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 Work performed with NETL in 2011-2012
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* Full loop consisting of reactor/riser, cyclone, loop
seal, fuel reactor, L-valve
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* |Imenite carrier Fuel Reactor

e Methane and coal as fuel source

* Reaction chemistry S niser
e Oxidation/reduction of ilmenite ‘/ Coal Feed
* Coal chemistry: drying, devolatilization, oxidation, ST\B\”L oo
water-gas shift, gasification \’ L-“'"\ —
Fluidizing 7 GasFeeds
Parker, J. (2014) Powder Technology 265, 47-53 N

CLR model schematic g
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Improvements in calculation rate over time

In 2012 (v15.0, CPU), 82 days
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e |[n 2018 (v17.3.1), less than 4 c
days required with V100 card =
(13.2 sec/day) E
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e With 17.4.0, less than 2.5 (2012) (2014) (2018) (2018)
days (20.4 sec/day) CPU GPU
parallel parallel
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Development Goal

Increase the value of a simulation solution and reduce the time and
effort required to obtain that solution

* Reduce user time and effort to set up, modify, and analyze a
simulation: physical models, Ul features

* Reducing total computer time to achieve a result: GPU
parallelization, license flexibility, number of simulations in project

* Maintaining version-to-version consistency
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Development process for maintaining quality

1. Design / development / review of new features. Creation of new
tests

2. Assembly of new features and fixes into version of Barracuda —
some as beta features

Development testing
Internal use of software on projects and validation

Sharing as “preview” with interested users and distributors

e

Final release to users
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What has been released?

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software - 1255 Enclave Parkway, Suite E - Houston, TX 77077 USA 7



Version 17.1 (Dec 2016)

* Particle exit boundary
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 GPU parallelization of fluid
solvers

 Direct links between GUI and
user manual
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Version 17.2 (June 2017)

* Chemistry parallelization on CPU GPU Benchmarks
* Heating / cooling loads on BC o,  900%
connectors S S 800%
. . ‘g S 700%
* Particle filters on BC connectors = S 600%
QL
: 500%
e Secondary BC connector exits § S
D = 400%
* Particle feed algorithm 2 § 300%
improvements S § 200%
° Addltlonal 3D OUtpUt Varlables U 0% Large CFB (non- Large Cyclone Lab-scale Small Cyclone Gasifier Petrochemical
reacting) fluidized bed Reactor
* License usage traCklng m17.04GPU W17.1GPU M17.2 GPU+OpenMP
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Version 17.3 (March 2018)

% Select Region - O d

* Graphically select BCs and ICs in o

Options View Controls (remove STL triangles outside of bounds)

physical coordinates (grid sTtleunts 6 (@ resvens] || g o] eme G

Display units: 'm

L]
Location: Pointer/Corner i -
independent) o TGS (€| ol s | pmec P
ype: ysical/Gri
. _ I (S z-minfj -3.58788 z-max B 36237
#" Advanced options [] Include Baffles

e |nitialize new simulations from the | e wie

IC file of a previous simulation Ll ?‘k

* Specify particle initial conditions S
A AN
by mass
A
* Material property bounds and V=TT
look up table AN N A
: : N
* Particle feed warnings = T
Clear View Select C |
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Version 17.4 (March 2019)

e GPU Para”elization Of V0|ume Normalized Run Speed Comparisons
. 6.00
Average Chemistry

e User-defined drag model
Improvements

Normalized Run Spped

5.29
5.00
4.00
3.00 2.26
| | 2.00 Loo 102 17 Loo 128 . 1.00
e User-defined chemical rate Los . . .ll l

coefficients - new variables 0.0

FCC Regeneraor Chemical Looping Reactor  Acrylonitrile Reactor

ml/31GPUonly m1l/.3.1GPU+OMP wm1/.4.0GPU-only
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17.4 — Updated Parser & Rate Expressions

«4) Drag Model Editor ? X +4) Drag Model Editor ? X
Name: |Nonspherical-Ganser_l?.B.1| Comment: |Nonspher1cal-Ganser drag model | Name: |Nonspherical-Ganser_17.4.D |
Constants: Comment: | Nonspherical-Ganser drag model |
Name Value ) User-defined Expression
1 c0 0.1118
2 c 0.01794
3 3305 e
<D = 0.1118;
0 -2.65 y
4 e c1 = 0.01794;
5 nl 0.6567 €2 = 3305;
n0 = -2.65;
£ n2 1 8148 v nl = 0.6567;
- - " T n2 = 1.8148;
|*AddRow| | Remove Row |$! Switch To Text Entry n3 = 0.5743.
Drag Model Definition variables
E - K1=3/(1 + 2 * sphericityP~-0.5);
auston() K2 = 10~(n2 * (-log10(sphericityP))*n3);
( (1+c0*(3*Re™10~(n2* (-1 * LOG(sphericityP))~n3 ) / (1 + 2 / sphericityP~0.5) )*n1) K3 =Re ™ K1 * K2;
= (1 + 2 / sphericityP~0.5) / 3.0
+cl* Re * Re * 10 ~ (n2 * (-1 * LOG(sphericityP))"~n3) coefficient = F_drag() / F_stokes()
/ (Re +¢c2 * (1 + 2 / sphericityP~0.5) / (3 * 10 ~ (n2 * (-1 * LOG(sphericityP))~n3))) coefGanser = (1 + c0 *K3~n1) /Kl + c1 *K2*Re/ (1 + c2/K3);
Y*volfracF~n0 coefWenYu = volfracF~n0;
return coefGanser * coefWenYu;
Fdrag=31Tp‘dp(Uf - Us)Fcustom() Functions: labs(valuel) v| Variables: Re - ’6‘
Model Tools Messages
Functions: |ABS(vaI1) =] Variables: | densityF ~| g Operators: |+ 2| No errors.
'+ Check Model (1) [ox | cancel o [ok ] cancel

Old Drag Parser New Drag Parser
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17.4 — Updated Parser & Rate Expressions

(7 Chemistry Coefficient Editor

Coefficient Properties
Name: kO

Type: User-defined Expression v‘

User-defined Expression

Coefficient is for reaction type: O Volume-Average (® Discrete

re)

Sc=10.7;

pi = 3.14159;

MW = 18.02;

Dab = 2.6e-05 * (tempF/298)~1.5;

RETURN pi * Sh * Dab * MW * diamP;

Sh =2 +0.552 * Re™0.5 = Sc~(1/3);

Functions: | ABS(vall)

Messages

No errors.

Comment

¥ Variables: Re ¥ 6

Evaporation model rate coefficient

Cancel

User-Defined Chemistry Coefficients
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New Variables

= Re - Reynolds number
» thetaCP - close-pack particle volume fraction

» diamSauterP - Sauter mean diameter within a computational cell in units of microns

» sphericityP - particle sphericity
» viscF - fluid viscosity in units of Pa - s

» dVelPF - the difference between particle velocity and fluid velocity in units of ]11/5

» residenceTime - the residence time of a particle in units of s
» time - simulation time in units of s

X - x-position in the domain in units of m

Y - y-position in the domain in units of m

Z - z-position in the domain in units of m

cpfd-software.com
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What are we working on now?
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What are we working on now?

Expanding applications and physical modeling

e P-1 Radiation model
(beta in 17.4.0)

* Multi- liquids solver

BARRACUDA VIRTUAL REACTOR
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Project Tree & X

(" Barracuda Vi... ~

v eso Particles

v > Initial Cond...

v [ ] Boundary C...

% Setup Grid

@ Global Setti...
- Base Materi...
‘> Evaporation

*€) Drag Models
(1) Volatiles
&% Particle Spe...

£ Fluid ICs
esu Particle ICs

Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar ...

File View Setup Run Graphics and Output Post-processing Help

!gBEE i W
Ak JE AN

Thermal Wall BC Manager

ID Enabled x1 x2 vyl

y2 z1 z2 Temperature Comment

Add |

Edit ‘ ‘ Copy | | Delete

Radiation model

(® P-1 () Near Wall () None

Thermal wall output options
Output wall heat transfer as: (® Heat flow rate () Heat flux

Output transient data automatically
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What are we working on now?

Larger, faster models
* Streaming memory
 Multiple GPUs
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Increase in Calculation Speed with Streaming Memory
B Pascal (P6000) [ Volta (GV100)
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What are we working on now?

Flexible Licensing

License Server

Cloud Compute
Instance (AWS, GCP,
Azure)

Local Computer Local Computer
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What are we working on now?

Improved data output and Post-Processing capability
 Revamp of Transient Data points interface

 Revamp of 2D data interface

* Replacement of GMV
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Tecplot for Barracuda

* Tecplot for Barracuda, a special version
of Tecplot 360, will replace GMV as the
primary visualization tool

* Tecplot for Barracuda will be bundled
and licensed with Barracuda Virtual
Reactor

tecplot”
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Tecplot for Barracuda

* Many of our users are already comfortable with Tecplot
* Powerful analysis of simulation results with less effort
 More precise display of boundary conditions

e Data display location — particles, cells, and walls

e Native Windows execution
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Thank you!
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