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Training Goals

This training example is designed to provide a quick introduction to the overall problem set-up
process. Explanations are minimal. The Barracuda Graphical User Interface (GUI) will be explained

in more detail later in this training class. The purpose of the assignments during the first day is to
give the user an overall feel for the process and tools involved.
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Training Objectives

* Launch Barracuda
* Open project file with pre-setup grid
* (Advanced gridding to be discussed during second day of training)
* Set up your calculation with the information provided
* Successfully run Kuipers Bed simulation

* Ask your instructor about any questions you may have
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The Kuipers Bed

* Kuipers et al. (1992) operated experimental
“2D” fluidized bed

* The experimental setup consisted of

* A thin rectangular bed
(.57m x1.0m x 1.5 cm)

* Fluidizing gas (0.25 m/s velocity) on bottom of
reactor

* Central gas jet (10 m/s)

* Open to atmosphere at top

* During operation, Kuipers observed and
measured

* Bubbling behavior of bed

e Bubble diameter

e Particle volume fraction at various locations
using IR sensor probe

* First training problem is to simulate the Kuipers
bed with Barracuda

Kuipers, J, Tammes, Prins, and Swaaij (1992). Powder Technology 71: 87-99
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Simulation Objectives

*  What can we learn from the simulation?
* Fluidization behavior
* Bubble diameters 4.600040¢+00
* Particle volume fraction
* Particle mixing in time ety
* \Velocity data 0.0
*  Fluid 0.44

e Particle

3.000004e+01

Cells av_voidp

— 0.55

* Pressure profiles

—0.495

044

* Pressure gradients

Instantaneous
particle volume fraction

Time averaged
particle volume fraction
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Process Sheet

* Geometry

A . i
r N\ 57 cm wide
____________ * 1.5cmdeep
Initially air at 300 K * 100 cm total height
100,000 Pa e 50 cm initial bed height

* 1.5cm X 1.5 cm jet centered at bottom

* Particles
* Use two identical particle species to view mixing behavior
* Material density 2.66 g/cm3 (glass beads)
* Diameter: 440um - 560um. This is 500 um +12%

Particle Species 2 e Initial conditions

* Fluid phase: air at rest at atmospheric pressure
* Solid phase: particles in bottom % of bed at close-pack (8cp = 0.55)

Particle Species 1 .-
* Boundary conditions

*  Fluid
* Grid velocity: 0.25 m/s
* Center jet velocity: 10 m/s
* Top open to atmosphere
* Particles
* Cannot enter or leave

Center
Jet
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Launching Barracuda

cpfd

* Launch Barracuda. To do so you may click on the desktop icon or type “barracuda.17” at the B

command line Reactor 17.3.0
[ Barracuda VR with Chemistry =B 2
File View Setup Run Graphics and Output  Post-processing  Help

‘HEd wo 23 KE @ I
Pr-ojectTree g X .
| Barracuda V...
VIRTUAL REACTOR"®
SERIES 17
COMPUTATIONAL
C r}fd PARTICLE /
- FLUID DYNAMICS
S— ]
Recent Projects
«][4][¢]»]
| Mo project [
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Opening a Project File

* Click on File, then Open Project to open an existing project.
* A project file window will pop up

* Navigate to:
* On Linux: /home/training/barracuda_training/2_Kuipers/my_setup

* On Windows: C:\training\2_Kuipers\my_setup

. . (7 Select project file (2] = |
b SeIeCt kulpers_mysetuplprl f Barracuda Virtual Reacter with Chermnistry - 17.3.0 - my_st

File Wiew Setup Run Graphics and Output  Pos Look in: [J.C:\training\Z_Kuipers‘my_semp '] G 9 O L

b Cl iCk Open PrOjeCt - ._ Ll * ﬂ -‘h My Computer Name Size Type Date Medified
(& openFroject ctrl+0 R iobo &6 kuipers my_setup.pi 12KB prjFile 5/29/2..:30 PM
ecel » \

* The path to your training impor rom Prjec i dotel (4
directory may be different e e B / < data2(6)
than shown above. Use the SweCmsens.  Cileshites
appropriate path when e
navigating to your project. e Portice [Cs

v [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs

v ¢ BC Connections

Secondary Feeds g name kuipers_my_setup.prj —l

Secondary Exits y . s P
BC Connectors Files of type: [Pro]eds( .prj *.PRJ) V] [ Cancel ]
¥ a Chemistry Project descriptiof
J Rate Coefficients
¥F" Reactions
#. Numerics
(' Time Controls
~ ¢4 Data Output
¥ Flux Planes
AT GMV Output Options
Zm Average Data
2D Plot Data
/v Transient Data
=i Wall Erosion v

< L v | »
| kuipers_my_setup.prj ‘ C:/training/2_Kuipers/my_setup |

L ED

Quit Ctrl+Q
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Navigating the Barracuda GUI

Notice the project file and working directories are listed at the bottom of the main Barracuda GUI

window

File WView Setup Run

Project Tree

f Barracuda Virtual Reactor with Chemistry - 17.3.0 - my_setup/kuipers_my_setup.prj

Graphics and Output  Post-processing  Help

eE 9o R K€ Gam i

5 X

(7 Barracuda Virtual Re...
% Setup Grid
3 Global Settings
¢ Base Materials
+ ess Particles
*<} Drag Models
) Volatiles
&% Particle Species
~ I» Initial Conditions
A Fluid ICs
eso Particle ICs
~ [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v a BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ & Chemistry
i Rate Coefficients
JF Reactions
#. Numerics
( Time Controls
~ 4. Data Output
T Flux Planes
A7 GMV Output Options
Zm Average Data
= 2D Flot Data
/v Transient Data
5 Wall Erosion

L]

BARRACUDA
VIRTUAL REACTOR’

SERIES 17

COMPUTATIONAL

( : w fd PARTICLE
g FLUID DYNAMICS

Project description (optional comments)

o

L4

e v [ » ]

——

kuipers_my_setup.prj

COMPUTATIONAL
RTICLE

cefds

C:/training/2_Kuipers/my_setup )
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Setting up the Kuipers Bed Simulation

Project Tree = . . . . .
[ Barracuda Virtual React... The Kuipers Bed simulation will be set up in 9 steps:
8 Setup Grid —r—
& clobal Settings ~ <T—— 1. Setup Grid
- Base Materials e p—
v ess Particles —— Create the computational grid from a CAD file of the physical geometry
=4} Drag Models
D Volatiles 2. Global Settings
] wa Particle Species
v '“-';""Ftl"al'd‘?é"d“"""ﬁ « Set gravity and select isothermal calculation
L s
* [ Boundary Conditions <——— 3. Base Materials
rresere Bes Add materials to simulation and edit physical properties
Injection BCs N
Thermal Wall BCs 4. Particles
Passive Scalar BCs . . . . . . . . .
« 4 BC Connections Specify materials and particle size distributions for the particles in the model
Secondary Feeds .. ..
Secondary Exits 5. Initial Conditions
BC cunneaurs . . . . . . . . . . . . . .
v . Chemistry Specify initial fluid and particle conditions. Specify initial particle locations
@. Rate Coefficients
5 Reactions 6. Boundary conditions
'< Numerics . . oy e .
(& Time Controls - Specify fluid velocities and pressures at model boundaries
v . Data Output C—
¥ Flux Planes :
A7 GMV Output Options 7. Time Controls
;;E;T%E‘D[’tﬁtﬂ Specify simulation time, time step and restart interval
ot Data
S Transient Data
71 wall Erosion 8. Data OUtPUt
[t Fertde Adriton Select data to be written during simulation for later analysis
sso Population Data
& Solver Qutput Units 9. Run
= Run - . .
& Post-Run Check the model setup and run the simulation
-+ Plot Manager

SIMULATE > UNDERSTAND > OPTIMIZE

10



Setup Grid

* Barracuda simulates fluid-particle behavior e i -~ o«

File View Setup Run Graphics and Output Post-processing Help

by dividing the physical domain into a 3D CRPTRT RS T8 LE:

. . (I ETETER & = ) Import Grid undo @ Redo AN 1. ViewSTLs | 2. CheckGrid (O 3. Generate Grid A/l 4. View Output Docks €9
7 Barracuda Virtual React...
computational gria. e s, 5
@ Global Settings Filename 4 Add Geometry
' Base Materials STL unit:m
. N 2Dbed.stl == Remove Geometry N
v oo Particles XYZ unit:m

* Each cell within the grid provides a location | e

R
for the solver to calculate Eulerian values Ty
v [ Boundary Conditions

. Pressu re Injection 8Cs

Thermal Wall BCs

* Temperature

* Velocity

~ & Data Qutput
11 Flux Planes

1 GMV Output Options
En Average Data

* Composition, etc

* The grid also provides a framework for
specifying boundary conditions within a e
simulation

* Adding cells to a simulation will increase the ey R i

@ | # ¥ »

resolution and often accuracy of the solution "= [etromg g, e

* Adding cells to a simulation will also increase
the computational time required

* For the Kuipers problem, gridline locations
are already provided in the
kuipers_mysetup.pr;j file
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Setup Grid Window

* The setup grid window provides an interface for creating an appropriate grid for the model
* It contains the following tabs:

* Geometry

» Baffles

* Grid Controls
* Gridlines

. BARRACUDA
= v VIRTUAL REACTOR

Geometry

&

Filename

2Dbed.stl

< Add Geometry
STL unit: m
=Re Eeomehy XYZ unit: m

Geometry  Baffles  Grid Controls  Grid lines

z

=

12
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Grid Controls

VIRTUAL REACTOR

Using the mouse:
* The grid may be translated using the center mouse button
* Zoom in/out is accomplished holding the right mouse button and moving it up/down
* Alternately, the scroll wheel can also be used for zoom (pending hardware and software configuration)

* Note: each of the panel views can be panned and zoomed independently

GUI button resets the grid view  [cw e B
Options Grid lines View Controls (remove STL triangles outside of bounds)
5 ~ | Total Cells: 1860
STL file units: | m oo P,
Display units: m 4 Modify X EazE x—min. -0.2907 x-max . 0.2907
Location: Pointer/Corner’ O modify ¥ [ Move
Type: Physicalfrid | ModiY Z y-min(j -0.00015 y-max foosis
Hide triangles:
front back zfmin. -0.01 z-max l
| ‘" Advanced options | | Set uniform grid | [ Include Baffles
Geometry  Baffles  Grid Controls ~ Grid lines
z z
[= L. [
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Generating and Viewing the Grid

* The computational grid will be generated based on the gridlines and STL file

* (Click Generate Grid

* Once the grid generator runs, open the grid using the View Output button and selecting View Grid

[“ Barracuda Virtual Reactor with Chemistry - 17.3.0 - my_setup/kuipers_my_setup.prj

File View Setup Run Graphics and Qutput Post-processing Help /

B =8 9o 7% € o6& H

Projecl Tree 2 [ _ Import Grid M undo #™ Redo ‘i 1. View STLs . 2. Check Grid & 3. Generate Grid J) /A _4_\igueQuin
(7 Barracuda Virtual React... = @

% Setup Grid Grid Controls
@ Global Settings Options Grid lines View Controls (remove STL triangles outside of bou

Docks_ 9

& e )
e STUfle unts:[m =] Total Cellst 1860 @ Resetvews| ("] VETWEERERCELE
v ee Pa g _ese views 3

=4} Drag Models Display units: |'m ~| O Modify X [ Delete x—mln. £ EmpEeEd e l

.
(4 Volatiles Location: Pointer/Corner L Modify ¥ [ Move
NS f;.—;:f‘é'i;?;ffs Type: PhysicaliGrid || Medify Z y-min( -0.00015 y-max Bo.0s15
I ns

£ Fluid ICs
s Particle ICs
v [ Boundary Conditions
Pressure BCs
Flow BCs Geometry  Baffles  Grid Controls  Grid lines

Hide triangles:

front back z—mln. -0.01 z-max l

‘ ‘" Advanced options ‘ ‘ Set uniform grid | [] Include Baffles

Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ % BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
i Rate Coefficients
¥F" Reactions
#. Numerics
(" Time Controls
v & Data Output
%1 Flux Planes
A7 GMV Output Options
In Average Data
= 2D Plot Data
A Transient Data
% wall Erosion
++# Particle Attrition
Raw Data
wso Population Data
© Solver Output Units
2 Run
42 Post-Run V z z

- Plot Manager [. — ‘[ ‘[
X X y
[« [+ [®][»

‘ kuipers_my_setup.prj | C:/training/2_Kuipers/my_setup
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Viewing the Grid

* The grid may be rotated using the left File Display Caloulate Ctl-l Ctl-2 Ctl-3 Reflections View

mouse button £ Current file: Jhomestraining/barracuda_training/Kuipers/my_setup/YIEWGRID, gmy
Twist] 1 Il 0,0
* To translate the grid th t ¥ e — B
o translate the grid, use the center azin. | T 1505
mouse button g

* Zooming is accomplished using the
right mouse button

* Note: This is the coarsest grid possible
for this problem (resolving the center .
jet with a single cell). This is not
necessarily the recommended grid
resolution, but rather intended to
illustrate how the CPFD method X1
obtains resolution from both the
computational cells (grid) and
computational particles (gridless).
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Overview of the Kuipers Bed Grid

Physical Setup Grid Setup Generated Grid
A Top faces will
r__________\ become
Initially air at 300 K pressure
100,000 Pa boundary

Center line to
mark initial bed ;

height
\ Eulerian fluid
calculations will

be computed
Particle Species 2 . inside internal
n cells

Particle Species 1

—

1.5 cm wide
cell for center
jet Bottom faces o
Conter will become Grid is one cell
flow boundary thick to reflect
conditions 2D model

. BARRACUDA
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Grid Coordinates

X |
* |nitial and Boundary Conditions are located by x,y,z P i .
Values -0.285...... -0.0075..0.0075........ 0.285
| \ / b
* [ uses the minimum value, ] uses the maximum value : )
Initial Particle Location: -
Boundary X y z in
Species 1 [ ] [ ] [ 0.25 »
Species 2 [ ] [ [ 1 [025] 05 ] —05 >zvalues
Boundary Condition Location: Particle Species 2
Boundary X y z 025
Fluidizing gas [ -0.0075|( [ | max [ [ 7
Fluidizing gas 0.0075 ] [ | max [ [ :
Center jet -0.0075 | 0.0075 | [ | max | [ [ : I
Outlet Pressure [ ] [ [ max 1 1 | TAARRRAAAAAAAL W AAAAAAAAAAAA 0/

TTTTTTTTTTTTN i

Fluidizing Gas Fluidizing Gas

Center
Jet
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Global Settings

* Click on Global Settings

* Set your Gravity vector

In this example, gravity is in the negative z-direction
Notice the vector magnitude is “9.8” m/s?

Note: All units in Barracuda are Sl unless otherwise noted

* |sothermal flow should be selected.

. BARRACUDA

File View Setup Run Graphics and Output

f‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training'2_Kuipersimy_setup\kuipers_my_setup.prj

Post-processing

B =Ed9onxd K€ oval

Help

Project Tree & x

(7 Barracuda Virtual Reactor ... ~
% Setup Grid
@ clobal Settings
- Base Materials
v = Particles
=4} Drag Models
&) Vaolatiles
& Particle Species
~ [+ Initial Conditions
£ Fluid ICs
= Particle ICs
vl Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
J4 Rate Coefficients
J§ Reactions
#. Numerics
(7 Time Controls
v 4. Data Output
1. Flux Planes
A GMV Output Options
Im Average Data
2D Plot Data
7w Transient Data o

« [+ ® [ »]

Global Settings
Gravity settings

Thermal settings

X Gravity |ﬂ

y Gravity |0

2z Gravity |-9.S

@® Isothermal flows 300 K

nsfer coefficients

Thermal start options
Start with Thermal: on Off (turn on at restart)

Starting temperature: 300 K

Temperature warning limits

Minimum temperature warning (K): | 100 Maximum temperature warning (K): 6000

[ output minimum and maximum temperatures in system to MinMaxTemp.data log file

Chemistry settings

This feature allows chemistry to be set up, but not calculated until a later time by turning it on using time controls or a restart
file. Note: This feature applies to Volatiles as well as all Chemistry Reactions.

® on
s to 0 s

O Off, ramp on from 0

Start with Chemistry:

O Off (can be turned on at restart)

| kuipers_my_setup.prj

| Ca/training/2_Kuipers/my_setup #tup |

COMPUTATIONAL
ICLE
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Base Materials

* (Click on Base Materials

r‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /G\training'2_Kuipers\my_setup'kuipers_my_setup.prj - m] X

° H H H File View Setup Run Graphics and Output Post-processing  Help
All project materials, f|l:IIdS Ty pug i
and solids, must be defined e 5 x

(7 Barracuda Virtual Reacto... ~

Base Materials Manager

N Add materials to the Project Material List that can be used throughout project setup. Note that if the material is not added to the project materials, it will not
ere % Setup Grid ‘ i ‘ i : !
. be available for selection later. For example, Particle Species can use solid materials added to Base Materiafs.
M clobal Settings
. Base Materials Project Material List Material Properties Library

~ eso Particles

* Project materials can be 4 rog odsts Cremcalreme st |pesrptn L

. - (1) Volatiles Chemical name State Description ol
m po rted fro m th e M ater'a I % Partide Species AR G AR CALCULATED FROM INGREDI
. ~ [+ Initial Conditions Al s Al REF ELEMENT (5)
H £ Fluid IC | |
library OR new materials can s N o arReETe
. | Boundary Conditions Al20 G Al20 DIALUMINUM MOMOXIDE
be Created Wlth the Add Pressure BCs Al202 G Al202
tt Flow BCs <= Lt Al203 s AI203 ALUMINUM OXIDE (S)
b Injection BCs Al203 L AI203 ALUMINUM OXIDE (L)
utton Thermal Wall BCs <-Replace-> Al203 G Al203 ALUMINUM OXIDE
Passive Scalar BCs AlH G AlH
. . ~ & BC Connections AlHOZ2 G AlOZH ALUMINUM HYDROXIDE O
* All material properties can be Secondary Feeds Ao G Ao
. Secondary Exits Aloz G Al02 ALUMINUM OXIDE
d H d H h I BC Connectors AlOH G AIOH
edited in the Base Materials | “.uy " ER ——
Wi nd OW i Rate Coefficients Ar_plus G AR+
“§ Reactions < > B G B
é :‘::r':;e(::ftmb Add Edit Copy Delete 22 E 22
~ 4 Data Output ) B20 G B20
* Flow can be set as %4 Foxlves Froprtes C saeeon
. A" GMV Output Options Averaging method for fluid mixture properties (applies to 0 B203 L B203 LIQUID DIBORON TRIOXIDE
CO m p ress | b I e (d efa u It) O r Tm Average Data viscosity, thermal conductivity, and mass diffusivity): B203 G B203 DIBORON TRIOXIDE
) . bl 12_[: Plot Dtaéat @ Mole average O Mass average B303CI3 G B303CI3 TRICHLOROBOROXTN. {
w Transient Data B303F3 G B303F3 TRIFLUOROBOROXIN, (B
Incom preSSI e r Wall Erosion Flow Type B303H3 G B303H3 BOROXIN
+++ Particle Attrition Bal G BAOQ CALCULATED BY NASA FRO!
. Raw Data 1 (i} BCl G ed v
: ;Zﬂ:téou'l Dl.|attanits ® 5 ini ) : >
2 Run ’ w B: 0 C:."tram|ng!2_Kuwpersimy_ssTL:lpl 1} l’CPFDfBarracudafl?.Z.D{cpdeQ{prnpsfcpfd_prnp.prp Browse
« * 4 >
| kuipers_my_setup.prj | C:/training/2_Kuipers/my_setup
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Base Materials

For the Kuipers setup:

. . .
d Ve rlfy co m p ress I b I e fI ow I S f Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\2_Kuipers\my_setuphkuipers_my_setup.prj — [m] *
File View Setup Run Graphicsand Output Post-processing Help

selected, since the fluid is a gas D es s HC ¢ m i

Project Tree B X Base Materials Manager

[ ) AI r a n d g | a SS n eed to be a d d ed f hﬂarrac:d;ﬁ\;irtml Reacto... 2| | dd materials to the Project Material List that can be used throughout project setup. Note that if the material is not added to the project materials, it will not

@ clobal ings be available for selection later. For example, Parficle Species can use solid materials added to fase Materials,

1 - Project Materigl L Material Properties Library
' Base Materials
o —
* Select AIR from the Material LT ([oemairme —stie_oepten Descipion +_cortns | |
RS0 [Modeks ( G AR CALCULATED FROM INGRED; _—
- (&) Volatiles emical name State Description ]
LI b ra ry . & Particle Species AIR G AIR CALCULATED FROM INGREDI
~ 1+ Initial Conditions S Al REF ELEMENT (S
£ Fluid ICs Al L Al'REF ELEMENT (L)
weo Particle ICs Al G Al
° Cl ic k I m po rt ~ [ Boundary Conditions Al20 G Al20 DIALUMINUM MONOXIDE
Pressure BCs Al202 G Al202
Flow BCs <= LTl Al203 5 Al203 ALUMINUM OXIDE (S)
Injection BCs Al203 L Al203 ALUMINUM OXIDE (L)
. .
° Al R h P t Thermal Wall BCs <-Replace-> Al203 G Al203 ALUMINUM OXIDE
n OW a p pea rs I n t e ro ec Passive Scalar BCs 2 AH G AlH
Materia I Li st at t h e | eft ~ & BC Connections AlHO2 G AlO2H ALUMINUM HYDROXIDE O:
Secondary Feeds Al G AlO
Secondary Exits Aloz2 G Al02 ALUMINUM OXIDE
BC Connectars AlOH G AlOH
v a Chemistry Ar G AR ARGON. REF ELEMENT
i Rate Coefficients Ar_plus G AR+
¥§ Reactions < > B G B
# Numerics s T i B L B
& Time Controls 2 ECH Copy Delete B2 ¢ B2
“ . Data Output B20 G B20
.. Flux Planes I B202 G 8202 (B0)2
A" GMV Output Options Averaging method for fluid mixdure properties (applies to B203 L B203 LIQUID DIBORON TRIOXIDE
ging prop ppl [7)
Zm Average Data viscosity, thermal conductivity, and mass diffusivity): B203 G B203 DIBORON TRIOXIDE
2D F\?t Data @® Mole average O Mass average B303CI3 G B303CI3 TRICHLOROBOROXIN. (
A+ Transient Data B303F3 G B303F3 TRIFLUOROBOROXIN. (B
=1 Wall Erosion Flow Type B303H3 G B303H3 BOROXIN
++= Particle Attrition BaD G BAQ CALCULATED BY NASA FRO!
Raw Data @® Compressible (i) BCl ¢ ad ®
: ;n:)ulaté}nrl Dattz " @] Incompressible (generally liquids only) & 2
olver Qutput Units
2 Run © B: |0 Pref: |0 VCPFD{BErracuda,’l7.2.ﬂ{cpfdHQ,’propsfcpfdfprnp.prp Browse
< L A4 »
‘ kuipers_my_setup.prj ‘ C:/training/2_Kuipers/my_setup

4
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Base Materials

To define the solid material, click
on Add

ey Description [
Q V;Tagtnez e AR CALCULATED FROM INGREDIENTS %N2=78.084 %oz:zn.g;‘a?*" [eLass] '1"533‘9
; GLASS. SODA-LIME SILICA. COMMON FOR GLAGS BERGmmm=P> - . )
: H e Particle Species Desctiptign lGLASS. SODA-LIME SILICA. COMMON FOR GLASS BEADS...: |
In the Material Properties e e i —————
& Fluid Ic Properties

window, enter the Chemical name—

o" ”n H 3
Pressure BCs Density Critical temperature
as “GLASS”. Enter an appropriate Pressire e
d H H Injection BCs -
escri pt 1on Thermal Wall BCs Mass Diffusivity Thermal Conductivity
Passive Scalar BCs
L' B o v %4 BC Connections Vapor Pressure Enthalpy
S h S G d S I d Secondary Feeds
et t e tate ( a s’ Iq u' ’ o I ) Secondary Exits q Cancel
I H d BC Connectors AlOH G AIOH
to SO I ¥ & Chemistry Ar G AR ARGOM. REF ELEMENT
i Rate Coefficients Ar_plus G AR+
t t D 't t 2 3 V& Reactions < > B G B
Set the Density to 2660 kg/m  americs ; Lo
(- Time Controls Add Edit Copy Delete 82 c 82
v 4. Data OQutput X B20 G B20
. %1 Flux Planes Properties B202 G 8202 (BO)2
Set th e MOIECUIa r WEIght tO 60 A" GMV Output Options Averaging method for fluid mixture properties (applies to 1) B203 L B203 LIQUID DIBORON TRIOXIDE
Im Average Data viscosity, thermal conductivity, and mass diffusivity): B203 G 8203 DIBORON TRIOXIDE
g/mol 20 Plot Data @ Mole average W CrmmEe B303C3 G 8303C!3 TRICHLOROBOROXIN. (
“~ Transient Data B303F3 G B303F3 TRIFLUOROBOROXIN. (B
o Wall Erosion Flow Type B303H3 G B303H3 BOROXIN
. +++ Particle Attrition BaO G BAD CALCULATED BY MASA FROI
CI IC k 0 K Raw Data @® compressible (1] Bl G Bcl v
estjRopubon(nata O Incompressible (generally liquids only) S >

GLASS now appears in the Project
Material List at the left

[.‘ Barracuda Virtual Reactor with Chernistry - 17.3.0 - /C\training\2

File WView Setup Run Graphics and Qutput Post-processing  Help

B =mEd 9o € 6 i

Project Tree 8 X

[ Barracuda Virtual Reacto...

% Setup Grid

® Global Settings

7 Base Materials
v ese Particles

Base Materials Manager

Add materials to the Project Material List that can be used throughout project setup. Mote that if the material is not added to the project materials, it will not

be available for selection later. For example, Particle Species can use solid materials added to Base Materials.

Project Material List

e Particle ICs
~ [] Boundary Conditions

& Solver Qutput Units
2 Run

<« @ 4 L

kuipers_my_setup.prj

( " Base Materials Editor

Molecular weight

i
60 g/mol ‘

Heat of formation 0 J/kg

B: |0 Pref: |0

|/CF'FD,."Earra cuda/17.2.0/cpfdHQ/props/cpfd_prap.prp

Browse

| C:/training/2_Kuipers/my_setup

* NOTE: Other material property data such as thermal
conductivity, heat capacity, and heat of formation
would have to be specified if this were a thermal or
reacting problem. Viscosity is required if the new
material is a fluid

 NOTE: Red writing means that data needs to be input,
green writing means that the property is ready, black
writing means that the property is not needed for the

calculation
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Particles

Click on the Particles page

Enter a Close pack volume
fraction of “0.55”

This is the maximum amount of
solids packing permitted in a
region

0.55 means that up to 55% of a
reasonably-sized control volume
can be occupied by particles.
Conversely, at least 45% of the
same volume must be occupied
by the fluid

VIRTUAL REACTOR

COMPUTATIONAL
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f.‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - my_setup/kuipers_my_setup.prj - [m| X
File View Setup Run Graphics and Output Post-processing Help
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Project Tree 8 x
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~ wso Particles
=4} Drag Models
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ww Particle Species
v > Initial Conditions
£ Fluid ICs
sso Particle ICs
v [ Boundary Conditions
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Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
* a Chemistry
il Rate Coefficients
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#- Numerics
(- Time Controls
v (& Data Output
T Flux Planes
Al GMV Output Options
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Particles

This section creates the partide spedes that will be used in the calculation.

Drag Medels - Create and manage user defined drag models, also indudes predefined drag models.
Volatiles - Define released gases for partide spedies.

Particles Species - Define partides that can contain solids and released gases.

Particle- izlaing _
Close pack volume fraction: 0.55

Maximum momentum redirection from collision:

[ Blended acceleration model for the contact force (1]

Stress Model Advanced Options

Particle-to-wall interaction

Mormal-to-wall momentum retention:

Tangent-to-wall moementum retention:

Diffuse bounce: ElE (1]

| kuipers_my_setup.prj

| C:/training/2_Kuipers/my_setup
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Particles

Set Particle-to-wall interaction
properties

A Normal-to-wall momentum
retention coefficient is the
maximum normal component of
particle momentum which can be
retained after the particle
“bounces” off a wall.

e Set this to “0.85”

A Tangent-to-wall momentum
retention coefficient is the
maximum tangential component
of particle momentum which can
be retained after the particle
“bounces” off a wall.

* Set this to “0.85”

A Diffuse bounce coefficient is the
amount of particle scatter after
the particle “bounces” off a wall

e Set this to “5” which is the
maximum value

" COMPUTATIONAL
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Particles

This section creates the partide spedes that will be used in the calculation.

Drag Medels - Create and manage user defined drag models, also indudes predefined drag models.
Volatiles - Define released gases for partide spedies.

Particles Species - Define partides that can contain solids and released gases.

Particle-to-particle interaction

Close pack volume fraction: |D.55
Maximum momentum redirection from collision: 40% |+
[ Blended acceleration model for the contact force (1]

S

Particle-to-wall interaction

Mormal-to-wall momentum retention:
Tangent-to-wall moementum retention:

Diffuse bounce:

§

| kuipers_my_setup.prj

| C:/training/2_Kuipers/my_setup
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Particle Species

Click on Particle Species

We are now ready to define the
particle species in the system

For the Kuipers setup:

We have only one type of solid
particle (GLASS)

However, we want to use two
colors (one in bottom half of bed,
another in top half) to view
mixing

To accomplish this, we must
define two separate species of the
same material (GLASS)

" COMPUTATIONAL
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r‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training'2_Kuipers\my_setup\kuipers_my_setup.prj

File View Setup Run Graphics and Output Post-processing Help
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Project Tree g x
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£ Fluid ICs
eso Particle ICs
v [] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v 5 BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ » Chemistry
i Rate Coefficients
JF Reactions
/= Numerics
(" Time Controls
v . Data Output
7. Flux Planes

Particle Species Manager

Species-ID Comment Materials Min radius

Al _GMY Ot Ontinn

< & A4 »

Max radius

Sphericity Emissivity Drag model Agglomeration

Add Edit

Copy Delete
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Particle Species

Click on Add

The Particle Species Editor window will pop up, click on Applied Materials
Applied Materials Manager window will pop up, click on Add

In the Applied material window, select GLASS

th Chermistr

. r arracuda
Set the Mass fraction "

View Setup Run GraphicsandOut_
amount to “1” © =248 9oad

Species-ID: 1 Lizgbode]

Model Name: Select Drag Model > | k¥

Click OK

Click OK in Applied
Materials Manager
window.

Project Tree

g X

(7 Barracuda Virtual React...
% Setup Grid
@ Global Settings
7 Base Materials
v eso Particles
*¢} Drag Models
1 Volatiles
&% Particle Species
Initial Conditions
£ Fluid ICs
ssu Particle ICs
v [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a» Chemistry
il Rate Coefficients
J§ Reactions
#. Numerics
(" Time Controls
v i Data Output
T Flux Planes
AL GV Onfnot Ointinn

v

L]

<@ & A4 &

@ Materials:

Applied Materials

Spe  Particlg e

! Predefined PSD:

PSD Filename:

Radius

Minimum

Maximurm

Applied Materials
Add Mal

Name Link To Default

Value

g the
Mass Fractions sum to:

D MName

Edi

S

B Applied material

Project material |

ist

Material  State
»

[0.00022 | |0.00028

Sphericity: |1

Emissivity: |1

— Add

Overall particle density

@® Automatically calcd

Manually enterad:

p

Add

(1 Volatiles Manager

| kuipers_my_setup.prj
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| C:/training/2_Kuipers/my_setup

» GLASS S

@cﬁon am

Age Factor:

Material

— 0K

1 (1]

Properties Library

Cancel

Age Factor

Delete

OK Cancel

r
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Particle Species

We are now ready to define the
particle radius

For the Kuipers setup, the particle
diameters are between 440 and
560 um

Set the particle Radius to
“2.2e-4 to 2.8e-4” meters

Since we have two identical
particle species, add a descriptive
Comment for species 1

Select Wen-Yu as Drag model in
the drop down menu

Click OK
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cpfdi..

{ Barracuda Virtual Reactor with Chemistry - 17.3.0 -

File View Setup Run

Graphics and Output

my_setup/kuipers_my_setup.prj

Post-processing  Help
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Project Tree
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% Setup Grid
3 clobal Settings
+7 Base Materials
v wss Particles
*¢} Drag Models
) Volatiles
&% Particle Species
v > Initial Conditions
A% Fluid ICs
weo Particle ICs
v [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ & Chemistry
i Rate Coefficients
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/. Numerics
(- Time Controls
v . Data Output
T Flux Planes
Al GMV Output Options
Zm Awverage Data
= 2D Plot Data
Jv- Transient Data

W

Particle Species Manager

Species-ID  Comment Materials  Min radius Max radius

Sphericity

Emissivity Drag model Agglomera

{ Particle Species Editor

Species-ID: 1 Drag Model

? X

Model Name:

} Wen-Yu

-] @)

Comment: |g|ass beads (bottom of vessel) |

| Name Link To Default

Materials: | Applied Materials
Particle Size co Linked
Predefined PSD: l:l cl Linked
2 Linked
PSD Filename: no Linked

® Multiplier (constant):

O Multiplier (predefined):

Radius

O Multiplier (from file): =

Maximum

Minimum

[2.2e-04 | [2.8e-04

Sphericity: |1 @
i)

Radius Cut Point: |1.8e-05

Effective Particle Size Filename:

Emissivity: |1

Value "

elel

Edit |4

|| Cancel |

| Add | | Edit | |

Copy

| | Delete

|« | & [ ¥ |

> |

| kuipers_my_setup.prj

| C:/training/2_Kuipers/my_setup
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Particle Species

* To define a second, identical particle species, simply copy the first

* Select species 001, then click Copy

f Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training\2_Kuipersimy_setup\kuipers_my_setup.prj - O *
File View Setup Run Graphics and Output Post-processing Help
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¥ Global Settings o001 glass beads (bottom of vessel) GLASS 2.200000e-04 2.800000e-04 1 1 Wen-Yu Off
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Particle Species

To change the comment describing the second particle, select species 002

Click Edit

Change the Comment

Click OK

File Wiew Setup Run

Project Tree

g x

i"“ Barracuda Virtual Reactor with Chemistry - 17.3.0 - my_setup/kuipers_my_setup.prj
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’ (7 Particle Spenes Editor ? X
SpeciesIn: Drag Model
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Particle Size
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PSD Filename:
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O Multiplier (from file):
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Effective Particle Size Filename:

| Add

Edit

|« [ » | ®
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Fluid Initial Conditions

* Click on Fluid ICs
* Select the default fluid species

* Click on Edit

b Cl ICk On Defl ne fl u Ids {'\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\2_Kuipers\my_setup'kuipers_my_setup.prj — O s
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Fluid Initial Conditions

* The Applied Materials window will pop up. Click on Add Material

e Select AIR and set the Mass fraction amount to “1”

* C(Click OK

_  BARRACUDA
— L3557 VIRTUAL REACTOR
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Fluid Initial Conditions

* Once the fluid is defined, specify the velocity,
pressure, and location of the fluid

* In this example problem, air is initially at rest
at atmospheric pressure

* Leave the x, y, and z fluid velocities at zero
* Set the Pressure to “1e5” Pa

* Since the air initially occupies the entire bed
(area above and in between quartz particles),
use [ and ] to input the minimum and
maximum values

e Click OK
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Particle Initial Conditions

* Click on Particle ICs

e Click Add

—  ess Particle ICs

. BARRACUDA
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Froject Tree g X
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Particle Initial Conditions

A Particle initialization window will pop up

(7 ParticleIC ?

Initial conditions

On the Initialize tab select Initialize volume
fraction in region

On the Particle species tab select 001- glass /,v

beads (bottom of vessel)

/

Set the Particle volume fraction to “0.55”

Specify the Computational particle
location at the start of the calculation:
e Since we want these particles to be on the

bottom half of the bed, we set z1 to “[”
(giving a 0) and z2 to “0.25”

Remember to add a descriptive Comment

Click OK

» Initialize volume fraction in region

Particle species 001 - glass beads (bottom of vessel) -

Particle volume fraction |0.55 |

Temperature 300

Region

Select region (m)

K

| % [0.285

| y2|0.015

|z |0.25

Cloud size
® Use global slider
(O Use local slider

(O Specify cloud density | Clouds per cell

-

Auto

Special settings

L] Random cloud initialization ] Mo particle momentum

<\ Bottom half of particles inv
\
(1 ] Cancel / oK
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Particle Initial Conditions

* Next, define the initial conditions for
the second particle species

[ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training2_Kuipers\my_setup'kuip| {2 Particle IC 4 > |a >

File View Setup Run Graphics and Output Post-processing Help & itial conditions
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(7 Barracuda Virtual React... »

] H ey . %3 Setup Grid Description Particle volume fraction |0.55
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¥« Base Materials o e fraction (legacy), species = OUZ-I 'obal

volume fraction in region W
c rag Mo
* On the Particle species tab select 002- 7% e e

£ Fluid ICs
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~ | 1] Boundary Conditions
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* Set the Particle volume fraction to rowscs ot
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b SpeCIfy the Com putatlonal pa rtICIe Secondary Exits O specify cloud density  Clouds per cell  +  Auto
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Pressure Boundary Conditions

e Click on Pressure BCs

e Click Add

r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\trainingh2_Kuipers\my_setup\kuipers_my_setup.prj - O X
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Pressure Boundary Conditions

* Define the fluid by clicking on Define fluid species

* The Applied materials window will pop up

* Click on Add material s
[? Applied materials T s
H Huan
* Select AIR and set the Mass fraction amount to “1 Appled mtarils
Fractions sum to: o
b CliCk OK r Pressure BC Editor ID  Material State Fraction
Pressure boundary condition
Region Fluid behavior at boundary
Direction: EI @ O Pressure file: Edi
® Specify values:
| Select region (m) |
x: |-0.285 | x2 [0.285 | \
; b B T R—
D Y20 m:l material | | Edit | | Delete
2, [0.983333 |z |1 | U] ECe K
Flux plane options actor i (2 Applied material ? *
Properties @ Mass fraction
Flux file name: |FLU)(EC_top_pressure | IEI Project material list
Gas species flux plane behavior: Of -
|No Output - | Fluid properties if inflow Interior cell values = W < B
[ Subdivide by radius ~ Radius divisions 100 O Part
[] output raw particle data Applied fluid species
Comment

|Materia| Properties Li brary|

| ok | cancel |
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Pressure Boundary Conditions

* Once the fluid is defined, specify the

pressure
° Set the Pressure to Ille5” Pa [ Pressure BC Editor ? X
Pressure boundary condition
. . egion luid behavior at bounda article behavior at bounda
* Provide a Flux file name for the boundary = ™" [ —
' i @® MNo particle exit (1]

® Specify values:

Area fraction o O Partice out flow
Farticle radius(m) range allowed to exit: | €9
Temperature (s

Select region (m)

* Flux planes track the transient flow of
fluids and solids crossing pre-defined
planes and model boundaries. Use a

x| -0.285 | %2 [0.285

w0 | y2 [0.015

[0.983333 |z [1

Min = |0 to Max = UNLIMITED
- i S (O
d esc rl ptlve n a m e S r ’ Properties (O Farticle feed (Slip and vol frac)
\Fluxﬂle name: ‘FLUXEC?top?pressure ‘ (]
o Tlp' Sta rtlng a FIUX fl |e na me W|th Gas species flux plane behavior: O Partidle feed (Slip and mass fux)
IIFIUX_II Or IIF LUX_" Wi II faci | itate pOSt- No Output - Fluid properties if inflow | Interior cell values ~ | &3
prOCESSIng Iater On ThIS |S [ subdivide by radius ~ Radius divisions 100 % O Particle fead (Slip and mass flow rate)

[ Output raw particle data

recommendEd. \‘:Dmment Applied fluid species | Define fluid species pp———
. . . |T0p open to atmosphere, particles cannot exit Particle Feed Control 1]
* Enter the plane Location (maximum index
Cancel

in z with 1). Why these values?

* Enter a Comment (if desired)

* Click OK
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Flow Boundary Conditions

e Click on Flow BCs

* The Flow BC page is used to 1 S s Gty 730 G i s

File Wiew Setup Run Graphics and Qutput Post-processing Help

define fluid boundary CEEFERTEEY LICLE

1+ Project Tree & x :
conditions where flow rate e
% Setup Grid jul Dir  x1 x2 ¥yl y2 21 22 Area Flow rate Temperature Pressure Particle Flux plane name Comment

(mass or velocity) is known ® coba sttings y— -

¥ Base Materials
v e Particles
=4} Drag Models

*  Flow rate can either be constant | = v o R P e

Flow boundary condition

. . . % Farticle Species Fluid behavior at boundary Particle behavior at boundary
(using the Specify values * 3 ks conrions: O sedreton fow ° :
. d weo Particle ICs I ® e T Use transient particle flow file
(0] pt on ) O R e nte red as a \V Epz:ﬂa;::“"‘"‘”"s Select region (m) © Use BC Connector data 1)

X ‘ ‘ x ‘ ‘ O y-direction flows (1]

i i Flow BCs o : ® "

transient value in a separate N v ‘ e B Cometor i
. Thermal Wall BCs a M ‘ O Particle out flow

d ata fl | e Passive Scalar BCs ® z-direction flow o ® Specify values Particle radius (m) range allowed to exit: | @

v & BC Connections
Velocity flow ~ mis | & Min =0 to Max = | UNLIMITED

Secondary Feeds

Secondary Exits
° . 8C Connectors x/yfz variation angle degrees Pressure [100000 | Fa | @ Partidle exit control (Off)
ICK ONn v & Chemistry Flux plane options Temp K [@| O Fartice feed (Slip and volume fraction)

il Rate Coefficients Fiux plane name: l:l o O Normal to surface flow Mormal Limit -~ | € O Particle feed (Slip and mass flux)

V5" Reactions

7 Numerics Gas species flux plane behavior: amposition article feed (Slip and mass flow rate)
. . . . o
G Time Controls .
4 No Output 52 3 Edit particle feed
* Start by defining the fluid. Click on | 5 P N =
[ Subdivide by radius  Radius divisions 100 Particle feed control 1)

. Flux Planes

. H Al GMV Output Opti
Define fluids and follow the same | &g [0 utps v parte dt e [ st s pvc o e

I 2D Plot Data

Comment Force absolute direction
/v Transient Data

Ste ps a S b efo re : %5 Wall Erosion | Vector variation angle | 15 degrees

##s Particle Attrition

H Raw Data -
o Cl k d d i I wss Population Data
IC A materla @ Solver Output Units -“ |

SFF file: Edit )

2 Run
< Post-Run ha Add Edit Copy Delete
* Select AIR e 4 %%
‘ kuipers_my_setup.prj / ‘ C:/training/2_Kuipers/my_setup |
L4

* Set the Mass fraction amount
to lll”

e Click OK
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Flow Boundary Conditions

* Once the fluid is defined, specify the Velocity values
* A positive velocity means flow is directed into the model space (negative means out-flow)

* The velocity is a “superficial velocity” (through an open area, in the absence of particles)
* Set up the project to bring in fluidizing air at a Velocity Flow of “0.25” m/s
* Set the Pressure to “1e5” Pa

* Leave the Flow direction setting at z-direction

(7 Flow BC Editor ? x

Flow boundary condition
Region Flow direction Behavior at boundary
Fluid behavior at boundary Particle behavior at boundary

O x-direction flow (]
Use transient particle flow file

O Use transient fluid flow file
Select region (m)

) Use BC Connector data (1]
X | | XZ | | @ = (O Use BC Connector data @ No particle exit
L2 | | b | | O Particle out flow
a |z | |

® 2-direction flow 0\@ Specify values Particle radius (m) range allowed to exit: | )
Velocity flow ~ m/s | @ Min = [0 to Max = | UNLIMITED

¥/y/z variation angle degrees \Pressure Fa | & Particle exit control (Off)
Flux plane options Temp K | @ O Particle feed (Slip and volume fraction)

Flux plane name: | (] O Normal to surface flow |Normal Limit = | & O Particle feed (Slip and mass flux)
Gas species flux plane behavior: Fluid composition O Particle feed (Slip and mass flow rate)
No Output v Applied fluids: Define fluids Edit particle feed
- ) R = O Direction flow vector
[J subdivide by radius ~ Radius divisions 100 - Particle feed control (]
[ output raw particle data
uo V|0 w1l Transient fluid and particle flow file

Comment i i

Force absolute direction SEF file: Edit 2
| Vector variation angle | 15 degrees

Cancel
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Flow Boundary Conditions

* In the Kuipers setup, fluidizing air enters the
system across the bottom of the bed on either
side of the center jet

* This requires that flow boundaries on either
side of the jet be specified separately

* Begin by defining the boundary for the
fluidizing air entering at low indices in the x-
direction

* Specify the plane Region as follows:

e Setxl to“[” and x2 to “-0.0075”

e Setyl to“[”andy2 to “]”

e Setzlto“["andz2to“[”

* Next, provide a Flux plane name for the
boundary

* Enter a Comment (if desired)

* Click OK

{7 Flow BC Editor

Flow boundary condition

Region

Select region (m)

Flow direction

O x-direction flow

O y-direction flow

% |-0.285 | |-0.0075
yi |0 | y2 | 0.015
|0 | z2 | 0.0166667

Flux plane options

= Flux plane name: FLU)(EC_Ieﬂ_ﬂuidizing_gas| (1]

Gas species flux plane behavior:

No Qutput ~
[ Subdivide by radius ~ Radius divisions 100

L] Qutput raw particle data

Comment

® z-direction flow

x{y/z variation angle | 50

() Normal to surface flow

(O Direction flow vector

u o

Force abso

= |Leﬂ: fluidizing gas]

Vector variatic

40
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Flow Boundary Conditions

The boundary for the fluidizing air
entering at high indices in the x-
direction is a duplicate of the
previously created boundary

Copy the existing boundary
condition then click on Edit and
enter the plane Location as follows:

* Setx1 to “0.0075”
Il] ”

e Setyl to“[”andy2 to “]”

e Setzlto“["andz2to“[”

and x2 to

Next, provide a Flux plane name for
the boundary

Enter a Comment (if desired)

Click OK

COMPUTATIONAL
PARTICLE

cpfd:

rk Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training\2_Kuipersimy_setup'kuipers_my_setup.prj
File View Setup Run Graphicsand Output Post-processing Help

B '=mE 9o o® k€ & i

e ® X!l Flow BC Manager
(" Barracuda Virtual React... ~
% Setup Grid ju} Dir X1 x2 ¥yl y2 71 2 Area Flow rate Temperature Pressure Particle Flux plane nan‘
@ Global Settings 0o z -0.285 -0.0075 0 0,015 0 0.0166667 1 0,25 00 100000 No exjt FLUXBC left fl
. ¥ :a:te ngtenab "001 z 0.0075 0.2 I‘ Elow BC Editor
we Partic /I

=4} Drag Models
& Volatiles
& Farticle Species
~ I Initial Conditions
¥ Fluid ICs
eso Particle ICs
v [] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs

Flow boundary condition

Region

Select region (m)

Passive Scalar BCs X1 | 0.0075

| % [0.285

v & BC Connections

Secondary Feeds

| y2[0.015

¥1 |U
Secondary Exits

BC Connectors | 0

| z2 [0.0166667

/

¥ & Chemistry
I Rate Coefficients
“# Reactions
#. Numerics
(' Time Controls
v 4. Data Output
%1 Flux Planes
A GMY Output Options

Fw options

Zm Average Data

2D Flot Data

/v Transient Data

=1 Wall Erosion

+++ Particle Attrition

‘. Raw Data

»s Population Data

@ Solver Output Units
2 Run
) Post-Run v add

Mo Output
[ subdivide by radius

Comment

< L .4 »

Gas species flux plane behavior:

-

Radius divisions | 100

< [ output raw particle data

Flux plane name: }LUXEC_right_ﬂuidizing_gasj (i}

|kuipers_my_setup.pr]‘ |C:ftraminm-> |Right fluidizing gas

Flow direction

O x-direction flow

O y-direction flow

® z-direction flow

x/y/z variation angle | 50

O Normal to surface flow

O Dpirection flow vector

ulo
Force abso

Vector variatic
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Flow Boundary Conditions

* Next create a boundary for the air entering through the central jet. Enter the plane Location as

follows:
* Setxl to “-0.0075” and x2 to “0.0075”
e Setyl to“[”andy2 to“]”
e Setzlto“["andz2to“[”

* Set Velocity flow to “10” m/s

* Remember to provide a Flux plane name for the boundary and to add a Comment

* C(Click OK

{7 Flow BC Editor

Flow boundary condition

Region Flow direction

O w-direction flow (1]

Select region (m

x |-0.0075 | x: [0.0075

yi|o | y: [0.015

| z: [0.0166667

® z-direction flow (1]

¥/y/z variation angle degrees

Flux plane options

> |11 plane name: LUXEC_center_ﬂuidizing_gasﬂ (7] O Normal to surface flow | Normal Limit = | @

Gas species flux plane behavior:

Mo Output -
[ Subdivide by radius  Radius divisions 100 o ® i L
[ Output raw particle data

u0 v 0 w1l
Comment Force absolute direction
|Center jet fluidizing gas Vector variation angle |15 degrees

> O y-direction flow (7]
—

Behavior at boundary

Fluid behavior at boundary
O Use transient fluid flow file
O Use BC Connector data

@ Specify values

Velocity flow = mfs ||
Pressure | 100000 Pa |
remp o0 [

Fluid composition

Applied fluids: Define fluids

Transient fluid and particle flow file

SFF file:

" COMPUTATIONAL
PAf
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Time Controls

. . r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\2_Kuipers\my_setup'\kuipers_my_setup.prj
b CI'Ck on Tlme COﬂth'S File View Setup Run Graphics and Output Post-processing Help
, @ @E o ) KE & m i
* Leave the Time step as 0.0001 s Project Tree 5 x
7 Base Materials ~
* Set the End time to “20” s " e brag e coneR
< Drag.ModeIs This section allows configuration of the time step size to take during a
& Volatiles period of time for the calculation. Only the first row is required.
e 4. &% Particle Species Subsequent rows can be entered to have different time steps for
* Ba rraCUda can resta rt an eXIStI ng ~ ‘> Initial Conditions different time periods. For example, starting the calculation at a smaller
. . . £ Fluid ICs time step is recommended, and then increasing the time step for rows
simulation from an IC file. Two eeo Particle ICs 2-5 over simulation time.
. . v [l Boundary Conditions
types of IC files are automatically Pressure BCs Time step and duration seftings
. . . . |
written during a simulation: ecton 5o oo End time
* Restart file: a restart ICfile is Passive Scalar BCs _—— E/
; 15 | e comections : [ .
written once at every specified Secondary Feeds s s s
H H H H Secondary Exits
interval of simulation time ey o s s
: o |7 Chemistry ] [ ]
» Backtrack file: a backtrack IC file 5 Rate Coefficients > ; s
. . J§ Reactions Ad d time st i
is written once at every % Wumerics e SRR
specified interval of clock time | ggjg?;“:f Restart file intervals
[ ¥ FquPIa:es Restart interval (IC_###) simulation seconds
* Leave the restart file intervals at 4D G Output Options Backtrack interval (IC_) reattime minutes
Average Data
the default values 20 Plt Data v
< i A4 &
| kuipers_my_setup.prj | C:/training/2_Kuipers/my_setup
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Data Output Options

* Click on Data Output

* For the Kuipers problem, the following types of data will be output
* Flux planes — Track the transport of fluid and solids through a defined plane in the model
*  GMV output data — Select variables for visualization of fluid and solid states in GMV
* Average Data — Select some Gmv output data to be averaged as the simulation runs

* Transient Data — High frequency tracking of data at a specified location in a model

r\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training\.2_Kuipers\my_setup\kuipers_my_setup.prj - O X
File View Setup Run Graphics and Qutput Post-processing Help
B =2 9o 3 K€ ool
Project Tree B x
 Base Materials 2

v eso Particles
=4} Drag Models

& Volatles Data Output
% Particle Species P
+ |» Initial Conditions This section contains the various output options for data from the calculation.
& Fluid ICs Select all output that might be used in post-processing.
wso Particle ICs
vJ Boundary Conditions Flux Planes - Define Flux Planes to capture data and write out to files.
Pressure BCs
GMV Output Options - Select output written to visualization files.
Flows BCs
Injection BCs Average Data - Select output for average data.

Thermal Wall BCs

Passive Scalar BCs 2D Plot Data - Select output for 2D plot data.

- ti
aSBC O;m E dns Transient Data - Select output written to transient data files.
econdary Feeds
Secondary Exits Wall Erosion - Select options for the wall erosion model.

BC Connectors Particle Attrition - Select options for the partide attrition model.
¥ a Chemistry
U4 Rate Coefficients
¥5" Reactions Population Data - Select ouput for particle population data.
#. Numerics
(- Time Controls/ Solver Output Units - Select output units for the solver to use,
v & Data Output Time-dependent data output interval s
7. Flux Planes
A7 GMV Output Options
Zm Average Data
= 2D Flot Data

s * A W
| kuipers_my_setup.prj | C:/training/2_Kuipers/my_setup |

Raw Data - Select output for raw data.

w
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Grid Coordinates

—>X

* Cellsindices are an alternative way to reference P i values -

locations in a Barracuda model. Each computational 11 ------------ 15\1f}7 ----------- 311

cell is identified by a unique i-j-k coordinate. : 60 ~
* Thei-, j-, and k-indices reference cells in the x-, y- and

z-directions, respectively. N
* Several Data Output options use either cell indices iy

exclusively, or allow a choice between i-j-k and x-y-z: g

* Flux Planes "

N .
<+« 30 > k values

e 2D Plot Data

* Transient Data

Particle Species 1 1

kA

Fluidizing Gas Fluidizing Gas

T m Tl

Center
Jet

SIMULATE > UNDERSTAND > OPTIMIZE
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Data Output: Flux Planes

* Click on Flux Planes

* Click Add

* Provide a descriptive File name for the flux plane
» Select Directional flux

* Enter the Plane Location values as shown, using i-j-k values (also called “Node”)

* Enter a Comment (if desired)

r‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training2_Kuipers\my_setup\kuipers_my_setup.prj

. File View Setup Run Graphics and Output Post-processing  Help

° > v e 1
Click OK REERELIEEY L -

UEETTES # %/l Flux Planes Manager

- O
7
- Base Materials A < f
« wso Particles D Filename Direction loc Nod \\Tﬁle paime FLUX_OveraII| J

*4} Drag Models 000 FLUX_overall z Node mi Surface plane direction: |z =
) Volatiles
&% Particle Species
~ I+ mitial Conditions Mo Output
& Fluid 1Cs [] Subdivide by radius
eso Particle ICs
~ [1] Boundary Conditions | Directional flux
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v a BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ a Chemistry
#& Rate Coefficients
V57 Reactions Above static bed
#. Numerics
(- Time Controls
¥ {& Data Output Mote: For location indices, "min" or "[" denote the first pg
7. Flux Planes | oK Cancel Reference grid
A GMV Qutput Options > Add Edit
Im Average Data
2D Plot Data Number of radius divisions: | 100 |2 |

< 4 v »

| kuipers_my_setup.prj | C:/training/2_Kuipers/my_setup

r.‘ Flux Plane Editor

Flux plane

Gas species flux plane behavior:

Plane location

| iz ‘max

it [min | g2 [max

| k20

Enter Location by Mode =~

Comment

<

L

cee®
= _.BARRACUDA SIMULATE > UNDERSTAND > OPTIMIZE
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Data Output: GMV Output Options

. . . -
CIICk on GMV OUtPUt Optlons r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training'\2_Kuipers\my_setuph\kuipers_my_setup.prj - O X
File View Setup Run Graphics and Output Post-processing Help

* Theinformation selected here will | 939 wo 19 %€ v a &

be ertte N tO yOU r G myv Outp Ut HETEEITES % X | General Mesh View Data Output Options
f'l ¥ Base_ Materials "|| Please select Eulerian and Lagrangian data for export to the General Mesh Viewer (GMV). Only data selected here can be viewed during
lnes v e Particles post-processing. Values inside parenthesis are the field names of the variables within GMW.
+4 Drag Models Output file interval
o . ) Volatiles . . .
° The Eulerlan Output Data is . & Particle Species Plot interval: 5 Number of files produced using current end time of 20s: 201
ma ed to th e r|d v b Initial Conditions Eulerian (Cell) Output Data
p p g & Elaurlt?cII::S;Cs Particle volume fraction (p-volFra) [ Particle bulk density (p-dens) [ dpy/dsx (dp/dx)
~ [ Boundary Conditi... Fluid velocity (U, V, W) [ Turbulent viscosity (ViscTurb) L dpy/dy (dp/dy)
* The Lagrangian Output Data is Pressure BCs Particle velocity (P_Dyz]vel) 01 crL (cr) dp/dz (dp/dz)
Flow BCs . ’ ’ )
H H Pressure (Pressure) [ Particle species (Species) Particle mass flux (P_[xyz]Mass)
mapped to particle locations Injecton 8Cs .
p p p Thermal Wall BCs [ bynamic pressure (DynPres) [ Fluid temperature (FTemp) Fluid mass flux (F_[xyz]Mass)
L. Passive Scalar BCs Fluid density (Fdens) [ Particle temperature (p-Temp) [ wall heat transfer (wallHeat)
=& o
* Ensure these entities are selected |« sccomections Cel indices (1,3, ) Cell volume (cellvol)
since they will be required for a Secondary Exts Lograngian (Partice) Output Data
. . Sh BC CO”TG‘IWS Particle volume fraction (VolFrac) [ particle material (Material) Velocity (vellxyz])
pOSt-proceSSI ng aSSIgn me nt' ow v a '-ifl.:h;:tle's(tizi’ﬂcients Particle speed (Speed) [ Particle density (Density) [ Residence time (ResTime)
yO u r i nstru Cto r th iS Wi N d OW 47 Reactions [ Particle radius in microns (rad}) Particle species (Species) [ Residence time by species (ResTime##)
. #. Numerics [ constant color (Particle) Unique particle ID (pid) [ Temperature (Temperat)
before proceeding C Time Controls T _ - _
v L& Data Qutput J [ orag (drag) [ Liquid fraction total (ligFrac) [ Liquid mass total (ligMass)
T} Flux Planes / Cloud mass (cldMass) [ Particles per cloud (npCloud) [ Particle mass (mass)
;: EMV DUtEui Sric Gas Species Options
verage Data
20 Ploi Data ® Mass fraction (<species>.mf) O Mole fraction (<species>.nf) [ Compress graphics output (not commaon)
2e_Transient Nata he (O Mass concentration (<species>.mc) (O Mole concentration (<species>.nc) [ Generate predefined GMV attribute files
¢ | & |9 | B

| kuipers_my_setup.prj | C:/training/2_Kuipers/my_setup |
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Data Output: Average Data

* Click on Average Data
* Often time-averaged data gives more insight into quasi-steady behavior than instantaneous data
* Select a Start time for average once you think quasi-steady behavior will have begun

* Select the data you wish to average

r\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\trainingh2_Kuipers\my_setup'kuipers_my_setup.prj - O *

File View Setup Run Graphics and Output Post-processing Help

B =3 9o d K€ 6@ I
Project Tree g x

- Base Materials [
v eso Particles
=4} Drag Models

Average Data Output

@ Volatiles Averaging start time
e Particle Species
«~ I~ Initial Conditions Minimum particle volume fraction
£ Fluid ICs GMV Average Data Output
eso Particle ICs
v [l Boundary Conditi... Particle volume fraction
Pressure BCs Pressure
Flow BCs
v )
Injection BCs Fluid velocity

Thermal Wall BCs Particle velocity

Passive Scalar BCs ’

, Solid mass flux (kg/s m~2,
v & BC Connections M (ka/ )

Secondary Feeds Fluid mass flux (kg/s m~2)

Secondary Exits

BC Connectors

[ Fluid temperature

v . Chemistry [ Particle temperature
A Rate Coefficients [ dp/dx
V& Reactions
# Numerics [ dpydy
(* Time Controls [ dp/dz
\ Y ‘z?aﬂtjxo;:::: [J wall heat transfer rate/flux
NA A7 GMV Output Opti... [ Gas species

Zm Average Data
= 2D Plot Data

Mo Transient Nata

¢ | & | ¥ | »
| kuipers_my_setup.prj | C:/training/2_Kuipers/my_setup

v
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Data Output: Transient Data

Click on Transient Data

Barracuda can monitor transient
data at locations in the
computational domain

Data will be written to a file

Select the data type and
location(s) in either grid (i,j, k) or
absolute (x,y,z) coordinates

For the Kuipers problem, change
the coordinates from x,y,z to
Node

Enter the coordinates shown on
the right

o a® o
Fdotete®

.,
08020

ACUDA

f Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\2_Kuipers\my_setup'kuipers_my_setup.prj

File View Setup Run Graphics and Output Post-processing Help

Project Tree g X
Pressure BCs ~
Flow BCs
Injection BCs
Thermal Wall BCs

Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
~ g Chemistry
/il Rate Coefficients
V& Reactions
#. Numerics
(** Time Controls
v 4. Data Output
T Flux Planes
AT GMV Qutput Opti...
Zm Average Data
= 2D Plot Data
S Transient Data
= Wall Erosion \
+++ Particle Attrition
.. Raw Data
wsu Population Data
& Solver Output Units
2 Run
£ Post-Run
- Plot Manager

EERATEEY TLE:

S

Transient Data Output
—

Output file ns.data —| |_ Browse | Clear All
~ Type x(m}/i y(m)/j \Lm) [k Comment ~

Pressure ¥ |MNode » |2 1 1 \

Pressure T Mode « |16 1 1 \

Pressure  Mode ~ |16 1 30 /

|_Pre55ure v |Mode ~ |16 1 38

X Wz -
A e

RIFBRIBBIRIZRR|R B

%]

EIENEAEN

| kuipers_my_setup.prj

| C:/ftraining/2_Kuipers/my_setup
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Run Solver Setup

e S h ject fil :
ave t e p rOJ e Ct I e (7 Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training\2_Kuipers\my_setup\kuipers_my_setup.prj - O X
e View Setup Run Graphics and Output Post-processing Help

* Click on Run h@ won) ke &mH

Project Tree g x

_— Verify Setup Run Calculation
@ clobal settings ~ )
° . A Base Materials Solver Launch Options
I C O n Ru n o ver etu p v Particles Note: Run Solver Setup will cause some output
e ba = files to be modified. I you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.
. . . . ? ‘nglaagh:‘:: e files, preserve thfem by USi”dg thhe File me”x [ cpu Parallel (Parallel license required)
- Save Case As feature, il Run Sol
* This will run the simulation for & Partice Species Save o pe et o e Run Solver +hread couts [T
. d . . I ~ I Initial Conditions
One tl me Step a n erte a SIng e 4 Fluid ICs b GPU Parallel (Parallel license and NVIDIA GPU required)

wso Particle ICs ‘]“_11 ' Run Solver Setup (1 time step)

G myv f| Ie v [ Boundary Oond'lﬁo}, NVIDIA CUDA device to run on:
Pressure BCs Check Setup
Fallback to CPU behavior if CUDA error:

Flow BCs

d Al I bou nd a ry a nd |n |t|a| Injection BCs Note: Testing solver GPU memory requirements will cause some output files to be modified. If you have

- . Thermal Wall BCs important output files, preserve them by using the File menu, Save Case As feature, and then test the
Cco nd ItIO ns are StO I"ed N the Passive Scalar BCs ‘mq View Tnitial Particles, Volume Fraction GPU memery requirements in that new case directory.

N ~ & BC Connections

G mV fl Ie Secondary Feeds
Secondary Exits
BC Connectors

[ ] Th is fi rst G mv fi | e is need ed to v a Chemistry ‘dq View Tnitial Particles, Species ‘ If temperature limits reached: 1 Quit on prompt
# Rate Coefficients
h k th bl t JF Reactions If chemistry mass imbalance: -_prompt [ Quit on lost license
chec € problem setup . .
#. Humerics If minimum disk limit reached:
- Time Controls :
v 4 Data Output ‘mq View Boundary Conditions ‘ Minimum disk space percent:
1. Flux Planes
A" GMV Output Options
Zm Average Data
2D Plot Data

Test solver GPU memory requirements with current settings (option: -dryrun)‘

Universal Options

] Quit on FE_INVALID

Advanced command line flags: ‘

Command line to run equivalent solver based on input above (copyable to terminal):

/e Transient Data ‘dq View Flux Planes ‘ cpfd.x.17.exe -gpu kuipers_my_setup.prj
% Wall Erosion
+++ Particle Attrition Project tag
‘. Raw Data ‘ |
== Population Data Y
@ Solver Output Units ‘ﬂq R Tl R i ‘ Store project path and filename as project tag

/" 2 Run

£ Post-Run

- Plot Manager v
€« % [*]

| kuipers_my_setup.prj ‘ C:/training/2_Kuipers/my_setup |

:nﬂ> RuN Solver ‘ “ i Restart Solver ‘ ‘G Interact
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Run Solver Setup

* Solver information will be output to the run window
* Tip: Leave the window open while a calculation is running. If it is closed, the calculation will stop!

* The calculation is complete when the date/time stamp is displayed at the bottom of the solver

BR "Barracuda Virtual Reactor - 17.3.0 - /C\training'.2_Kuipers\my_setup'kuipers_my_setup.prj" - O X

There are 1 CUDA devices. A~
1 are CUDA FERMI (compute 2.8) or higher devices.
1 are available for computation.

R e T T e e T et e L e T +

| Barracuda Capable GPUs available for selection |

B e e et e e T +

| Dev# | busID | Compute | Clock | Cores | Memory Usage | Bandwidth | Compute Mode | Name |

o---- - Ho-mmoo- Hommmmo- T Hoommo-- e EE LR Hommmomoo e e e LT +

| e | 1 6.1 | 1.40 GHz | 968 | @.71 / 4.88 GB | 3.7 GB/s | DEFAULT | GeForce GTX 1858 |

R s ST R T Hommmo-- e R TR Hommmoooe R R e e T +

Enter Dev#:@

lcquiring device #8 in compute mode:DEFAULT.
Waiting for access to device #6...done.
Waiting for memory on device #6...done.

Using device #8 for calculation.

Name : GeForce GTX 1658
Compute version: 6.1

Global memory: 4896 MB

Clock rate: 1.49 GHz

CUDA cores: 9668

HstToDev Bandwidth: 3615 MB
Reprise environment variable: cpfd_LICENSE=27815@127.8.8.1

Reprise Project tag: path:C:\training\2_Kuipersimy_setup/kuipers_my_setup.prj

t dt Vol Vol u u v v W W p p

s s itr err itr err itr err itr err itr err CFL Low Med Hi R
6.80000e+068 1.000e-04 600 ©.00e+80 006 0O.00e+00 GGG ©.00e+08 0OE 0O.80e+00 B ©.08e+88 ©0.86 096 =] 6 @
Dumping Gmv.B868886
1.660000e-64 1.66868e-84 B02 2.07e-88 081 0.00e+00 006 0O.08e+80 662 1.1%e-12 26 8.59e-87 ©8.84 095 2] B 8

Thu Jan 84 14:41:28 2818

C:\training\2_Kuipers\my_setup>
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Checking your Setup

* Before letting your calculation run, check the following:
* are your particles defined correctly and located where you want them?
* are your boundary conditions in the right place?

* are your transient data points located where you want them?

]ﬂ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\2_Kuipers\my_setup\kuipers_my_setup.prj - O *

File View Setup Run Graphics and Output Post-processing Help

B =mEdwons) k€ Ga it
Project Tree g %

& Global Settings ~
'+ Base Materials Solver Launch Options

Vv ese Particles Note: Run Solver Setup will cause some output
- Drag Models files to be modified. I you have important output

Verify Setup Run Calculation

Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.

@ Volatil files, preserve them by using the File menu, [ cru Parallel (Paralle! license required)
P Volatles Save Case As feature, and then Run Solver
_ &% Particle Species Setup in the new case directory. Thread Count: |7 2
v ' Initial Conditions
L I 2 e GPU Parallel (Parallel license and NVIDIA GPU required)
weo Particle ICs = 1 ' Run Solver Setup (1 time step)
~ [l Boundary Conditions NWVIDIA CUDA device to run on:
Pressure BCs Check Setup -
Flow BCs Fallback to CPU behavior if CUDA error:
Injection BCs Mote: Testing solver GPU memery requirements will cause some output files to be modified. If you have
Thermal Wall BCs important output files, preserve them by using the File menu, Save Case As feature, and then test the
" GPU memory requirements in that new case directory.
Passive Scalar- BCs dq View Initial Particles, Volume FracN He= i
v & BC Connections Test solver GPU memory requirements with current settings (option: fdryrun)‘
Secondary Feeds
Secondary Exits ' Universal Options

BC Connectors

¥ & Chemistry ‘dq View Initial Particles, Species ‘ If temperature limits reached:

#& Rate Coefficients

[ Quit on prompt

If chemistry mass imbalance: [ Quit on lost license

J§ Reactions
#. Numerics If minimum disk limit reached: prompt [ Quit on FE_INVALID
(** Time Controls -
v L& Data Output ‘dq View Boundary Conditions ‘ Minimum disk space percent:
T4 Flux Planes Advanced command line flags: ‘

A7 GMV Output Options

Im Average Data Command line to run equivalent solver based on input above (copyable to terminal):
2D Plot Data
A Transient Data ‘dq View Flux Flanes ‘ cpfd.x.17.exe -gpu kuipers_my_setup.prj
T Wall Erosion
+++ Particle Aftrition Project tag
Raw Data | |

»e Population Data .
€ Solver Qutput Units Nq TR L LR A Store project path and filename as project tag

2 Run

4 Post-Run u — "
_ Plot Manager v ;g> Run Solver ‘ ‘u Restart Solver ‘ ‘g Interact

L A ENEAEN

| kuipers_my_setup.prj ‘ C:/training/2_Kuipers/my_setup |
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Checking your Setup - Particles

r\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /CAtraining\2_Kuipers\my_setup\kuipers_my_setup.prj - m] X

File View Setup Run Graphics and Output Post-processing  Help

. . ey . 'mE o o K€ gaE it
* Click on View Initial Particles, Froject Tree 5 x

@Iohal— Verify Setup Run Calculation
H Gl Settings -
Volume Fractlon 7 Base Mateﬁr;gb Solver Launch Options
s Particles Note: Run Solver Setup will cause some output . ) )
«4 Drag Models files to be modified. If you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.
. « egae N : files, preserve them by using the File menu, [ cpu Farallel (Parallel license required)

* Verify the initial location of the e e Save Case As festure,and hen Run Solver

&% Particle Species Setup in the new case directory. Thread Count: 7 %

. . ~ - Initial Conditions
pa rt|C|es I n the bed & Eurltd TCSIC ‘ GPU Parallel (Parallel license and NVIDIA GPU required)

wso Particle ICs
~ || Boundary Conditions NVIDIA CUDA device to run on:
H Check Seti
* TO C h a nge t h e VIeW . E(::S:E:ESECS e Fallback to CPU behavior if CUDA error:

Injection BCs Note: Testing solver GPU memory requirements will cause some output files to be modified. If you have

. i rtant output files, preserve them by using the File menu, Save Case As feature, and then test the
* Use the mouse buttons: left Pl Gy,
i View Initial Particles, Volume Fraction

E’::‘r‘[ " Run Solver Setup (1 time step)

Passive Scalar BCs GPU memory requirements in that new case directory.

button rotates, center button | ¥ 5 comections

Secondary Feeds

|Te5t solver GPU memory requirements with current settings (option: -dryru ﬂ)|

H Secondary Exits
translates, and right button e o T
Rz Chemistry i
zooms OR % Rate Cocficients ﬂ View Intial Parficic| Dls’pla Tulate Ctl-l Ct1-2 Ctl-3  Reflection
¥ Reactions I3 Current file: doygdrivedestraining/Kuipers/my_setup/ G, OO0
i i A W i Twist [T T
* Use the sliders at the top in the | 7 Mumeric X, | st o
(" Time Controls Blew [ 1[50
GUI & pata outpur AT v e cof e [
%0 Flux Planes - N
. Hag..
A GMY Output Options = \/ 0.00000002+00
Zm Average Data
[ 2D Plot Data
/v Transient Data d_q View Flux Planes
1 Wall Erosion -
«ee Particle Attrition Particles VolFrac
.. Raw Data
eso Population Data 0.5486134
& Solver Output Units
3 Run 0.5264215
£ Post-Run
. Plot Manager v 05042296
e[+ [ & [+ ] |
‘kuipersﬁmyﬁsetup.prj |C:jtraming.f2 |]_00 —0.4820377
—0.4598458
0.4376539
0.4154962
0.3932701
0.3710782
0.3988863
0.3266994

[_ BARRACUDA
- “westiiaf VIRTUAL REACTOR
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Checking your Setup — Particle Species

* Click on View Initial Particles, Species

* \Verify the initial location of the two particle species in the bed

r\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Chtraining\2_Kuipers\my_setup'kuipers_my_setup.prj - O >
File View Setup Run Graphics and Qutput Post-processing Help GMV V4.6.1 built 2015-03-18
B ‘= E o o & =
. ! ‘ t * ‘ n File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections VYiew
—Project e g Verify Setup Run Calculation
@ clobal Settings A £ Current file: Aoygdrivesestraining/kuipers/my_setup/ Gy, 00000
¥ Base Materials Ny . EoiteqainRiehuon Twist [T [ 1
. Note: Run Solver Setup will cause some output
v eso Particles p P . Y
'N-vﬂaDra e files to be modified. If you have important output Note: These options Elev, [ I I -15,0
(&) Volatiles Save Case As feature, and then Run Solver * -
. &% Particle Species Setup in the new case directory. Thread Count: |7 [IlF g,
~ B Rt Conaiticas T 0.0000000€+00
& Fluid ICs i GPU Parallel (Pa
sso Particle ICs K 1 * Run Solver Setup (1 time step)
~ [l Boundary Conditions NVIDIA CUDA devig
Pressure BCs Check Setup
Flow BCs Fallback to CPU bel i i
Injection BCs MNote: Testing solve Particles Species
Thermal Wall BCs important output fi 2
i GPU memory requi
Passive Scalar BCs ‘ di View Initial Particles, Volume Fraction s
v & BC Connections Test solver GPU
Secondary Feeds \ 19
Secondary Exits '\ Universal Options :
BC Connectors
~ a Chemistry ‘ﬂi View Initial Particles, Species ‘ If temperature limi
[ Rate Coefficients —18
#§ Reactions I chemistry mass |
#. Numerics If minimum disk li
(& Time Controls .00 17
~ & Data Output ‘ﬂi View Boundary Conditions ‘ Minimum disk spad
T4 Flux Planes Advanced comman 18
A GMV Output Options [ 1
N average Data Command line to run|
= 2D Plot Data
/v Transient Data ‘d View Flux Planes ‘ cpfd.x.17.exe -gpu k 15
1 Wall Erosion
++s Particle Attrition Project tag
eofons E— h
e« Population Data i X .
€ Solver Output Units d View Transient Data Points Store project patl
= Run 1.3
£} Post-Run
- Plot Manager v a T EeEr
1.2
[« [+ [ »]
‘ kuipers_my_setup.prj | C:/training/2_Kuipers/my_setup
1.1
1
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Checking your Setup — Boundary Conditions

* Click on View Boundary Conditions

* \Verify that the boundary conditions are in the right place

r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\2_Kuipers\my_setup\kuipers_my_setup.prj - O *

File View Setup Run Graphics and Output Post-processing Help

‘mE 9o ) K€ G

Project Tree 5 X

— | Verify Setup Run Calculation
& Global Settings 2 GMVY V4.6.1 built 2015-03- =l
 Base Materials Solver Launch Options
N Note: Run Solver Setup will cause some output . . . .
v Particles . ; Fil Tispl Calculate Ctl-1 Ctl-2 Ctl-3 Reflect W
"':‘ Drag Models files to be modified. If you have important output Note: These options a s e Srisskions e
0 Volatiles files, preserve them by using the File menu, [ cru Parallel (Parg A Current file; fcugdrivesestrainingsKuipers/my_setups/Gmy, 00000
hd 1 _ Save Case As feature, and then Run Solver LT T —— m
&% Fartide Spedies Setup in the new case directory. Thread Count: |7 v >

~ 'l Initial Conditions
£ Fluid ICs
weo Particle ICs
~ [l Boundary Conditions

T S —
= e e

NVIDIA CUDA device| | Mag-

i‘[  Run Salver Setup (1 time step)

Pressure BCs Check Setup

Flow BCs Fallback to CPU beh
Injection BCs Mote: Testing solver
Thermal Wall BCs important output file

GPU memory requirg

Test solver GPU me|

Universal Options

Passive Scalar BCs

~ & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors

‘ ﬂ View Initial Particles, Volume Fraction

¥ & Chemistry ‘di View Initial Particles, Species ‘ If temperature limitg
Jl Rate Coefficients .
J§ Reactions If chemistry mass i
# Numerics N\ If minimum disk limi
(" Time Controls \
v i Data Qutput ‘ﬁ View Boundary Conditions ‘ Winimum disk spacel}|
T4 Flux Planes Advanced command||

A7 GMV Output Options
Im Average Data
= 2D Plot Data

Command line to run 4

/v Transient Data ‘di View Flux Planes ‘ cpfd.aci7.exe -gpu kui

o1 Wall Erosion

+#+ Particle Attrition Froject tag

.. Raw Data _

=eu Population Data

© Solver Output Units ‘ ﬂ View Transient Data Foints ‘ e T e
2 Run

£ Post-Run
AENENEN
| kuipers_my_setup.prj ‘ C:/training/2_Kuipersfmy_setup

ICUDA
VIRTUAL REACTOR
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Checking your Setup — Flux Plane Location

* Click on View Flux Planes

* \Verify that the flux planes are in the right place

F\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /CMraining\2_Kuipershmy_setuphkuipers_my_setup.prj - ] x
File View Setup Run Graphics and Qutput Post-processing Help

‘emEd e n® W€ & H

SR TEE g x Verify Setup Run Calculation -
@ Global Settings . GMV V4,61 built 2015-03- LEL
. Base Materials Solver Launch Options
v Partides Note: Run Solver Setup will cause some output . File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections \View
'N-'CaDrag e files to be modified. I you have important output Note: These options apply
& Volatil files, preserve them by using the File menu, [ cpu Parallel (Parallel | £ Current file: fougdrivedestraining/Kuipersd/my_setupdGmy, D0000
o Volatiles Save Case As feature, and then Run Solver Twist __m
&% Particle Species Setup in the new case directory. Thread Count: 7 & .

Elev, [T [
| GPU Farall! (Farallel | L | ———— | e

tn—r
E 1> Run Solver Setup (1 time step)
NVIDIA CUDA device to r| | Mag.

Check Setup 0.0000000e+00

Fallback to CPU behavior|

v . Initial Conditions
£ Fluid ICs
eso Particle ICs

~ [l Boundary Conditions
Pressure BCs

Flow BCs
Injection BCs Note: Testing solver GPU
Thermal Wall BCs important output files, p
i GPU memory requireme
Fassive Scalar BCs ‘ ﬂ View Initial Particles, Volume Fraction L=
v & BC Connections Test solver GPU memo

Secondary Feeds

Secondary Exits Universal Options
BC Connectors
~ a Chemistry ‘ﬁ View Initial Particles, Species If temperature limits rea

[ Rate Coefficients
& Reactions If chemistry mass imbal /
/. Numerics

I minimum disk limit re;
(- Time Controls
+ & Data Output ‘ﬁ View Boundary Conditions ‘ Minimum disk space peri
T4 Flux Planes Advanced command line
A GMV Output Options L0
Zm Average Data \l Command line to run equi
= 2D Plot Data
A~ Transient Data \‘ﬂ View Flux Planes ‘ cpfd.x.17.exe -gpu kuiper:
Zr Wall Erosion
++» Particle Attrition Project tag
‘. Raw Data
e« Population Data
€ Solver Output Units ‘ﬂ View Transient Data Points ‘ Store project path and
2 Run

£ Post-Run .
- Plot Manager ~ ."w Run Solver

(e [+ (v | » |

‘ kuipers_my_setup.prj | C:ftraining/2_Kuipers/my_setup
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Checking your Setup — Transient Data Point Location

e C(Click on View Transient Data
Points

r\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /CMraining\2_Kuipershmy_setuphkuipers_my_setup.prj
File View Setup Run Graphics and Qutput Post-processing Help

» \Verify that the transient data &B = LL ad LI LR

e e ——— Verify Setup Run Calculation
® clobal settings A

points are in the right place S Soler Launch Optons

v ess Particles Note: Run Solver Setup will cause some output
files to be modified. I you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.

=4} Drag Model
<) Drag Models files, preserve them by using the File menu, [ cpu Parallel (Parallel license required)

* Show your instructor your initial ® viaties Save Case As festure, and then Run Soiver
i &% Particle Species Setup in the new case directory. —‘—"—ﬁ‘
~ . Initial Conditions GMV V4.6.1 built 2015-03-18 E X

particle locations and boundary £ Fiad 15

d .t . b f d . eso Particle ICs :1;_"_'1 " Run Solver Setup (1 time step| | File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections View
F2 Boundary Conditiol
CO n I I O n S e O re p roce e I n g iPres:ureal;(\er e Check Setup 7 Current file:; Acygdrivedestraining/kuipers/my_setup,/ G, Q0000

Sl Flow BCs st o
‘e BCs y | Elew [ [ 4.0
Thermal Wal I fzim, [ T 450

Passive Scalar BCs iy Tnitial Particles, Volum

v &4 BC Connections g 0.0000000e+00

Secondary Feeds
Secondary Exits
BC Connectors
~ a Chemistry ‘ d View Initial Particles, Speci
[ Rate Coefficients

7§ Reactions .
/. Numerics
(- Time Controls
~ & Data Output ‘ ﬂi View Boundary Conditions

%) FluxPlanes

A GMV Output Options
Zmn Average Data
= 2D Plot Data

/v Transient Data ‘ﬂ View Flux Planes
Zr Wall Erosion \. .
=+# Particle Attrition

.. Raw Data IXE

e« Population Data
€ Solver Output Units d_q View Transient Data Points
= Run
43 post-Run 4
. Plot Manager v

([« [+ [ % [»] .
‘ kuipers_my_setup.prj | C:ftraining//2_Kuipers/|
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Executing the Simulation

* To begin running your calculation, click on Run Solver

—_— :n$ Run Solver ‘ ‘ i d Restart Solver ‘ ‘G‘ Interact
* Examine the solver window
BEH Select "Barracuda Virtual Reactor - 17.3.0 - /C:\training\2_Kuipers\my_setup\kuipers_my_setup.prj" - cpfdx.17.exe -gpu kuipers_my_setup.prj - O X
Compute version: 6.1 ~
Global memory: 4896 MB
Clock rate: 1.49 GHz
CUDA cores: 066

HstToDev Bandwidth: 3844 MB
Reprise environment variable: cpfd LICENSE=27615@127.8.8.1

Reprise Project tag: path:C:\training\2Z_Kuipersimy_setup/kuipers_my_setup.prj

t dt Vol Vol u u W v W W p p

s = itr err itr err itr err itr err itr err CFL Low Med Hi R
@.00006e+88 1.008e-84 QBB ©.00e+00 BBE O.00c+00 BBE ©O.00e+00 0BE ©.08e+B0 B ©.88e+B88 ©8.88 96 B8 5]
Dumping Gmv.88888

L]

1.00060e-84 1.000e-04 002 2.07c-08 001 ©.00c+00 0G0 0.00e+00 P02 1.10e-12 26 8.50¢-07 ©.84 95 © @ O
2.00000e-64 1.0002-04 802 3.760-08 0O3 2.060-00 0G0 0.00e+0B0 083 3.80e-80 22 7.00e-07 ©.84 95 O 0 O
3.00000e-84 1.000e-04 B2 6.00¢-08 @03 1.81e-00 0G0 0.0Ge+00 PO 2.07¢-89 10 6.05¢-07 ©.84 95 O @ O
4.000002-04 1.000e-04 002 8.21e-08 003 0.70e-10 GO0 0.00e+00 003 1.32e-00 18 5.78¢-07 0.04 96 © 08 0
5.00000e-04 1.000e-04 @03 7.166-08 003 6.11c-10 0G0 0.00e+00 0O 7.26e-10 18 4.77e-07 ©.84 97 © @ O
6.00000-04 1.000e-04 003 6.40c-08 003 4.170-10 000 0.00c+00 003 4.71e-10 18 3.06e-07 ©.04 08 © 0 O
7.00000e-64 1.000e-04 @03 7.06e-08 @03 2.78c-10 000 0.00e+00 003 3.16e-10 17 5.63e-07 ©.84 97 © @ O
5.000000-04 1.000e-04 003 0.050-08 002 6.74c-08 000 0.00e+00 003 2.12e-10 16 7.92e-07 ©.84 95 © @ O .
.
= 8 BARRAE’%DT-?IAL REACTOR S SIMULATE > UNDERSTAND > OPTIMIZE
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Solver Output Window

Current Current Solver CFL number:
Simulation  Time step Convergence Typically safe to run
Time , Data between 0.7 - 1.5
BN Select "Barraglda Virtual Reactor - Y7.3.0 - ,"C:‘-Ltraining\E_Kuipers"am],r_setup\kuiper%_m],r_setup.prj" - cpfdx1V.exe -gpu kuipers_my_setup.p# — O >
Global mory dgps MB A
Clock rgte: 1/49 GHz
CUDA copes:
HstToDefy Bandwidth: 3737 MB
Reprise enyironment war cpfd LICENSE=27815@127.8.6.1
v

08.00000+00 1.000=-04 080 ©.00e+00 B0 ©O.00e+00 BEE O.00=+00 QB0 ©O.00e+B0 8 ©.08=+88 ©.88 95 a8 8 e
Dumping Gmv.86888

1.688080e-84 1.808e-84 882 2.87e-88 681 0©0.08e+00 6808 O.0B8e+08 882 1.19%9e-12 26 5.59e-67 6.84 95 8 8 a
2.08080e-84 1.808e-84 882 3.706e-88 0B3 2.06e-89 808 O.0Be+0B B8B3 3 .8%e-89 22 7.88e-87 6.84 95 8 8 a
3.88080e-84 1.808e-84 882 6.9%9=-88 683 1.81e-89 B6BE O.0Be+0B B8B3 2.97e-89 19 6.95e=-87 _g.84 95 8 8 a
4.80808e-84 1.808e-84 862 8.21e-88 883 9.760e-10 0BG 0.08e+88 863 1.32e-89 18 E.TBE-B 96 8 8 a

v

If CFL number is significantly below 0.7: Increase the time step!

SIMULATE > UNDERSTAND > OPTIMIZE
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Dynamic Solver Interaction

* ltis possible to dynamically
interact with the Barracuda solver
while the calculation is running

* Click on Interact

* Only enter information you wish to
change

* Here, we can increase the Time
step to “1e-3” seconds. Enter the
new time and click Submit

" COMPUTATIONAL
PAf

AN

:n$ Run Solver

‘ “ d Restart Solver

‘ ‘-" Interact

7 Interact Barracuda

Time contral

step 0.0 )

End time |

CFL

Min CFL |

Max CFL |

QFL

Min QFL |

Max QFL |

Dump output

] Dump restart (IC_s##)

] Dump graphics (SnapGmv file)
[] Dump population (FOPUL...)
] Dump &l partices (p_all...snap)

Reread Files

[ reread BC input files

[ reread PSD input files

" Submit

? X

Version: 3.51

Build Date: 2017-08-24 C m~ f d B
FLUID DYNAMICS

COMPUTATIONAL

Output frequency

Print interval (Terminal) |

Plot interval (GMV) |

|
|
Restart interval (IC_##3) | |
|

Backtrack interval (IC_) |

[ start new plot intervals now
Defaultis after the next regular plot.

Residuals

Tteration Residual
Volume | | | |

Pressure | | | |

oty | | |

Misc
|:| Resetwear to O

[[] Reset attrition to 0
[] Reset partice mass deficit at BCs to 0

2D Plot Data

@) Clear Exit

60
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Dynamic Solver Interaction

* Notice the solver begins running at the new time step

* Tip: It is Generally recommended to slowly raise the time step. It is also advisable to request a
restart file before changing calculation parameters

BN Select "Barracuda Virtual Reactor - 17.3.0 - /C\training\2_Kuipers\my_setuptkuipers_my_setup.pri” - cpfdac17.exe -gpu kuipers_my_setup.prj — O >
1.978002-02 1.080e-04 682 0.18e2-85 862 3.54e2-09 086 0.80e+08 082 3.086e-89 1@ 3.36e-87 B6.83 21 a a a .«.

t dt Vol Vol u u v v W W p p

s s itr err itr err itr err itr err itr err CFL Low Med Hi R
1.903800=-02 1.080e-04 602 0.208e-85 862 32.44e2-09 086 0.80e+00 082 3.82e-89 1@ 3.83e-87 6.83 21 a g a
1.903002-062 1.080e-04 602 0.48e-85 802 3.972-00 080 0.80e+08 082 2.57e-89 1@ 3.8l1e-87 6.83 21 a g a
2.000002-02 1.080e-04 682 0.51e-85 862 32.14e2-09 080 0.80e+08 082 2.53e2-89 1@ 3.28e-87 6.832 21 a g a
2. 882 9.33e-063 602 3.55e2-80 808 0.002+08 082 3.83e-89 1@ 3.99e2-87 6.83 21 a g a
.820882-82 1.8008e- G682 9_.30e-03 002 3.3562-89 8008 0.002+08 082 2.952-49 1@ 3.65e-87 6.83 21 a g a

<Rem0te set dt=8.

.126882-82 1.808e- ga6 9.93e-08 002 S.65e2-80 808 0.002+08 082 1.80e-83 83 6.44e-87 B6.31 21 a g a
2. = 883 5.70e-03 002 3.52e0-85 8008 0.002+08 082 2.12e-837 78 3.27e-87 6.31 21 a g a
2.320002-02 1.080e-03 6856 0,.38e2-85 802 5.64e2-08 080 0.80e+00 082 2.59e2-88 82 3.69e-87 6.31 21 a g a
2.420002-02 1.080e-03 684 0.0942-85 802 4.56e2-08 080 0.80e+08 082 3.13e-88 78 3.75e-87 6.31 21 a g a
2.520002-02 1.080e-63 611 1.51e-85 862 5.12e-08 080 0.80e+08 682 3.23e-88 117 9.54e-88 6.31 21 a g a
2.620002-02 1.080e-03 681 6.27e-85 802 5.27e-08 080 0.80e+08 0082 7T.24e-88 82 8.6le-88 6.31 21 a g a

t dt Vol Vol u u v v W W p p

s s itr err itr err itr err itr err itr err CFL Low Med Hi R
_____________________ e e e e e eeem emeem e eee el o y

‘ SIMULATE > UNDERSTAND > OPTIMIZE
CF—;}fdw.ﬁL ‘ 61




Let it Run

* If everything is as expected, let the solver run

* Next we'll work through a post-processing assignment
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