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Agenda

9am : Introduction to Barracuda Virtual Reactor
Kuipers Example — Introduction

Cloud-based Linux VMs provided by ES rescale
Kuipers Example — Project Setup

10:20 - 10:40 am : Break

Kuipers Example — Run Solver

Kuipers Example — Post-processing

Conclusion
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Introduction to Barracuda Virtual Reactor

For today’s session, we will walk through an abbreviated version of the
Introduction presentation from our full New User Training course

The full presentation can be found on our website at:

https://cpfd-software.com/introduction-to-barracuda-virtual-reactor/
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Introduction Outline

_ 30.00s
53{351'3 Mass Fraction (Real-time)
Fraction Heavy Gas Vapor
Introduction to CPFD Software and
Barracuda Virtual Reactor
Industries & Applications
The CPFD® Modeling Approach
Deployment of Virtual Reactor
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CPFD Software

...........
SOV LR

Inventors of the CPFD technology and
Barracuda Virtual Reactor

CPFD Software offers =
. . CPFD Software Headquarters Office
e Software ||Cens|ng and su pport Republic Square, Houston, TX, USA
* Engineering services
%
* Training . . £
e Collaborative programs ° v
 J
Worldwide network of distributors
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Barracuda Virtual Reactor

Physics-based engineering software package

* Virtual Reactor is the only commercial
software package focused specifically on
chemically-reactive fluid-particle flow

Full software package:
e Graphical User Interface (GUI)
* Grid generator
* Solver

* Post-processor: Tecplot for Barracuda

Parallelized using NVIDIA GPUs

BARRACUDA VIRTUAL REACTOR
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Barracuda Virtual Reactor for Gas-Particle Systems

Time =81.00s
Gas-phase domains with particles — 1
* Compressible flow calculations 153 ot
* Unlimited number of materials in 1o
the gas and particle phases o2, 100 o
e Unlimited number of particle Height:
species 75 ft
] [} ] ] [} 22.9 m
* Full particle size distribution (PSD) g
* Thermal calculations
* Chemical reactions Vessel ——
Diameter: ’
19 ft tecplot”7or !
5 ' 7 m BARRACUDA VIRTUAL REACTOR ——
BARRACUDA VIRTUAL REACTOR cpfd
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Barracuda Virtual Reactor for Vapor-Liquid-Solid Systems

Bubble density (kg/m3)

Liquid-phase domains with particles and bubbles g

BARRACUDA VIRTUAL REACTOR

Catalyst Volume Fraction

0.6
0.5
0.4
0.3
0.2
0.1
0

Incompressible flow calculations
Vapor-Liquid-Solid (VLS) systems

Unlimited number of materials in the fluid and
particle phases

Unlimited number of particle species
Unlimited number of bubble species

Full size distributions for particles and bubbles
Thermal calculations

Chemical reactions Vessel —

Diameter:
12 ft
3.66m

cpfd-software.com

88
60
32
4

200
172
144
116

Height:
120 ft
36.6 m

cpfd
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Virtual Reactor Industries and Application Areas

Barracuda Virtual Reactor is used in a wide variety
of industries:

* FCCU/Refining
e Petrochemicals

e Gasification

 Materials & Chemicals

* Power Generation

* Clean Technologies & Renewables

e Research & General Fluidization

https://cpfd-software.com/resources/webinar/
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Improving Performance Through Simulation

Barracuda Virtual Reactor is used to:
* Determine root cause of phenomena
* Reduce risk of changes through virtual testing
* |dentify additional optimization opportunities
* Accelerated R&D, commercialization and scale-up

BARRACUDA VIRTUAL REACTOR cpfd
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Barracuda Virtual Reactor Publications and Resources

@ [* You Searched for: | CPFD Softw X + ~

Dt
g
(<]
I

<«

Searchable database of publications about cpfd -
Virtual ReaCtOr: Search Results for:

 Hundreds of peer-reviewed journal articles
authored by Virtual Reactor users from
around the world

* Topics range from general fluidization
research to industrial-scale applications

https://cpfd-software.com/resources/

Bibliography

BARRACUDA VIRTUAL REACTOR ot = cpfd
pfd-software.com

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA 11


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

BARRACUDA VIRTUAL REACTOR W Chicago - Lakeshore

USERS’ CONFERENCE 2024

The CPFD Approach to Modeling Fluid-Particle Flow

Eulerian-Lagrangian method of modeling multiphase fluid-particle flow
* Based on Multiphase Particle-in-Cell (MP-PIC)
* Fluid phase is modeled on a computational grid, like traditional CFD
* Particles and bubbles are discrete and gridless
* Bi-directional coupling between the Eulerian and Lagrangian phases

=58
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Benefits of the CPFD Approach

Virtual Reactor can model:

Industrial scale systems with
hundreds of millions of particles

Discrete particle and bubble
properties — size, temperature,
composition, position

Full size distributions for particle
and bubble species

Wide range of particulate
loadings, from fully dilute to fully
dense

Heat transfer and multiphase
chemical reactions

BARRACUDA VIRTUAL REACTOR

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA

Example Courtesy of Bi(® masseltalia

52.300644

CFB Simulation

_ Particle Speéd

cpfd
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Numerical Method Publications

This introductory presentation is meant to provide a general overview of the
PFD implementation of the MP-PIC method.
or detailed discussions of the mathematics behind CPFD, please refer to our

published journal and conference papers:
cpfd-software.com/publications-about-barracuda-virtual-reactor/
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System Requirements for Deploying Virtual Reactor

Windows and Linux OS Support Barracuda Virtual Reactor 22.0
Simulation Speed vs Problem Size using NVIDIA V100 GPUs

H1GPU 2 GPUs W3 GPUs N4 GPUs

GPU acceleration on NVIDIA GPUs 300

On-premise, in the cloud, or both

: CPFD partners With Mark ”I SyStemS’ ’ Case 1 (FBR, coarse) CaSEE{CFB} Case 3 ( CFE-} Case 4 (FBR)
AWS’ Azu re, an d Resca |e ESG,GGUJCEIIE 105,000 cells 390,000 cells 820,000 cells

29.9 million clouds 40.6 million clouds 50.2 million clouds 55.1 million clouds

* Single-GPU acceleration up to 100X ':; 250
* Multi-GPU acceleration up to 500X g 200
 CPFD is a preferred ISV partner with % 150
NVIDIA “E - )
| || i il
7 N

BARRACUDA VIRTUAL REACTOR cpfd
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Summary of Introduction

Barracuda Virtual Reactor:

* |s a complete physics-based engineering software
package

e |s used to model large-scale fluid-particle systems
across a wide variety of industries

* Uses the CPFD Method to model fluid-particle flow
e Eulerian-Lagrangian

e Distinct advantages over traditional CFD

e Runs on Linux or Windows, and uses NVIDIA GPUs
for parallelization

BARRACUDA VIRTUAL REACTOR cpfd
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Kuipers Training Example Goals and Objectives

This training example is designed to provide a quick 3t . lange
introduction to the overall problem set-up process “"' g
and explanations are minimal. The purpose is to give |
the user an overall feel for the process and tools : supportrack for opriestsemser
involved. g T b
* Setup
 Run Solver < fluidized bed section (glass)
* Post-Processing Y flange
zas distributor section (plexiglass)
* Analyze Results 3 mm glass beads

The training problem is based on a “2D” fluidized bed
experiment reported by Kuipers, et. al (1992). We
will simulate the experiment and observe the results.  Fig. 1. Schematic representation of the experimental set-up used

for the porosity measurements.

Kuipers, J, Tammes, Prins, and Swaaij (1992). Powder Technology 71: 87-99
BARRACUDA VIRTUAL REACTOR cpfd
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Results: Experimental vs. Simulation

0.55
0.5
0.45
04
0.35
0.3
0.25
0.2
0.15
0.1
0.05

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

SRR @
vod ot s

Instantaneous Particle Volume Fraction Time Averaged Particle Volume Fraction

BARRACUDA VIRTUAL REACTOR cpfd
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Process Sheet

Geometry
* 0.5/mx1.0mx1.5cm
50 cminitial bed height

e 1.5cm x 1.5cm jet centered at bottom

Particles
e Material density 2.66 g/cm?3 (glass
beads)

* Diameter: 440um -560um. Thisis
500 um £12%

e Use two identical particle species to
view mixing behavior

BARRACUDA VIRTUAL REACTOR

Initial conditions

* Fluid phase: air at atmospheric
pressure

Solid phase: particles in bottom % of
bed at close-pack (6, = 0.55)

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

BARRACUDA VIRTUAL REACTOR

USERS’ CONFERENCE 2024

June 19 - 21, 2024

Initially air at 300 K
100,000 Pa

Particle Species 2

Particle Species 1

Center
Jet

cpfd
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Setting up the Kuipers Bed Simulation

The Barracuda GUI Project Tree allows for convenient setup of the Kuipers bed ojed Tree —
. . (7 Barracuda Virtual Reactor with Chemistry
simulation: % Setup Grid
& Global Settings
e Setup Grid — Create the computational grid from a CAD file of the physical geometry . Base Materials
» »ee Particles
* Global Settings — Set gravity and select isothermal calculations .’ Initial Conditions
> [ Boundary Conditions
* Base Materials - Add materials to simulation and edit physical properties » %% BC Connections
* & Chemistry
e Particles - Specify materials and particle size distributions for the particles in the model + Numerics
i~ Time Controls
* Initial Conditions - Specify initial fluid and particle conditions. Specify initial particle . 4 Data Output
locations B

* Boundary condition - Specify fluid velocities and pressures at model boundaries
* Time Controls - Specify simulation time, time step and restart interval
e Data Output - Select data to be written during simulation for later analysis

 Run - Check the model setup and run the simulation

BARRACUDA VIRTUAL REACTOR cpfd
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How to Get More Information
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I I Rate Coefficients
75" Reactions O Normal to surface: | Mormal Limit
#. Numerics O w-direction
a n u a (- Time Controls -
[ ] v i Data Output @] y-direction
11 Flux Planes @ z-direction
Al Visualization Data
- O Direction vector
f Particle Composition Editor x
u: 0w 0 w: 1
Available Components Mixture Components Force absolute direction
Component Component Density (kg/m3)}  Mass fraction ~ Age factor
> Variation angle: degrees
GLASS(S) 2660 1 1
<«
Transient File
Edit | | [
Particle Density (kg/m?) 2660 (calculated) Sum of fractions: 1 ]
Comment: |low x fluidization ‘
e | Co s L]

cpfd
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Cloud-based Linux VMs Provided by %Y rescale

i Training Workshop | Rescale 5= i - [m] =

° < C @ O B https://platform.rescale.comfworkstations/dNNabc/connect/ w (O] o ﬁ =

CPFD thanks Rescale for sponsoring IR © [rmmmoomo v |
" Applications Barracuda Virtual React... 22:31

cloud-based Linux VMs for training
attendees to use

Log in based on instructions provided
during the training workshop

NVIDIA GPU cards are available on the
VMs, make sure to take advantage of
them when running the training
example!

E E-E-9-Q- 3
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[] Barracuda Virtual Reactor with Chemistry - 22.1.0 - O *

File WView Setup Run Graphics and Output Post-processing Help

Opening a Project File g l

Import from Project

= Save Project Ctri+5

i Save Project As.. Ctri+Alt+S

Il Save Case As... Ctrl+Shift+5 BARRA‘ UDA
© quit ctrl+Q

Launch Barracuda:

[®] Select project file *
* Double-click on the Barracuda desktop icon e = v 4[] « 2Kuipers > mysetup v | ® | [ O Searchmysetup
* Click on File = Open Project Organize = New folder - m @
. L. . . MName - Date Type Size Length
¢ NaVIgate to the tralnlng dlreCtoryl and go Into @kuipe:s_m}r_seiup.prj 5/6/2022 10:17 AM Barracuda Virtual ... 14 KB
the folder: 2 Kuipers/my setup/ \
* Choose the project file: kuipers my setup.prj
- : File name: | kuipers_my_setup.prj e | | Projects (*.prj *.PRJ) w |
. ¢ & ¥ |
bt Cllck Open |Noproject y DPEI\ | | Cancel |
7

If you are using Rescale in a CPFD-led training class, links to the barracuda training directory are on the
Desktop.

Suggested location for the Barracuda training directory if you are working on your own local computer:
* Linux: ~/barracuda_ training/

* Windows: C:\barracuda training\

BARRACUDA VIRTUAL REACTOR cpfd
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Navigating the Barracuda GUI

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Qutput Post-processing Help

Notice the project file and working JmE B D Gm s

Project Tree & X .

(7 Barracuda Virtual Reactor...

directory are listed at the bottom of [;=we™

: : By BARRACUDA
the main Barracuda GUI window AL REACTOR

1 Volatiles

& Particle Species

v I Initial Conditions

£ Fluid ICs

seo Particle ICs

vl Boundary Conditions

Pressure BCs
Flow BCs C pfd /
Injection BCs —y
Thermal Wall BCs Project description (optional comments)
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
Rate Coefficients
7" Reactions
#. Numerics
(> Time Controls
v & Data Output
71 Flux Planes
A Visualization Data
N Average Data
Data Planes
/v Data Points
== Wall Erosion
+*+ Particle Attrition
*. Raw Data
eso Population Data
€ Solver Qutput Units Track license usage with project tag
2 Run
<’ Post-Run

@ Use project path and filename as project tag

(O Custom project tag:

—i——h&‘ g P>
<‘ kuipers_my_setup.prj > QC:Ibarracuda_traininng_Kuipers_u'my_setup > ‘
S — R —— ——

»» cpfd
BARRACUDA VIRTUAL REACTOR o fisortwre.com §
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Setup Grid

Barracuda simulates fluid-particle behavior by dividing |5 rorm s e e e
the physical domain into a 3D computational grid. AT EENT
Project Tree 8 X | < ImportGrid Jundo ©Redo MWL ViewSTLs | 2. CheckGrid Q3. Generate Grid A 14. View Output Docks, Help

I’I Barracuda Virtual Reactor... Cmy o
° . ° 0 ° % Setup Grid =

Each cell within the grid provides a location for the @ cloal setngs -
solver to calculate Eulerian values: o Partcles : = e Geat o

=4} Drag Models
(& Volatiles

° P re S S u re % Particle Species
v I Initial Conditions
£ Fluid ICs - T
* Temperature # rics Geometry Bafes G Controls G s

. v [ Boundary Conditions
® V | y Pressure BCs
e o C I t Flow BCs

Y Injection BCs

* Composition, etc. Themmalvil 5
A ".."3 BC Connections

Secondary Feeds
Secondary Exits
BC Connectors

The grid also provides a framework for specifying - & cheniaty

boundary conditions within a simulation. e
(& Time Controls

v {4 Data Qutput
11 Flux Planes

Adding cells to a simulation will increase the

Zn Average Data

resolution and often accuracy of the solution, but also | ==

/v Data Points

increase the computational time required. & i

+++ Particle Attrition
. Raw Data
weo Population Data

For the Kuipers problem, gridline locations are already | .52

z zH

provided in the kuipers my setup.prj file. o e L t,
‘kuipers_my_setup.pr]‘ |C:_I barracuda_training/2_Kuipers/my_setup |

»» cpfd
BARRACUDA VIRTUAL REACTOR o fisortwre.com P
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Grid Controls

@ Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - O x

H [ ] File View Setup Run Graphics and Output Post-processing Help
Using the mouse: S

PY Th e g r-i d m ay be t ra n S I ate d u Si n g Ff_‘iilﬁda — Read:r: = JimportGrid  undo ©Redo A1 ViewSTLs |.C 2.CheckGrid <O 3. Generate Grid  Al|4. View Output Docks, Hel[;

% Setup Grid Grid Controls
up Gri

t h e C e n t e r m O u S e b u tt O n 3 Global Settings Options Grid lines View controls (remove STL triangles outside of bounds) Generated grid info

" Base Materials STL file units: m ~ | Total cells: 1860 Real cells: 1860
. . . v w0 Particles Display units: m v LModify x L] Delete i pionole xchinl - 0.285 | xmax 00285 | por cope: 1860
 Zoom in/out is accomplished 4 oma e o st | Doy Ce o™\ @yl 0| yvr Mo | G wedtor o 553820
. . () Volatiles [ Modify z Back
holding the right mouse button I ~ Teates | zuel o | zvec @1
I Initial Conditions “#" Advanced options | ‘ Set uniform grid |
[ ]

£ Fluid ICs

an d m OVi N g It u p/d own see Partidle ICs | Geometry Baffles  Grid Controls  Grid lines

Pressure BCs

v 1] Boundary Conditions
e Alternately, the scroll wheel can | = \

Injection BCs

also be used for zoom | e

Secondary Feeds
Secondary Exits

* Note: each of the panel views o

v & Chemistry

can be panned and zoomed = oot
independently e

Reset views button in Grid Controls | zaos

/v Data Points

tab will return pane views to default | e

e, ® ++e Particle Attrition
os‘tlon '*. Raw Data
p sso Population Data
@ Solver Qutput Units
2 Run
£ Post-Run Y z z

«-HMH»\L”‘ G

‘ kuipers_my_setup.prj |C:," barracuda_training/2_Kuipers/my_setup |
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Generating and Viewing the Grid

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - m} X
] [ ) [J File View Setup Run Graphics and Output Post-processing Help
3 s .
lhe computational gria wi e JEEvo DD GaEH
o . Project Tree & x|l = mportGrid ~ JUndo € “Redo A1 ViewSTLs | 2. Check Grid |-.o.3. Generate Grid”!i4. View Output | Docks, Help
f Barracuda Virtual Reactor... 5
= Grid Controls &
W Setup Grid
3 Global Settings Options Grid lines View controls (remave STL triangles outside of bounds) Generated grid info
° "' Base Materials STL file units: m v Total cells: 1860 __eRa;et views Real cells: 1860
S I L fl I e v oo Particles Display units: m « [JModify x [] Delete 40 triangles: xMin -D'ZBS et '--D'M5 Total cells: 1860
*4€) Drag Models " — - ] Modify y [J Mave . . -55- 7
Coordinates location: . Pointer [l Front ¢ Y-Mln' y-Max ' 0.015 Generated: Wed Nov 16 15:55:59 20:
(& Volatiles \—I ] Modify z Back D
&% Particle Species [ Baffles szin. D z-Max .

. C | i C k G e n e ra te G ri d v 'D‘;r::ill::; I((:;nditions | ‘#" Advanced options | | Set uniform grid |

Geomet Baffles j Grid lines
eso Particle ICs Ly Grid Controls

v il Boundary Conditions

* This automatically saves the project | s

Injection BCs

L]
fl I e Thermal Wall BCs I T T T T T A A
v &% BC Connections

Secondary Feeds
Secondary Exits

* Once the grid generator runs, click | S

4 Rate Coefficients
5 Reactions

View Output. This opens the Grid: | <z

(* Time Controls

v (i Data Output

Transparent Model view in Tecplot | e

A Visualization Data

N Average Data
for Barracuda
L /v Data Points
1 Wall Erosion
+#+ Particle Attrition
. Raw Data
se Population Data
@ Solver Output Units
i Run
z z

£ Post-Run y
N N N N A A |
[—) X L) X

« | & [ ¥ [ + |

‘ kuipers_my_setup.prj ‘C:I barracuda_training/2_Kuipers/my_setup ‘
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Viewing the Grid

Double-click on Grid: View Grid Lines in the Quick Macro
Panel

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

Note:

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

 Thisis 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).

Close the Tecplot window and select Discard when
prompted.

BARRACUDA VIRTUAL REACTOR

USERS’ CONFERENCE 2024

BARRACUDA VIRTUAL REACTOR

June 19 - 21, 2024

W Chicago - Lakeshore

Tecplot 360 EX 2022 R1
File Edit View Plot

Insert  Animate Data Frame Options Scripting Tools Analyze Help

OEEs |k

= QP BEHOX R P

Plot g x
A
3D Cartesian ~
Snap to orientation view
Show zone layers
Mesh
|:| Contour jx'
Shade
|:| Vector :fl'
[ Edae g}
|:| Scatter
Zone Style...
Solution time: 0 e
d| ||| |||
Show derived objects
[ 1so-surfaces ﬁ
[ slices @ -5"}
[] streamtraces '/t Q‘E‘
Show effects
Lighting o] [
[ Translucency
Snap to
MNone Paper Grid v
Plot  Pages

z

X

’ s

— O X

PNSHAEEE M B4 D00

Quick Macre Panel g x
3D Rotatien Animation A
Reset Center of Rotation
Tile Frames
Load AddOn

Grid: Transparent Model
Grid: Wiew Grid Lines
Grid: View CAD Model

Setup: Flux Planes
Setup: Data Points
Cells: Fluid Pressure

Cells: Fluid Temperature

Particles: Volume Fraction
Particles: Speed

Particles: Size

Particles: Residence Time
Particles: Temperature
Particles/Bubbles: Species
Bubbles: Volume Fraction
Bubbles: Speed

Bubbles: Size

Bubbles: Residence Time
<

Refresh / Reload Barracuda Data

Grid: Compare Grid and CAD
Setup: Boundary Conditions

Cells: Fluid Velocity Magnitude

Cells: Particle Volume Fraction

Cells: Time-Averaged Fluid Pressure

Cells: Time-Averaged Fluid Pressure Gradien
Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volume Fractic

Play...

Help

cpfd-software.com
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Overview of the Kuipers Bed Grid

Physical Setup Grid Setup Generated Grid
Pressure at outlet: 100,000 Pa .
A Top faces will
f_ _________ N become
pressure

Initially air at 300 K
100,000 Pa boundary

Center line to
mark initial bed ;

height
\ Eulerian fluid
calculations will

be computed
Particle Species 2 - inside internal
. cells

Particle Species 1

—

1.5 cm wide
Fluidizing Gas Fluidizing Gas cell for center
jet Bottom faces N
Comer will become Grid is one cell
flow boundary thick to reflect
conditions 2D model
BARRACUDA VIRTUAL REACTOR cpfd
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Grid Coordinates

Hxxvajlges i values

0.285......0.0075..0.0075 ........ 0.285 oo, 151617........... 31

{ \ / | | \}/ b w
Grid cells are located by x,y,z _ '
values ; 3
Cells indices are an alternative _
way to reference locations in 5 .
a Barracuda model. Each I — e T — o
computational cell is | '
identified by a unique i-j-k ] 0 SRS
coordinate, which reference | 4 §
the cell in the x-, y-, and z- — I ;

directions, respectively. TTTTTTm TTTTTT TTTTTTTTTTTTN i

»» cpfd
BARRACUDA VIRTUAL REACTOR o fisortwre.com P
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Global Settings

Barracuda Virtual Reactor with Chemistry - 24.0.0 - my_setup/kuipers_my_setup.prj - O X

File View Setup Run Graphics and Output Post-processing Help

‘emEd v & H

Project Tree g X
CI ° k G I b I S H (* Barracuda Virtual Reactor ... Global Settings
Ick on Global Settings N ® setup Grid
® Global Settings Flow Type: Compressible
" Base Materials Fluid domain can contain: Gases and vapors
v seo Particles Particles can contain: Solids, liquids, and volatiles

*4) Drag Models

S e t G r a v i t v e c t O r (0 Volatiles Bubbles are not available for compressible simulations.
y &% Particle Species

. Gravity Settings
~ [> Initial Conditions

. o o . £ Fluid ICs O Use specified values: x-direction: 0 m/s* y-direction: 0 m/s?*{ z-direction:
([ I n t h I S exa m p I e, g rav I ty I S I n t h e 5 a;';opz:::iczondi“ons O Rotate about major axis: X Rotation velocity: 0 rad/s

Pressure BCs O Use transient file: Edit =

negative z direction s S

Thermal Wall BCs
v %3 BC Connections

© Isothermal

L] L] L]
Temperature: 300 K
* Notice the vector magnitude is 9.8 | s -
BC Connectors e i
m /Sz “ » Chemistry Convection
i Rate Coefficients Heat Transfer Coefficients
V5" Reactions
# Numerics Conduction

(& Time Controls
v . Data Output

Isothermal flow should be selected.

A" Visualization Data

Enable particle-to-particle heat conduction

None Near wall P-1 Cap exposed particle area

Zn Average Data
Data Planes Temperature Warning Limits
/v Data Points

Minimum: 100 K Maximum: 6000 K
T Wall Erosion
*++ Particle Attrition Record minimum and maximum temperatures in MinMaxTemp.data log file
. Raw Data

ees Population Data

© Soalver Output Units Simulation Start Options

2 Run Help
<’ Post-Run
« * ) 4 +*

| kuipers_my_setup.prj C:/barracuda_training/2_Kuipers/my_setup
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Base Materials

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - ] X
Y ° File View Setup Run Graphics and Output Post-processing Help
W erlp »
Click on Base Materials JRE e Y gaE B
Project Tree 5 X
(7 Barracuda Virtual Reactor...

* All project materials, fluids and < 3&nes.,

~ " Base Materials

Project Material List Material Properties Library

|Name V| ‘Contains 2 ‘ | |

~

B303H3 BOROXIN
BAO CALCULATED BY NASA Fi

* Select AIR from the Material Library | sz

. . AR G AIR CALCULATED FROM INGR
solids, must be defined here - s i
) +4 Drag Models Al L Al REF ELEMENT (L)
() Volatiles Al G Al
. . . & Partide Spedies AI20 G AI20 DIALUMINUM MONOXIDE
* Project materials can be imported |+ e R B
& Fluld 1Cs AI203 s AI203 ALUMINUM OXIDE (S)
. . e Particle 1Ce AI203 L AI203 ALUMINUM OXIDE (L)
-~ Al203 G Al203 ALUMINUM OXIDE
from the Material library OR new b R -
Pressure BCs AIHO2 G AIO2H ALUMINUM HYDROXIDI
. . Flow BCs Al G AD
materials can be created with the o S Moonummoms
Thermal Wall BCs / AIOH G AIOH
& BC Connections < Replace Ar G AR ARGON. REF ELEMENT
Add button ey el
Secondary Exits B G B
BC Connectors B L B
“ & Chemistry B G B2
74 Rate Coefficients B20 G B20
o I Reactions B202 G B202 (BO)2
° # Numerics B203 L B203 LIQUID DIBORON TRIO)
To add the fluid: e L
. 4 Data Output B303C13 G B303CI3 TRICHLOROBOROXIN
2 Flux Planes B303F3 G B303F3 TRIFLUOROBOROXIN.
G
G
G
G
G
G
G
G
G

BCl BCI
]
gata E:"tes < > BCl2 BCI2
o ata Foints ¥ BCI3 BCI3
° ( I IC k I m O rt % Wall Erosion Add | Edt | Copy || Delete o o
+++ Particle Attrition BF BF
. Raw Data v e BF2 BF2
. . == Population Data Averaging method for fluid mixture properties (applies to viscosity, BF3 BF3 v
. ‘ \ I R n OW a p p e a rS I n t e P rOJ e Ct & Solver Output Units thermal conductivity, and mass diffusivity): < N
= Run @® Mole average O Mass average rogram Files\CPFD\Barracuda\23.0.0\props\cpfd_prop.prp|  Browse |
Material List at the left s s
daterial LISt 4 ele
« [ # [ % [ » |
‘ kuipers_my_setup.prj ‘C:jbarracudaftraining,’27Kuiper5frny759tup |
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@ Base Materials Editor - GLASS (S) X

4
Name: GLASS Phase(s): Solid ~

Description: Glass - Soda-lime silica, common for glass beads

Base Materials e

Molecular weighlﬁﬁl} g/mol

@ Base Materials Editor - GLASS (S) X

Name: GLASS Phase(s): Solid v

All material properties can be defined and edited in the Base Materials window. To define the solid | [ % V! Rescorwin chemiy - 200 mysetuphpers.my et Description: Glass - Soda-lime silica, common for glass beads
File View Setup Run Graphics and Output Post-processing Help

material: tEmE BN G B Material |

. Click Add Boreciies 8 X | project Material List

r Barracuda Virtual Reactor... =~
% Setup Grid Material name  Phase(s) Des,

. In the Material Properties window, enter the Chemical name as GLASS. ® Global Settings AIR G AIR ”
' Base Materials GLASS s Glas Heat of formation: |D 1/kg |

H v eso Particles
. Set the Phase to Solid +@ Drag Models [f®] Material Property Editor X |

(&) Volatiles

. Enter an appropriate description & Particle Species )
v Initial Conditions Material: GLASS (8)

. Set the Molecular weight to 60 g/mol in the Material Tab L Gl Property: Density

seo Particle ICs

Density: / Edit expression

. Click on Edit expression to set the Density to 2660 kg/m3 in the Solid Phase Tab v%;;?:ﬁmmm HEEE ko/m? N

Flow BCs Temperature units: K v

B Injection BCs
Click OK Thermal wall BCs Expression
v &I BC Connections

Secondary Feeds Polynomial (4th order) >
Secondary Exits

P
GLASS now appears in the Project Material List at the left BEGonnettors ( 2660 0.0 T+ 0.0°T°+ 0.0 T°+ 0.0 T*

v a Chemistry

& Rate Coefficients

7 Reactions () Temperature Limits (] value Limits

#. Numerics felp

NOTE: (& Time Controls Min. 0 Max. 6000 Min. 0 Max. 1
v 44 Data Output
. Red writing means that data needs to be input, green writing means that the property is :I\F,'I‘;ﬁa"l:jggzn et Verification
ready, black writing means that the property is not needed for the calculation. g::;as;riasta Display units as: © Specified O SI
. Other material property data such as thermal conductivity, heat capacity, and heat of L pmEonte

formation would have to be specified if this were a thermal or reacting problem. Viscosity - azrvtvic[l)zgttritiﬂn opertios |Trr = 0K Tree = 2000 K AT = 1K + Plot

is required if the new material is a fluid. «e- Population Data Averaging method for fluid mixture | v
@ Solver Output Units thermal conductivity, and mass diffy Messages ——

% Run @® Mole average

£ Post-Run Expression is valid
Help
e & %] %

 kuipers_my_setup.prj C:/barracuda_training/2 Copy expression Paste expression

/ OK Cancel Help
BARRACUDA VIRTUAL REACTOR cpfd
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Particles

I@ Barracuda Virtual Reactor with Chemistry - 24.0.0 - my_setup/kuipers_my_setup.prj - O X

[ [
‘ I IC k o n Pa rt I c I es File View Setup Run Graphics and Qutput Post-processing Help

tEE e Gan
Project Tree g X
(7 Barracuda Virtual Reactor ...
% Setup Grid

Enter a Close pack volume fraction of Y\ 2xsm

v eeo Particles

«<} Drag Models _
® ) Volatiles Particles
Contact and Collision Models

&% Particle Species

v Initial Conditions [ Close pack volume fraction: 0.55 >

£ Fluid ICs

o Th iS iS th e m aXi m u m a m O u nt Of o bortide s Momentum redirection model: Random scatter

~ [1] Boundary Conditions Maximum momentum redirection from collision:  40%
P BC
ressure bL.s (] Blended acceleration model for the contact force

SO I i d S p a C ki n g p e r m itte d i n a Ce I I IFrll?evit?;:nsBCs 8 Transfer liquid mass on collision

Thermal Wall B_CS Stress Model Options
~ %4 BC Connections

* This means that up to 55% of a e

v & Chemistry
Tangent-to-wall momentum retention: 0.85

reasonably-sized control volume can | =weom s o8

/. Numerics

Cloud Options

be occupied by particles. Conversely, .S

T1 Flux Planes
A Visualization Data Dense Fluid Forces

at least 45% of the same volume b

must be occupied by the fluid.

. Raw Data

sso Population Data

€ Solver Qutput Units
3 Run
<’ Post-Run

@ < ¥ »
‘ kuipers_my_setup.prj C:/barracuda_training/2_Kuipers/my_setup

cpfd

BARRACUDA VIRTUAL REACTOR cpld-software.com

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA 34


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

BARRACUDA VIRTUAL REACTOR W Chicago - Lakeshore

USERS’ CONFERENCE 2024

June 19 - 21, 2024

Particles

I@ Barracuda Virtual Reactor with Chemistry - 24.0.0 - my_setup/kuipers_my_setup.prj - O X

Set Pa rtiCIe-to-waII interaction properties: File View Setup Run Graphics and Qutput Post-processing Help
EmE wo ) G @ i

Project Tree g X

* A Normal-to-wall momentum retention coefficient = 2
% Setup Grid

is the maximum normal component of particle ® Globl settings

- Base Materials

momentum which can be retained after the particle | <o

“ b O u n Ce s” Off a Wa | | . ; :gll:itci:zzpecies Contact and Collision Models

v Initial Conditions Close pack volume fraction: 0.55

£ Fluid ICs
. Set t h is to O 85 eeo Particle ICs Momentum redirection model: Random scatter -~
. ~ [1] Boundary Conditions Maximum momentum redirection from collision: ~ 40%

Pressure BCs
Flow BCs

A Tangent-to-wall momentum retention coefficient | meonsc 8 Transe luid mass on colso

Thermal Wall BCs Stress Mode| Qntions,

Particles

(] Blended acceleration model for the contact force

v 'CZ BC Connections

is the maximum tangential component of particle Seconcy Foods

Secondary Exits

momentum which can be retained after the particle | oo

& Rate Coefficients

“bounces” off a wall. i Reactions

Wall Interactions

Normal-to-wall momentum retention:
Tangent-to-wall momentum retention:

Diffuse bounce: 5 E|

/. Numerics
(" Time Controls Cloud Options
i 44 Data Output ) .
° S et t h | S tO O . 8 5 2 Flux PIanZs ] Allow clouds to represent fractional particles
A Visualization Data Dense Fluid Forces

2 Average Data

A Diffuse bounce coefficient is the amount of 2 ot P - Eretleviual s ez

i ) Enable lift force
/- Data Points

particle scatter after the particle “bounces” off a e P ron e

Wa | I sss Population Data

€ Solver Qutput Units
3 Run

* Set thisto 5, which is the maximum value © Post-Run

@ < ¥ »
‘ kuipers_my_setup.prj C:/barracuda_training/2_Kuipers/my_setup
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Particle Species

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj

[ ] [ ] [ ]
‘ I I C k o n Pa rt I c I e S p e c I e s File View Setup Run Graphics and Output Post-processing Help
RE v Gga
Project Tree 8 X | particle Species Manager
(' Barracuda Virtual Reactor...
% Setup Grid
O Global Settings

We have only one type of solid e

v eso Particles

particle (GLASS) h i

v ' Initial Conditions
£ Fluid ICs

* However, we want to use two P

Pressure BCs
Flow BCs

colors (one in bottom half of bed, ntcs

v *C?- BC Connections

another in top half) to view =

L] L]
I I l I X I n g [ Rate Coefficients
77 Reactions

#. Numerics
( Time Controls

* To accomplish this, we must Rpe

AT visualization Data

define two separate species of 2

/v Data Points

the same material (GLASS)

es0 Population Data
@ Solver Output Units

Species-ID Comment Materials Size Sphericity Emissivity Drag model Agglomeration

2 Run
) Post-Run
Add | | Edit | | Copy | | Delete
[« [ & [ & [ +» |
| kuipers_my_setup.prj |C:I barracuda_training/2_Kuipers/my_setup |

»» cpfd
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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

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA
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W Chicago - Lakeshore

Project Tree

& X

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Qutput Post-processing Help

IR Er T

% Setup Grid
@ Global Settings
¥ Base Materials
v eso Particles
<} Drag Models
) Volatiles
‘ Particle Species
v ' Initial Conditions
£ Fluid ICs
s Particle ICs
v |1 Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
v *C-’- BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a» Chemistry
[ Rate Coefficients
77 Reactions
#. Numerics
( Time Controls
v & Data Output
7. Flux Planes
AT visualization Data
N Average Data
Data Planes
/v Data Points
I Wall Erosion
++s Particle Attrition
_*. Raw Data
es0 Population Data
@ Solver Output Units
2 Run
< Post-Run

(' Barracuda Virtual Reactor...

Particle Species Manager

Species-ID  Comment

r Particle Species Editor

Species-1D:

Materials

ComfRgnt: glass beads (bottom of vessel) >

Size

Sphericity ~ Emissivity ~ Drag model

001

Materials:

Size Distribution
O File:

Import Preset Distribution:

O Size Range:

Minimum:
Close Pack Volume Fraction
© Use global value:

Surface and Shape

Sphericity: 1.0
Emissivity: 1.0

Scattering Factor: 0.0

Applied Materials

Agglomeration

Drag Model
Model Name: Select Drag Model

Name Link To Default

Value

Maximum:

0.55 O Specify

r\ Particle Composition Editor

Available Components

Mixture Components

Component

o
]

Density (kg/m3)
2660 1

Component
GLASS (S)

Mass fraction

Age factor
1

Particle Density (kg/m®) 2660 (calculated)

Sum of fractions: 1

) OK || Cancel || Help

O Agglomeraaon

Size Cut Point:

36 micron-diame

Effective Size Filename:

Edit

=

© Multiplier (constar( 1

O Multiplier (predefined):
O Multiplier (from file): ]

OK

Cancel Help

Add

Edit

‘ | Delete ‘

[« [ & | & |

51

cpfd-software.com
37

| kuipers_my_setup.prj

L4

|C:I barracuda_training/2_Kuipers/my_setup

cpfd
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Particle Species — Particle size and Drag Model

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - O X

Fo r t h e Ku i p e rs Set u p : File View Setup Run Graphics and Qutput Post-processing Help

‘AEd e g@ 1

Project Tree anx Particle Species Manager

e -
) (' Barracuda Virtual Reactor...
e e I Ze a n ge O % Setup Grid Species-ID  Comment Materials Size Sphericity ~Emissivity Drag model Agglomeration

O Global Settings

440 — 560 micron diameter Rt

<} Drag Models
) Volatiles
‘ Particle Species

® S e | e Ct Ta n g a S D ra g m O d e I i n t h e v 'l Initial Conditions P Particie Species Editor

X
£ Fluid ICs
eeo Particle ICs Species-ID: 003  Drag Model
d ro p d OW n l I l e n u ~ (1] Boundary Conditions Comment: glass beads (bottom of vessel) Model Name: +»Tang o
Pressure BCs -
e i i Name Link To Default Value
Flow BCs Materials: Applied Materials
Injection BCs Size Distribution
L]
o Thermal Wall BCs O File: = @
v *C?- BC Connections
Secondary Feeds IMpOLL Dk e
Secondary Exits

BC Connectors O Size Range:
v a» Chemistry
[ Rate Coefficients
77 Reactions
#. Numerics O Use global value: 0.55 O Specify value:
(" Time Controls
v & Data Output
7. Flux Planes Sphericity: 1.0 Size Cut Point: 36 micron-diamete
Al Visualization Data Emissivity: 1.0 Effective Size Filename: O Multiplier (predefined):
In Average Data T 2 O Multiplier (from file): ]
Data Planes

/v Data Points OK Cancel Help

I Wall Erosion
++s Particle Attrition /
_*. Raw Data

es0 Population Data

@ Solver Output Units
2 Run
) Post-Run

Minimum: 440 Maximum: 560 micron-diameter

Fraction

Surface and Shape O Agglomeration
© Multiplier (constant): 1

Scattering Factor: 0.0 Edit

\ Add | | Edit | | Copy | | Delete |

[« [ # | & [ » |

| kuipers_my_setup.prj |C:I barracuda_training/2_Kuipers/my_setup |
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Particle Species — Copy Species 001

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj

To define a second, identical particle - s oo v

L .
L [FCEfEEE =S B Particle Species Manager
s e c I e S [ (7 Barracuda Virtual Reactor...
% Setup Grid Species-ID  Comment Materials  Size Sphericity Emissivity Drag model  Agglomeration
M Global Settings 001 glass beads (bottom of vessel) GLASS 440 to 560 micron-diameter 1 1 Tang Off

¥ Base Materials

e Select species 001 =

) Volatiles 4
‘ Particle Species

¢ CI i C k CO py v B ;n;:::jl I((::l;nditions

e Particle ICs
v |1 Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
v 'C?- BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry

[ Rate Coefficients

77 Reactions
/. Numerics
(* Time Controls
v & Data Output
71 Flux Planes
A Visualization Data
N Average Data
[ Data Planes
/v Data Points
I Wall Erosion
+#s Particle Attrition
*. Raw Data
es0 Population Data

@ Solver Output Units
2 Run

) Post-Run
\ Add | | Edit | X Copy | | Delete |
« [ & [ ¥ [ » |
| kuipers_my_setup.prj |C:,’ barracuda_training/2_Kuipers/my_setup ‘
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Particle Species — Edit Species 002

@] Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - m] X

To change the comment describing the |« = < w cmwons o w

EmEd e R g

1 I H [ ] Project e [ &3 Particle Species Manager
second particle species: [ Barmacuda Vitua Reactor..| — — .
% Setup Grid Species-ID  Comment Materials ~ Size Sphericity  Emissivity Drag model  Agglomeration
0 Global Settings 001 glass beads (bottom of vessel)  GLASS 440 to 560 micron-diameter 1 1 Tang Off
° ' Base Materials 002 glass beads (top of vessel) GLASS 440 to 560 micron-diameter 1 1 Tang Off
* Select species 002 2 r
<} Drag Models /
(L Volatiles
M M M ° ‘ Particle Species [ Particle Species Editor x
* Click Edit (or double-click on species | s
£ Fluid ICs )WEL 7 Drag Model
e Particle ICs <: Comment: glass beads (top of vessel) ) Model Name: - Tang pd
O O 2 ) I Materials: Applied Materials MName Link To Default Value
Pressure BCs
Flow BCs Size Distribution
Injection BCs ) File: Edit | F

Thermal Wall BCs

* Change the Comment v

Secondary Feeds
Secondary Exits O size Range:
. BC Connectors Minimum: 440 Maximum: 560 micron-diameter -~
® I K v & Chemistry
Rate Coefficients Close Pack Volume Fraction
5" Reactions © use global value: 0.55 O Specify value:

/. Numerics

(" Time Controls Surface and Shape [CJ Agglomeration N
P : : : : © Multiplier (constant): 1
o .J‘ Data Output Sphericity: 1 Size Cut Point: 1.8e-05 m-radius
11 Flux Planes Emissivity: 1 Effective Size Filename: © multiplier (predefined):
A/ Visualization Data p— Edit O Multiplier (from file): =

Scattering Factor: 0
i Average Data

Data Planes Cancel Help

/v Data Points

== Wall Erosion /
++= Particle Attrition
.. Raw Data

weo Population Data
& Solver Output Units

2 Run
< Post-Run
| Add | L’ Edit | | Copy | | Delete |
« [ [ ¥ [ » |
‘kuipers,my,setup.pr]’ ‘C:!barracuda,trainingj 2,Kuip¢lmy,5etup ‘
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Fluid Initial Conditions — Define Fluid, Pressure, Location

Click on Fluid ICs. Every Barracuda project has a default Fluid | B o cunis 200m s ) -
o ile View up Run Graphics and Output Post-processing Help
IC that needs to be edited. NEEwe DS &
P[oject Tree : 8 X | Fluid IC Manager
. . . . g ® ['-‘Bast::::d:ri:lrtual Reactor... D Oon  x1 x2 vyl y2 z1 22 x-Vel y-Vel z-Vel Temperature Pressure ICFile Comment
For this example problem, air is initially at rest at e O g e e g
h g
atmOSp eric pressure: |- :"’:?'I"ate"a's f @] Fiuid IC Editor X
e Double-click on the default fluid IC © vt e
. _&Particle Species Temperature: 300 | K
e Specify the pressure as 1e5 Pa \xb;";fu‘;'f;""“"’"s Pressre: | 1e5Pa
e Leave the x, y, and z fluid velocities at zero | @ sy conditions e | ol ol o] s
. . . Elressgcna BCs Fluid species:
® Click on Define Fluids Injection BCs DIn'rtial)fndrtionsfrom File 3] Mixture P
v E;—r:(;n::i::::::iis IC file: Available Components Mixture
. ° Secondary Feeds
In the Mixture WlndOW: Sec"”dax Bxts Region Component gy | ComPponent Fraction
BC Connectors ﬂ AIR(G) 1

* Select AIR (G? and use the Right arrow button to import | “ah e | set Cell Region (] /=
from Available Components to Mixture 7 Reactions o[ ]| |

/. Numerics

° CI |Ck O K vg ::::g::;::'s Yinia Yonax I: Specify mixture by: Sum of fractions: 1
11 Flux Planes i Zinax I: ) oK | | Cancel | | Help

A’ Visualization Data

. . 2 Average Data Comment /
In the Fluid IC Editor: B
* Leave the Region set from minimum to maximum for X, y, | -
and z, since the air initially occupies the entire bed (area et
above and in between glass particles) oo o] o | vy
° C||Ck OK - Posthun \ Add | 7 Edit | | Copy | | Delete |
<] & %[>
| kuipers_my_setup.prj ‘C:,’ barracuda_training/2_Kuipers/my_setup |
: crfd
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Particle Initial Conditions Yo | Yorax | Yoo | Yoax | Zen_| 2

[ ] [ ] [ 0.25

*Note: The [ and ] keys are shortcuts for the min
and max values defined during grid generation

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - O X

To show mixing add two distinct layers of ' w < e ion: s

E B G&E 8

°
[ . Dot . ]
pa rt I c I es [} P[mectTree 8 x Particle IC Manager | @ article IC Editgr b4 |

(% Barracuda Virtual Reactor... | . . |

. . % Setup Grid D On x1 x2 yl y2 z1 Initial conditions

¢ C | k P t | I C @ Global settings Initialize volume fraction in region

I C O n a r I C e S " Base Materials ‘ . \ |

v eeo Particles Species 001 - glass beads (bottom of vessel) v

€ Drag Model
<) Drag Models Volume fraction 0.55

e Click Add, which pops up a Particle IC St .

d i a | Og N £ Fluid ICs Region

M ee Particle ICs
~ [ Boundary Conditions Set Point Region (m)

 Select Initialize volume fraction in e

Kemin MmN Xme
° Injection BCs
re I O n Thermal Wall BCs ¥min MiN Ve max
g v %4 BC Connections ]
Secondary Feeds Z rin min Zpya. D.25|l
Secondary Exits

e Select 001 — glass beads in Species o v G

v a» Chemistry

#4 Rate Coefficients © Use global resolution ‘ '
/5 Reactions I

 Set Volume fraction to 0.55 foms e ot rection

* Set Point Region as shown in the table | sz . —

Zn Average Data B Random cloud initialization [J No particle momentum
Data Planes

e [and] (for min and max) 7 bt ( — ,

1 Wall Erosion

O Specify resolution Clouds per cell Auto

H H ++# Particle Attrition Add bottom half of particles in vessel ete
* Add descriptive comment |
r I I V n eeo Population Data 0 ! | ‘
€ Solver Output Units . . . Distribution
High Options

° C | i C k O K i :::t-nun Low / OK Cancel Help

< & 4 >

| kuipers_my_setup.prj ‘C:f barracuda_training/2_Kuipers/my_setup ‘
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Particle Initial Conditions Xoin | mex | Yo | Voo | 2o | 7

[ ] [ ] 0.25 | 0.5

° ° ° ° ° ° Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj — O b4
N ext d Efl n e t h e I n It I a I co n d It I o n S fo r File View Setup Run Graphics and Output Post-processing Help
’ T=E o G& H
e ° ° Project Tree g x Particle IC Manager | @ Particle IC Editor e
the second particle species: i i s —
% Setup Grid D On x1 x2 yi y2 z 2 @ Initial conditions
® Global Settings 000 min  max min max min 0.25 — — - n=055 T=3
. e e 001 min  max min max 025 05 Initialize volume fraction in region ¥ 055, T=300K
L C | I C k A d d v eeo Particles Species 002 - glass beads (top of vessel) ~
j \E:iiizzde's Volume fraction 0.35
e M ° ° & Particle Species Temperature 300 K
* Select Initial | fract * e cona
elect Initialize volume fraction in = sicomason -
0 oo Particle ICs
re g I O n y :::jl::chn;CDnditions Set Point Region (m)
IFrll?;vct?fnsBCS e MiN_ X max
. . Thermal Wall BCs Vo MiN Yo max
* Select 002 —glass beads in Species st
Secondary Feeds Zoin 0.25 Zyae 0.5
Secondary Exits
1 oo Cloud resolution
e Set the Vol fraction to 0.55 '
e e volume 1raction to u. A S _ .
¥ Reactions Use global resolution ) .
. . . # Numerics O Use local resolution ) .
* Set Point Region as shown in the | Imeconel O Specyrehton | ercat |
11 Flux Pl
t b I Al wl;zan:;zn Data Special settings
a e gv?ragle Data @ Random doud initialization (] No particle momentum
)ata Planes
. . f;‘: Data Points a / Comment 4
Wall Erosi ———
* Add descriptive comment - ¥ -
.. Raw Data Global Cloud Resolution | |
eso Population Data | g | ‘
. @ Solver Qutput Units . \ . Distribution
] CI I C k O K 2 Run Low ‘ OK Cancel Help ‘h Options
£ Post-Run /
Help
“ & 4 >
| kuipers_my_setup.prj ‘C:,’ barracuda_training/2_Kuipers/my_setup |
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Pressure Boundary Condition toin | S | Yoin | Yous | Zein | 2o

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj

To specify that the top of the system is open = v s rn s soun mtprcssro vao

3 =4 Lk ‘iI:ﬂt) Gan |E| Pressure BC Editor *

to the atmosphere, define a Pressure BC: o e % e o

[ Barracuda Virtual Reactor... ~ -
% Setup Grid D Dir xt x vyl y2 |pcation FluxPlane  Fluid  Particles Tracers

@ Global Settings

 Click on Pressure BCs - Ponruins Region

v eeo Particles
+<} Drag Models

. ) Volatil
® C I I C k Ad d - z::itcllzipecies

v 'l Initial Conditions

|

Select region (m)

min| ):,,,a,| max|

£ Fluid ICs
eso Particle ICs

\V '] Boundary Conditions
™ press

In the Pressure BC Editor Location tab: e ac

Injection BCs
Thermal Wall BCs

* Set Directionto z - 8C Comectons O wedrecton
Secondary Eits © y-direction
 Set x andy region using [ and ] (for min oL oy ® z:drecion—

and max) Vel

{ Time Controls
v 44 Data Output
71 Flux Planes

* Setzregion using ] (for max) for both z,., | St

and z__. so that the BC is placed on the oo o el ||
top surface of the geometry e e ~ L I 1 = I o

max 717 Wall Erosion \l\
+e¢ Population Data K-factor adjustment

. @ Solver Output Units
* Enter a comment (optional) S S ST
« [+ [ & [+ |
| kuipers_my_setup.prj ‘C:f barracuda_training/2_Kuipers/my_setup

min| Yenex | max|

max| Fonae | max|

Direction

BARRACUDA VIRTUAL REACTOR cpld-software.com
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Pressure Boundary Condition

[@] Pressure BC Editar >
Location |FluxPlane] Fluid = Particles  Tracers
—
@: [FLUXBC_outlet D)
L

Fluid species behavior:

Flux Plane tab:

No output v

* Provide a name for the Flux plane SO
e Best practice is to start a boundary ) Outpsttacer ot = | -
condition flux plane file name with
R Location Flux Plane | Flui Particles ~ Tracers
FLUXBC_for ease of post-processing o concitone
O Transient file:
Fluid tab: . -
. Comment:l: Specify values:
e Specify the pressure as 1e5 Pa
. . . . Pressure: _ Pa
* Click on Define fluid species —— T G :

* Import AIR(G) from Available Component clcor: [ 9] e | o
to Mixture using the Right Arrow Button Flud Compostion @ e
Fluid inflows properties: |]nleri0r cell values v|

 Click OK in the Mixture editor
Click OK in the Pressure BC Editor

BARRACUDA VIRTUAL REACTOR

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA
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Sum of fractions: 1

yox | cancel || Help

Applied fluids: Define Fluids Spediylmbcelby:
Comment: |

/LvOK | Cancel | Help |

d

cpfd
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Xmin Xmax Ymin Ymax Zmin Zmax
Flow Boundary Conditions S W L I L B
@] Flow BC Editor x
Location Flux Plane Fluid Particles ~ Tracers
Region
To specify the inlet flow boundaries (2 S T R T
fluidizing %as and one center jet) define a REdveny om s - ] e 20073
separate Flow BC for each one: e (e | . =
- 0 Global Settings ! min = mn
e Click on Flow BCs | e Mot
H @ Drag_t‘;dds (O Normal to surface: Normal Limit
® CIICk On Add v_b:é%iilcl?:pﬁ_es O x-direction
£ Fluid ICs O y-direction
1 H v E:';Dpfl::fr\[rcznnditions \\ @® z-direction
In the FIOW BC Edltor Locatlon tab: \ E;§;5£BC5 (O Direction vector
. . . #"d:ﬁ‘;‘xgﬁ B u: 0w o w 1
* Setxandyregion using the values in the | <scmm Force abslte drecr
ta b I e ?gggzgﬁgs Variation angle: degrees
‘ |I.:z!;::s(]'l::»r;‘ﬁcients
* Setzregion using [ (for min) for both z_. and | e TR |
Z,..x 50 that the BCis placed on the bottom  |-&omom —=
SLI rface Of the geometry ;:Xi::ra;izjt[i;:anata Comment: |low x fluidization |
= Data Iglanes 01 || Cancel |I HEIP I
* Set Directiontoz i lln
e Enter a comment (optional) T
2 Run ( N
£ Post-Run ‘ Add | | Edit | | Copy | | Delete |
« | & [ % [ »
| kuipers_my_setup.prj 4 ‘C:,’ barracuda_training/2_Kuipers/my_setup |

»» cpfd
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Flow Boundary Conditions — Low X Fluidizing Gas

[@] Flow BC Editor X
Flux Pla ne tab: Location Fluid Particles  Tracers
* Provide a name for the Flux plane qm:|FLUXEC_.OW_X_ﬂumm S |
Fluid sp : @] Flow BC Editor *
FIUid tab: Dlﬂ':;m;::ﬁde cive S hin;| Location -F.quPIane Particles  Tracers
 Set Velocity flow to 0.25 m/s ) ot o prnce da e
L. . . . . O Output tracer data s fransient e
* A positive velocity means flow is directed into O Use 8C Connector data
the model space (negative means out-flow) © Specify values:
L L . velocity flow | 0.25| m/s
* Thevelocityis a suBerfluaI velocity through an resswre: [ 1e3] Pa
open area, in the absence of particles Temperature: | 300] K
* Set Pressure to 1e5 Pa Flid Compositn
. o . lied fluids: fine Fluids Mixture
* Click on Define Fluids et TR [Bee -
Available Components Mixture
[ Select AIR (G) \ Component .. |Component Fraction
. . Transient File @ RO .
* Use the Right arrow button to import from
Avallable Components to M'Xture Specrrymb:tureby: Sum of fractions: 1
o C“Ck OK in the Mixture editor Comment: |low x fluidization |f°'( | | cancel || Help
E Transient File /

* C(Click OK in the Flow BC Editor

Edit | =

Comment: |low x fluidization |

|fDK | cancel || Help |
/ cpfd
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Flow Boundary Conditions - High x Fluidizing Gas

Xmin Xmax Ymin Ymax Zmin Zmax

0.0075 ] [ 1 [ [

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers [ X

Create the boundary for fluidizing air = = s m coemions mswn

JEEH v o G@ B

: [B] Flow BC Editor X
Project Tree 8 X | Flow BC Manager

entering at high indices in x-direction: e R

% Setup Grid
min -0.0075 min  max min min 1 0.25 30(
@LUXECJigh_x_ﬂuidizat\on D

@ Global Settings
» Copy the first Flow BC =

+<} Drag Models
(1 Volatiles FluxPlane  Fluid  Particles  Tracers |""'-“'-"-“P“l v

& Particle Species Region [ Bin by particle size =~ 100 = hins

* Select the copy and click on Edit - inn oo —

seo Particle ICs [ output tracer data

Y | 0.0075 | X | max|

~ ] Boundary Conditions

* Location tab e - D —

Injection BCs Zrin | min | Zmax | m\ri
Thermal Wall BCs
Direction

* Enter region values shown in table T SN —

Secondary Exits

BC Connectors O x-direction

* Enter a Comment (optional) B e

. . ® z-direction
V& Reactions
/. Numerics (O Direction vector

Flux Plane tab 8 Time contrs B P e 1 —

71 Flux Planes Force absolute direction

= Edit =
A Visualization Data &

e Edit the Flux plane name to i |
correspond with the boundary S e — —_ -

_*. Raw Data
eso Population Data Comment: |high x fluidization |

.
CI ICk O K :xiﬁlvemumm Units [ ok || cancel || hHelp | X

<’ Post-Run
\ Add | Edit | | | |

« [ & [ & [ » | ~

| kuipers_my_setup.prj ‘C:,’ barracuda_training/2_Kuipers/my_setup |

cpfd

=

||Cancel|| Help |

Delete ‘
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Flow Boundary Conditions — Center Jet

Xmin Xmax Ymin Ymax Zmin Zmax

-0.0075 0.0075 [ ] [ [

Barracuda Virtual Reactor with Chemistry - 22.1.0 - my_setup/kuipers_my_setup.prj - m] X
[ ]
Create the boundary for center jet:
[ ] = —
mE oo g i
[ JfEETES E Flow BC Manager
o (" Barracuda Virtual Rea...
O py e I rS OW % Setup Grid jin] Dir  x1 x2 yl y2 z1 z2 Area Flow rate Temperature Pressure Particles Flux plane name Comment
eGlohaISettings 000 z min -0.0075 min  max min min 1 0.25 300 100000 Mo exit FLUXBC_low_x_fluidization low x fluidization
- o 001 z 0.0075 max min  max min  min 1 0.25 300 100000 Mo exit FLUXBC_high_x_fluidization high x fluidization
++ Base Materials sy
. . v eee Parti 002z min  -0.0075 min  max min min 1 10 300 1oo000 Mo exit FLUXBC_center_jet center jet inlet
* Select the copy and click on Edit 4 gt
[] Flow BC Editor 4
L]
[ ) LO Cat I O n ta b Flux Plane  Fluid  Partides  Tracers
Region [Z] Flow BC Editor 4
) H H Set Cell Region (m) Location Fluid  Particles  Tracers
nter region vaiues snown In taple (6] Fow s o x
Yo | ~0.0075 | % | 0.0075 |
MName: |FLUXBC_center_jet
. Yonin | ”'“”| Yonax | max| | — =) ) Location Flux Plane Particles  Tracers
- - Fluid species behawvior:
 Enter a Comment (optional) | ] | ml) | ™ | p—
No output ~
Direction [ i by partic 00 = b (O Use transient file
in article size < | bins
. : P (O Use BC Connector data
o u X a n e a O Normal to surface:  Normal Limit [ Output raw partice data
O x-direction ® Specify values:
[J output tracer data | locity flow | | r
° O y-direction Velocity ¥ 10| mfs
e Edit the Flux plane name to © warectr s [ sowoo]
. O Direction vector Temperature: K
correspond with the boundary o [« ) v [
Force absolute direction Applied fluids:
L]
L F I u I d ta b Variation angle: degrees
. Transient File
* Set Velocity flow to 10 m/s
I W Ed
. Comment: |centerjet inlet Transient File
e Click OK |
/ W Bl |
Transient File
Comment: |center jet inlet 7 :
Edit | |«
-m- -_Cancel He
Comment: |center jet inlet |
BARRACUDA VIRTUAL REACTOR e
V4
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Time Controls

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - O X

CI ic k O n Ti m e Co nt ro I S : File View Setup Run Graphics and Qutput Post-processing Help
NRE e D gan

g X

e Set the Time step to 0.005 s T baraceda viraal neacior.

% Setup Grid

@ Global Settings

e Setthe Endtimeto 20s > Basa Materiala

v eeo Particles
+<} Drag Models

1 Volatil
) Volatiles Time Controls

& Particle Species
H H H H ’ iti iti This section all figuration of the ti tep size to take
Barracuda can restart an existing simulation from an IC | g condons during a priod of e fo th calulation, Only th frs row

) required. Subsequent rows can be entered to have different time
+e- Particle ICs steps for different time periods. For example, starting the

file. Two types of IC files are automatically written e

. . . Flr;a;s;cnasBCs increasing the time step for rows 2-5 over simulation time.
d u rl ng a SI m u Iat I o n : }I_"g:f::‘;rﬁgﬁ Bee Time step and duration settings
. % BC Connections Time step End time

. . . . Secondary Feeds 1. [0.005 's 20 's
* Restart file: a restart IC file is written once at every | swnoe .| o | .
. . . . . . L Chemintry 3| s | s
specified interval of simulation time M hats Couficens o] e B
7 Reactions s | ‘ < ‘ ‘ <

/. Numerics

* Backtrack file: a backtrack IC file is written once at | @ rmeconas denced e sep enfirgd
1 Flux Planes Restart file intervals

eve ry S peCIfI e d I nte rva I Of C | OC k tl m e A Visualization Data Restart interval (IC_###) simulation seconds
I Average Data Backtrack interval (IC_) realtime minutes

Data Planes

/v Data Points

o . 71; Wall Erosion
Leave the restart file intervals at the default values - e Ao
x; lefllver Qutput Units

« [ & [ & [ » |

| kuipers_my_setup.prj ‘C:,’ barracuda_training/2_Kuipers/my_setup |
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Data Output Options

@ Barracuda Virtual Reactor with Chemistry - 23.1.0 - pre-setup/gasifier.prj e m}

File View Setup Run Graphics and Output Post-processing  Help

e v Y @m i

Click on Data Output o —_——_——

% Setup Grid

@ Global Settings

¢ Base Materials
~ o Particles

For the Kuipers problem, the following

1) Volatiles

types of data will be output: M

£ Fluid ICs

* Flux planes —Track the transport of B oot
fluid and solids through a defined i

Thermal Wall BCs

plane in the model o

Secondary Feeds

* Visualization Data — Select variables for | %=+ et o, vt 1.5

i Rate Coefficients [CJ Enable mass.log with output interval: 1e-07 s

visualization of fluid and solid states in T e L

#. Numerics

Tecplot S

v 4 Data Output

7. Flux Planes

* Average Data — Select some Tecplot b

output data to be averaged as the

=7 Wall Erosion

simulation runs e

. Raw Data
e« Population Data

* Data Points — High frequency tracking S oo
of data at a specified location in a o
model

« -« hd o

| gasifier.prj C:/barracuda_training/5_Pre-setup_Training_Examples/3_Gasifier/pre-setup
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Data Output: Flux Planes

Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - O X

Click on Flux Planes to create interior = = s s commom mime v

EE e ) Gan

L] P[oject Tree aix Flux Planes Manager
u x a n e S [ ] [* Barracuda Virtual Reactor... ~
8 Setup Grid D Filename  Direcion xI x2 yl1 y2 z1 22  Subradius Comment
@ Global Settings [@] Flux Plane Editor X

[ C | i C k Ad d vﬁ :::;;terials Location

4} Drag Models
(& Volatiles Normal Direction |z v|

* Select z for the Normal Direction - o ot P '|
* Enter the z location as 0.66 m o e e——

* Provide a descriptive Name for the  [=z= S |

flux plane

A4 Rate Coefficients | No output ~ |
7" Reactions

Flux plane options

. . # Numerics [1 gin by particle size 100 < | bins
e Select Directional flux N & e .
1) Flux Planes [] output tracer data

A Visualization Data

 Enter a Comment (optional) T e e e e

[ Reset tracer residence time
/v Data Points
2 Wall Erosion / Directional flux

[ ]
°® ( : I k O K +2s Particle Attrition
I C .*. Raw Data 1

X Comment
sso Population Data

@ Solver Output Units above static bed
% Run Note: For location indices, "min" or "[" denote the first possible valu
< Post-Run
R/ Add | | Edit Delete
« | & [ %]+ J/ B oK ] cancel | hHep |
| kuipers_my_setup.prj / |C:,’ barracuda_training/2_Kuipers/my_setup
7 +
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Data Output: Visualization Data

r
E‘ Barracuda Virtual Reactor with Chemistry - 23.1.0 - pre-setup/kuipers_pre_setup.prj - [m] >

File WView Setup Run Graphics and Output Post-processing Help

Click on Visuali;ation Data. The information.selected e ee D &
here will be written to your Tecplot output files o Tre 2 [ vuzton b

“ Barracuda Virtual Reactor...
f rracuda ¥ oF Output file format

. . % Setup Grid
® CE| I Data IS mapped to the grld ObeapISetﬁngs B Tecplot (*.pit files) [] GMV (Gmv.™ files)
¥ Base Materials Output file interval
L4 Cel I i n d ices v -“::al:l::-:;ﬁodels © Constant: 0.1 s Endtime: 20s  Number of output files: 201
4 Volatiles O Time-varying: Edit [

 Cell volume Rl pockes Cell Datz

v I+ Initial Conditions

H H £ Fluid ICs Available Data Selected Data
° F | u I d Ve | OC I ty sso Particle ICs Bulk density Cell indices
~ [ Boundary Conditions Cell ID Cell volume

H P BC CFL Fluid velocity
® Pa rt I CI e m a SS fl U X F‘r:;s;?s = Clouds per cell Particle mass flux

. . Injection BCs Chemical Reaction Rates Farticle volume fraction
[ ] Pa rt I CI e VOI u m e fra Ctl O n . aﬂ;zrxl‘wml ?(ilss ;Z:;;:Ctive wall heat transfer > Pressure

Secondary Feeds dp/dy “*

® P reSS u re Secondary Exits dp/dz

BC Connectors Dynamic pressure
v Chemistry Fluid compaosition mass concentration
a

* Particle Data is mapped to particle locations = e reens P crmpostion s i

® CIOUd | D # Numerics Fluid density

(- Time Controls

1 \ v (i Data Qutput Particle Data
° | d ‘
Particle spee M £ FiocPanes Avalable Dot —

t. t g Visualization Data Tl Cloud 1D
° P | | y Average Data Chemical Reaction Rates Particle speed
a r IC e Ve OCI = Data Planes Cloud mass Particle velocity
. . /- Data Points Drag Particle volume fraction
® Pa rt I CI e VOI u m e fra Ctl O n I Wall Erosion Liquid fraction total Species
+»+ Particle Attrition Liquid mass total >

P1 radiation flux

° S H .. Raw Data : f
p e C I e S we Population Data Pan?c\e density <
& Solver Output Units :::3: 2::‘;5'

-t‘ Run Particle size
& Post-Run Farticle temperature

Make sure all the options highlighted here are in the e
Selected Data columns of your project

Help

@ ® 4 o

lkuwpersﬁpreﬁsetup.pr]’ s/Tanner Stelmach/Documents/Sprints/Sprint 3.20/Doc updates/barracuda_training/5_Pre-setup_Training_Examples/2_Kuipers/pre-setup
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Data Output: Average Data

Often time-averaged data gives more insight " . o n -
into quasi-steady behavior than P e Y G

Project Tree g x

instantaneous data f.“w“<$>
» Select a Start time for average once you vt T

v eeo Particles

think quasi-steady behavior will have ¢ rg ot Clmielton s e

(4 Volatiles Convective wall heat transfer Particle volume fraction
e g u n _ % Particle Species dp/dx T T—
~ > Initial Conditions dp/dy
o £ Fluid ICs dp/dz
L] S I t t h d t h t s Particle IC: Fluid composition mass concentration
elect the data you wish to average o ompstion s con
v [l Boundary Conditions Fluid composition mass fraction
Pressure BCs Fluid composition mole concentration
Flow BCs Fluid composition mole fraction
Injection BCs Fluid mass flux

i .
c I l c k 0 n Ave ra ge D a ta ~ gﬁﬁ:ﬁiﬁiis E:z:g 5eerlrtlzft;aifllljftuations
Secondary Feeds Particle specific heat

. . : .I
* Set Averaging start timeto 5 s o s e e N
v » Chemistry Particle velocity

* Select the following options for time- = e coutnis i s
averaging: & Tome Gontrot

v ¢4 Data Output

* Fluid velocity L

A Visualization Data
2 Average Data

e Particle mass flux o o
* Particle Volume Fraction e

[ J P re SS u re ees Population Data

& Solver Output Units

i Run
£’ Post-Run Help
“ o ¥ i
|kuiper5_my_setup.pr]' C:/barracuda_training/2_Kuipers/my_setup !’:}fd
© oy L0
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Data Output: Data Points

Barracuda can output high-frequency data at point locations | @ s viseo vincumisn - 00 m scummives mscuo - 9 X

H . H File View Setup Run Graphics and Output Post-processing Help
in the computational domain N B e &% | | 1t

Project Tree g X

Data Point Manager

[ Barracuda Virtual Reactor...
1D Location

Data will be written to the file: trans.data00 s Setup Grid < 50 5, 200rs. 0.01)

Pressure
001 (0, 0.0075, 0.5) Pressure
002 (0, 0.0075, 0.98)  Pressure
003 (0.26, 0.0075, 0.01) Pressure

@ Global Settings
- Base Materials
v eeo Particles

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

e Particle Species

* Click on Data Points > Inka) Condtons Locaton

£ Fluid ICs

Data Point Properties x

* Click on Add . 8 Soundary Conditons - . hm
* Enter the coordinates shown in the Location column s Avatlble ata ~[seeced Dat
for Point 1 in table below | T Cosprcal Pressue
. Secondary Feeds ui nsi
* Import Pressure from Available Data to Selected Data | s EEE‘?%;t Yl
° Cl iCk OK : .EFI-IRZ::I;iSG‘c::fﬁcients E:mg mass 'E:ux m; -
L . . ) 5 Reactions Flﬂ:d M:ZE Fr:);tli:)n v
* Repeat for additional three data points using the . Flid olar Concentration
corresponding location for each point & Data Output Fiud Temperature.

pe
' Flux Planes

A’ Visualization Data Comment

2 Average Data
\ Data Planes Cancel Help

Point # Yy Zz M /- Data Points
T1; Wall Erosion /
1 0.0075 | 0.01 e Partic Alition

oo Population Dat:
0.0075 0.5 oo opuiation vt Edit Copy Delete

@ Solver Output Units

Add
O . 007 5 0 . 9 8 W Run Ou%t Filename ‘trans.data Browse

< Post-Run
Help

6 |0.0075| 0.01 « | & ¥ | >

| kuipers_my_setup.prj ‘C:,’ barracuda_training/2_Kuipers/my_setup |
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Run Solver Setup

@] Barracuda Virtual Reactor with Chemistry - 24.0.0 - my_setup/kuipers_my_setup.prj

BARRACUDA VIRTUAL REACTOR

June 19 - 21, 2024

[ ]
‘ Ilck on Ru n File View Setup Run Graphics and Qutput Post-processing Help

EEd o |G E

Project Tree 5 x
(7 Barracuda Virtual Reactor ...
* Setup Grid

Click on Run Solver Setup ==

&) Drag Models
) Volatiles

* This automatically saves the project s

v > Initial Conditions

° £ Fluid ICs
fl e es Particle ICs
~ [] Boundary Conditions
Pressure BCs
Flow BCs

 This will run the simulation for one bieiomtcs

~ % BC Connections
Secondary Feeds

time step and write a single Tecplot | ===

v » Chemistry

L]
fl I e Rate Coefficients
" Reactions

#. Numerics

(** Time Controls

* All boundary and initial conditions =i
are stored in the Tecplot file

* This first Tecplot file is needed to S,

& Solver Output Units

check the problem setup e

a i 4 >

Run Configuration
[CJ cpu Parallel (Parallel license required)
Thread count: 7 %
() GPU Parallel (Parallel license reguired)
Prompt at Solver startup
Automatic selection: Available memory GPU count: 1+
Use specified GPUs: all

List GPUs  Advanced GPU Options

Run Options !\Barracuda\24.0.0\bin\cpfd.x.exe" kuipers_my_setup.prj

\ Check Setup
:’i‘f 'Run Solver Setup Alﬂ View Setup

Run Simulation

$ Run Solver u Restart Solver Gj Interact Monitor Run

Help

‘ kuipers_my_setup.prj

C:/barracuda_training/2_Kuipers/my_setup

W Chicago - Lakeshore

USERS’ CONFERENCE 2024
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Run Solver Setup

B® "Barracuda Virtual Reactor - 22,1.0 - my_setup/kuipers_my_setup.prj" B o «

Solver information will be output to :

Barracuda release
Solver version 22.1.9.x088

° Build date 2022-10-20 01:82:47 UTC
e ru n WI n OW Restart IC version 2218

Particle randomization ... 188%

Leave the window open while a (e r———
I I ° ° ° f ° ° I d Particle initialization adjustment ... 16©%
calculation iIs running. It it IS closeq,
° ) imttempting to checkout required licenses: barracuda-15-setup (1)
the Ca Icu I atlon WI II Sto I Connecting to license server "myRLMserver” at 27815@arcee
o Server contains the following product licenses: arena-7, arena-7-setup, arena-openmp, tecplot36@-arena, barracuda-15, barracuda-15-s

etup, barracuda-15-chem, barracuda-15-setup-chem, barracuda-gpu, tecplot368-bvr
Checking out barracuda-15-setup (1)... license checked out from arcee
License(s) checked out from specified serwver: myRLMserver (27@15@arcee)

# Reprise Project tag: path:C:\barracuda_training\2_Kuipers\my_setup/kuipers_my_setup.prj

The calculation is complete when the [ o e
date/time stamp is displayed at the : A N T

©.00000e+00 5.000e-03 G068 ©.00e+0@ GE@ ©.00e+00 GB@ 0©.00e+00 GGG ©.00e+00 6 ©8.86e+B88 0.80 344 a e e

° Writing bvr.setup.plt
ottom ot the solver window. Once jiriting bur_grid.plt
Writing bvr.cells.8e008.plt
Writing bvr.particles.@eeee.plt

°
# Decrease dt from CFL. 0ld = 5.800e-83 New = 2.541e-83 (16 1 1)
Is appens’ en you can c ose e 5.00000e-83 _2.541e-03 010 O.6le-08 001 ©.00e+00 600 ©.00e+00 @62 3.55e-16 300 4.47e-87 2.95332 @ O 0O

<Thu Nowv 17 13:23:87 2822
T ——

°
r u n WI n d ow. C:\barracuda_training\2_Kuipers\my_setup>
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Checking your Setup

@] Barracuda Virtual Reactor with Chemistry - 24.0.0 - my_setup/kuipers_my_setup.prj

Before letting your calculation run,

EEd o |G E

check the following: e

@ Global Settings
¢ Base Materials

* Are your boundary conditions in the -

&) Drag Models
) Volatiles

L]
right place? e
L v > Initial Conditions Run Configuration
4 Fluid ICs [CJ cpu Parallel (Parallel license required)

eeo Particle ICs
Thread count: 7 %

e Are your particles defined correctly &z

Flow BCs
Injection BCs Prompt at Solver startup

a n d I O Cate d W h e re yo u Wa n t t h e m ? vgﬂﬁﬁiﬁ; Automatic selection: ~Available memory GPU count: 1 %

Secondary Feeds Use specified GPUs: all
Secandary Exits List GPUs  Advanced GPU Options

* Are your data points and flux plane .z

Rate Coefficients
/5 Reactions Check Setup
located where you want them? s o i [l e e T
~ & Data Output
11 Flux Planes

A Visualization Data $ Run Solver u Restart Solver Gj Interact Monitor Run
Zn Average Data c

To check, click on View Setup which Eeteon

=% Wall Erosion

brings up Setup: Boundary Conditions -z

seo Population Data

Run Simulation

& Solver Output Units

view in Tecplot for Barracuda S

a i 4 >

‘ kuipers_my_setup.prj C:/barracuda_training/2_Kuipers/my_setup
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Checking your Setup — Boundary Conditions

Verify that the boundary conditions

are in the right place.

To change the view, use the rotation

tools in the toolbar
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Tecplot 360 EX 2022 R1

File Edit View Plot Insert Animate Data Flak Options  Scripting  Tools  Analyze Help

O X BB

— O X

DNEaEm ks Q¢

I

~

YNV AKA R M A4 0000
? X

| Quick Macro Panel

W Chicago - Lakeshore

| 3 cartesian | 3D Rotation Animation -
o orcntation v \ Reset Center of Rotation
Tile Frames
¥ ([ |[E z
Losd Addon
FrmarE EEE Refresh / Reload Barracuda Data
M Grid: Transparent Model
Grid: View Grid Lines
oo Gridk View CAD Model
E S . .
] vector xup: ::ilnun;:y Conditio
up: Flux Planes
L] Edge Setup: Data Points
[ scatter Cells: Fluid Pressure
| Zone Style. .. | Cells: Fluid Velocity Magnitude
Cells: Fluid Ternperature
colution time: 0 Cells: Particle Volume Fraction
Cells: Time-Averaged Fluid Pressure
Cells: Time-Averaged Fluid Pressure Gradien
IE| Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Velume Fractic
Show derived objects Particles: Volume Fraction
Iso-5ur articles: 5pee
O faces Particles: Speed
Particles: Size
Slices
O EI Particles: Residence Time
[] streamiraces Particles: Temperature
Particles/Bubbles: Species
Show E_ i Bubbles: Yolume Fraction
&4 Lighting Bubbles: Speed
(A Transhucency Bubbles: Size
Snap to Bubbles: Residence Time v
! : ! < >
(#) None () Paper () Grid
Plot  Pages ¥ | | Help
cpfd-software.com
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Checking your Setup — Flux Plane Location

BARRACUDA VIRTUAL REACTOR W Chicago -

USERS’ CONFERENCE 2024

June 19 - 21, 2024

Tecplot 360 EX 2022 R1

Double-click on Setup: Flux Planes in D@dA & A BooXEE

the Quick Macro Panel.

Verify that the flux plane is in the

right place.
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File Edit View Plot Insert Animate Frame Options Scripting Tools Analyze Help

N SEAHAEE M A4 OO0 l

8 X

~

|3]Cat&:ia1 -

Snap to orientation view
Show zone layers

[#] Mesh

[ Contour

[~] shade

[] vector

[ Edge

[] Scatter
| Zone Style...

S|

%l

=

Solution time: 0

144 B> 11
Show derived objects
[] 1so-Gurfaces
[ shces ]
[ streamtraces
Show effects
] tighting
[+ Translucency
Snap to
(® Mone () Paper () Grid
Plat Pages

| Quick Macro Panel

Lakeshore

3D Rotation Animation ~
Reset Center of Rotation

Tile Frames

Load AddOn

Refresh / Reload Barracuda Data

Grid: Transparent Model

Grid: View Gnd Lines

Grid: View CAD Model

Grid: Compare Grid and CAD

Setup: Boundary Conditions

1 Setup: Data Points

Cells: Fluid Pressure

Cells: Fluid Velocity Magnitude

Cells: Fluid Temperature

Cells: Particle Volume Fraction

Cells: Time-Averaged Fluid Pressure

Cells: Time-Averaged Fluid Pressure Gradien
Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volume Fractic
Particles: Volume Fraction

Particles: Speed

Particles: 5ize

Particles: Residence Time

Particles: Temperature

Particles/Bubbles: Species

Bubbles: Yolume Fraction

Bubbles: Speed

Bubbles: Size

Bubbles: Residence Time v
£ >

Play.. || Help
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Checking your Setup — Data Points Location

Double-click on Setup: Data Points in
the Quick Macro Panel.

Verify that the data points are in the
right place.
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TemporaryLayout.lay - Tecplot 360 EX 2022 R1
File Edit View Plot

Insert  Animate Data

- O *
Frame Options Scripting Tools  Analyze Help

# x|

Ll

|30 Cartesian ~

Snap to orientation view

Show zone layers

[] Mesh
] Contour
[] Shade
] Vector
(] Edge
[+] Scatter
| Zone Style... |
Solution time: 0

140D [0

Show derived objects
[ 1s0-Surfaces
[ slices EI

D Streamtraces

Show effects

[ tighting
[ Translucency
Snap to
(®) Mone () Paper () Grid
Flot Pages

Click to Select, Drag to Select Group

DEdes v ad £e20Xae eNVHIEZEE M AWMI000O0

| Quick Macro Panel

W Chicago - Lakeshore

3D Rotation Animation ~
Reset Center of Rotation

Tile Frames

Load AddOn

Refresh / Reload Barracuda Data

Grid: Transparent Model

Grid: View Grid Lines

Grid: View CAD Model

Grid: Compare Grid and CAD

Setup: Boundary Conditions

Setup: Flux Planes

Setup: Data Points|

| Cells: Fluid Pressure

Cells: Fluid Velocity Magnitude

Cells: Fluid Temperature

Cells: Particle Volume Fraction

Cells: Time-Averaged Fluid Pressure

Cells: Time-Averaged Fluid Pressure Gradien
Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volurme Fractic
Particles: Volume Fraction

Particles: Speed

Particles: Size

Particles: Residence Time

Particles: Temperature

Particles/Bubbles: Species

Bubbles: Volure Fraction

Bubbles: Speed

Bubbles: Size

Bubbles: Residence Time w
£ >

Play.. || Hep |
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Checking your Setup - Particles

Temporarylayout.lay - Tecplot 360 EX 2022 R1 - O *

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

Double-click on Particles: Volume e P o T
Fra ction. Plot g t Partic;::ﬂumerracﬂon pr 0.00s | Quick Macro Panel g x

|:IJ Cartesian ~ | 05 /__/' 3D Rotation Animation -
Snap to orientation view 0:45 ._/../' _T:Tse: Center of Rotation

v z z z 0.4 - ile Frames

0.35 _.,--"'/ Load AddOn

e ° b e Show zone layers 0.3 Refresh / Reload Barracuda Data
eriry the Initial location or the ) e 025 Grid: Tansparent Model
g'ﬁs Grid: View Grid Lines
[] Contour # Grid: View CAD Model

particles in the bed. ol G o

[] vector Setup: Boundary Conditions
Setup: Flux Planes

[] Edge Setup: Data Points

Scatter Cells: Fluid Pressure

& %l

| Zone Style. .. | Cells: Fluid Velocity Magnitude
Cells: Fluid Temperature
Solution time: 0 Sk Cells: Particle Volume Fraction
B Cells: Time-Averaged Fluid Pressure
Cells: Time-Averaged Fluid Pressure Gradien
|l L) [l (1) Cells: Time-Averaged Fluid Temperature
| : = icle Violurne Fractic
Show derived objects Particles: Volume Fraction i
[] 1s0-5urfaces Particles: Speed

Particles: Size

[ slices
D Streamtraces

Particles: Residence Time
Particles: Temperature
Particles/Bubbles: Species

Show effects .
— Bubbles: Volume Fraction

fiie Bubbles: Speed

Translucency Bubbles: Size
Snap to Bubbles: Residence Time 4

£ >
Mone Faper Grid
Play... Hel

ot | pooes e | [

Click to Select, Drag to Select Group
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Checking your Setup — Particle Species

Temporarylayout.lay - Tecplot 360 EX 2022 R1 - m| *
Double-click on Particles/Bubbles: | 0a i as oo ok st o @am @ m bE4 0000
Species in the Quick Macro Panel. f— =T e N

e glass beads (top of vessel) Reset Center of Rotation

s ot ot
[ ] [ ] [ ] [ ] [ ]
Verify the initial location of the two ==~ e Bt

Grid: View Grid Lines
o o . W= Grid: View CAD Model
partICIe Spec‘es In the bed [~] shade Grid: Compare Grid and CAD
® [ vector Setup: Boundary Conditions
Setup: Flux Planes
[]€doe Setup: Data Points

Scatter Cells: Fluid Pressure

Close the TECPIOt Window and Select | Zone Style... Cells: Fluid Velocity Magnitude

S|

& %l

Cells: Fluid Temperature

Solution time: 0 ] Cells: Particle Volume Fraction
[ - Cells: Time-Averaged Fluid Pressure
D l Sca rd W h e n p ro m pte d Cells: Time-Averaged Fluid Pressure Gradien
e (<44l P {6 (L] Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volurme Fractic
Show derived objects Particles: Volume Fraction
[] 1s0-5urfaces Particles: Speed

Particles: Size

[ slices
D Streamtraces

Particles: Residence Time
Particles: Temperature
Particles/Bubbles: Species

Show effects -
Bubbles: Volurme Fraction
fiie Bubbles: Speed
Translucency Bubbles: Size
Snap to Bubbles: Residence Time 4
£ >
Mone Faper Grid
= v || v |

Click to Select, Drag to Select Group
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Executing the Simulation

After checking the setup, return to the
Run window

* If your computer has an NVIDIA GPU
card, select the “GPU Parallel” check
box. The simulation will run much
faster in GPU Parallel mode!

e To start the simulation click 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.

 Type r when prompted
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Barracuda Virtual Reactor with Chemistry - 24.0.0 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

fEE e R G B

W Chicago - Lakeshore

Project Tree 5 x

(" Barracuda Virtual Reactor ...
% Setup Grid
M Global Settings
7+ Base Materials
v eeo Particles
+<} Drag Models
(& Volatiles
Je Particle Species
~ b Initial Conditions
£ Fluid ICs
eeo Particle ICs
v |] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
Rate Coefficients
5" Reactions
#. Numerics
(' Time Controls
v 44 Data Output
11 Flux Planes
A Visualization Data
T Average Data
Data Planes
/' Data Points
% Wall Erosion
+s¢ Particle Attrition

Run Configuration
[ cpU Parallel (Parallel license required)

Thread count: 7 ¢

I 8 GPU Parallel (Parallel license required) I
© Prompt at Solver startup

O Automatic selection: GPU count: 1 2

(O Use specified GPUs: all

Available memory

List GPUs = Advanced GPU Options
Run Options Tacuda\24.0.0\bin\cpfd.x.exe" -gpu kuipers_my_setup.prj
Check Setup

ah .
,1,_‘1 Run Solver Setup Ni View Setup

Run Simulation

u Restart Solver G)’ Interact Monitor Run

Help

.. Raw Data
#eo Population Data
© Solver Output Units
2 Run
<’ Post-Run

B "Barracuda Virtual Reactor - 22.1.0 - my_setup/kuipers_my_setup.prj" - "C:\Program Files\CPFD'Barracuda\22.1.0\bin\cpfd.x.exe" kuipers_my_setup.prj — O

Barracuda release 22.1.8

Solver version 22.1.8.x888

Build date 2022-18-28 081:82:47 UTC
Restart IC wersion 2218

Files listed in TecplotOutputlList.log exist. (R)emove, (O)verwrite, (D)isplay, (H)elp or (Q)uit?

Output files listed in list_outputfiles.log exist. (R)emove, (A)ppend, (D)isplay, (H)elp or (Q)uit?

*

cpfd
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Solver Output Window

While running, the Solver
Output Window will
continuously scroll as the
simulation proceeds.

Once the Solver has reached a
simulation time of 20 seconds,
the output will stop.

Run times can be lengthy and
will vary based on computer
hardware, so please move on to
Part 4 while the simulation runs.

BARRACUDA VIRTUAL REACTOR

BARRACUDA VIRTUAL REACTOR W Chicago - Lakeshore

Current Current Solver CFL number:
Simulation Time step Convergence Typically safe to run
Time I Data between 0.7 — 1.5

USERS’ CONFERENCE 2024

June 19 - 21, 2024

release
sion

Barracuda
Solver ve
Build dat
Restart If

Files 1i

Output fi

version 2218

es listed in 1i

22.1.8
22.1.68.x428
2822-16-36 81:82:47 UTC

Particle jrandomization ..§ 188%
Particle Jrandomization .J. 188%
Particle |initializationfadjustment ... 186%

ed in TecplotOutputlist.log exist. (R)emove, (0)verwrit

_outputfiles.log exist. (R)emove, (A)

» (D)isplay, (H)elp or (Q)uit? r

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

[E8 Select "Bprracuda Virtual Reactor - 22.1.0 - my_setup/kuipers_my_setup.prj" - "C:\Program Files\CJfFD\Barracuda\22.1.0\bin‘cpfd.x.exe" kuipers_my_setup.prj

15, barracuda-15-setup, barracu

8.080000e+00 5.000e-832 868 0.00e+00 BOE 0.00e+00 0BG 0.00e2+B0 BBB 0.0Be+BB =]
Writing bvr.setup.plt
Writing bvr.grid.plt
Writing bvr.cells.@B8ee.plt
Writing bvr.particles.Bgee8.plt

IAttemptigg to checkoutfrequired licenses: barracuda-15 (1)
Connectigg to license erver "myRLMserver” at 27@15@arcee
Server c®ntains the fgllowing product licenses: arena-7, argha-7-setup, arena-openmp, tecplot36@-arena, barrfcuda-
da-15-chgm, barracudafl5-setup-chem, barracuda-gpu, tecplotj6@-bvr
Checkingjout barracudg-15 (1) license checked out from afcee
License(f) checked oyt from specified server: myRLMserver 7@15@arcee)
# Reprisp Project ta path:C:\barracuda_training\Z_Kuipg‘$ﬂw_setup!kuipers_my_setup.prj
} "N\
t dt Vol Vol u u v v W W p p
s s itr err itr err itr arp itr err itr err CFL

Hi R

[# Decrease dt from CFL. Old = 5.880e-83 New = 2.541e-83 (16 1 1)
5.eeee8e-83 2.541e-83 816 9.61e-88 661 0.00e+00 000 0.00e+00 662 3.55e-16 366 4.47e-87 2.95 e e @
7.548096e-83 2.541e-83 811 1.68e-88 663 6.11e-068 6066 0.00e+00 664 1.68e-62 246 8.37e-88 ©.94)319 e e @
1.8881%-82 2.541e-83 802 1.64e-83 863 1.77e-08 080 0.00e+86 003 2.46e-88 242 §8.56e-88 8.9 e e @a
1.2622%e-82 2.541e-83 802 1.80e-83 883 §.93e-09 080 0.80e+86 603 6.35e-89 243 9.60e-88 c 66 e e @a
1.5163%e-82 2.541e-83 882 1.3%e=-83 863 3.8%9=-09 660 @.00e+86 083 2.17e-089 241 8.75e-83( 8.93 239 e e @a v
— .
cpfd
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Post-Run

@ Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj
File View Setup Run Graphics and Output Post-processing Help

During and after a Barracuda

Project Tree

g x

tmE o 6F H

simulation, examine your results by |z

3 Global Settings
- Base Materials

clicking on the Post Run tab. You can ..

1 Volatiles
&% Particle Species

view Tecplot files while the solver is |-t

operating.

£ Fluid ICs

ees Particle ICs

v il Boundary Conditions
Pressure BCs

Flow BCs

Injection BCs

Thermal Wall BCs

v 3 BC Connections

Click on View Results in the Post-Run | =

window to open the Particles:
Volume Fraction view.

BARRACUDA VIRTUAL REACTOR

BC Connectors
v & Chemistry
4 Rate Coefficients
7 Reactions
/. Numerics
( Time Controls
v i Data Output
71 Flux Planes
A Visualization Data
2N Average Data
Data Planes
/S Data Points
= Wall Erosion
+*+ Particle Attrition
.*. Raw Data
ess Population Data

@ Solver Qutput Units
2 Run

) Post-Run

(% Barracuda Virtual Reactor...

|« | & ¥

Post-Run

Tecplot for Barracuda

|ﬂq View Results ‘ H?—(’— Launch Tecplot|

Tecplot 360 command line arguments:

‘—nowelcomescreen -showpanel

Utilities

— . View Log Files|

= B Create

‘ kuipers_my_setup.prj

‘C:/barracudaftraining,’27Kuipers,’my759tup

cpfd
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Using the Load Barracuda Data Dialog

TemporaryLayout.lay - Tecplot 360 EX 2022 R1 — O *

When Ia u nChEd from the Ba rraCUda G U I’ File Edit View Plot Insert Animate Data Frame Options Scripting Tools Analyze Help

: O et v R B HOXEB SNV AAEE S AR O000 @
Te c p I Ot WI I I I Oa d 0 n Iy t h e m Ost re ce nt - ::::n::::;; Ctrl+0’ Particle volume fraction 0,005 | Quick Macro Panel [ 4
° ° ° ° g Save Layout Ctrl+5 325 3D Rotation Animatioln ~
solution time in order open the view as S
i kI i b I /’ o Barmctda dea ggs ;:riidfdger:oad Barracuda Data
q u Ic y as pOSSI el [ Load Data.. 0.25 Grid: Transparent Model
Wiite Data... g%s Grick View Grid Lines
. Grick View CAD Model
B Print.. Ctrl+P g;s G:d: CI:rwnpare Gri: aenfi_CAD'
To load more solution times:
(] Export... Setup: Data Points
Cells: Fluid Pressure
Exit Ctrl+Q Cells: Fluid Velocity Magnitude

Solution time: 0

* Click on File = Load Barracuda Data | Ca oo Focto

Cells: Time-Averaged Fluid Pressure

. - e —— - ) Cells:'l'lme-ﬁ\veragedFIuidPressureGradien'
e Under Tecplot Files to Load there are a few | HaEEE road Barracuda date 8 Calls Tme AvergedFid empanture

Show derived objects |

Particles: Volume Fraction

load D dataset | LloadDataFile |

1 [] 1so-5urfaces Particles: 5peed
options _ Particles i
p [ Slices | Load La"_i"DL.It | | Refresh .I"R-E‘oad { P:r‘t:zI::: RI::dence Time

. . . L] Streamtraces \ Particles: Temperature
e Allis most commonly used for animations Showeicts T . pricls s Specis
[ Lighting '

Bubbles: Speed
Translucency

* Click on Refresh / Reload in order to load |-

Bubbles: Residence Time v
< >
Mone Paper Grid Hrst

the .plt files C ] s

M Evenly-spaced
Click to Select, Drag to Select Group Load File Mumber
All

i
(=]
4k
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Particle Volume Fraction View

Rotate the image into view

* This can be accomplished quickly
by selecting the “ZX plane” view

BARRACUDA VIRTUAL REACTOR

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA

BARRACUDA VIRTUAL REACTOR

USERS’ CONFERENCE 2024

June 19 - 21, 2024

W Chicago - Lakeshore

File Edit View Plot

<4<l > [
Show derived objects

[ 1s0-Surfaces

Insert  Animate Data

[ slices

|:| Streamtraces
Show effects

Lighting

Translucency
Snap to

Mone Paper Grid

Plot Pages

Click to Select, Drag to Select Group

TemporaryLayout.lay - Tecplot 360 EX 2022 R1

Frame Options

Scripting  Tools

Analyze

Help

— O X

D™ b AP RHOXEE @NVIHHEEE M AW41JOOO

Plot g X Particle volume fraction 0.00s | Quick Macro Panel
v | 2 0.55 3D Rotation Animation ”~
0.5 Reset Center of Rotation
0.45
0.4 Tile Frames
.35 Load AddOn
0.3 Refresh / Reload Barracuda Data
0.25 Grid: Transparent Model
0.2 Grid: View Grid Lines
& 3-15 Grid: View CAD Model
Shade Ul.US Grid: Compare Grid and CAD
] Vector Setup: Boundary Conditions
3 Setup: Flux Planes
L] Edge . Setup: Data Points
Scatter Cells: Fluid Pressure
| Zone Style... | Cells: Fluid Velocity Magnitude
Cells: Fluid Temperature
solution time: 0 L_"ﬂ' Cells: Particle Volurne Fraction

Cells: Time-Averaged Fluid Pressure

Cells: Time-Averaged Fluid Pressure Gradien
Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volume Fractic
Particles: Volume Fraction

Particles: Speed

Particles: Size

Particles: Residence Time

Particles: Temperature

Particles/Bubbles: Species

Bubbles: Volume Fraction

Bubbles: Speed

Bubbles: Size

Bubbles: Residence Time A
£ >
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Tecplot Quick Macro Panel -

3D Rotation Animation

Reset Center of Rotation

Cascade Frames

Tile Frames

Load AddOn

Load: Refresh / Reload Barracuda Data

Once in Tecplot, use the Quick Macro Panel to easily Gri: Transparent Mo

Grid; View Grid Lines

view commonly used results. Grd: View CAD Model

Grid: Compare Grid and CAD
Setup: Boundary Conditions

* Not all options are available for all simulations. If sevp s pnes
etup: Data Points
the data is not available, Tecplot will warn you e e e
(e.g. clicking on average data buttons, when e pacle tume Fraction
. Cells: Time-Averaged Fluid Pressure
averaglng haS not been Set) Cells: Time-Averaged Fluid Pressure Gradient

Cells: Time-Averaged Fluid Temperature

* Do the results reflect the behavior you expected? parcesolume Faction
Particles: Speed
Particles: Size

* How does the average volume fraction compare to Particles: Residence Time

. . Particles: Temperature
the instantaneous volume fraction? s s peces
Bubbles: Speed

* How does the cell volume fraction compare to the subbles:Size

Bubbles: Residence Time
particle volume fraction? Bubbles: Temperature
Tracers: Residence Time
Output: Current Data to Text
Qutput: All Data to Text
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Coloring by a Different Variable

TernporarylLayout.lay - Tecplot 360 EX 2020 R2 — O et
To chan e which data is bein resented double_ File Edit View Plot Inset Animate Data Frame Options Scripting Tools  Analyze HE||’3 ) i )
) Cans P ’ E CXRE NI BAEEE A AEAO00O-
click on the legend ’ 5 e B -
|:{] S 325 Contour & Multi—CoIoriW *
Snap to orientation view 335 ig :a"ﬁ"jle_:dh:'l""e_t'::djm h @E
In the drop down menu at the top left, select the 03: . i dspee
- i e oz B
data you would like to see displayed (for the next - i =
H 4 ° . . 27: SpecesIndex Legend Box...
few slides, we will be using Particle Volume e ) e y I
Fra Ction) D i Separate color bands 28: Particle Speed i
Scatter [] Resize automatically [] show color cutoff levels
| Zone Style... Level ski|:|: Line spacing:

For a scatter zone, you should select particle-
dependent data. Likewise, for a Contour or Vector

D=

Solution time: 3.7

[l
141>

Particle Volume Fraction

Label continuous
colors pasition:

Text color:

Contour levels -

Increment: |1

Show derived objects Mumber fant:| Aria ~ lLI

zone, you should select cell-dependent data. = P o S
[ slices Show header
. . . [] streamtraces Header font:| Arial [8 ][]
Note: Only data selected for visualization data showefects sae: [2 Jrramee -
. . . [ Lighting

output during the setup will be available A ransucency

Plot Pages

Click to Select, Drag to Select Group I = | | e |
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Setting Data Limits

TemporarylLayout.lay - Tecplot 360 EX 2020 R2 — O X

We can control the minimum and maximum values to e B Ve P et Anmete

Data Frame Options Scripting  Tools  Analyze Help

ispl Dead® ks AP EHOXE P @Yy ;ll)‘é@AbB/I/DDOD»
dlSp ay Plot 8 x Particle Volume Fraction A T0e sl b Dangl
| | - 0.55 Contour & Multi-Coloring Details X
. H 3D Cartesian hl 0.5
* Note: Any values above or below these respectively S o T IR EEEEE
will be colored as if they are at this value o o . evesand Color ) Bands  Lnes  Labels  Legend
Show zone layers 0.25 Contour levels
(] Mesh 335 1:0 ” SetLever...
. 2:0.03 =
To change the data limits: oo s 01 e CE—
H [ vector i u u 3:0.2 @ Remove Selected
* Navigate to the Levels and Color tab O e 0:025
. . . . [+] Scatter i B8:0.35 Contour variable range
* Click on the Set Levels... button, which will bring up [ zeneste. Enter Contour Levels x | 04 Min: 0 Max: 0.553002
Solution time: 3.7 Level Creation Mode 1:03 ¥

the Enter Contour Levels dialog

* Select Min, max, and delta for Range Distribution

e Change the Minimum level to O
e Click OK

* Observe the minimum in the legend has changed to 0 | Buwwe  [E{Cinmumieve: [0 >

BARRACUDA VIRTUAL REACTOR

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA
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Show derived objects
[] 1so-Surfaces

[] slices
|:| Streamtraces

Show effects

o

Translucency
Snap to
Plot Pages

Maximum level: |n. 55

MNumber of levels: | 11

Click to Select, Drag to Sele Delta:

(®) Exact levels

() Approximate levels for nice values
Range Distribution

() Min, max, and number of levels
(® Min, max, and delta

() Exponential distribution

|0.05 |

Color map options

><><><c>

T o -seod |.

Color map distribution method

Min: |0

Max: |0.584289

ResetRange ™

o ]| cocd || b

~

(® Banded () Continuous

Contour values at endpoints [ cutoffbelow: | 0, 145072

Approximate continuous

Color cutoff

[ cutoff above: | 0.433217

Color map adjustments

Reset = |:| Reverse

Close | | Help | -

cpfd
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Changing the Color Bar

TemporaryLayout.lay - Tecplot 360 EX 2020 R2 - O bt

To change how the view is colored: | G i a e saokrt on BADE H BEALD0S:

* Click on the drop-down menuin = |seee - B3 -
the Color map options sectionto | T.ExE % LU L
view the many options to choose |5="" = Bt - g
from e e

+ For this example we will be using | 2=
Modified Rainbow — Less Green v

Color map options

MECEECIEOING &6 O O (<
T o - sand v

L *
- - Modified Rainbow

Modified Rainbow Gree
. - Qualitative - Accent e
_ Qualitative - Dark
_ l Qualitative - Dark 2
- _ Qualitative - Paired

Qualitative - Pastel
_ Qualitative - Pastel 2
Plot  Pages T qualitative - Pastel 3 v
Click to Select, Drag to Select Group

y Close I | Help | —

/
BARRACUDA VIRTUAL REACTOR cpfd
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* Click on Close !
[ 1s0-5urfaces
[] slices
[] streamtraces

Show effects

Lighting
Translucency
Snap to W
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Translucent Geometry

TemporaryLayout.lay - Tecplot 360 EX 2020 R1 - m} X

The default vlew of model geomet ry IS at 80% File Edit View Plot Insert Anirrjlate Data Frame Options Scripting  Tools  Analyze Help
D™ b Ad BH&OXEE eV EAHEEH » AE41 0000 F
translucency 5 sevoume ot i .
0.55 3D Rotation Animation
Snap to orientation view 05 Reset Center of Rotation
ot Cocerane

While this often looks good for many views, in some e T

Output All Data to Text

|30 Cartesian v

° ° ° ° ° D Contour 0.25 Grid
situations you will want to modify this value: o 02 R T
_ . S s T T Fobvoering
* Right-click the geometry e 5 o
: s = Particles by Volume Fraction
* Click the rightmost figure to toggle the translucency | 0 | s
_ _ R n | e
* Click the dropdown menu next to it to select a o gt - Coc it
translucency value

Cells by Average Pressure Gr.
Cells by Average Fluid Temp

* Try out different values for the model geometry g
translucency and see which looks best for this
project (90% is shown in the next slides)

® MNore () Paper Grid
‘ Redraw

Auto redraw

Flay... Hell
Plot  Pages X 2

Click to Select, Drag to Select Group

BARRACUDA VIRTUAL REACTOR cpfd
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Changing Scatter Symbol Shape and Size

TemporaryLayout.lay - Tecplot 360 EX 2020 R1 - [m] x

The dEfaUIt scatter sym bOI Shape is one-pixel pOints’ File Edit View Plot Insert Anirr?ate Data Frame Options Scripting  Tools  Analyze  Help
- . D@EH® N~ 44 $#0X%¢ eV BERE H ARI10000 @
which is great for rendering a very large number of - o o

Particle Yolume Fraction

e —————————

M ° e |33Fzrtesfian o v| 0.55 Zoneﬁtyle x
particles in a reasonable amount of time.
315 Mesh  Contour  Vector  Scatter  Shade  Edge  Points  Surfaces  Volume | Effects
Show zone layers 0:35 p er |
[[] Mesh 0.3 e
M Wz 0.25 E‘IEJ‘I: Tracers
If you have fewer particles and want to show them a 02 T :
. g Vector 0.1 &5 Flow BC EDDD; 1 Poi e 0.10%  None
I I I . Edge I, 0.05 606 | Flow BC (001 1 Poi 010% |Nene
ittle larger: S sane : e — | p e BRI
Zone Style... 609 Pressure BC (000) 1 Pai 5 i . 0.10% None
. 7—‘ 810 Transient data (0.000000, 0.007500, 0.010... |1 Poi Left triangle 0.10% None
* Click on Zone Style... o et oo ame o Deend BRI s
I et | (613 Transient data (0.260000, 0.007500, 0.070... |1 Poi o 0.10%  |None
. . — FESN ] ’
* On the Scatter tab, right-click on Point in the o et s S— R
. [] 1s0-5urfaces Point
Symbol Shape column of the Particles row e
I:‘Streamtraoes

Cells by Average Pressure
Cells by Average Pressure Gri
Cells by Average Fluid Temp:

* Select Sphere v

Translucency

* Right-click on Scatter Size column of Particles row

e C(Click on Enter...

Mone Paper Grid

e Enter0.3 | e

Auto redraw

Flay... Helj
Plot Pages 1y, b

L] CI I C k O K Click to Select, Drag to Select Group
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Adding a Title
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TemporarylLayout.lay - Tecplot 3 2020 R1 - a X
S e I e ct I n Se rt 9 I ext a n d s e I e ct a File Edit View Plot Insert Animate Data Frame Options Scripting Tools Analyze Help
DEad® s Ad $HO0X&E eV EABHEE » AE4 D00
° ° ° ° ' : - ) i
location in the view to raise the Text - R e
13D Cartesian /4 v| 3D Rotation Animation
Reset Center of Rotation
[ [ Cascade Frames
Tile Frames
Details window e
[ Mesh Output Current Data to Text
Output All Data to Text
. . ] Goamic Grid
* Here you can adjust the font, size 2
r u can adju nt, size, e
Compare Grid and CAD
[ [ Edge Boundary Conditions
color, location, etc of the text
) ) { Zone Style... Data Points
Particles by Volume Fraction
Solution time: 13,2001 Solid Region
P C I ° k t h t t e d Particles by Radius
E = Particles by Species
Ick Acce pt wnen your text IS reaqay G e B
S Particles by Temperature
Show derived objects Cells by Volume Fraction
[ 1s0-Surfaces Cells by Pressure
$ Cells by Pressure Gradient
L Sices Cells by Fluid Temperature
Once entered, any text can be moved | o=~
Cells by Average Pressure
’ Shast eFfem Cells by Average Pressure Gr;
d ° t h t h I t e t I L;g‘m;g Cells by Average Fluid Temp
arounda wi e seiection too R
Text Details X
Font: | Arial v I Size: 14 Foints v M Black
| (8] [ see: | H| | | |
None Paper Grid Kuipers Bed Fluidizaton|
[, Redraw
™ Auto redraw £ 2
Plot  Pages Positon  X: [31.7679 | ¥ [97.2977 | [Frame v| ange (deg): [0 ] | anchor | eer ) S|
Click to Select, Drag to Select Group rasETTE
Macro function: | |
[CAccept || concel || Heb |
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Exporting an image

To create an image:

/

BARRACUDA VIRTUAL REACTOR

USERS’ CONFERENCE 2024

June 19 - 21, 2024

W Chicago - Lakeshore

Mrar,.ta.w:u:.\ar. >

Edi o

NEgM

Frame (

PHOX

& |

Data
Data

%

Help

NS AHEE B AW 0000

Kuipers Bed Fludization Quick MacroPanel & X

13.70s

3D Rotation Animation
Reset Center of Rotation
Cascade Frames

Tile Frames

Load AddOn

Output Current Data to Text
Output All Data to Text

Grid

Transparent Model

CAD

Compare Grid and CAD
Boundary Conditions
Fluxplanes

Data Points

Particles by Volume 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

° . . ‘Tlot 2 x Particle Volume Fraction
Click on File = Export EEEY | s
ap to orientation view 05
Il EA g.:s
e Select the Export Format BB
[ contour P 0.25
. = 8?5
* Click OK = 3
I C [ ] =doe (L5 8.35
Scatter 0
. ° ) . { Zone Style... |
* Give your snapshot a descriptive file |scwme —
n a m e \ﬂ = Export format:
S Color
° Select Export File (®) Use width of image on screen
* Click S .
I C a Ve ™ <« Windows (C:}) » barracuda_training » 2_Kuipers » my_setup v [ 2 Search my_sef e
Export dimensions: 858 x 763
Organize » Mew folder [ antialiasing
a 2 - Supersample factor {2-16): |3
- i Y [] convert to 256 colors
. H
kuipers_bed_fluid
E ization.png
¥ ﬂ/
av [ ok | cancel || hep
File name: | kuipers_bed_fluidization.png ~
Save as type: | PNG Files (*.png) / ~ up
+ Hide Folders Help | | Save ’[ | Cancel |
BARRACUDA VIRTUAL REACTOR ot sortmare.com
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| Photos - kuipers_bed_flidizationpng O

n ] u
VI eWI n g a n I m a g e Seeall photos  [EEEIVEES @ mW RO N v K Edit&Create v 1@ Share (&)

Particle Volume Fraction Kuipers Bed Fludization 1370s

To view your snapshot:

* Navigate to your project file
directory

* Double-click on snapshot file name

| | Manage my_setup _ O
Home Share WView Picture Tools
“— A <« Windows (C:) » barracuda_training » 2_Kuipers » rny_setup w [ S22 Search my_setup A
Mame - Date modified ™
LIy I L = T ]
history.log 8/7/2020 10:51 Ab
IC_2.000e+01 8/7/2020 10:51 Ab
info.log / 8/7/2020 10:51 Ab
@ kuipers_bed_fluidization.png 8/7/2020 3:05 PM
E‘ kuipers_my_setup.prj 8/7/2020 10:09 A
list_outputfiles.log 8/7/2020 10:51 Ab
POPUL_0.000e+00.log 8/7/2020 10:09 Ab
POPUL_01_0.000e+00.log 8/7/2020 10:09 AM
POPUL_01_2.000e+01.log 87772020 10:51 Ab
£ >
436 items 1 item selected 371 KB =
BARRACUDA VIRTUAL REACTOR cpfd
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Navigating through Time

TemporarylLayout.lay - Tecplot 360 EX 2022 R1 — O x
If more than one solution time is Ioaded in Tecplot’ use the time File Edit View Plot Inset Animate Data Frame Options Scripting Tools Analyze Help
: - . . : al oy 1zl —
controls located in the Plot sidebar to navigate through time: U™ (ks A4 FHOXNEE @V ol B4 L1OOO
Plot g % Particle volume fraction 13.10s | Quick Macro Panel g X
* Use the Play button in the center to view your simulation 3D Cartesian v = s 3D Rotation Animation ~
- . : Reset Center of Rotation
thl"OU h time Snaft::onenbhonwev: 0.45 Tile Frames
g 3435 Load Barracuda data X I;:{ad ﬁ;\dd;}r: 5 D
* Use the slider to quickly navigate to a certain point in time Show zone layers 0 e
[ Mesh 02 Load 3D dataset Load Data File Grid: View Grid Lines
*  The left- and right-most buttons skip to the beginning and e & 01 [ Losdiayeut Refresh | Reload G e CAD Model |
. . . . f=le 0-05 nd: Lompare n Erll.
end, and the buttons just inside them navigate to the O] vector \Teqﬂomemoad: Setup Boundary Conditions
ups rlux Flanes
pr9V|0US or neXt flle ::ter Al | N=|30 - ?:ET?:F?E-;E;OMB
Cells; Fluid Velocity Magnitude
Cells: Fluid Temperature

Cells: Particle Volume Fraction

Cells: Time-Averaged Fluid Pressure

Cells: Time-Averaged Fluid Pressure Gradien
Cells: Time-Averaged Fluid Temperature

Solution time: 13,1017

If more solution time has elapsed and more .plt files have been
created, you can scan for more files to view in two ways:

Make sure that All is selected for Tecplot Files to Load

[ 1so-5urfaces Particles: Speed
. . ) Particles: Size
e  Then double-click Load: Refresh / Reload Barracuda Data in the gs"‘ﬂ Particles: Residence Time
. Streamtraces Particles: Temperature
QUICk Macro Panel Show effects Particles/Bubbles: Species
Bubbles: Yolume Fraction
. Or click on File = Load Barracuda data = Refresh / Reload 4 Lighting Bubbles: Speed
Translucency Bubbles: Size
Snap to Bubbles: Residence Time 4
None Paper Grid < >
Plot ~ Pages Play... | | Help |

BARRACUDA VIRTUAL REACTOR

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA
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|
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Shayy derived objects

Click to Select, Drag to Select Group

Cells: Time-Averaged Particle Volume Fractic
Particles: Volume Fraction
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Particle Mixing in Kuipers

Particle mixing can be shown best
with an animation of the Kuipers
bed through time.

Double-click on Particles/Bubbles:
Species in the Quick Macro Panel.
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TemporaryLayout.lay - Tecplot 360 EX 2022 R1
File Edit View Plot

Dad=

Plat

Insert  Animate Data

3D Cartesian v =

Snap to orientation view

Show zone layers

[] Mesh
[ contour
Shade
[ vector
[ Edge
Scatter

| Zone Style...

Solution time: 13,1017

|
1</
Show derived objects
[ 1so-5urfaces
[ slices
[ streamtraces
Show effects
Lighting
Translucency
Snap to
Mone Paper Grid
Flot Pages

Click to Select, Drag to Select Group

glass beads (fop of vessal)
glass beads (bottorn of vessel)

- O X

Frame Options Scripting  Teols  Analyze Help

13.10s | Quick Macro Panel

A AP FHOXESE NV IEEEE M AW IO0O

Grid: Transparent Model

Grid: View Grid Lines

Grid: View CAD Model

Grid: Compare Grid and CAD

Setup: Boundary Conditions

Setup: Flux Planes

Setup: Data Points

Cells: Fluid Pressure

Cells: Fluid Velocity Magnitude

Cells: Fluid Termperature

Cells: Particle Volume Fraction

Cells: Time-Averaged Fluid Pressure
Cells: Time-Averaged Fluid Pressure Gradien
Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volume Fractic
Particles: Volume Fraction

Particles: Speed

Particles: Size

Particles: Residence Time

Particles: Temperature /
Particles/Bubbles: Species

Bubbles: Volume Fraction

Bubbles: Speed

Bubbles: Size

Bubbles: Residence Time

Bubbles: Temperature

Tracers: Residence Time

Output: Current Data to Text

Output: All Data to Text

£ >

-~

cpfd-software.com
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Making an Animation

Create this view:
* Color map : Doppler
* Adjust zoom and location of geometry
* Addtop and bottom title

Create an animation:

* Ensure all time step .plt files are loaded (File = Load Barracuda
data = Tecplot Files to Load: All > Refresh / Reload)

* Click on gear icon next to Solution time

*  Verify the settings in the Time Animation Details dialog
*  Click on the Film Reel icon

* Select the Export format = OK

*  Give descriptive file name > Save

To view the animation, navigate to the simulation directory and double-
click on animation file name.

BARRACUDA VIRTUAL REACTOR
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Temporarylayout.lay - Tecplot 360 EX 2020 R1

Plot (=]

|30 cartesian ~|

Snap to orientation view
Show zone layers
[ Mesh
D Contour
Shade
I:‘ Wector
[ Edge
Scatter
| Zone Style...

Solution time: 0

i
=N

Show derived objects
[] 1s0-Surfaces

[ Slices

I:‘ Streamtraces

Show effects
Lighting
Translucency

Snap to
Mone Paper Grid

| Redraw

Auto redraw

Plot Pages
Click to Select, Drag to Select Group

File Edit View Plot Insert Animate Data

NEEH®S s Ad $HOXAESL NV HIEEBEEE M AL D00

Frame Options Scripting  Tools  Analyze

glass beads (top of vessel}

glass beads (bottom of vessel)

Help

000 =

Quick Macro Panel F X

Particle Mixing in Kuipers Bed Tirme Animation Details

Starting time: Min: O

Ending time: Max: 200002

Time step skip: Number of steps: 201
Animation direction:

Current step: | 1 | | Go to Step

Current value: 0

[ 4]
[ Limit animation speed to frames/second

| Celle hu\nlumae Eraction

Export

Color

(®) Use width of image on screen
(O Enter width: 353

Export dimensions: 858 x 762
[ Antialiasing

Supersample factor (2-16):

10 m/s center jet

*

Animation speed (frames/sec): E

Gr:
np

]

DKAM. I

cpfd
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Saving an Layout File

TemporaryLayout.lay - Tecplot 360 EX 2020 R1 - m} X

When Setting up a non'dEfaUIt data View’ it’s File | Edit View Plot Inset Animate Dsta Frame Options Scripting Tools Analyze Help

. . D) NewLayour wh R RPHOXEE PNV VEBEEE H ABE1 000 F
gOOd pra Ctlce to Save Ito N s::;:::::t; Ctrh—O’ ) o ) 20005 | QuickMacroPanel 8 X
O savelayout s Particle Mixing in Kuipers Bed 3D Rotation Amimaton
H savelayoutss.. CtrsW ! glass beads (top of vessel} E:ZZE:’;::‘;RC‘““””
° Load Barracuda data... glass beads {bottom of vessel) Tile Frames
Select File 2 Save Layout As... to name and save | wion S e
Write Data... Output All Data to Text
a custom layout. A o
Paper Setup... CAD
- Compare Grid and CAD
port... Boundary Conditi
o - Fopanes
* Data Points
A layout file will save all the requisite information
Solution time: 20,0001 Solid Region

Particles by Radius
Particles by Species

to recreate the view.

Particles by Residence Time

T « 2 Kuipers » my_setup v O 2 Search my_setup Particles by Temperature
Sho Cells by Volume Fraction
|: Organize « MNew folder Bz - e Cells by Pressure
O o FS i Cells by Pressure Gradient
N ° L f. I b I ° d h - Name Date Type Size Len Cells by Fluid Temperature
Ote . ayo ut I es Ca n e a p p I e to Ot e r g [ Temporarylayoutlay  5/25/202112:09 PM Tecplot 360 EX lay... 39 Cells by Average Volume Fra
l Cells by Average Pressure

Cells by Average Pressure Gri
Cells by Average Fluid Temp

projects with different data and different ] -

File name: | particle_mixing.lay

geometry. This can be helpful for quickly creating

[ Use relative paths Include preview image

animations and snapshots in multiple directories. |.. AN

~ Hide Folders Hep | [ sae | |

When you want to use a layout file in other e~ —

Auto redraw

projects, always check the “Use relative paths” = 10 mis conter et
option in the Save Layout window.
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Comparing Results

Particles: Volume Fraction Cells: Particle Volume Fraction Cells: Time-Average Particle Volume Fraction
2000s
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Loading Barracuda Data for xy plots

\i Tecplot 360 EX 2022 R1 — a X

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

DEd®™ s A BHEOXNEE NI EHEE M MBE1LIDOO

Plot =2 Quick Macro Panel g X

When setting up the simulation, we
defined Data Points to measure

Sketch ~ Lead Barracuda data x 3D Rotation Animation
t specific cells in the Kuipers ")
re SS u re a Tile Frames
p p p | load Ddataset ™ LloadDataFie | e Frames
Refresh / Reload Barracuda Data
bed. Let’s plot the data from those —
[ Grid: View Grid Lines
Tecplot Files to Load: Grid: View CAD Model
° Grid: Compare Grid and CAD
po I nts ° ||""I|‘-"St Recent e | N = (50 = Setup: Boundary Conditions
Setup: Flux Planes
Setup: Data Points
° . - Cells: Fluid Pressure
o CI |C k Fl Ie 9 N eW Layo ut O r 'ﬂ{/ Launch Tecplot Cells: Fluid Velocity Magnitude
Cells: Fluid Temperature
- ° Calle Doptiole Lol E-—tion
button in the Post-Run window e 3 o
uid Pressure Gradient
T <« Windows (C:) » barracuda_training » 2_Kuipers » my_setup v O 2 Search my_setup Lid Temperature
. . rticle Velume Fraction
* Click File = Load Barracuda Data e e crmen
eee MName - Date Type Size Tags ~
=] FUFUL_ UL UUUUET .., O W LVEU 1248 FIVE IEXT L'OCUment 13 KB
° ° POPUL_02_2.000e+...  8/7/2020 10:51 AM Text Document 13KB i
® C I I C k LO a d D a ta F I I e POPUL_2.000e+01.l...  &/7/2020 10:31 AM Text Document 13KB L.
rungrid.bat 8/5/2020 12:42 PM Windows Batch File 1KB :1
TecplotOutputlistlog  2/5/2020 12:42 PM Text Document 15 KB
°® S e I e Ct t ra n S d a ta OO (] TemporaryLayoutlay ~ 8/7/2020 10:14 AM LAY File 39KB
. \ D Temporarylayoutla..  2/7/2020 10:14 AM SAVE File 39 KB
Snap to D trans.datal0 8/5/2020 12:42 PM DATADD File 1,795 KB
° C I . k O None Papel viewsrid.plt 8/3/202012:42 PM PLT File 283 KB Text
I C p e n @ warning.log 8/5/2020 12:42 PM Text Document 1KB v
Auto redraw File name: | trans.datadd &[ | XY Data Files (7 v|
Plot  Pages ﬁ Open | | Cancel | e -
Click to Select, Drag
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Data Points File Contents |

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

e Column 1 corresponds to Time

e Column 2 corresponds to Pressure at cell (16, 1, 1)
e Column 3 corresponds to Pressure at cell (16, 1, 31)
e Column 4 corresponds to Pressure at cell (16, 1, 59)
e Column 5 corresponds to Pressure at cell (30, 1, 1)

[&f c\barracuda_training\2_Kuipersimy_setup\trans.datadD - Notepad ++ - [m| X
File Edit Search View Encoding Language Settings Tools Macro Run  Plugins Window 7 X
sHHERGa|ldimE|ioe|ay| 2 ER ST EPERe®| @@ B B G| &
[ trans data00 3 |

1 # Thu Hov 17 13:46:45 2022 ~

2 #

3 # Barracuda release 22.1.0

4 # Solver version 22.1.0.x088

= # Build date 2022-10-20 01:02:47 UIC

€ #

A Variable name @ location in @ Units ijk xvz (m) Comment

= %

me"

10 %@ 2 "Pressure @ (0.000e+00, 7.500e-03, 8.333=-03)" 16 1 1" "™ 0.00000e+00 7.50000e-03 B.33333e-03" " "
11 3B 3 "Pressure @ (0.0002+00, 7.500e-03, 5.083e-01)" 16 1l 31" ™ 0.00000e+00 7.50000e-03 5.08333e-01" " "
1z @ 4 "Pressure @ (0.000e+00, 7.500e-03, 9.750e-01)" 16 1l 5%" ™ 0.00000e+00 7.50000e-03 9.75000e-01" ™ "
BRI 1] 5 "Pressure @ (2.572e-01, 7.500e-03, 8.333e-03)" 30 1 1" ™ 2.57250e-01 7.50000e-03 8.33333e-03" " "

1 00e+00 1.0000000000e+05 1.0000000000e+05 1.0000000000e+05 1.0000000000e+05
15 5.000000e-U3 et d=+05  1.0001763011e+05 1.0000087552e+05 1.01763
16 7.540964e-03 1.1043355369e+05 1.00006000 010 L. UUUUUSTIE0e+ 1.0275273004e+05 &

BARRACUDA VIRTUAL REACTOR@ Normal text file length : 848,530 lines: 9,752 Ln:1 Col:1 Sel:0]0 Windows (CRLF)  UTF-2 INS Crg,fd
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Plotting Data Points

Tecplot 360 EX 2019 R1 — O ket

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

NEHE ks Q¢ & £ Mapping style v

Click the Mapping Style... button - -

|)(YLine v|

Definitions Lijes Curves Symbols Error Bars Bar Charts Indices n

Map Map Show K-Axis Y-Axis

Show mapping layers Number Name W Variable Variable

M b T ) 1 .5 72e-01: 7.500e-03; 8.33e- 1: Time (s) 2: Pressure @ (-2.572...
 Go to the Definit tab 2. : e § (3
O 10 the DETInItions ta 0 o {0 Gl MR s el 0N o inely s s e
(] Bars 4 Pressure @ (0.000e+00; 7.500e-03; 9.583e-01) (Pa) 1: Time (s) 5: Pressure @ (0.000e...
L]
. S | t th b th Sh M p L. [ Error bars < >
e ec e Oxes I n e OW a |\\ Mapping Style... | "y Selection criteria: | | | Select | | Clear |
column for all four pressure data
|Creahe Map...| | Copy Map | | Delete Map | | To Top | | To Bottom | | Close | | Help

SO TEY

pOi nts 110002 _-].'l F\ i ! fh |]" !‘ n Particles by Radius

e |f aline of data is not visible in the
plot, click on the frame and press
Ctrl+F to autoscale the axes

Particles by Species

- i . Particles by Residence Time
| |II I
108000 ,L | ' ] [ | F M ! Particles by Temperature
] I \ ‘ Cells by Volume Fraction

I Cells by Pressure
1068000 | w r Cells by Pressure Gradient
[ . Cells by Fluid Temperature
Cells by Average Volume Fra
Cells by Average Pressure
Cells by Average Pressure Gr
102000

. / '\U “C UM JI[ U IJ| ‘W | |} Coe by e e

0 10 15 20

104000

LU L L L

L

0; 7.500e-03; 8.333e-03) (Pa), Pressure @ (0.000e+00; 7.50

Time (s}

Snap to

Mone Faper Grid
Flay... Help

| Redraw | v
Click to Select, Drag to Select Group
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Tecplot 360 EX :CQ/ — O >
File Edit Wiew Plot Inset Animate Data Frame Options Scripting  Tools  Analyze Help
° ° | — . N
Navigate to Plot 2 Line Legend... BOX %€ @NSAEEE R AWAIOD0O
Show Line Legend e 8 x
* Select Show Line Legend to display |z
eset Center of Rotation
Text Cascade Frames
the legend o s ool e
e |3 E" |HBME% v| | Mok | Above center jet 'I(?rrai:s arent Model
el
ial it oth e T Reovelonge || e
In Legend dialog, you can edit other
’ Line spacing: i Data_ Points .
aspects of the legend’s appearance o ety e
Ootor ® e O TN | iy s
mgmess _— i[ . | .| |'| P| [: I| v J “A Part?cles by Residence Time
° ™ I [ ] ! F | | Particles byTemperatgre
To change the names of the lines in the | ~ | M ||IL Wi Cont o e
Fleie L= I ' lll |l| | |I | w r Cells by Pressure Gradient
legend, you must change the names of | - e
14
[cose ]| nee |
the variables in the Mapping Style g
oo
d Ia Iog ?‘,\ 1 Above center jet 1: Time rlau 2 Pressu(0.0DDe...
g 1000 2 Mear bed height 1: Time (s) 3: Pressure @ (0.000e...
. N i vl T Time 0 - ressure @ 25726,
+ Double-click the Map Name for each == i
oupie-CliC e IViap Name 10r eacC & . ,
I i n e to ed it th e teXt Snap to Selection criteria: | | | Select | | Clear |
Mone Paper Grid
(ljl' e to 5l CLDREd':"‘S 6 ik |Create Map...| | Copy Map | | Delete Map | | To Top | | To Bottom | I Close | | Help
ick to Select, Drag to Select Group
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Editing the Axis Labels

Navigate to Plot 2 Axis...
e GototheTitle tab

Click on Y1

Select Use text

e Enter a custom axis title
Click Close

The Axis Details window allows you to
edit other aspects of axis appearance
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Tecplot 360 EX 2019 R1
File Edit View

1N

Plot | Insert | Anirmate Data Frame Options

Scripting  Tools

BEHES s AP EEOXRE @AY AEHE E M A

Analyze Help

— O

Ao 0o

s

¥

Plot Quick Macro Panel 5 X
A
|)(Y Line A | 3D Rotation Animation
Fr T (R:eset Ser::ter of Rotation
ascade Frames
M Lines Tile Frames
[ symbols Load AddOn
. Grid
[ ars ———— Above center jet T
" ransparent Model
[ Error bars 114000 ————— Near bed height CAD
| Mapping Style... Top of vessel Compare Grid and CAD
| ——— Above left gas Boundary Conditions
Fluxplanes
112000 { Data Points
Axis Details x
110
= [ Show ¥ 1-Axis [xt |[ya][x2 |[v2 |[xz][¥3][x4][v4][x5 |[¥5 |
o
— - Tith .
o 108 Range Grid Ticks Labels itle Line Area
* [ axis line
Font: Arial 3.6 I
E 108 [ Grid border left | = - | | E“ [-]
[ Grid border right Offset from line (%): | 13 |
104 Position along line (%%): | 50 |
102
100
() Use variable name
Snap to @ Use text:
Mone Paper Grid |Pressure (Pa) |
[ Redraw | ~

Click to Select, Drag to Select Group
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Barracuda Virtual Reactor with Chemistry - 23.0.0 - my_setup/kuipers_my_setup.prj - O X
- = File View Setup Run Graphics and Output Post-processing Help
Project Tree
f\' Barracuda Virtual Reactor... ‘
% Setup Grid R . N .
0 lobal B8 "Barracuda Virtual Reactor - 21.0.0 - my_setup/kuipers_my_setup.prj” - "C:\Pregram Files\CPFD\Barracuda\21.0.0\bin\cpfd x.exe" kuipers_my_setu... - O X
G Setti
,‘B: e fnlgs 1.48978e-81 3.177e-83 662 1.78e-6% 803 6.350-08 608 ©.00e+80 603 1.72e-8% 184 0.34e-88 B8.97 49 B8 8 8 A
s Case Rl 1.44146e-81 3.177e-83 862 2.46e-08 804 6.12e-10 B 0.00e+B0 063 5.04e-88 211 0.83e-88 ©.91 53 @ 8 ©
v eeo Particles 1.47323e-81 3.177e-83 062 2.672-88 804 5.41e-B0 GO0 ©.0Pe+00 803 5.182-88 228 0.88e-98 B8.85 55 B8 @ @
4 Drag Models 1.5858Pe-81 3.971e-83 882 2.094e-88 804 6.34c-PO PP ©.9Pe+@0 883 3.83e-88 183 0.67¢-88 ©.88 61 @ @ @
@ Volatiles 1.54471e-81 3.971e-83 662 1.46e-6% 804 1.34c-03 608 ©.00e+80 603 7.84e-83 244 0.71e-88 8.93 73 8 @ @
) ) 1.58442e-81 3.0971e-83 962 1.22e-08 004 1.21e-P8 000 ©.0Pe+00 803 O0.71e-88 253 0.25e-88 B8.85 85 2 @ @
) o _ % Particle Species 1.62413e-81 3.971e-83 882 2.00e-B8 B84 4.67c-B8 @00 ©.8Pe+@0 884 1.672-88 247 0.44e-88 ©.82 93 3 8 @
ou ve now Seen ma n as ects O t e t Ica 'l Initial Conditions 1.66384e-81 3.071e-83 @02 1.402-08 004 3.33e-08 000 ©.00e+00 904 8.57e-89 213 0.76e-03 ©.87 98 7 @ 0
¥ Fluid ICs . X X
. . t t Vo Vo u u v v W W p p
e e oo Particle ICs 5 s itr err  itr err  itr err  itr err itr err CFL Low Med Hi R
v | Boundary Conditions | _____ " -~ T T T It Doo oD T
Wor OW Or Se Ing u p ru n n I ng a n pos - Pressure BCs 1.76356e-81 3.071e-83 962 1.71e-88 804 0.24e-P0 GO0 ©.0Pe+00 803 6.372-88 205 7.9le-098 ©.88 99 9 @ @
4 4 Flow BCs 1.74327e-81 3.971e-83 882 1.16e-88 884 7.67¢-BO @09 ©.8Pe+@0 884 4.70e-89 212 9.37¢-88 ©.98 98 11 @ @
° ° Injection BCs 1.78208e-81 3.971e-83 862 1.19e-88 884 2.83c-80 @09 ©.8Pc+@0 884 3.41e-80 217 8.85e-88 8.92 92 9 @ @
e — 1.82260e-81 3.971e-83 662 0.61e-60 804 1.04c-03 GOA ©.00e+B0 604 2.25e-80 218 0.87e-88 B8.99 83 7 8 @
rocess‘ n a a rracu a Ir ua eac Or i 1.8624Pe-81 3.071e-83 962 1.22e-88 004 1.07¢-P8 000 ©.0Pe+00 604 2.172-80 200 1.72e-87 1.86 94 7 @ @
[ & BC Connections 1.98211e-81 3.971e-83 @82 8.51e-89 904 1.73e-08 000 0©.00e+00 P04 2.11e-89 284 1.87e-87 1.13 91 5 @ @
Secondary Feeds 1.94182e-81 3.971e-83 662 1.73e-6% 884 1.51e-08 608 ©6.00e+80 684 1.71e-80 205 3.9%e-67 1.18 99 5 & @
. . Secondary Exits 1.98153e-81 3.0971e-83 062 1.69e-08 004 1.18¢-P8 000 ©.0Pe+00 804 3.26e-80 205 3.58e-87 1.25185 4 @ @
SI m u atlon BC Connectors 2.02124e-91 3.971e-03 862 1.10e-08 904 1.01e-08 006 ©.00e+00 003 3.69e-88 211 3.71e-87 1.27 187 6 @ @
v 4 Chemistry riting bvr.cells.eeeez.plt
Rate Coefficients o
. - 75" Reactions Check Setup
/% Numerics
 Worki Ng with the Barracuda GUI & T Contros 1 Runsoter setup| ] view setuy |
v & DE
. . . 201 E2] Tecplot 360 EX 2020 R2 - ] X
any L ) ) -
o N aVIgatI ng the prOJeCt tree S File Edit View Plot Inset Animate Data Frame Options Scripting Tools  Analyze Help
A% AP $&C * e ABEEE M A
.. . . ) mDEd Rw QAP PO NK Py W B B »
e Def base material d particl " -
erinin ase materiails an articie species Y Plot 5 X Quick Macro Panel 8 x
- ~ Fratiche Wokeren Fraclon Lok ]
|SD Cartesian ~ | o 3D Rotation Animation ~
. o . o, 0 o, . . o .
) D f t | d b d d t - S o Reset Center of Rotation
erining Initial an oundary condaitions o e Tef
=
5 pd N e Load AddOn
. o Grid: Transparent Model
[ s Show zone layers R .
] Mesh Grid: View Grid Lines
kuipers Grid: View CAD Model
L] Contour Grid: Compare Grid and CAD
. . o .
® S | t - t f h k t Shade Setup: Boundary Conditions
INgie time-step run 10r checking setu = etun: Flot Plaes
Setup: Data Points
M H M M [ ] Edge Particles: Volume Fraction
* R mulation for full time- d e
un simuiation 1or tuli ttime-perio I scatter Particles: Speed
| Zone Style... | Particles: Size
. . Particles: Species v
¢ Post-processmg with Iecplot for Barracuda Soluton time 0. 702162 : >
E—
Flay... Help
Plat Pages

Click to Select, Drag to Select Group

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA 88



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

BARRACUDA VIRTUAL REACTOR W Chicago - Lakeshore

USERS’ CONFERENCE 2024

June 19 - 21, 2024

Conclusions

If you are interested in joining a full Barracuda Virtual Reactor New User
Training Class, please email us at:

training@cpfd-software.com

Future training class dates can be found at:

https://cpfd-software.com/events-calendar/
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