Possible
 Reduced-Order Models can be Incorporated

e Sophisticated Solution Strategies Possible

* Results Easily Visualized in the PME

e Coupling with Virtual Reality Software
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APECS Features

« CAPE-OPEN (CO) Compliant
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What is CAPE-OPEN?

* An Open Standard for Computer Aided Process
Engineering

* Enables Software Interoperability

— 2-way exchange of stream information

— Plug-and-play capabillities for compliant models
e Standard maintained by CO-LaN

— The CAPE-OPEN Laboratories Network, www.colan.org
* CO compliancy testing performed by AmsterCHEM

— Provider of COFE (CO Flowsheet Environment)

— WWW.cocosimulator.org
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CAPE-OPEN PMEs
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APECS Features

o Separation of Tasks between CFD and PME users
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Separation of Tasks

e |tis not necessary for the process engineer to be a
CFD expert (and vice versa)

 The CFD analyst creates models and uploads them to
the Model Database

 The process engineer selects models from the
database and uses them in process flowsheets

Aspen Plus Process Model
I Wacsspiios | Sepasion | Heal Exsngers | Colims Reaotors | Presours Cangors | Moriaddars | Sois | UsecModss | CAPEOPEN |
=@8-9-0- 000

APECS Model Database
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Typical Workflow
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Alternative Workflow

 Replace FLUENT model with Reduced
Order Model (ROM)

CFD Engineer

Develop CFD Model

Y

Configure CFD model
for CO-compliance _
| Process Engineer :
; Set up solution
Add CFD Model to Develop Process modgl [ | strategy
Database ] |
l Browse CFD Database Map species namep
*** | and select ROM
Run CFD Model and . '
create ROM from results : v Conduct integrated
l : Set model parameters [— | simulation
Add ROM to Database | =r=sssssssassas : |
View ROM results

Indicates Optional Step
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APECS Features

« Shared Model Database
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Shared Model Database (EKM)

% L8 User Interface

File  Database

Model Database : lebjwidmannpc.win.ansys.com: 8180 ) - -
Welcome to ANSYS Advanced Process Engineering Co-Simulator 1.6

..... Copyright 2008 ANSYS Inc,

= 'APECS Demos_Surmmer 2009 i
& N B All Rights Reserved

= & apray-Combustion

+ ‘ Reacting-Spray Linear Regression Rom
4 & Reacting-Spray-Example These protected data were produced under agreement Mo, DE-FC26-05NT42443

4 @ pipz modsl with & speciss with the L5, Department of Energy and may not be published,
& CFD_Yiewer disseminated, or disclosed to others outside the Governrment until Septermber
& COM-based Maodels 12, 2011, unless express written authorization is obtained from AMSYS,
& Cyclones Inc. Upon expiration of the period of protection set forth in this
& Dynamics Motice, the Government shall have unlimited rights in this data, This
e Examples Motice shall be marked on any reproduction of this data, in whole or in part.
& FLUEMT 12.0.15
& [AE Meeting March 2009
& Mliers
& Models-with-mulkiple-solvers
& Multiphase
& Fipes
+ & Property-transfer
+ & Test pressure drop calculations
+- g T public species
3
3

- B EE-EE R

& no-propertiss-transferred
G.. pipe-rmodel-Ror

o ROMs

& Reackors

& Report Testing

& TearmMeeking_Jan2009

& Testing

& VE Suite

- - - -

Select APECS Model

15 © 2009 ANSYS, Inc. Proprietary - All rights reserved.



APECS Features

* Physical Properties Transferred to FLUENT Model
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Material Properties

Can use the same material properties in the CFD model
that are used in the PME flowsheet

R Materials
Material Type Order Materials By

\ fuid | @ Name
Fluent Fluid Materials ¢ Chemical Formule
Mixture User-Defined Database...
|mixture—template j

Properties

D":’nsm’(kg"mal|piecewise—|inea\r j Edit... - . .
| Parameters available in flowsheet

Cp (ifkg T R

-] &[] <lar <] Old| S W] 221X

Thermal Conductivity (wim-—
Mame “alue | Units | Read Only | Description | Base Typ-
Vicwwshgmiegmmlpr |visC0Sity-transferred Falze READ OMLY  Whether viscosity should be transferred to the solver. BOOLEAN
|maximum-iterations 5 UMITLESS READ-WRITE  Maximum number of FLUENT iterations INTEGER
|molecular-weight-transferred Falze LMITLESS READ OMLY  MYhether molecularweight should be transferred to the solv BOOLEAN
—— |density-transferred Falze LWITLESS READ OMLY  MYhether density should be transferred to the solver. BOOLEAN
Change |converged Falze LWITLESS READ OMLY  MYhether FLUENT converged or not at the end of 3 given n BOOLEAN
_|temperature-maximum 400 LMITLESS READ-WRITE  Maximum temperature for termperature dependent properti \DOUBLE
|geametry parameter 2 3 LWITLESS READ-WRITE  length of pipe DOUBLE
_|temperature-minimum 275 LMITLESS READ-WRITE Minirmum temperature for temperature dependent propertie  DOUBLE
_|specific-heat-transferred Falze LUMITLESS READ OMLY  WWhether specific-heat should be transferred to the solver. BOOLEAM
_|geametry-parameterization True LMITLESS READ-WRITE  indicates if parameterization is enabled BOOLEAM
_thermal-conductivity-transferred Falze LMITLESS READ OMLY  WWhether thermal-conductivity should be transferred to the BOOLEAM
|public-species ch3oh LMITLESS READ OMLY  public species names STRIMNG
|geametry scale factor 1 LMITLESS READ OMLY  meshing scale factor DOLUBLE
|geametry model name nipe LMITLESS READ OMLY  base name of gambit journal file file STRIMNG
|geametry parameter 1 0.1 LMITLESS READ-WRITE  radius of pipe DOLUBLE
file-system pipe. jou LUMITLESS READ OMLY  Files Reguired to run the case STRIMNG
|model-views nipe LMITLESS READ OMLY  The equipment views for post-processing. STRIMNG
_archive-rom-data Falze UMITLESS READ-WRITE  “Whether to archive data for reduced order modeling. BOOLEAM
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|[:p |Temperature j 25 j‘
L J Data Points
. L 2 Point g é‘ Temperature [K] [3p6_875 Value [jlkg-k] [2797 .19
L 2
'S 0K | Cancel | Help | 3
4 Material Type Order Materials By
2 \ [fuid +|| & Name
* * Fluent Fluid Materials ® @EmE EmE
* ‘ ethyl-alcohol-liquid {c2h50h) - Fluent Database...
0 Mixture User-Defined Database...
|mixture—temp|ate j
Properties
Density (kg/m3) |piecewise—|inear j Edit.. | |
Cp (ikg-k) |piecewise—linear j Edit...
fiienmaliConuetivityl(o/ik) |piecewise—|inear j Edit..
310 320 330 340 |
T E M P E RAT U R E K Viscosity (kgim:-s) |piecewise—linear j Edit... M
)
| =
ChangeiCreate | ‘ Close ‘ Help
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APECS Features

 CFD Models can be Executed Remotely
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Remote FLUENT Execution

M} APECS Unit Operation

Model Database General Parts Parameters Solvers APECS Log
lebjwidmannpc. win, ansys, com:&160 W Mame: Description
Database Contents pipe rnodel FLUENMT CFD Model

I g Fipes
| G Property-transfer

it Server Configuration

pipe madel

Solution Step Details

Solver; pipe model ~ | [] Release solver license
—— IS linux_1 w
Strateqgy:
StaticSolutionSteps FLUENT SDEEIFIE

Solution Steps: pipe model

—— Mumber of Processars: |4 = | Communicator: | smpi b

Solver

1 | pipe mode! e———p  F|LEMT Host File or Compute Modes! | linuwse_1, linue_1, linuee_2linse_2]

or ][ conesl |

Delete Solution Stepl [Reset Iterati-:-nsl [ndd Solution Step | | Ikeration Step 0

Select Model Skart Model
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APECS Features

e Geometric Parameterization Possible
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Geometric Scaling / Parameterization NANSYS

e Conduct geometry parameterization studies from
within the process flowsheet
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Geometry Scaling (2)

 Changing parameters in flowsheet reflected by
automatic modifications of the CFD mesh

o Parameters passed from Aspen Plus to APECS as
CAPE-OPEN parameters

o ] «far~122] Cilea] @ | 22| %]

Marme “alue ‘ Units | Read Only Description Base Typ-
|viscosity-transferred False READ OMLY  Whether viscosity should be transferred to the saolver. BOOLEAM
|maximurn-iterations o LUMITLESS READ-WRITE  Maxirmum number of FLUEMNT iterations INTEGER
Amolecular-weight-transferred False UNITLESS READ OMLY  Whether molecular-weight should be transferred to the solv BOOLEAM
_|density-transferred False LMITLESS  READ OMLY  Whether density should be transferred to the solver. BOOLEAM
|converged False LMITLESS  READ OMLY  Whether FLUEMT converged or not at the end of a given n . BOOLEAN
|temperature-maximum 400 LMITLESS READ-YWRITE  Maximurm temperature for ternperature dependent properti DOLUBLE

—) |geometry parameter 2 3 LMITLESS READ-YWRITE  length of pipe DOUBLE
_|termperature-minimum 278 UMITLESS READ-WRITE  Minimum temperature for termperature dependent propertie DOUBLE
_|specific-heat-transferred False UMITLESS READ OMLY  Whether specific-heat should be transferred to the solver. BOOLEAMN

) | |geometry-parameterization True UMITLESS READ-WRITE indicates if parameterization is enablad BOOLEAM
_|thermal-conductivity-transferred False UNITLESS READ OMLY  Whether thermal-conductivity should be transferred to the BOOLEAM
|public-species chdoh UMITLESS READ OMLY  public species names STRING

—) |geametry scale factor 1 UMITLESS READ OMLY  meshing scale factor DOUBLE

) | [geometry model name pipe UMITLESS READ OMLY  base name of gambit journal file file STRING

) | |qeometry parameter | 0.1 UMITLESS READ-WRITE  radius of pipe DOUBLE
file-system pipe.jou UNITLESS READ OMLY  Files Required to run the case STRING
|model-views pipe UNITLESS READ OMLY  The equipment views for post-processing. STRING
archive-rom-data Falze UMITLESS READ-WRITE  ‘WWhether to archive data for reduced arder maodeling. BOOLEAM
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APECS Features

 Reduced-Order Models can be Incorporated
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Reduced Order Models (ROMSs)

e Build inexpensive ROMs from FLUENT results
« ROMSs can be run within the PME

1} APECS 1.6 Berl combustor with gas phase fuel

File Database ROM
Mode| Database : lebjwidrnannpe, win.ansys. . ik N N
come to ANSYS Advanced Process Engineering Co-Simulator 1.6
1) ROM Inputs
© & aLston Copyright 2008 ANSYS Inc. ¥
¥ @ APECS_Demos_Summer2009 All Rignts Reserved
= = Incude | Lower Bound Upper Bound Base Yalues Simulation #1 Simulation #2 Simulation #3 Simul 4
+- iy CFD_tiewer
& COM based Models These protected data were produced under agreerment 02 (kals) Ne w0 1000.0 0.0 0.0 0.0 0.0 0.0
¥ @ Cyciones with the LS, Department of Energy and may not be pul
+ & Dynamics disseminated, or disclosed o others outside the Governi c4h10 (kafs) Yes v |0.0055 0.0075 0.0065 0.007389 0.006944 0.006722 0,0080¢
+ g EKM Logging 12, 2011, unless gxpress ertu.en authorization is obtain coz (kgls) w o — a o o o a3
- iy Examples Inc. Upon expiration of the period of protection set forth
+ g FLUENT 12.0.15 Notice, the Governtrent shall have unlimited rights in thi h2a (kafs) Mo % |00 1000.0 0.0 0.0 0.0 0.0 0.0
+- Wap FLUENT 12.0.16 Notice shall be marked on any reproduction of this data,
4@ FLUENT 6.3.26 ca (kafs) Mo v |00 1000.0 0.0 0.0 0.0 0.0 0.0
+ g FLUENT-12.0.15-MayZz003 e,
#i- g FLUENT-6.3 26-May2009 Category Selectad: Reactors
+ & 1AB Mesting March 2009 Type Selected 1 Combustars Temperature (k) Yes w2850 3200 300.0 304.722222 318611111 315.633333 313.08¢
- g KBC-demo .
- g Mixers Model Selected ; Ber| combustor with gas phase fLel Pressure (pa) No v |101325.0 101325.0 101325.0 101325.0 101325.0 101325.0 101325
i . IModel Description @ non-premixed combustion with gas phase fuel str
- g Models-with-multiple-solvers |
i & Mutichase ri2 (kals) Yes v |0.0S 0.1 0.0767 0058333 0,075 0.059444 0.0972;
+- G PCA 02 (ka/s) Ves w001 0.03 0.0233 0.0 0028880 0.017778 0.0133:
+- iy Fipes
+- Wy Pollutants c4h10 (kafs) No w00 1000.0 0.0 0.0 0.0 0.0 0.0
4 ROMs
5 e Reactors coz (kafs) Mo w00 1000.0 0.0 0.0 0.0 0.0 0.0
- G C5TRs h2o (kajs) No w00 1000.0 0.0 00 0.0 0.0 0.0
= G Combustors
= ‘. Berl combustor with gas phase Fuel caikgls) Mo w00 1000.0 0.0 0.0 0.0 0.0 0.0
Berl cambustar
& ‘. Demao_C2 Parameters
- Mg Test-Case-for-15U
+- & Report Testing termperaturs-maximum [Real] No v |00 5000.0 25000 2500.0 2500.0 2500.0 25000
- & Teamieeting_lan2009 temperature-minimum [Real] No w00 1000.0 298.0 298.0 298.0 298.0 2980
- iy Testing
i @y VE Suite % 2
Specify Sirmulation Count [ Minimum Required Simulation are; 6]
Takal Simulations [0 = User Specified Simulations |3 + Simulation with Base Yalues J -5 Max alues |10 | [Indude? [] 1
Manage Simulations
Delete All User Specified Simulation| O tian [Add DCOE Simulationsl | [Add Extra Simulat\on]
Select APECS Model
[ Apply | I alle ] [ Cancel ]
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Reduced Order Models (2)

 APECS provides methods to evaluate the accuracy of
the ROM

Regression ROM | |Port | |outlet | |temperature | Regression Order (1 % Plot Bar

FLUENT Prediction Vs. Regression ROM Prediction

._.
=
o
7

._~
=
L
T

._L
=
™~
T

Simulations <

Close:
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Reduced Order Models (3)

Contour of | Velocity, .

Comparision of Fluent Predictions and ROM Prediction

17 Display

+ | |velocity Magnitude | | For |Simulation #

Fluent Prediction ROM Prediction
i ~ . 151
T5E T4
397 436
5,041 5,079
5,686 5.721
5.331 5,363
+.620 +.645
4,264 4,291
3.909 3,933
3.554 ‘ 3,575 ‘
3.198 3,215
-
2,843 , 2,860 (
2,487 2,503
1.421 1,430
1.072
710 715
355 357
.noo 0.000
Contour Plak of Welocity Magnitude {mf's) Sep 18,2009 Cantaur Plot of Welocity Magnitude (mj's) Sep 18,2009
APECS 1.6 APECS 1.6

Close
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APECS Features

e Sophisticated Solution Strategies Possible
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Solution Strategies

Model Database General Forts Parameters Solvers APECS Log
lebjwidriannpe, win, ansys, com: 5180 w Mame: Description
Dakabase Contents spray combustion with 2 FLUENT solvers 2d wersion of the spray combustion example in FLUENT 6,3.26 and 3d wersion in
FLUENT 12.0.16

- Gy Models-with-multiple-solvers
= g FLUENT-models
spray combustion with 2 FLUENT solvers

Strateqgy:

Explicit solver
| Static solukion steps

1 Relative input change
E! it salver

Mazx, Iterations Input change(3:)

5.000000

2d spray combustion

2 Reacting Spray Example 100 5.000000

Delete Solution Stepl [Reset Iterations] lndd Solution Step | | Iberation Step 3

Select Model Start Model
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APECS Features

* Results Easily Visualized in the PME
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CFD Viewer

* Permits the process modeler to view CFD or PCA
ROM results from within the PME

. spray-combustion-two-solvers-localhost-updated-model. fsd

| Contour
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APECS Features

e Coupling with Virtual Reality Software
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VE-Suite Coupling

 Virtual Reality capabilities being developed by partners
at Ames Laboratory
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APECS Architecture

APECS | ROM Builder

EKM
APECS GUI _ Wrapperl EKM J

. | AD | :
LAspen Dynamics | Wrapper COUnitManager )

)
 VE-Suite | + ,
| . GAwBIT J

APECS Controller

l \
Aspen Plus FLUENT J

L ’ FLUENT
Parallel Controller ) Wrapper £

CORBA
| — wrapper | Other Solvers J
L Other PMEs J CFD Viewer ,.,/)
y; ' CAPE-OPEN
I I L COM Solvers

Regression ROM J Neural Net ROM J

/
' 4
r
/
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Future APECS Architecture

APECS | ROM Builder

{ ANSYS WB JWV‘C?EZEZ‘?'T— APECS GUI _ erzalfp'\gerl EKM J
I
COUnitManageJr//
/
. VE-Suite | > |
APECS Controller .‘ I { GAMBIT J

|
. ASpen Plus ) Parallel Controller ) —\Ij\ll_rl;;l)\le:L FLUENT J

|

Other PMEs CORBA

¢ y CFD Viewer wrapper | Other Solvers J
{COM Solvers Jl /

I
Regression ROM
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Summary

 APECS is enabling software being developed to couple Process
Modeling and CFD for improved process design

 APECS permits process engineers to include high fidelity models
In simulations of the overall plant performance

predict spatial variations in temperature, species
concentrations, phases, etc.

reduce empiricism in predicting mixing, heat transfer, etc.

visualize the three-dimensional distributions within your
equipment
model with greater realism, by including particle size

distributions, turbulence/chemistry interaction, multiphase flow,
thermal radiation, ...

more reliably predict off-design conditions
virtual scale-up capability based on first-principles simulation

o Avariety of features are being implemented in APECS to maximize
the utility and ease of use
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