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Opening a Project File

[ Barracuda Virtual Reactor with Chemistry - 20.0.1 — | *
LaunCh BarraCUda: File View Setup Run Graphics and Output Post-processing Help
| New Project Ctrl+N ﬁ = ﬁ
. . I+ Open Project Ctr+0
* Double-click on the desktop icon © Recent roes \ ' -
Import from Project

. Navigate to the training directory, and g0 into | e e VIRTUAL REACTOR®

+ Click on File > Open Project imw. . |BARRACUDA {

the folder: 2 Kuipers/my setup/ T——— -
* Choose the project file: € vt L 2Kipes > mysetup v | & ]| £ Searchmy.setvp
kuipers my setup.prj et S e
PY C|| Ck Open cecent| [ kuipers_my_setup.prj \ 5/22/2020 4:44 PM Barracuda Virtual ... 14KB
Suggested location for the Barracuda training ENESCAL i name [ropes o )| psteo J
directory: pom || ama |
7

* Llinux: ~/barracuda training/

* Windows: C:\barracuda training\

»» cpfd
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Navigating the Barracuda GUI

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

BARRACUDA VIRTUAL REACTOR
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Project Tree g X
(7 Barracuda Virtual ... *
% Setup Grid
& Global Settings
- Base Materials
v wsu Particles
=4} Drag Models
4 Volatiles
% Particle Species
v > TInitial Conditions
¥ Fluid ICs
wso Particle ICs
v [ Boundary Conditi...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
Jd Rate Coefficients
¥ Reactions
#. Numerics

@ Barracuda Virtual Reactor with Chemnistry - 20.0.1 - my_setup/kuipers_my_setup.prj

File View Setup Run Graphicsand Output Post-processing Help

@E e ¢ H

BARRACUDA

VIRTUAL REACTOR®

Project description (optional comments)

cefd

COMPUTATIONAL
PARTICLE
FLUID DYNAMICS

/ :

(- Time Controls

< kuipers_my_setup.prj )

< C:/barracuda_training/2_Kuipers/my_setup )

cpfd
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Setup Grid

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj - [m| X

Barracuda simulates fluid-particle behavior by dividing |7 ve s ®n csnemomu ropocesns vep
: e : . wE e D 6mH
the physical domain into a 3D computational grid.  \_|rre -
9 Setup Grid "
@ Global Settings Eeomenn) =
H H H . o "+ Base Materials Filename __Add Geometry
Each cell within the grid provides a location for the v 2 raree m.

solver to calculate Eulerian values: o

o& Particle Species

% JimportGrid | ““lundo 7 Redo A1, view sTLs |2 2. CheckGrid <O 3. Generate Grid jh.\.riewcrutput_ Docks, Help

* Pressure v 1 il Concitions
 Temperature « 8 Boundary Conditons

Flow BCs Geometry ~ Baffles  Grid Controls  Grid lines

® Ve | OCity Injection BCs

Thermal Wall BCs

* Composition, etc. s
Secondary Feeds
Secondary Exits
BC Connectors

The grid also provides a framework for specifying ¥ 4 chenistry

e, 0 ° . . . J8 Rate Coefficients
boundary conditions within a simulation. 5 atn
v & Datm Ot

Adding cells to a simulation will increase the 8 Vot v
resolution and often accuracy of the solution, but also | Ziwex=
increase the computational time required. /- Dae oms

= wall Erosion
+»+ Particle Attrition
.. Raw Data

wso Population Data

For the Kuipers problem, gridline locations are already | osomuue

provided in the kuipers my setup.prj file. 3 per-nan f e b il

EIENEREN

| kuipers_my_setup.prj | C:/barracuda_training/2_Kuipers/my_setup |
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Grid Controls

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj - [m| X
° File View Setup Run Graphics and Output Post-processing Help
° . . ;
Using the mouse: YR ERICL L
Project Tree = e _Import Grid Slundo #¥redo | AN 1. view sTLs 4 2. CheckGrid Q) 3. Generate Grid A4 view Output  Docks  Help
. . 9 Setup Grid ~ B R;Co rols 5
* The grid may be translated using the i e
Il ran N o ngs
7 Base Materials Options Grid lines View Contrals (remave STL triangles outside of bounds)
b v sso Particles STL file units: m +| Total Cells: 1860 —
=4 Drag Models - [1 Modify x [ Delete N
center mouse pbutton g owoyums:  m - Ot i S cvox Qo]

(&) Volatil ) :
- Volatiles Coordinates location: | Pointer g Modify y U Move Front

Particle Speci
&% Particle Species O Modify z 1 Back Y‘M‘”. l:l y-Max .0.015

e Zoom in/out is accomplished holding [ &&= Sl e

w0 Particle ICs -
v [ Boundary Conditions ‘ ‘" Advanced options ‘ | Set uniform grid

the right mouse button and moving it e

Flow BCs

Injection BCs
u /d OW n Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds

e Alternately, the scroll wheel can also ey

v » Chemistry

be used for zoom = s

#. Numerics
(" Time Controls

* Note: each of the panel views can be & som

A7 visualization Data

panned and zoomed independently e

A Data Points
=% Wall Erosion
+»# Particle Attrition

.*. Raw Data

Reset views button in Grid Controls tab i

€ Solver Output Units
2 Run

will return pane views to default position |*~- il |
EIRNEAEN i *

| kuipers_my_setup.prj |C:fbarra cuda_training/2_Kuipers/my_setup |

»» cpfd
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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
* This automatically saves the project
file
* Once the grid generator runs, open

the grid using the View Output
button and selecting View Grid

BARRACUDA VIRTUAL REACTOR
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@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj

File View Setup Run Graphics and Output Post-processing Help

ELERIEENCT K

Project Tree 8 X||: < JmportGrid | “Vundo #¥Redo
% Setup Grid A =
@ Global ings Grid Controls
- Base Materials Options Grid
v eso Particles STL file units: m | Total
+4 Drag Models Display units: m

(4 Volatiles
&% Particle Species
v [ Initial Conditions
£ Fluid ICs

A1 ViewSTLs . 2. Check Grid

lines
Cells: 1860

- | [ Modify x [ Delete

Coordinates location: | Pointer S Modify y [] Move
Modify z

s Particle ICs |

~ [ Boundary Conditions ‘;?-’Advanced options ‘ ‘

Set uniform grid

‘3. Generate Grid Docks  Help

View Controls (remove STL triangles outside of 4l View CAD

A1 View Transparent Madel
x—Mln.

0,285 A1 Compare Grid to CAD
Hide triangles: . -

[ Front
[ Back y—Min. D y-Max '
[ Baffles

R T .

Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v o Chemistry
i Rate Coefficients
/5 Reactions
4= Numerics
(" Time Controls
~ & Data Output
7. Flux Planes
A1 Visualization Data
Im Average Data
= Data Planes
/v Data Points
o1 Wall Erosion
+++ Particle Attrition
.*. Raw Data
»= Population Data
€ Solver Output Units
= Run
£} Post-Run

Geometry  Baffles  Grid Controls

Grid lines

z

EIENEIEN

L=

| kuipers_my_setup.prj

cpfd-software.com

| C:/barracuda_training/2_Kuipers/my_setup
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Viewing the Grid

The grid can be viewed using Tecplot

To rotate, translate, or adjust the zoom on the grid,
use the buttons in the top tool bar.

 Watch Tecplot’s video Tecplot 360 Basics: Rotate
and Zoom

Note:

e This is the coarsest grid possible for this problem
(resolving the center jet with a single cell).

e This is not necessarily the recommended grid
resolution, but rather intended to illustrate how the
CPFD method obtains resolution from both the
computational cells (grid) and computational
particles (gridless).

BARRACUDA VIRTUAL REACTOR

Tecplat 360 EX 2019 R1

File Edit View Plot Insert Animate Data Frame Options Scripting Tools Analyze Help
¢ G o = Y 7 L =
Dad8 s AP FLOXES §NVAEHE R M bFELTJDOC
Plot g X
3D Cartesian i
Snap to orien tation vie: W
z z
) 3
Show zone layers
[A Mesh
[ contor Details...
[ shade
[ vector
[ Edge Details...
DSmttEr
Zone Style...
Solution time: 0 Details...
K< M
Show derived objects
[ 1s0-5urfaces Details...
[ slices lﬁ:ﬂ Details...
[ streamtraces “%| |Detais...
Show effects
[ Lighting “5 |Detais...
[1 Translucency
Snap to
None Paper Grid

Redraw

Auto redraw

Plot Pages

Click to Select, Drag to Select Group

0.00s

Quick Macro Panel g X

3D Rotation Animation
Reset Center of Rotation
Cascade Frames

Tile Frames

Load AddOn

Grid

Transparent Model

CAD

Compare Grid and CAD
Boundary Conditions
Fluxplanes

Data Points

Particles by Yelume Fraction
Solid Region

Particles by Radius

Particles by Residence Time
Particles by Temperature
Cells by Volume Fraction
Cells by Pressure

Cells by Pressure Gradient
Cells by Fluid Temperature
Cells by Average Volume Fra
Cells by Average Pressure
Cells by Average Pressure Gr.
Cells by Average Fluid Temp

Flay... Help

cpfd-software.com
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Overview of the Kuipers Bed Grid

Physical Setup

Initially air at 300 K
100,000 Pa

Particle Species 2

Particle Species 1

Center
Jet

BARRACUDA VIRTUAL REACTOR

Grid Setup

Center line to

mark initial bed ;

height \

1.5 cm wide —

cell for center
jet

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Generated Grid

Top faces will
become

pressure
boundary

Eulerian fluid
calculations will
be computed
inside internal
cells

Bottom faces

will become Grid is one cell
flow boundary thick to reflect
conditions 2D model

cpfd
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Grid Coordinates

HX x values i values
. { \ / b o | \I/ b o
Grid cells are located by x,y,z
values ; E s
Cells indices are an alternative _
way to reference locations in 5 .
a Barracuda model. Each : o - \ — - e
computational cell is ParticIeSpeciesxz Particle Speciesi )
identified by a unique i-j-k o HEEEEEEH e
coordinate, which reference | 4 §
the cell in the x-, y-, and z- —0 I e s
directions, respectively. TTTTTTm TTTTTT TTTTTTTTTTTTN TTTTTTTTTLTT
BARRACUDA VIRTUAL REACTOR o fisoftware.com cpfd
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Global Settings

Click on Global Settings

Set Gravity vector

* |n this example, gravity is in the
negative z direction

* Notice the vector magnitude is 9.8
m/s?

Isothermal flow should be selected.

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

cpfd-software.com

File View Setup Run

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj

'eE e D & @ 1t

- Base Materials
v eso Particles
=<} Drag Models
() Volatiles
&% Particle Species
~ 'l Initial Conditions
£ Fluid ICs
wso Particle ICs
~ [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
B8 Rate Coefficients
I Reactions
#. Numerics
(" Time Controls
~ 4. Data Output
T ) Flux Planes
A7 visualization Data
Zmn Average Data
Data Flanes
fw Data Points
% Wall Erosion
+»# Particle Attrition
.*. Raw Data
wso Population Data
€ Solver Output Units
2 Run
£ Post-Run

Project Tree 5 X
% Setup Grid ~
@ Global Settings

v

EKEIENERNEN

- [m]
Graphics and Output  Post-processing  Help
Global Settings
Gravity settings
x Gravity |l]
¥ Gravity |0
7 Gravity |—9.a
Thermal settings
O Thermal flow Heat transfer 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.
Start with Chemistry: @® on
O off, ramp on from 0 s to 0 ]

O Off (can be turned on at restart)

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

cpfd
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Base Materials

Click on Base Materials

* All project materials, fluids and solids,~ | ==,

must be defined here

* Project materials can be imported from
the Material library OR new materials
can be created with the Add button

To add the fluid:
e Select AIR from the Material Library
* Click Import

* AIR now appears in the Project
Material List at the left

* Verify that the Flow Type is set to
Compressible since the fluid is a gas

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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@ E o

Project Tree 5 X

- Base Materials
v sso Particles
=<} Drag Models
(1) Volatiles
&% Particle Species
~ 'l Initial Conditions
£ Fluid ICs
wso Particle ICs
~ [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
i Rate Coefficients
I Reactions
#. Numerics
(" Time Controls
~ 4. Data Output
T ) Flux Planes
A7 visualization Data
Zmn Average Data
Data Flanes
fw Data Points
% Wall Erosion
+»# Particle Attrition
.*. Raw Data
wso Population Data
€ Solver Output Units
2 Run

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

» &=

£ Post-Run
v

EKEIENERNEN

Project Material List

LefEical name  State  Description
< AR ®

—
AIR CALCULATED FROM INGREDIEN]
/

add || Edit || copy || Delete

Properties

Averaging method for fluid mixture properties (applies to
viscosity, thermal conductivity, and mass diffusivity):

® Mole average O Mass average

Flow Type
® Compressible
O Incompressible

B: |0 Pref: |0

q

Material Properties Library

State Description  —_y

|De5cription v||Contain5 v|

name

AR G AIR CALCULATED FROM
S — S Al REF ELEMENT 4"

Al L Al REF ELEMENT (L)
Al G Al
Al20 G Al20 DIALUMINUM MON
Al202 G Alz02
Al203 s Al203 ALUMINUM OXIDE
Al203 L Al203 ALUMINUM OXIDE
Al203 G Al203 ALUMINUM OXIDE
AlH G AlH
AlHO2 G AlOZH ALUMINUM HYDR
Alo G Alo
Aloz G Al02 ALUMINUM OXIDE
AlOH G AlOH
Ar G AR ARGON. REF ELEMED
Ar_plus G AR+
B G B
B L B
B2 G B2
B20 G 820
B202 G 8202 (BO)2
B203 L 8203 LIQUID DIBORON ~
B203 G 8203 DIBORON TRIOXIC
B303CI3 G B303CI3 TRICHLOROBO
B303F3 G B303F3 TRIFLUOROBOR
B303H3 G B303H3 BOROXIN
Ba0 G BAO CALCULATED BY M/
BCI G BCl
BCI2 G BCl2
BCI3 G BCl3
BCIF G BCIF
BF G BF
BF2 G BF2
BF3 G BF3 .
i -~ annenane

< >

las\CPFD\Earracuda\ZU.U.l\props\cpfdfprop.prp|| Browse |

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

cpfd
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Base Materials

All material properties can be defined and edited in the Base Materials window. To
define the solid material:

*  Click Add

. In the Material Properties window, enter the Chemical name as GLASS.
. Enter an appropriate description

e Set the State to Solid

. Set the Molecular weight to 60 g/mol

*  Set the Density to 2660 kg/m3

*  Click OK

GLASS now appears in the Project Material List at the left

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.

. 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.

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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File View Setup Run

Project Tree 5 X

% Setup Grid ~
@ Global Settings
- Base Materials
v eso Particles
=<} Drag Models
() Volatiles
&% Particle Species
~ 'l Initial Conditions
£ Fluid ICs
wso Particle ICs
~ [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
B8 Rate Coefficients
I Reactions
#. Numerics
(" Time Controls
~ 4. Data Output
T ) Flux Planes
A7 visualization Data
Zmn Average Data
= Data Flanes
fw Data Points
% Wall Erosion
+»# Particle Attrition
.*. Raw Data

wso Population Data
€ Solver Output Units
2 Run
£+ Post-Run

'HE 9o % &= 1t

Graphics and Output  Post-processing

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj

Help

Project Material List

v

EKEIENERNEN

Material Properties Library

Chemical name  State Description Description "| |Contain5 "||
AR G AIR CALCULATED FROM INGREDIEN] Chemical name State Description ~
GLASS S GLASS - SODA-LIME SILICA, COMM(
AIR G AIR CALCULATED FROM
Al S Al REF ELEMENT (S)
[@] Base Materials Editor hd
Name  |GLASS | state |Solid
Description |GLASS - SODA-LIME SILICA, COMMON FOR GLASS BEADS |
Properties
Molecular weight 60 g/mol ‘ Heat of formation | 0 1/kg |
Density 2660 kg;‘m Critical temperature |D K |
~—__—~
Viscosity | Heat Capacity |
Mass Diffusivity | Thermal Conductivity |
Vapor Pressure | Enthalpy |
<
lg ok | cancel |
add || Edit
B303H3 G B303H3 BOROXIN
Froperties BaO G BAO CALCULATED BY N/
Averaging method for fluid mixture properties (applies to BCl 6 8cl
viscosity, thermal conductivity, and mass diffusivity): EC12 G Ec:z
BCI2 G BCI3
® Mole average O Mass average BCIF G BCIE
Flows T BF G BF
ow Type BF2 G 8F2
BF2 G BF3

@® Compressible

O Incompressible

B: |0

Pref: |0

£

i

A nAn A Le

>

w

las\CPFD\Earracuda\ZU.U.l\props\cpfdfprop.prp|| Browse |

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

cpfd
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Particles

Click on Particles

Enter a Close pack volume fraction of TP

0.55

* This is the maximum amount of
solids packing permitted in a cell

 This 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.

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Project Tree 5 X
% Setup Grid ~
@ Global Settings
- Base Materials

() Volatiles
&% Particle Species
~ 'l Initial Conditions
£ Fluid ICs
wso Particle ICs
~ [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
B8 Rate Coefficients
I Reactions
#. Numerics
(" Time Controls
~ 4. Data Output
T ) Flux Planes
A7 visualization Data
Zmn Average Data
Data Flanes
fw Data Points
% Wall Erosion
+»# Particle Attrition
.*. Raw Data
wso Population Data
€ Solver Output Units
2 Run
£ Post-Run

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

'eE e D & @ 1t

v

EKEIENERNEN

Farticles

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

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

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

Particle-to-particle interaction

< Close pack volume fraction: |0.55 :D

Maximum momentum redirection from collision: 40% E|

[ Blended acceleration model for the contact force

| Stress Model Advanced Options |

Particle-to-wall interaction

Mormal-to-wall momentum retention:
Tangent-to-wall momentum retention:
Diffuse bounce:

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

cpfd
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Particles

Set Particle-to-wall interaction properties:

BARRACUDA VIRTUAL REACTOR

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 thisto 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

 Set thisto 5, which is the maximum value

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

cpfd-software.com

'eE e D & @ 1t

Project Tree 5 X
% Setup Grid ~
@ Global Settings

- Base Materials

v o Particles

=<} Drag Models

() Volatiles

&% Particle Species
~ 'l Initial Conditions
£ Fluid ICs
wso Particle ICs
~ [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
B8 Rate Coefficients
I Reactions
#. Numerics
(" Time Controls
~ 4. Data Output
T ) Flux Planes
A7 visualization Data
Zmn Average Data
Data Flanes
fw Data Points
% Wall Erosion
+»# Particle Attrition
.*. Raw Data
wso Population Data
€ Solver Output Units
2 Run
£ Post-Run

v

EKEIENERNEN

Particles

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

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

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

Particle-to-particle interaction

Close pack volume fraction: |0.55
Maximum momentum redirection from collision: 40% E|

[ Blended acceleration model for the contact force

Particle-to-wall interaction

Mormal-to-wall momentum retention:
Tangent-to-wall momentum retention:
Diffuse bounce:

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

cpfd

15


http://www.cpfd-software.com/
http://www.cpfd-software.com/
http://www.cpfd-software.com/

Particle Species

Click on Particle Species

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

e To accomplish this, we must

define two separate species of
the same material (GLASS)

BARRACUDA VIRTUAL REACTOR

\ =<} Drag Models
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Particle Species — Applied Materials

To add the first particle species:

BARRACUDA VIRTUAL REACTOR

Click on Add

Add a description in the Comment
section of Particle Species Editor

Click on Applied Materials

In the Particle Composition Editor
import GLASS from the Available
Components to the Mixture
Components using the Right Arrow
Button

Click OK
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Particle Species — Particle size and Drag Model

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

um
e Set the particle Radius from
2.2e-4 to 2.8e-4 meters

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

 Click OK
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Particle Species — Copy Species 001

To define a second, identical particle
species:

e Select species 001

* Click Copy
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Particle Species — Edit Species 002

To change the comment describing the

second particle:

Select species 002

Click Edit (or double-click on species
002)

Change the Comment
Click OK
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Fluid Initial Conditions — Define Fluid

Click on Fluid ICs

Every Barracuda project has a default
Fluid IC that needs to be edited:

 Double-click on the default fluid IC
e Click on Define fluids

In the Mixture window:
e Select AIR (G)

e Use the Right arrow button to
import from Available Components
to Mixture

 Click OK
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Fluid Initial Conditions — Set Pressure and location

For this example problem, air is initially at
rest at atmospheric pressure.

In the Fluid IC Editor:
e Specify the pressure as 1e5 Pa

* Leave the x, y, and z fluid velocities at
Zero

* Leave the Region set from minimum to
maximum for X, y, and z, since the air

initially occupies the entire bed (area
above and in between quartz particles)

e Click OK
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Particle Initial Conditions

To show mixing add two distinct layers of

particles:

Click on Particle ICs

e Click Add, which pops up a Particle IC

dialog

* Select Initialize volume fraction in

region

e Select 001 — glass beads in Particle

Species

e Set Particle volume fraction to 0.55

e Set Point Region as shown in the table
below. [ = min, ] = max

e Add descriptive comment

e Click OK

BARRACUDA VIRTUAL REACTOR

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

- [m]

\HE e D & it
Project Tree g x
% Setup Grid ~

Particle IC Manager

v eso Particles

@ Global Settings
¢ Base Materials

[@] Particle1C

Initi T
D oOn x x yl y2 z Tnitialize volume fraction in region

Particle species

X

=<} Drag Models

() Volatiles

W& Particle Species
v 'l Initial Conditions

\ £ Fluid ICs Region
M o Particle ICs
~ [ Boundary Conditions _ :
Pressure BCs / Set Point Region (m) \
Flow BCs -
Injection BCs i |”’”” | p. - |mﬂx
Thermal Wall BCs Vo |min | . |max
Passive Scalar BCs

v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors

v » Chemistry
i Rate Coefficients
I Reactions

#. Numerics
(" Time Controls

~ 4. Data Output
T ) Flux Planes
A7 visualization Data

Zmn Average Data
= Data Flanes
fw Data Points

( 001 - glass beads (bottom of vessel)
\Wﬁacﬁon |U.55

/ K

Temperaturd il

D

“ | Zyw [0.25
/

(O Use local resolution
1

O Specify resolution Clouds per cell

Special settings

Random cloud initialization

T Wall Erosion Adc ‘
++e Particle Attrition
_*. Raw Data Global Cloud Resolution

wso Population Data

€ Solver Output Units

Boundary z » rn -
Species 1 [ |0.25 < T Ty

m—\

Alto

[] no particle mamentum

N bottom half of particles in vessel /

Cancel

Help

7

Species 2

0.25

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

0.5

cpfd-software.com

cpfd

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

23


http://www.cpfd-software.com/
http://www.cpfd-software.com/
http://www.cpfd-software.com/

Particle Initial Conditions
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Pressure Boundary Condition
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Pressure Boundary Condition

In the Pressure BC Editor:
e Specify the pressure as 1e5 Pa
* Click on Define fluid species

In the Mixture Editor:

* Import AIR(G) from Available
Component to Mixture using the
Right Arrow Button

 Click OK

Click OK in the Pressure BC Editor
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Flow Boundary Conditions
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I—l’—"—"—'
el | ey | |

2 Run
Center jet -0.0075 | 0.0075 o Post-Run v Ad Eat Copy Delete
AR /
OUtIet Pressure [ ] |kuipers_my_setup.prj / |C:fbarracuda_trainingjz_l(uipersfmy_setup |

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA 27


http://www.cpfd-software.com/
http://www.cpfd-software.com/
http://www.cpfd-software.com/

Flow Boundary Conditions — Low X Fluidizing Gas

Begin by defining the boundary for

fluidizing air entering at low indices in

the x-direction:

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

\HE e D & it

Flow BC Manager

Project Tree g x
% Setup Grid "
@ clobal Settings D
7 Base Materials

v eso Particles

Dir x1 x2 yi y2 z1 z2

Area Flow rate Temperature Pressure Particle Flux plane name Comment

[ Flow BC Editor

Flow boundary condition

Region

Flow direction

Behavior at boundary

L] L]
* Specify the Cell Region as shown
Fluid behavior at boundary Particle behavior at boundary
o O x-direction flow
Set Cell Region (m) Use transient particle flow file
e OW . O Use transient fluid flow file
o |m|n | Toas ‘_0'0075 | (O Use BC Connector data
Y |rr|in | Yous ‘max | O y-direction flow (O Use BC Connector data ® no particle exit
. P . d F | | l I I f t h < |mm | - ‘mm O Particle out flow
rOVI e a u X p a n e n a e O r e M ® z-diredtion f @® Specify values Particle radius (m) range allowed to exit:
z-direction flow
Flux plane options ~ veloctyflow v o |mfs Min = |0 to Max = UNLIMITED
b O u n d a ry LV Name: |Fluxjuw7x7ﬂuwdization | X/y/z variation ang\e degrees [rE=e I:' = TEE S e (T
~ Gas species behavior: Temp K O Particle feed (Slip and volume fraction)
° Mo Output ~| O Normal to surface flow | Normal Limit O Particle feed (Slip and mass flux)
o E nte r a ‘ O I I . m e nt ( O pt I O n a I ) [ Subdivide by radius ~ Divisions 100 Fluid composition O Particle feed (Slip and mass flow rate)
. Applied fluids: Define fluids Edit particle feed
[ output raw particle data O Direction flow vecior
Particle feed control
L] L] L]

* Leave the Flow direction setting at z- | = ———

Comment Force absolute direction SEE Tl =i 3

d i re Ct i O n Bou nda ry X y Z |Inwxﬂu|d|zat|on\ Vector variation angle |15 degrees
o oo Cancel Help
Fluidizing gas [ -0.0075 | [T (L] S
“ oae . wso Population Data
Fluidizing gas | 0.0075 ] [T LI © Solver Output Units
2 Run
i 43 Post-Run
Center jet 0.0075(0.0075 | [| 1 || v i it cony e
[ ] ] ] <« * v &

Outlet Pressure [ ]

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup
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Flow Boundary Conditions

Specify values:

* Set Velocity flow to 0.25 m/s

* A positive velocity means flow is directed into
the model space (negative means out-flow)

* The velocity is a suBerficiaI velocity through an

open area, in the absence of particles
* Set Pressure to 1e5 Pa

Click on Define fluids

Mixture:
e Select AIR (G)

e Use the Right arrow button to import from
Available Components to Mixture

e C(Click OK

Click OK in Flow BC Editor
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@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj - [m| X
File View Setup Run Graphics and Output Post-processing Help
A [ clg 1
'mE B e &G& i
TERUTEE 2 = Flow BC Manager
% Setup Grid ~
@ Global Settings i Dir 1 vd y1 y2 zl z2 Area Flow rate Temperature Pressure Particle Flux plane name Comment
7 Base Materials
v wso Particles
[ Flow BE Editor Il Miture
Available Components Mixture
Flow boundary condition
Component Component Fraction
Region Flow direction Behavior at boundary AR (G) 1
Fluid behavior at boundary
- O x-direction flow
| Set Cell Region (m) |
O Use transient fluid flow file l L
Y [ miN | X |-0.0075 3
w |Min max O y-direction flow
e | ‘ L= | ‘ ¥ O Use BC Connector data
Zya [min | Zowe [min |
hd
® z-direction flow ® Speciy values
Flux plane options |VE|°C.""" flow v| |0'25 | m/;
N Name: |Flux_low_x_ﬂu|d\zat|on | ¥y/z variation angle degrees RESSUE Pa j] Specty mbdure by: Sum of fractions:
Reset 0K Cancel Hel
Gas species behavior: ) | T
‘No Output v| O Normal to surface flow | Mormal Limit O Particle feed (Slip and mass flux)
[ Subdivide by radius  Divisions 100+ Fluid composition O Particle feed (Slip and mass flow rate)
Applied fluids: Define fluids Edit particle feed
Output raw particle data o i
v U s = O Direction flow vector
Particle feed control
u|0 v 0 w1 Transient fluid and particle flow file
Comment irecti
Force absolute direction SEE file: Edit =
||UW x fluidization Vector variation angle 15 degrees
} OK I ‘ Cancel | ‘ Help
. Raw Data /
wso Population Data
€ Solver Output Units
2 Run
£ Post-Run
vl Add | | Edit | | Copy || Delete |
[+ [ [ » |
| kuipers_my_setup.prj |C:fbarracuda_trainingjz_l(uipersfmy_setup |
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Flow Boundary Conditions - High x Fluidizing Gas

Create the boundary for fluidizing air
entering at high indices in x-direction:

Copy the first Flow BC

Select the copy and click on Edit
Edit the Cell Region as shown below

Edit the Flux plane name to

correspond with the boundary

Enter a Comment (optional)

Click OK

Project Tree

g X

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

‘AE 9o 9 & @ it

% Setup Grid
@ clobal Settings
+". Base Materials

(7 Barracuda Virtual Re..

~

’001 z min
<

Flow BC Manager

i Dir x1 x2 yi y2 z1
-0.0075 min
-0.0075 min

000 z min max  min

max min

2
min
min

Area Flow rate Temperature Pressure
100000
100000

1 0.25 300
1 0.25 300

Particle  Flux plane name
Flux_low_x_fluidization |
Flux_lows_x_fluidization_00 |

No exit
No exit

Boundary

Fluidizing gas

-0.0075

Fluidizing gas

0.0075

Center jet

-0.0075

0.0075

Outlet Pressure

L B B e B O e B N e |

b | b | e | Bd

[ Flow BC Editor *
Flow boundary condition
Region Flow direction Behavior at boundary
v
Fluid behavior at boundary Particle behavior at boundary
O x-direction flow
Set Cell Region (m) Use transient particle flow file
00075 ,—‘ O Use transient fluid flow file
b [ B e ) use BC Connector data
O y-direction flow . .
‘ O Use BC Connector data @® o particle exit
O Particle out flow
Particle radius (m) range allowed to exit:
@ F-direcion fow] ® Specify values (m) rang
; - in = =1
Flux plane options Velocity flow m/s LS| A (M TMIIED
o iome: [Flu_high s fuidization | x{y/z variation angle degrees Pressure |100000 Pa Particle exit control (Off)
. e Temp K O Particle feed (Slip and volume fraction)
No Output ~| O Normal to surface flow |Narmal Limit O Particle feed (Slip and mass flux)
[ Subdivide by radius  Divisions 100+ Fluid composition O Particle feed (Slip and mass flow rate)
Applied fluids: Define fluids Edit particle feed
[ Output raw partidle data L
= & O Direction flow vector
Particle feed control
v
u|0 v 0 w1 Transient fluid and particle flow file
Comment irecti
Force absolute direction SEE file: Edit 2
z |h‘9h x fluidization Vector variation angle |15 degrees
Cancel Help
[ [ o+ Particle Attrition
. Raw Data
[ [ »= Population Data
& Solver Output Units < 3
[ [ 2 Run
\_Doct-Run o Add / Edit Copy Delete
<« * v &
] ] | kuipers_my_setup.prj |C:fbarracuda_trainingjz_l(uipersfmy_setup |
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Flow Boundary Conditions — Center Jet

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj - [m| X
° File View Setup Run Graphics and Output Post-processing Help
° P =
Create the bounda ry for center jet: HE 9o Y Gm Y
AT EEEED % X | Flow BC Manager
o (7 Barracuda Virtual Re... ~
Y % Setup Grid i Dir  xl X2 yl y2 zl z2 Area Flow rate Temperature Pressure Particle Flux plane name
O py e I rS OW @ clobal Settings 000 z min  -0.0075 min  max min  min 1 0.25 300 100000 Mo exit  Flux_low_x_fluidization
£% Base Materials 00l z 0.0075 max min  max min  min 1 0.25 300 100000 Mo exit  Flux_high_x_fluidization
- 002 z min__ -0.0075 min___max__min_min__1 0.25 300 100000 Mo exit  Flux_low_x_fluidization_00
M M [ Flow BC Editor *
e Select the co and click on Edit
Flow boundary condition
Region Flow direction Behavior at boundary
|
Y . . Fluid behavior at boundary Particle behavior at boundary
I ece egion d4s shnown oeliow O drecion ow
Set Cell Region (m) Use transient particle flow file
,—‘ ,—‘ O Use transient fluid flow file
. o i P M O Use BC Connector data
O y-direction flow . .
e Edit the Flux plane name to g © use 5 comectar Oizprisaet
O Particle out flow
correspond with the boundar @ warnton
A Velocity flow m/s Min = 0 to Max = |UNLIMITED
’ Name: |Flux center_jet | %/y/z variation angle -_ degrees Pressure __100000 Fa Particle exit control (Off)
. E ° I N e — Temp K O Particle feed (Slip and volume fraction)
n e r a O I I I I I I e n O p I O n a No Output ~| O Normal to surface flow | Normal Limit O Particle feed (Slip and mass flux)
[ Subdivide by radius  Divisions 100+ Fluid composition O Particle feed (Slip and mass flow rate)
. Applied fluids: Edit particle feed
Y [ Output raw partidle data O Direction flow vector
o Particle feed control
u|0 v 0 w1 Transient fluid and particle flow file
° e Comment Force absolute direction e — 73
I C Bou nda ry X z |CE”tE"' jet inlet Vector variation angle |15 degrees
L. . / oK Cancel Help
FIU'dlZlng gaS [ '0-0075 [ ] [ [ vee Barficle ARrion
L. . . Raw Data
Fluidizing gas | 0.0075 ] L1110 ee- Population Data
& Solver Output Units < 3
A _ 2 Run
Center Jet 0'0075 0'0075 [ ] [ [ \_Doct-Run o Add / Edit Copy Delete
| <« * v &
OUt et P ressure [ ] [ ] ] ] | kuipers_my_setup.prj |C:fbarracuda_trainingjz_l(uipersfmy_setup |
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Time Controls

Click on Time Controls:
* Leave the Time step as 0.0001 s
e Setthe Endtimeto 20s

Barracuda can restart an existing simulation
from an IC file. Two types of IC files are
automatically written during a simulation:

* Restart file: a restart IC file is written once
at every specified interval of simulation
time

* Backtrack file: a backtrack IC file is written
once at every specified interval of clock
time

Leave the restart file intervals at the default
values
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File View Setup Run Graphics and Output Post-processing Help

'eE e D & @ 1t

Project Tree 5 X
(7 Barracuda Virtual Re... ~
% Setup Grid

@ clobal Settings
- Base Materials
v wso Particles
+4} Drag Models
(1 Volatiles
&% Particle Species
v [+ Initial Conditions
£ Fluid ICs
e Particle ICs
~ [ 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
Bl Rate Coefficients
JF Reactions
/. Numerics
(7" Time Controls
v 44 Data Output
T Flux Planes
A1 Visualization Data
Zm Average Data
Data Planes
/v« Data Points
o Wall Erosion
+++ Particle Attrition
.*. Raw Data
»= Population Data
& Solver Output Units

2 Run

EKEIENERNEN

Time Controls

period of time for the calculation. Only the first row is required.
Subsequent rows can be entered to have different time steps for

different time periods. For example, starting the calculation at a smaller
time step is recommended, and then increasing the time step for rows

2-5 over simulation time.

Time step and duration settings

Time step End time

|Advanced time step 5ettings|

Restart file intervals

Restart interval (IC_###) simulation seconds
Backtrack interval (IC_) realtime minutes

Help
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Data Output Options

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj - [m| X
CI iC k O n Data O ut ut File View Setup Run Graphics and Output Post-processing Help
p IR EEENT KE:
Project Tree 5 X
(7 Barracuda Virtual Re... ~

% Setup Grid

For the Kuipers problem, the following 3 o e

- Base Materials

types of data will be output: "

(1) Volatiles

 Flux planes — Track the transport of it oo
v 'l Initial Conditions
fluid and solids th h a defined p—
u I a n S O I S ro u g a e I n e so Particle ICs This section contains the various output options for data from the calculation.
° v @ Boundary Conditions Select all output that might be used in post-processing.
lane in the model
Elow BCs Flux Planes - Define Flux Planes to capture data and write out to files.
. . . . Injection BCs Visualization Data - Select output written to visualization files.
(] Thermal Wall BCs
I S u a I Z a I O n a a e e C Va r I a e S O r Passive Scalar BCs STl TR S e i
° ° M ° ° ° v ﬂ BC Connections Data Planes - Select output for two-dimensional planes plot data.
V I S u a I Z a t I O n O u I a n S O I St a t e S I n Secondary Feeds Data Points - Select output written to fransient data files
Secondary Exits P '
I e C I O t BC Connectors Wall Erosion - Select options for the wall erosion model,
p ¥ & Chemistry Particle Attrition - Select options for the partide attrition model.

Bl Rate Coefficients
JF Reactions Raw Data - Select output for raw data.

* Average Data — Select some Tecplot N R ————

o
(" Time Controls Solver Output Units - Select output units for the solver to use,

O.UtpUt .data tO be ave ragEd aS t e v‘.f_a;:;:x Output interval for data point, flux plane, and log files [te07  |s
simulation runs b
 Data Points — High frequency tracking | &z

of data at a specified location in a

»= Population Data

m O d e | & Solver Output Units

2 Run

v

L Dnct-Run
EKEIENERNEN
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Data Output: Flux Planes

Click on Flux Planes

To create interior flux planes:
* Click Add
e Select z for the Normal Direction
* Enter the z location as 0.66 m

* Provide a descriptive Name for the

flux plane
e Select Directional flux
 Enter a Comment (optional)
Click OK

BARRACUDA VIRTUAL REACTOR
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Project Tree 5 X
(7 Barracuda Virtual Re... ~
% Setup Grid

@ clobal Settings
- Base Materials
v wso Particles
+4} Drag Models
(1 Volatiles
&% Particle Species
v [+ Initial Conditions
£ Fluid ICs
e Particle ICs
~ [ 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
Bl Rate Coefficients
JF Reactions
/. Numerics
(7 Time Controls
\ ~ 4t Data OQutput
T Flux Planes
A1 Visualization Data
Zm Average Data
= Data Planes
/v« Data Points
o Wall Erosion
+++ Particle Attrition
.*. Raw Data
»= Population Data
& Solver Output Units
2 Run

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

'HE 9o % &= 1t

v

Flux Planes Manager

i Filename Direction x1 x2 y1 y2 z1

2 Sub radius  Comment

@ Flux Plane Editor

Location

Normal Direction |z

| Select plane (m)

K | MIN | Ynane |max

Yinin |min | Yinax |mEIX

Flux plane options

Name: |Flux_0verall

Gas species behavior:

'No Output

[ subdivide by radius Divisions 100
[ output raw particle data
[] Reset particle residence time

’ Directional flux

Comment

above static bed

Note: For location indices, "min" or "[* denote the first possib

Help |

Aok || cancel |
/

| | ~ copy i

Delete
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Data Output: Visualization Data

Click on Visualization Data

The information selected here will be
written to your Tecplot output files

* Eulerian Output Data is mapped to
the grid

* Lagrangian Output Data is mapped
to particle locations

Select Particle mass flux (P_[xyz]Mass)

in addition to default selections

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

cpfd-software.com

Project Tree g x

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

\HE e D & it

(7 Barracuda Virtual Re...
% Setup Grid
@ clobal Settings
+- Base Materials
v wso Particles
+4} Drag Models
(4 Volatiles
o Particle Species
v 'l Initial Conditions
£ Fluid ICs
e Particle ICs
~ [ 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
i Rate Coefficients
JF Reactions
/. Numerics
(7 Time Controls
v 44 Data Output
T Flux Planes
Al visualization Data
Zm Average Data
= Data Planes
/v« Data Points
o1 Wall Erosion
+++ Particle Attrition
.*. Raw Data
»= Population Data
& Solver Output Units
2 Run

._Doct-Bun

~

v

<« - A4 e

Visualization Data Output Options
Output formats

Tecplot (*.plt files)

Output file interval

Eulerian (Cell) Output Data
Particle volume fraction (p-volFra)
Fluid velocity (U, V, W)

[ Particle velocity (P_[xyz]Vel)
Pressure (Pressure)

[] Dynamic pressure (DynPres)
[ Fluid density (f-dens)

Cell indices (i, j, k)

Lagrangian {Particle) Output Data
Particle volume fraction (VolFrac)
Farticle speed (Speed)

[ Particle radius in microns (rad)
[[] constant color (Particle)

[] brag (drag)

[ cloud mass (cldMass)

Gas Species
(®) Mass fraction (<species=.mf)

(O) Mass concentration {<species>.mc)

1 MV (Gmv.* files)

Mumber of files produced using current end time of 20s: 201

[ Particle bulk density (p-dens)
[ Turbulent viscosity (ViscTurb)
[ cFL (cFL)

[ Particle species (Species)

[ Fluid temperature (f-Temp)
[ particle temperature (p-Temp)
Cell volume (cellvol)

[ particle material (Material)
[ particle density (Density)
Particle species (Species)
Unique particle ID (pid)

[ Particle mass (mass)

[ particles per cloud (npCloud)

[ dp/dx (dp/dx)

LI dp/dy (dp/dy)

[ dp/dz (dp/dz)

Particle mass flux (P_[xyz]Mass)
[ Fluid mass flux (F_[xyz]Mass)
[] wall heat transfer (wallHeat)

Velocity (vellxyz])

[] Residence time (ResTime)
] Temperature (Temperat)
[ Liquid fraction total (ligFrac)
[ Liquid mass total (ligMass)

O Mole fraction (<species>.nf)

(O Mole concentration (<species=>.nc)

Help
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Data Output: Average Data

Often time-averaged data gives more insight
into quasi-steady behavior than
instantaneous data

e Select a Start time for average once you
think quasi-steady behavior will have
begun

e Select the data you wish to average

Click on Average Data
* Set Averaging starttimeto 5s

* Select the following options for time-
averaging:
e Particle Volume Fraction
* Pressure
* Fluid velocity
e Solid mass flux
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Average Data Output
Averaging start time @
Minimum particle volume fraction _

Time-Averaged Cell Data for Visualization
Particle volume fraction
Fressure

Fluid velocity

[ particle velocity

Solid mass flux (kg/s m~2)
[ Fluid mass flux (kg/s m~2)
[ Fluid temperature

[ Particle temperature

[ dp/dx

O dp/dy

[ dp/dz

[ wall heat transfer rate/flux
[ Gas species
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Data Output: Data Points

Barracuda can output high-frequency data at
point locations in the computational domain

Data will be written to the file: trans.data00

To create the four data points used in post-
processing:

 C(Click on Data Points
e (Click on Add

e Enter the coordinates shown in the Location
column for one Data Point

* |Import Pressure from Available Data to
Selected Data

e C(Click OK

* Repeat for additional three data points using
the corresponding location for each point
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@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj

(7 Barracuda Virtual Re...
% Setup Grid
@ clobal Settings
- Base Materials
v wso Particles
+4} Drag Models
(1 Volatiles
&% Particle Species
v [+ Initial Conditions
£ Fluid ICs
e Particle ICs
~ [ 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
Bl Rate Coefficients
JF Reactions
/. Numerics
(7 Time Controls
v 44 Data Output
T Flux Planes
A1 Visualization Data
Zm Average Data
= Data Planes
/v Data Points
o Wall Erosion
+++ Particle Attrition
.*. Raw Data
»= Population Data
& Solver Output Units
2 Run
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- m} x
Data Point Manager
_p—"Tocation Data t
" 000 (0, 0.0075, 0.01)  Pressure
001 (0, 0.0075, 0.5) Pressure
002 (0, 0.0075, 0.98)  Pressure
\WUWS, 0.01) Pressure
[@] Data Point Properties X
Location
| Select point (m) |
x |0 |y [0.0075 | z[0.01 |
Available Data o Selected Data
Fluid Density Pressure
Fluid Mass Concentration
Fluid Mass Flux in X [
Fluid Mass Flux in ¥
Fluid Mass Flux in Z <«
Fluid Mass Fraction &
Fluid Molar Concentration
Fluid Mole Fraction hid
Fluid Temperature
Fluid Velocity in X
Fluid Velocity in Y v
Comment | |
If OK I | Cancel | | Help |
7 ]
Add | [ Edit | [ Copy | [ Delete |
Outpyit Filename |trans.data | | Browse |

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

cpfd

37


http://www.cpfd-software.com/
http://www.cpfd-software.com/
http://www.cpfd-software.com/

Run Solver
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Run — GPU Parallel

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj - [m| X
File View Setup Run Graphics and Output Post-processing Help

Click on Run EER L EENCICE::

Project Tree? X

Run Settings
@ clobal ... ~ _ .
. Base ... Verify Setup Run Calculation
v eso Particles Solver Launch Options

o [
If yo u r Ca Ic u Iat I o n m a C h I n e h a S a n N VI D IA G P U’ *4 Drag .. pote: Kun Sobver Setup will cause some output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.

W Volati.. files to be modified. If you have important output

) files, preserve them by using the File menu, [ cpu Parallel (Parallel license required)
I P P I I I . & Partic.. Save Case As feature, and then Run Solver
Se ec a ra e ~ I Initial ... Setup in the new case directory. Thread Count: |7 =
£ Fluid ...
s Partic.. A ) GPU Parallel (Parallel license and NVIDIA GPU required)
v [ Bound ‘:“—11 ' Run Solver Setup (1 time step)
WVIDIA CUDA device to run on: prompt ~
o o o o Pressure .. Check Setup
Check your GPU configuration by clicking on the i CECEEe
y g y g Injection ... Mote: Testing solver GPU memory requirements will cause some output files to be modified.
Ther.mal If you have important output files, preserve them by using the File menu, Save Case As
H H H H Passive S.. _ N _ feature, and then test the GPU memory requirements in that new case directory.
command window and typing in the following Csccon. || veumua e vaume oo
- Test solver GPU memory requirements with current settings (option: -dryrun)|
Secondar..
Secondar.. ) .
p ro m pt : BC Conn... Universal Options
v a Chemi... ‘d_q View Initial Particles, Species ‘ If temperature limits reached: [ Quit on prompt

=X If chemist imbal [ Quit on lost I
. . . L] “',Ep React.. chemistry mass Imbalance. prompi ~ uit on 1o Icense
o WI n d OWS . C . \ P ro g ram F 1 l es \ NV I D I A # Numeric: 1 minimum disk limit reached: [ Quit on FE_INVALID

. Time C...
= Minimum disk space percent:

C O rp O r a. t j_ O n \ NV S M I \ nv j_ d j_ a - ) u'fa;z: ‘di e Soensen Soneters ‘ Advanced command line flags: | |

ivi
S m i . e X e ;.N Klfs:ra Command line to run equivalent solver based on input above (copyable to terminal):
= Data ... ‘ﬂ View Flux Planes ‘ C:\Program Files\CPFD'\Barracuda'20.0.1\bin\cpfd.x.exe -gpu kuipers_my_setup.prj
M Data ... -
. ' ' ' = wall ... Project tag
* Linux:nvidia-smi | |
\ ,w :::t”-_l:l ‘d Gtz Dl B ‘ Store project path and filename as project tag
N € Solve..
2 Run :ni> Run Solver ‘ ‘u Restart Solver ‘ ‘G Interact ‘

See this support site post for more information. & rouex.
B2y

| kuipers_my_setup.prj |C:fbarra cuda_training/2_Kuipers/my_setup |
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Run Solver Setup

Click on Run Solver Setup

BARRACUDA VIRTUAL REACTOR

This automatically saves the project
file
This will run the simulation for one
time step and write a single Tecplot
file

All boundary and initial conditions
are stored in the Tecplot file

This first Tecplot file is needed to
check the problem setup

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

cpfd-software.com

1=E

File View Setup Run

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj

Graphics and Output  Post-processing  Help

om®» &= i

Project Tree? X
@ Global ... ~
- Base ...
~ wso Particles
«<j Drag ...
0 Vvolati..
% Partic..
~ - Initial ...
£ Fluid ...
wwo Partic.,
~ [ Bound...
Pressure ..
Flow BCs
Injection ...
Thermal ...
Passive 5..
~ % BC Con..
Secondar..
Secondar..
BC Conn...
v a Chemi...
i Rate ...
Y5 React..
#. Numeric:
(7 Time C...
“ ¢ Data O..
0 Flux ...
A Visua...
Zm Aver...
= Data ...
M Data ...
o Wall ...
++ Partic..
... Raw ...

wss Popul...
& Solve...

= Run
42 Post-R..
W

e[a]e]%)

Run Settings

Verify Setup

Note: Run Solver Setup will cause some output
files to be modified. If you have important output
files, preserve them by using the File menu,
Save Case As feature, and then Run Solver
Setup in the new case directory.

:="J1 ' Run Solver Setup (1 time step) ‘

Check Setup

‘ ﬂi View Initial Particles, Volume Fraction

‘di View Initial Particles, Species ‘

‘d View Boundary Conditions ‘

‘ﬂ View Flux Planes ‘

‘ d View Data Points ‘

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

[ cpu Parallel (Parallel license required)

Thread Count: |7 =

1 GPU Parallel (Parallel license and NVIDIA GPU required)

NVIDIA CUDA device to run on: prompt ~
Fallback to CPU behavior if CUDA error: |auto +

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

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

Universal Options

If temperature limits reached:

If chemistry mass imbalance:

I minimum disk limit reached:
Minimum disk space percent:

Advanced command line flags: | |

[ Quit on prompt

[ quit on lost license

[ quit on FE_INVALID

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

C:\Program Files\CPFD\Barracuda'20.0.1\bin\cpfd.acexe kuipers_my_setup.prj

Project tag

Store project path and filename as project tag

:ni> Run Solver ‘ “ : i Restart Solver

6 e |

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

cpfd
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Run Solver Setup

B "Barracuda Virtual Reactor - 20.0.1 - my_setup/kuipers_my_setup.prj" — O X

Solver information will be output to :

Barracuda release 28.8.1
Solver version 20.8.1.x823

[ ]
the run WIndOW Build date 28208-87-82 21:45:47 UTC
Restart IC version 2880
Particle randomization done.

Leave the Window Open while a particle randomization done.

Particle initialization adjustment =®¥¥*xxx

calculation is running. If it is closed, iy o et e b e e o i

Connecting to license server "myRLMserver” at 27815@myRLMserver
Server contains the following product licenses: arena-7, arena-7-setup, arena-openmp, barracuda-15, barracuda-15-setup

th e Ca Icu I atio n wi I I Sto p I » barracuda-15-chem, barracuda-15-setup-chem, barracuda-gpu
°

Licenses found. Proceeding to checkout licenses from identified server
Connecting to license server "myRLMserver" at 27015@myRLMserver
Checking out barracuda-15-setup (1)... license checked out

License(s) checked out from server: myRLMserver (27815@myRLMserver)

The calculation is complete When the | st watriciarracuss trasningia xuspersimy setupspers oy._setup.or

date/time stamp is displayed at the R

s s itr err itr err itr err itr err itr err CFL Low Med Hi R

bottom Of the SOI\’er WindOW. Once 0.00000e+00 1.000e-04 0@ ©.00e+00 6GO ©.00e+00 00O 0.00e+00 00 0.00e+00 O 0.00e+00 0.00 344 © O O

Writing bvr.0e00e.plt files
1.60066ec-84 1.8606e-84 802 2.12e-08 801 0.00e+00 088 0.86e+80 662 1.13e-12 26 9.44e-87 @.84 343 a g o

this happens, then you can close the — .
ru N Wi ) d OW. C:\barracuda_training\2 Kuipers\my setup>

BARRACUDA VIRTUAL REACTOR cpfd
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Checking your Setup

Before letting your calculation run, check

the following:

* Are your boundary conditions in the

right place?
e Are your particles defined correctly
and located where you want them?

e are your data points and flux plane
located where you want them?

To check, use the Check Setup buttons
which open up corresponding Tecplot
views.

 \Watch our video on Launching
Tecplot

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/kuipers_my_setup.prj

File View Setup Run Graphics and Output Post-processing Help

'eE e D & @ 1t

Project Tree? X

Run Settings
@ clobal ... ~ ]
£3 Base ... Verify Setup
~ wso Particles
«& Drag .. ote: Run er Setup will cause some outpu
g Note: Run Solver Set Il tput
@ ’ files to be modified. If you have important output
(4 Volati., ;
- files, preserve them by using the File menu,
. & Partic.. Save Case As feature, and then Run Solver
~ I Initial ... Setup in the new case directory.
£ Fluid ...
weo Partic.. = X
v [l Bound... ‘:“—11 Run Solver Setup (1 time step)
Pressure .. Check Setu
Flow BCs
Injection ...
Thermal ...
Passive 5.. -
v & BCCon.. dq View Initial Particles, Volume Fraction
Secondar..
Secondar..
BC Conn... '
v . Chemi... ‘ q o . ‘
View Initial Particles, Species
i Rate ... d b

‘Nq View Boundary Conditions ‘

A1 Visua.
Zm Aver...
Data ...
M Data ...
o Wall ...
+ee Partic.. ~
... Raw ...

‘dq View Flux Planes ‘

‘ dq View Data Points

wss Popul...
& Solve...
= Run

42 Post-R..

W

e[a]e]%)

Run Calculation
Solver Launch Options
Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.
[ cpu Parallel (Parallel license required)

Thread Count: |7 =

1 GPU Parallel (Parallel license and NVIDIA GPU required)

NVIDIA CUDA device to run on: prompt ~

Fallback to CPU behavior if CUDA error: |auto +

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

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

Universal Options

If temperature limits reached:

If chemistry mass imbalance:

I minimum disk limit reached:
Minimum disk space percent:

Advanced command line flags: | |

[ Quit on prompt

[ quit on lost license

[ quit on FE_INVALID

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

C:\Program Files\CPFD\Barracuda'20.0.1\bin\cpfd.acexe kuipers_my_setup.prj

Project tag

Store project path and filename as project tag

:n$ Run Solver ‘ “ : d Restart Solver

6 e |

| kuipers_my_setup.prj

|C:fbarra cuda_training/2_Kuipers/my_setup

cpfd
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Checking your Setup - Particles

In the Run window, Click on View
Initial Particles, Volume Fraction

Verify the initial location of the
particles in the bed

To change the view, use the rotation
tools in the toolbar

* Watch Tecplot’s video Tecplot 360

Basics: Rotate and Zoom

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Plot.

[1 contour

Shade
[ vector

[ Edge
Scatter

Solution time: 0

Show derived objects
[ 1s0-5urfaces

[ slices
[ streamtraces

Show effects
Lighting
Translucency

Snap to

MNone Paper
Redraw

Auto redraw

Tecplat 360 EX 2019 R1

Zone Style...

K <[>

L)
!

k5

File Edit View Plot Insert Animate Da

Dad®E ks Q¢

ipti Tools  Analyze Help

PEOXER| PNV OVAEE A K AFALOD00

57

Details...

Details...
P

Details...
Details...

Details...

Details...

Plot Pages

Click to Select, Drag to Select Group

Particle Volume Fraction
D&s

0.00s

Quick Macro Panel g X

3D Rotation Animation
Reset Center of Rotation
Cascade Frames

Tile Frames

Load AddOn

Grid

Transparent Model

CAD

Compare Grid and CAD
Boundary Conditions
Fluxplanes

Data Points

Particles by Volume Fraction
Solid Region

Particles by Radius

Particles by Residence Time
Particles by Temperature
Cells by Volume Fraction

Cells by Pressure Gradient
Cells by Fluid Temperature
Cells by Average Volume Fra
Cells by Average Pressure
Cells by Average Pressure Gr.
Cells by Average Fluid Temp:

Flay... Help

cpfd
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Checking your Setup — Particle Species

Tecplat 360 EX 2019 R1 — m] ®

Double-click on Particles by Species in |« 5w o o oo o s e oo e

DEH8 A 20X %e eV EEEB A AB10000

Quick Macro Panel 8 x

0.00s

3D Rotation Animation
Reset Center of Rotation

the Quick Macro Panel. This —

Cascade Frames

e merenmtn e la5s heads (top of vessel]
corresponds to the view created by I e
ow zone layers Grid
° eg ® ° ° ° ShDMe:hw T;rl:!)sparethl
View Initial Particles, Species in the
. [ ector ets Ponte
Run window. o
Scatter articl
[ Zone Style. . | i

|
articles esidence Time

ide
Particles by Temperature
Cells by Volume Fraction
Cells by Pressure

Cells by Pressure Gradient
Cells by Fluid Temperature
Cells by Average Volume Fra
Cells by Average Pressure
Cells by Average Pressure Gr.
Cells by Average Fluid Temp:

Solution time: 0

Verify the initial location of the two —
particle species in the bed e

Dl
[ streamtraces.
Show effects
FAtshing
[A Translucency
Snap to
%) None (_) Paper () Grid
| Redraw
[ Auto redraw < 2
ot Pages

Click to Select, Drag to Select Group
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Checking your Setup — Boundary Conditions

Double-click on Boundary Conditions Dad® N A FLOX%E PNV EAEEA K AFLO000 @ .
in the Quick Macro Panel. This e ~ i
corresponds to the view created by bbb
View Boundary Conditions in the Run | ==
window. o
| — | P oy eence Time
St oe: 0 Zmeu
Verify that the boundary conditions I
are in the right place e =
WEES
[ streamraces
%gzmw
e
i ™~
BARRACUDA VIRTUAL REACTOR o fesotware.com cptd
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Checking your Setup — Flux Plane Location

Double-click on Fluxplanes in the

Quick Macro Panel. This corresponds

to the view created by View Flux
Planes in the Run window.

Verify that the flux plane is in the right

place

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

Tecplat 360 EX 2019 R1 — m] ®
File Edit View Plot Insert Animate Data Frame Options Scripting Tools  Analyze Help
DaEdehwaAe teoXxes eV AEBE M MBI 0000

8 x| Quick Macro Panel 8 x

3D Cartesian .

Snap to orientation view

I B | 5

Show zone layers
[A Mesh
[ contour
[ shade
[ vector
[ e
[ Scatter

[ Zone Style... |

Solution time: 0

Show derived objects
[ 1so-5urfaces.
[ sices
[ streamtraces.

Show effects
] Lighting [Detais.... |
[A Translucency

Snap to

‘:' MNone ':' Paper ':‘ Grid

| Redraw

[ Auto redraw

Plot Pages

Click to Select, Drag to Select Group

0.00s

3D Rotation Animation
Reset Center of Rotation
Cascade Frames

Tile Frames

Load AddOn

|Data Pamts

Particles by Yelume Fraction
Solid Region
Particles by Radius

Particles by Species
Particles by Residence Time
Particles by Temperature
Cells by Volume Fraction
Cells by Pressure

Cells by Pressure Gradient
Cells by Fluid Temperature
Cells by Average Volume Fra
Cells by Average Pressure
Cells by Average Pressure Gr.
Cells by Average Fluid Temp:
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Checking your Setup — Data Points Location

Double-click on Data Points in the
Quick Macro Panel. This corresponds
to the view created by View Data
Points in the Run window.

Verify that the data points are in the
right place

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

Click to Select, Drag to Select Group

w2) Tecplot 360 EX 2019 R1 - [m] X
B Tecp
File Edit View Plot Insert Animate Data Frame Options Scripting Tools  Analyze Help
g g z | F71 6 i & =
NDEda/hsaAd 20X ¢ eV dEABRB M W1 0000
t 8 x 0008 Quick Macro Panel 8 x
‘mcalns‘a'l A ‘ 3D Rotation Animation
Snap to orientation view Reset Center of Rotation
- = = > Cascade Frames
Load AddOn
Show zone layers
[ mesh
O conts
[ shade
[ vector
Dt
[] Scatter
Particles by Species
| Zone Ste... | Particles by Residence Time
Particles by Temperature
Solution time: 0 Cells by Volume Fraction
Cells by Pressure
Cells by Pressure Gradient
EI Cells by Fluid Temperature
Cells by Average Volume Fra
Cells by Average Pressure
Show derived objects Cells by Average Pressure Gr.
[ Iso-Surfaces Cells by Average Fluid Temp:
Dsees
[ streamtraces.
Show effects
Dl tighing
[A Translucency
Snap to
‘:' MNone ':' Paper ':‘ Grid
| Redraw
[ Auto redraw < 4
ot Pages e (| e |
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Executing the Simulation

STOP! Show your initial setup to your
instructor before proceeding.

Once checked, click on Run Solver

:*i' or :.,$ Run Solver

The run window will prompt to
Remove, Overwrite, Display, Help or
Quit. The files can be removed since
they were all created during the Run
Solver Setup (1 time step).

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Files listed in TecplotOutputlList.log exist. (R)emove,

jOutput files listed in list_outputfiles.log exist.

ctup.pri” - "C:\Program Files\CPFD\Barracuda20.0.1\bin\cpfdax.exe” kuipers_my_setup.prj

(O)verwrite, (D)isplay, (H)elp or (Q)uit? r

(R)emove, (A)ppend, (D)isplay, (H)elp or (Q)uit? r

cpfd
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Solver Output Window

Current
Simulation

Time

Current
Time step

Solver
Convergence
Data

CFL number:
Typically safe to run
between 0.7 - 1.5

= STIect "Barracuda Virtual Reacjor - 20.0.1 - my_setup/kuipers_my_setup.prj” - "C:

Barr

Solvel
Build
Resta

Files

utpu
Parti
Parti
Partid
Identi
Conne
serve

barr
Licens
Connec|
Checki
Licens

|Repris

uda release 2

date 2
t IC version 288

Es found.  Pro
Fing to licens

£ (s) checked

version 2

listed in TecplofOutputlist.log exist. (R)emove, (0O

files listed

le randomizatiof done.
le randomizatiof done.

le initializatipn adjustment ===®xxxx

ying a licens
ing to licens
contains the
uda-15-chem,

g out barrac

Project tag

e8.6.1
8.q.1.x623
g2¢-67-82 21:45:47 UTC

if list_outputfiles.log exist. (R)emo

Program Files\CPFD'Barracuda\20.0. 1\ bin\cpfd.x.exe” kuipers_my_s...

verwrite, (D)isplay, (H)elp or (Q)uit? r

e, (A)ppend, (D)isplay, (H)elp or (Q)uit? r

server with required licenses: barn
server "myRLMserver” at 27815@myRL
ollowing product licenses: arena-7,
arracuda-15-setup-chem, barracuda-g

reeding to checkout licenses from id
£ server "myRLMserver" at 27815@myRL
da-15 (1)... license checked out

ut from server: myRLMserver (27815@m

Bcuda-15
erver

O

X

rena-7-setup, arena-openmp, barracuda-15, parracuda-15-setup,

tified server
arver

LMserver)

path:C:\barracuda_training\2_Ku;Efsjﬂm{:f?tup!kuipers_my_setup.prj

v W W p p
err itr err itr err CFL Low Med
B.80e+08 BEE ©.08e+08 B ©.06e+88 6.086 344 a8
B.680e+88 882 1.13e-12 26 9.44e-87 G.84 343 a
B.00e+80 B3 3.28e-89 21 7.31le-07 0343 a8
B.00e+00 B3 2.89%9e-89 19 6.17e-8 1 a

B.06600e+80 1.608c-84 668 0O.00ec+00 0BE ©.80c+00 086
JWriting bvr.8e@eee.plt files

1.06800e-84 1.808e-84 662 2.172e-88 801 ©.80e+00 086
2.060000e-84 1.608e-84 662 4.57e-88 863 1.73e-89 0686
3.00800e-84 1.008e-84 602 6.97e-88 883 1.33e-09 086

BARRACUDA VIRTUAL REACTOR
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If CFL number is
significantly below 1,
increase the time step!
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Dynamic Solver Interaction

It is possible to dynamically interact
with the Barracuda solver while the
calculation is running.

Click on Interact & or € rer

Only enter information you wish to
change:

 Enter Time step of 0.001 s
* Click Submit

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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{2 Interact - Barracuda Virtual Reactor

Time control

\ [
Time step |0.001 S
End time |

L | - |

Solver residuals

Tteration Residual

Volume | || |

Fressure | | | |

Velocity | | | |

Reset tracking

[] Reset wear
[] Reset attrition
[] Reset particle mass deficit at BCs

Reset

Output intervals

Terminal and log files |:|
Visualization files I:I

] start new plot intervals now

Force output

(] Restart file (IC_###)
[] visualization file

[] Population data

[] Raw particle data

[ Data planes

Reread SFF files

[] Reread BC input files
[] Reread particle feed PSD files

Close

v

cpfd
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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.

<|

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

BN Select "Barracuda Virtual Reactor - 20.0.1 - my_setup/kuipers_my_setup.prj" - "C:\Program Files\CPFD\Barracuda\20.0.1\bin\.cpfd.x.exe" kuipers_my_s...

AR ARP

.67088e-082
.68000e-082
.60086e-082
. 76086e-082
.71666e-82
.72686e-082

.730808e-082
.74086e-082
.756808e-082
. 760808e-082
.776808e-082
. 780808e-082
.790808e-082

.BBeBge-

.le@ege-82 1.

. 20080e-082
.30080e-082
.4B0808e-082
.5B60808e-082
.6BBBBe-B82
. 780808e-82
.860B08e-082
.0BBBBe-B82
.0B0BBe-B82
.16088e-82
.20000e-082

t

Remote set dt=8.
BE86e-62 1.

.888e-83
.888e-83
.888e-83
.888e-83
.888e-83
.888e-83
.888e-83
.888e-83
.888e-83
.888e-83
.808e-03

PRrRrRrPRPRRE R

.808e-84
.808e-84
.808e-84
.808e-84
.808e-84
.808e-84

dt

eel
eel
eel
eel
ae2
eel

Vol
itr
a6l
a6l
a6l
a6l
a6l
aal
aal

a11
ael

Vol
itr
aal
aal
aal
aal
aal
aal
aal
aal
aal
aal
gal

Vol
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Post Processing
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Post-Run

During and after a Barracuda

simulation, examine your results by
clicking on the Post Run tab. You can
view Tecplot files while the solver is

operating

If you have reopened the Barracuda
GUI, check that the project file and
working directory are correct.
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Tecplot Shortcut Buttons

There are several ways to access and
analyze the simulation results

The shortcut buttons shown on the
right provide convenient access to
common views of results

Tip: Not all shortcut buttons are
available for all simulations. If the
data is not available, Barracuda will
warn you (e.g. clicking on average data | ::—
buttons, when averaging has not been | -=x..

set)
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Particle Volume Fraction View

Open this view by clicking on Particle |-=

Volume Fraction in the Post-Run
window

Rotate the image into view

* This can be accomplished quickly
by selecting the “XZ plane” View

e For more information on
manipulating the view in Tecplot,
see this video
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Navigating through Time

Tecplot will load data up to the time-step when you clicked
on the view. If more time has elapsed and more .plt files
have been created, you can scan for more files to view:

* Click on File=> Load Barracuda data...
* Click on Rescan All Data
* C(lick Close

To navigate through time, use the time controls located in
the Plot sidebar

e Use the Play button in the center to view your
simulation through time

* Use the slider to quickly navigate to a certain pointin
time

* The left- and right-most buttons skip to the beginning
and end, and the buttons just inside them navigate to
the previous or next file
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Coloring by a Different Variable
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Setting Data Limits

We can control the minimum and maximum values to
display

* Note: Any values above or below these respectively
will be colored as if they are at this value

To change the data limits:
* Navigate to the Levels and Color tab

* Click on the Set Levels... button, which will bring up
the Enter Contour Levels dialog

* Select Min, max, and delta for Range Distribution
e Change the Minimum level to O
* Click OK

 Observe the minimum in the legend has changed to 0 Ore  Orwe Mmmumievel: [0 ) |
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Changing the Color Bar
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Translucent Geometry
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Changing Scatter Symbol Shape and Size

The default scatter symbol shape is one-pixel points,
which is great for rendering a very large number of
particles in a reasonable amount of time.

If you have not so many particles and want to show
them a little larger:

e Click on Zone Style...

* On the Scatter tab, right-click on Point in the
Symbol Shape column of the Particles row

* Select Sphere
* Right-click on Scatter Size column of Particles row
e Click on Enter...
* Enter0.3
* Click OK
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Adding a Title

Select Insert = Text and select a
location in the view to raise the Text
Details window

* Here you can adjust the font, size,
color, location, etc of the text

* Click Accept when your text is ready

Once entered, any text can be moved
around with the selection tool
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Exporting an image

To create an image:
* Click on File = Export
e Select the Export Format
* Click OK

e Give your snapshot a descriptive file
name

Select Export File

 (Click Save
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Viewing an image

To view your snapshot:

* Navigate to your project file
directory

* Double-click on snapshot file name

(I = | Manage rmy_setu 7
Home Share View Picture Tools b 0
- v <« Windows (C:) » barracuda_training » 2_Kuipers » ry_setup w [ Q) L Search my_setup
Mame - Date modified ™
Yoy p S EVEV 1L T
history.log 87772020 10:51 Ab
IC_2.000e+M 87772020 10:51 AN
info.log / &/7/2020 10:571 Ab
& kuipers_bed_fluidization.png 87772020 3:05 PM
@ kuipers_my_setup.prj 87772020 10:09 AN
list_cutputfiles.log 8/7/2020 10:51 Ab
POPUL_0.000e+00.log 8772020 10:09 AN
POPUL_01_0.000e+00.log &/7/2020 10:09 Ab
POPUL_01_2.000e+01.l0g 87772020 10:51 Ab »
£ >
436 items 1 itern selected 371 KB =]
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Particle Mixing in Kuipers Bed

Particle mixing can be showed best

with an animation of the Kuipers bed

through time.

Double-click on Particles by Species in
the Quick Macro Panel or the Particle

Species button in the Post-Run

window.

BARRACUDA VIRTUAL REACTOR

Post-Run Analysis
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View Results

View Cell Data

View Particle Data

View Average Cell Data
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Making an Animation

Create this view:
e Color map : Doppler
e Adjusted zoom and location of geometry
 Added top and bottom title

Create an animation:
 (Click on Details... next to Solution time

* \Verify the settings in the Time Animation Details
dialog

e Click on the Film Reel icon
e Select the Export format

e Click OK

* Give descriptive file name
e Click Save

To view the animation, navigate to the simulation
directory and double-click on animation file name
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Saving an Layout File

Temporarylayout.lay - Tecplot 360 EX 2019 R1 — O X

When finished setting up a non-default

, b “n R BEOXERE PN AEE A M AEID0O F
H H ° ° = eyout - a Quick Macro Panel B X
data view, it’s good practice to save it e 1 partcle Mixing in Kuipers Bed
B Sk Gl W glass beads (top of vessel) E:ZZS:"F::;RMW
oz s Bhi glass beads (bottom of vessel) E::::LT(;"
° e Grid
Select File > Save Layout... toname and | = |
o ompare Gnd an
Paper Setup... Boundary Conditions
save a custom layout e
B CtrieQy :| zz‘r‘it;c'lr{e:gli}::olume Fraction
[ Scatter o Particles by Radius
: Particles by Species

| Zone Style... |

Particles by Residence Time
Particles by Temperature
Cells by Yolume Fraction
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Cells by Pressure Gradient
Cells by Fluid Temperature
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A layout file will save all the requisite

-
information to recreate the view B30

Show derived objects

. . E I:I::;Ssurfaces Cells by Average Fluid Temps
Note: Layout files can be applied to other | ™
projects with different data and different | -2 =™
geometry. This can be helpful for quickly | - -

| Redraw

creating animations and snapshots in o T omeemes

multiple directories.
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Additional Tecplot Shortcuts

Post-Run Analysis Quick Macro Panel g x

All the shortcut buttons in View Results P

3D Rotation Animation

Volume Fraction

i 1 dq \F.:iﬁi:ri Fraction = Cell Volume = Ceoll Average Tile Frames
well. Once in Tecplot, it is best to use the o Al Al
Quick Macro Panel to view results. T N P LT

View Particle Data View Cell Data View Average Cell Data Reset Center of Rotation
Fraction
Pressure
Open terminal o
: Boundary Conditions

are available in the Quick Macro Panel as | ..
— | View Log Files dq Particle Grid
* Do the results reflect the behavior you Al A [ o coens Funplanes

@ Create Gradient Pressure Gradient Data Points
expected ? support file d Part-ide. . Particles by Velume Fraction
r " | Residence Time ﬂq Cell Fluid Nq Cell Average Solid Region
' LI Generate GMV q Particle | Temperature | Fluid Temperature Particles by Radius
Ll 2. attribute files N Temperature Particles by Species

* How does the average volume fraction
Particles by Ternperature

compare to the instantaneous volume ros processor optons Cells by Volume Fraction

Tecplot 360 command line arguments |-nowelcomescreen -showpanel | Cells by Pressure

1 ? Cells by Pressure Gradient
fra Ctlon ¢ Cells by Fluid Temperature

. Cells by Average Volume Fra
* How does the cell volume fraction Coleby vrage resre
compare to the particle volume

Cells by Average Fluid Temp
fraction?
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Comparing Results

Particle Volume Fraction Cell Volume Fraction Average Volume Fraction

10,405
0.a5

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA 69


http://www.cpfd-software.com/
http://www.cpfd-software.com/
http://www.cpfd-software.com/

Loading Barracuda Data for xy plots

When setting up the simulation, we
defined Data Points to measure
pressure at specific cells in the Kuipers
bed. Let’s plot the data from those
points.

* Click File 2 New Layout

* Click File = Load Barracuda Data...
* Click Load Data File

e Select trans.data00

Click Open
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Transparent Model
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Compare Grid and CAD
Boundary Conditions
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Data Points

Particles by Velume Fraction|
Solid Region

Particles by Radius
Particles by Species
Particles by Residence Time
Particles by Temperature
Cells by Velume Fraction
Cells by Pressure

File Edit View Plot
Plot
Sketch
Snap to
None T
Redraw
Auto redraw
Flot Pages
Click to Select, Drag to S¢

Read XY Data Files File

T <« Windows (C:) » barracuda_training » 2_Kuipers »

Organize v

~
MName
[£] FUFUL U _UUUUES ..,

POPUL_02_2.000e+...
POPUL_2.000e+01.1...
rungrid.bat
TecplotOutputList.log
D Temporarylayout.lay
D Temporarylayout.la...
D trans.datal0
D viewgrid.plt
warning.log

File name:

Mew folder

Date
B LULU |82 PIVI

8/7/2020 10:51 AM
8/7/2020 10:51 AM
8/5/2020 12:42 PM
8/5/2020 12:42 PM

Type
IEXT L'OCUIMENT

Text Document
Text Document
Windows Batch File

Text Document

8/7/2020 10:14 AM LAY File
8/7/2020 10:14 AM SAVE File
8/5/2020 12:42 PM DATADD File
8/5/2020 12:42 PM PLT File

8/3/202012:42 PM Text Document

my_setup

Size

15 KB
13 KB
13 KB
1KB
15KB
KB
39 KB

1,795 KB
283 KB

TKB

Tags

v

]

2 Search my_setup

B -

o @

trans.datal0

« XV Data Files ()

Open

Cells by Pressure Gradient
Cells by Fluid Temperature
Cells by Average Volume Fra
Cells by Average Pressure
Cells by Average Pressure Gr.
Cells by Average Fluid Temp

Help
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Data Points File Contents

The file trans.data00 header text lists
the data collected in each column of
the file:

Column 1 corresponds to Time

Column 2 corresponds to Pressure at
cell (16, 1, 1)

Column 3 corresponds to Pressure at
cell (16, 1, 31)

Column 4 corresponds to Pressure at
cell (16, 1, 59)

Column 5 corresponds to Pressure at
cell (30,1, 1)
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Plotting Data Points

Tecplot 360 EX 2019 R1 — O X

File Edit View Plot Inset Animate Data Frame  Options Scripting Tools Analyze Help

D) B [ A o g Dreonasye :
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Editing the Plot Legend

Tecplot 360 EX 2019 R1

File Edit Wiew Plo nser Optio cripting  Tools  Analyze  Help
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Show Line Legend
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To change the names of the lines in the | = W i m | M il WW fm e
legend, you must change the names of | = =3 0 ML L o
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| — | restemep... | copymep | | Dektevap | | o | | Tomotom | [ o || neb
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Editing the Axis Labels

Navigate to Plot 2 Axis...

e GototheTitle tab

e Select Use text

* Enter a custom axis title
* Click Close

The Axis Details window allows you to
edit other aspects of axis appearance
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Solution time: 20,0012
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Show effects
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Vectors Showing Instantaneous Fluid Veloci

In this section, we will show how to
create a Vector map of the doma

Tecplot

cpfd-software.com

Follow the Creating Vectors video, to

Like Contour Maps and Particle Maps,
create your own vector plot.

Vectors are their own zone layer.
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Displaying Vectors and Particles

Multiple zone layers can be toggled on
simultaneously in Tecplot

To see both particles and vectors,
simply enable the Scatter and Vector
layers in the Plot sidebar

Each layer can be controlled and
modified independently
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Post-Processing Assignment: Average Particle Mass Flux

Create these images of the time- Avg Partice Mass Flocz Vg Patice Nass Fiuc2
average particle mass flux in the
z-direction 1 ES
125 -0
How do they provide additional o 7
information on particle
movement in the bed? '
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