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Application Model: Industrial Scale Circulating Fluidized
Bed Combustor was used as a starting point

Modifications made for this training workshop:
e Coarser grid definition to increase simulation speed
e Particle resolution distribution (PRD) enabled
* Flux planes added to analyze flow into and out of cyclone
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Reviewing an Already-Run Initial Case
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Cloud Resolution Settings

Clouds per Cell Definition

In many simulations, Clouds per Cell is the most convenient basis for defining cloud resclution. It is based
on the average cell volume in the system:

Added in version 24.1 Clouds per cell — Nuzber of clouds at 6 = 1 "o

Cell of average volume

This definition is useful because it causes the cloud resolution to naturally scale with the cell resolution, i.e.

I n h e rita n ce_ba Sed m od el fo r s pecifyi ng models with higher real cell counts will automatically use higher numbers of clouds. A frequently used rule of
thumb for determining a good value of Clouds per cell at an |C ar BC is:
cloud resolution 50 192,

Clouds per cell = —
EP

* Easier to get consistent cloud resolution at

ICS an d BCS Hp is the volume fraction of particles at the IC or EC being specified
® Sl m p I |f|ed d p p Foa Ch fO I Settl ng u p V| rtu d I In all locations where the Cloud Resolution GUI pattern is used, the Automatic slider bar levels correspond
. to the following values of Clouds per cell:
Reactor projects

where:

Slider Bar Setting Clouds per Cell Value Corresponding EP in (19.2)
Global Cloud Resolution Low 50 1

Low-Medium a0 0.625

Particle Species Cloud Resolution veawm 1 .
Medium-High 250 0.2
High 1000 0.05

Individual IC / BC Cloud Resolution
BARRACUDA VIRTUAL REACTOR cpfd
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[®] Particle IC Editor b4
8 mnitial conditions
[®] Barracuda Virtual Reactor with Chemistry gasifier.pj - [u] X | Initialize mass in region =
@ Barracuda Virtual Reactor with Chemistry - 24.1.0 24.1/gasifier.pr i (m] X
File View Setup Run Graphicsand Output Post-processing Help Species 001 - initial char in bed 5
File View Setup Run Graphics and Qutput Post-processing  Hel
mE e 2 & @ H ? P P P 9 "EP | Mass 4800 kg
' =E ®o o= i
Project Tree X Particles Temperature 1300 K
(" Barracuda Virtual Re... 4 Coll del Toud Ont Pr‘o]ect EE &) £ Particle IC Manager )
. p Grid Contact and Collision Models Cloud Options ( Barracuda Virtual Re... Region
o Global Settings Close pack volume fraction: 0.6 Global cloud resolution: 9 Setup Grid 2 z1 z2 Description
o = | ' . I ' @ Global Settings ax_min__1.815 Mass in region, spe Set Point Region (m) Esllder, Randomized
- Base Materials Momentum rediraction model: Random scatter - © Automatic: I i
v ee0 Partides ‘ 0 ' ' 0 ¥ Base Materials Foin min Ky max
% Drag Models Maximum momentum redirection from collision: 40%; Low Medium High ~ eso Particles . min |y, max.
(0 Volatiles (J) Blended acceleration model for the contact force ) Specify resolution:  Clouds per cell 125 +4 Drag Models - -
0 Volatiles Zonan min - Zyse 1.815
B sticlclopecies @ Transfer liquid mass on collision @ Allow clouds to represent fractional particles
+ ‘- Tnitial Conditions % Particle Species
£F Fluid ICs Stress Model Options Dense Fluid Forces ~ - Initial Conditions Cloud resolution
. Farticle IC: A& Fluid ICs
EE-.BO and\c e ;mm Wall Tnteractions [ Enable virtual mass force © Use species cloud resolution
~ undary ns i . !
Pressure BCs Hormal-to-wall momentum retention: n.8s [ Enable lift force ~ [] Boundary Conditions ) Automatic:
Flow BCs Pressure BCs ' ' ! !
Injection BCs Tangent-to-wall momentum retention: 0.85 Flow BCs 1 Low Medium High
Thermal Wall BCs Diffuse bounce: 5% Injection BCs Add | © spedify resolution:  Clouds per cell 125 | Delete
~ & BC Connections I Thermal Wall BCs 5
- Distribution Options
Secondary Feeds Help v % BC Connections = Special settings
Secondary Feeds
@ * ¥ L4 Y Y v > 8 Rrandom cloud initialization (] Mo particle momentum Help
gasifier.prj C:/barracuda_training/3_Gasifier/rg_24.1
‘ gasifier.prj C:/barracuda_training/3_Gasifierj ~ Comment
IB] Barracuda Virtual Reactor with Chemistry gasifierprj - o X oK Ccancel Help
File View Setup Run Graphics and Output Post-processing Help
E 9o ® &E Y
- 3] Flow X
P.ro]ect Tree e Particle Species Manager |
(" Barracuda Virtual Re... Barracuda Virtual Reactor with Chemistry -| 5 ; = [u] X
% Setup Grid Species-ID  Comment Materials Size Sphericity Emissivity Drag model  Agglomeratio E ’ Location  FluxPlane  Fluid  Particles  Tracers
® Global Settings 001 initial char in bed Ash, C, Volatiles psd_initial_char_in_bed.sff 1 1 Tang off File View Setup Run Graphics and Output [ Use transient file |
~ Base Materials 002 fresh coal feed  Ash, C, Volatiles psd_fresh_coal_feed_particles.sff 1 1 Tang off : ﬂ a t o 'i Qj ! = I@ B 2 et et X
v ess Partides — | Use BC Connector data
) < g X
. ? Particle Speci r X (ARTET ITEL Flow BC Mani Particle Species
< Drag Models = O Mo outflow
Volati (" Barracuda Virtual Re... : abl
g o aties Species-ID: 1 Drag Model % Setup Grid D Dir © Outflow with size filtering: AL (AT IS RIS
Setti 000 z .
v - TInitial Cenditions Comment: initial char in bed Model Name: " Tang ~ & clobal ngs ool Minimum: Component Component Fraction
& Flud IC 7 Base Materials 001: initial char in b... | 5 002: fresh coal f.. 1
uid Ies Materials: Applied Materials Mame  Link To Default Value v eso Particles 0022 Maximum: UNLIMY
ew Particle ICs 003 z = <«
v [ Boundary Conditions Size Distribution - DrTg llwode\s o Units: micron-diameter
1 Volatiles
Pressure BCs e iti = 0sx | Exit control:  Edit
e O File: psd_initial_char_in_bed.sff Edit [ & Particle Species
Tnjection BCs ot B < Distibat ~ . Initial Conditions O Feed specified as volume fraction Sum of fractions: 1
port Preset Distribution: v
Thermal Wall BCs & Fluid ICs (O Feed specified as mass flux P —
necti L | i : » Particle ICs
v 353(2 C:n - u:ﬂS ) Size Range: O wultiplier (constant): 1 5 —BD e tes © Feed speciied as mass flow rate
econdary Feeds undary ns Mixture basis:  Mass Fraction ~
s 2 v > | Minimum: Maximum: micron-diameter O Multiplier (predefined): Eressure BCs Feed Settings
O Multiplier (from file): & Flow BCs Feed Control Slip ratio: 0.5
|gasiﬁer_m- Close Pack Volume Fraction Injection BCs Mass fi o 0 ko
ass flow rate: s
© Use global value: 0.6 (O Spedfy value: Species Cloud Resolution Thermal Wall BCs L
v & BC Connections
Surface and Shape [CJ Agglomeration © use global cloud resolution Secondary Feeds Cloud Resolution
! ! L ! ! | Transient File © Use species cloud resolution
Sphericity: 1 Size Cut Point: 1.8e-05 micron-diameter O Automatic: b + hJ d | E: , . . ! ,
. I ' 0 ' 1 i N
e 2 asifier., C:/bar| :
Emissivity: 1 Effective Size Filename: T Medium High |g pr Cifbarl  BC_fresh_coal_feed.sff ) Automatic: | i : ‘ |
Scattering Factor: 0 Edt = O Specify resolution:  Clouds per cell 125 Comment: FEresh coal feed Lowr Medium High
O Specify resolution:  Clouds per cell 125
oK Cancel Help oK L
‘ oK Cancel Help
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Cloud Resolution Settings for Current Example

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 01-initial_setup/Industrial_CFB.prj
File View Setup Run Graphics and Output Post-processing Help

Set to mEdium-high in the Particles e e o G i

(" Project Summary
% Setup Grid

main window because bed is fairly S e

° ° ° ° ° =<} Drag Models —Particles \
shallow and fluidization regime is < v \

—Cloud Options
&% Particle Species

« ‘I Initial Conditions Close pack volume fraction: | 0.55 | |Stress Model Options Global cloud resolution:

t u r b u I e nt L Gt (& Collision restitution coefficient: | 0,98| Q) eI ] \ - '

eso Particle ICs

~ [[] Boundary Conditions — Dense Collision Model ey R By
Pressure BCs ) Elastic () Specify resolution: | Clouds per cel - | |
Fll.)w II3C5 . L. Particle Resolution Distribution
Injection BCs Angle of internal friction: |
Thermal Wall BCs . File: | || E2
~ %% BC Connections {®) Snider
Secondary Feleds Momentum redirection model: |W| ¥| Allow clouds to represent fractional particles
Secondary Exits -
BC Connectors Maximum momentum redirection from collision: | 40% |5/ —Dense Fluid Forces
~ a Chemistry
I8 Rate Coefficients Enable virtual mass force

: V| Blended acceleration model for the contact force
J§ Reactions

/. Numerics V| Transfer liquid mass on collision
(- Time Controls
~ i Data Output
%1 Flux Planes
A Visualization Data ——
En Average Data Tangent-to-wall momentum retention: | 0.99 |
= Data Planes . -
R Diffuse bounce: | 5 |-
/v Data Points
I Wall Impact wall friction: | 0|
+++ Particle Attrition
‘. Raw Da_ta | Help |
wss Population Data -
& Solver Output Units
= Run
4+ Post-Run

Enable lift force

1

Particle-to-Wall Interactions

Normal-to-wall momentum retention: | 0.3 |

| & | 4 | ¥ | » |

| Industrial_CFB.prj jdatal/samclark/2026-06-26_advanced_training/0l-initial_setup |
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Particle Resolution Distribution (PRD) Settings

Cloud Cptions

Global cloud resolution:

° ° () Automatic: |
Added in version 26.0 ey e .
© Specify resolution:  Clouds per cell v 1000000
Enables control over how clouds are — L L
° ° ile: prd_2.sff : di
allocated based on particle size i S
(] Allow clouds to represent fractional particles
Most useful for particle species with wide (" Paice Resaluton Distibution Eitor x
particle size distributions (PSDs) Diameter (micron) Splt Factor
11 500
When PRD is used: :ED z”
* Split factor controls relative number of clouds 4 1000 5
used for corresponding particle size 5 10000 !
* PSDs are not changed i

@ Interpolate values between rows

° TOtaI number Of CIOUdS IS hot Changed & Add Row e=Delete Row «” Check Data M Graph ' Update Simulation
File: prd_2.sff Hsave  lfSave As Close
BARRACUDA VIRTUAL REACTOR " ~ cpfd
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File View Setup PRun

EERY

(" Project Summary
% Setup Grid
@ Global Settings
- Base Materials
= s« Particles
«¢} Drag Models
) Volatiles

Particle Species
~ [+ Initial Conditions
£ Fluid ICs
wso Particle ICs
~ ] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
~ % BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
* a Chemistry
il Rate Coefficients
J§ Reactions
/. Numerics
(" Time Controls
~ 4. Data Output
%1 Flux Planes
A Visualization Data
Im Average Data
E Data Planes
/M~ Data Points
o5 Wall Impact
+## Particle Attrition
.. Raw Data
eso Population Data
& Solver Output Units
2 Run
.’ Post-Run

e | 4 | ¥ | »

Barracuda Virtual Reactor with Chemistry - 26.0.0- 01-initial_setup/Industrial_CFB.prj

Graphics and Output Post-processing Help

% & @
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—Particle Species Manager

Species-ID Comment Materials Size

Sphericity Emissivity Drag model

Agglomeration

001 Coal
ASH, Ca0o

Species-1D:

ASH, C, Ca0, H20, N, S, Volatile 0.35 to 0.35 mm-diameter 1 1
fly_and_bed_ash.sff

Off
Off

Radl-Sundaresan
Radl-Sundaresan

Particle Species Editor

| | —Drag Model

Comment: |A5h

| Model Name: | 7 Radl-Sundaresan

Materials: | Applied Materials

—Size Distribution

| Industrial_CFB.prj

BARRACUDA VIRTUAL REACTOR

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

9

cpfd-software.com

® File: fly_and_bed_ash.sff || edit | [F
Import Preset Distribution: | - |
) size Range: Drag Multiplier
| | (®) Constant: | 1
; () Pre-defined:
—Close Pack Volume Fraction
G ‘ ) File: | F
Particle Resolution Distribution Editor b
—5ur| o , F
Diameter (micron) Split Factor Species Cloud Resolution
Sph 1ls 20 () use global cloud resolution /
Em ; 100 10 @) Automatic: :'7:
Sca 3 400 5 Low Medium High
— () specify resolution: |Clouds per cell v
43000 1 pecify 8 |7|
[ — V| Particle Resolution Distribution
B —
- - {File: |ash_prd.sff [|E || Edit |
. — ¥ Interpolate values between rows I
i@ cancel & oK
|— |4k Add Row | | == Delete Row | |+# Check Data || B Graph | €& Update Simulation | | | l ]
File: |ashJ)rd.st | | I save | |HSave As | | Ed Close | l Help l

The Wade, Chicago
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Hydrostatic Pressure Settings for Pressure BC and Fluid IC

[(®] Fluid IC Editor X I[(®] Pressure BC Editor X
Ad d e d i n re I e a S e 2 5 o 0 Initial Conditions Location  FluxPlane  Fluid Particles  Tracers
Temperature: 1300 K Flow Conditions
° - - Pressure: 200000 Pa () Use BC Connector pressure
FO r F I u Id I CS e n a b I I n g hyd rO Stat I C @ Include hydrostatic pressure Include hydrostatic pressure
H Velocity: 0 0 0 m/s © Transient file:

pressure can help to avoid Iar.ge N e =
initial in- and out-flows of fluid 8 initial Concitons from il O Speciy values:

IC file: - Area fraction: 1
For Pressure BCs enabling hydrostatic = "= S o <

Set Cell Region (m) K-factor: 0

pressure can help to avoid artificial g o

. . . : min max Fluid Composition
rECIrCUIatIon at boundarles that are L il Vi max Fluid inflow properties: Interior cell values
not normal to gravity - - =

Applied fluids: Define Fluids

Comment
Comment: Cyclone 1 pressure BC

Highly recommended for liquid Concel | Help
domain simulations

OK Cancel Help
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Thermal Wall BC with Heat Transfer Resistance

Thermal Wall Editor X

V' Enabled

Added in release 24.1 Location | Thermal il

—Wall Temperature

‘@ Transient file:

Allows specification of outside ambient temperature [walemp ot | (@) o]

° ° ° ° ° () Specify:
in combination with heat transfer resistance —
| |
| |
R = E —Properties
qﬁq Surface area: (® Automatically calculated
where: ) specify: | |
Emissivity: | 1
R is the resistance to heat transfer (R-value) in units of m? - K/W ] o 2
AT is the temperature difference between the thermal wall surface and the external fluid in units of K Resistance: DIOS [ K7W
g is the heat flux through the thermal wall in units of W /m?
Comment: ‘ ‘
] Help ’ I @ cancel | l ok l
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Example of Calculating a Thermal Wall BC Resistance Value

Continuing with the example of an FCC regenerator, there are two dominant components of resistance as
heat is transferred from the inside of the vessel to the ambient air:

1. Conduction through the vessel wall: let us assume, for this example, that the vessel is constructed
of steel and lined on the inside with 4 inches (0.1 m) of refractory. It is often acceptable to neglect the
thermal resistance of the steel because it is typically much lower than the thermal resistance of
refractory. Assuming a refractory thermal conductivity of 2 W /(m - K), the conductive Resistance of
the wall matenal itself can be calculated as:

L 0.1m m? . K (19.4)
Reonduction = — = =0.05
et kE~ 2W/(m-K) W

where:

L is the thickness of the refractory in units of m
k is the thermal conductivity of the refractory in units of W/(m - K)

2. Convection to the ambient air: for a vessel with primarily vertical wall surfaces, and assuming no
wind movement, an R-value can be obtained from reference text books or online sources such as R-

value (insulation) Sample Values:

m? . K (19.5)
Reonvection = 0.12 W

Analogous to electrical resistances in series, these two components of heat transfer resistance can be
summed to calculate the total thermal resistance value to be used in Virtual Reactor

2 -
R = Reonduction + Reonvection = 0.17 mWK 199)

https://cpfd-software.com/user-manual/release guide 24.1.0.html#rg-thermal-wall-bc-updates

cpfd
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Oka Erosion Wall Impact Model oo
Added in release 25.0 R
Based on papers published by Oka et al s

e https://doi.org/https://doi.org/10.1016/j.wear.2005.01.039

e https://doi.org/https://doi.org/10.1016/j.wear.2005.01.040
Quantitative calculation of wall material loss due to
particle impact (kg/m?/year)
Selection of pre-defined wall and particle materials is
available, or user-defined parameters can be entered

" T
BARRACUDA VIRTUAL REACTOR cpfd
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Wall Impact Model Settings

The initial case was configured with
a single Wall Impact model, using
built-in parameters for the Oka
Erosion model

1. Location tab: spatial region was
set to min-max in all directions

Oka Erosion tab: wall material
was set to Stainless steel -
Austenite (304R), particle
material was set to SiO2 -1

2.

BARRACUDA VIRTUAL REACTOR
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Barracuda Virtual

File View Setup Run Graphics and Output Post-processin
18 9o % G @ H
I =4} Drag Models [T
(4 Volatiles
% Particle Species 1D
'~ ' Initial Conditions
£& Fluid ICs
weo Particle ICs
'~ [l Boundary condition
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
'~ ¥ BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
|* & Chemistry
i Rate Coefficients

— Wall Impact Model Manager —

Enabled Model
001 Oka Erosion

J§ Reactions

#. Numerics

(- Time Controls

|~ 44 Data Output

%1 Flux Planes
Al Visualization Data
Im Average Data
Data Planes
/A~ Data Points

& Wall Impact

+++ Particle Attrition
.*. Raw Data

#e» Population Data
© Solver Output Units —

& Run | Add

BARRACUDA VIRTUAL REACTOR
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wall impact Model Editor *

V| Enabled
Model: | Oka Erosion |

Start calculating at time: | Di s

Location ‘ Oka Erosion

v Enabled
Model: |Dka Erosion - |

Start calculating at time: |

|

Location ‘ Oka Erosion |

—Region

‘ Set Cell Region (m)

Xmin \ min! |
Yrin | min | Yo |
Zaall| min | zpa |

max |
max |

max |

—Direction

®) Normal to surface: | Normal Limit = ‘

) x-direction
) y-direction
() z-direction

() Direction vector

—User-defined Expression

Select by expression

++ Post-Run —_—
| Elnelp |

|Indu5triaI_CFB.p|]'

|,idatal,‘sa mclark/2C

bt
Wall Impact Model Editor X

s

Wall material:

Particle material: 15i02 Ak

‘ Stainless steel - Austenite (304R) El

1

Comment: |

[ Bveie |

Comment: |

‘@Qancel H JQK I

‘ (& Help ‘

|
8o [ ]

cpfd
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Starting a New Case from the Endpoint of
the Initial Case
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Save Case As...

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 01-initial_setup/Industrial_CFB.prj
View Setup Run Graphics ana Oufput foﬁt—pmceséing He.lp

H ° ° | New Project Ctri+N u
Easiest way to clone an existing case ~ jeowwxe  ano F
When you Wa nt to ma ke a few ;;:::’:;;Ttpmjed e ‘ Please Select Target Directory | L

& save Project As., CH-+AIL+S Look in: \7/data1/samclark/202...6_advanced_training v[ & > D W ‘@\
changes and start a new run B cory|_tome
£ Fluid ICs iy Deski —
H 9 - i-:ops::ak:;ccsonditions Docul

1. File =2 Save Case As...

Injection BCs

Thermal Wall BCs
* ¢ BC Connections

Secondary Feeds

2. Go up a directory

BC Connectors
* » Chemistry
#4 Rate Coefficients
J§¥ Reactions —Project Summary ‘
/. Numerics Directory: | | [Qhoose ]

3. Create new directory named: € Time controts (8oe

~ 44 Data Output

Kl ylid y

LY oL 7. Flux Planes
02-modified_setu
— Zn Average Data
= Data Planes
/v~ Data Points v Track license usage with project tag
1 Wall Impact
+s+ Particle Attrition

4 Choose . Raw Data. = || © custom project tag: | |
[ ] |

¢« |+ | v | » |

| Industrial_CFB.prj Ifdata 1/samclark/2026-06-26_advanced_training/01-initial_setup |

'8 Use project path and filename as project tag

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
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Include Final IC #.#### from Initial case

By default, rows 1-6 are selected

For this exercise, also select rows 7-9

In our new run, we want to initialize the
fluid and particle phases based on the final

state of the initial run

1. Add Files...

2. Select IC_5.000e+01

3. Open

Click “Save” to copy the selected files to the

new case directory

BARRACUDA VIRTUAL REACTOR

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

cpfd-software.com
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Save Case As *
Source Directory : |/datal/samclark/2026-06-26_advanced_training/01-initial_setup | |E|
Target Directory : |/datal/samclark/2026-06-26_advanced_training/02-modified_setup | |§|
| Files Filter =l
1 ¥/ Project Files *.prj
2_ || STL Files .*.stl
3_ v Baffles *stl2d
4_ v sff Files * sff
5_ v BC/PSD Files .*.i:*,sze
6_ V| Drag Multiplier Files *.txt
?_ | Script Files *.shi*.tcl:* py.;*.mcr*.ipynb
8_ V| Attribute Files *.attr;*.par;*.lay;*.sty
9_ | Grid Files grid.grd:viewgrid.plt;00*.gmv;00grid.grd: grid.log; VIEWGRID.gmv
; Flux Files FLUX*;list_outputfiles.log

Look in: iJdatalfsamclarkf2026—...njngfl)l—initial_setup | & © & B [ |E]i
! comp _ Name =
samc 0 g_rld.!og

||] history.log
Deski history.log.plt
: Docul| | 1C_

| 1C_2.500e+01

B 1c 5.000e+01
|| Industrial CFB.prj

||| Industrial_CFB.prj.old
[ ] info.log

'[] infoThermalwallBCs.log
|_| list_outputfiles.log

|[[] mass.log

L| memory.log

| memaory.log.plt ) I~
(4] 4] I Y|

File name:  |IC_5.000e+01 B open
Files of type: IAH Files (*) » | | @ cancel |

y Add Files... | | , Add Folder... v| Set saved case as working project | @ cancel | [ égave
select File(s) »

cpfd
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Save Case As... Automatically Opens New Project

Be aware that, by default, the newly

created project is automatically opened

when you use Save Case As...

BARRACUDA VIRTUAL REACTOR

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

cpfd-software.com

18

The Wade, Chicago

Barracuda Virtual Reactor with Chemistry - ZE.D.DIDZ—m|:|dified_sel:upflndustrial_CFB.prj I -

Eiie \_fiéw Setup Run grap.hics and 0ufpu‘t Eost—pmcessing Help
R EENLE:

[ Project Summary SN .

| roject Summary a

% Setup Grid
M Global Settings
I Base Materials
~ eso Particles
«4} Drag Models
1) Wolatiles
&% Particle Species
= > Initial Conditions
£ Fluid ICs
eso Particle ICs
= [] Boundary Condition
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
~ ¢ BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
* a Chemistry
I&l Rate Coefficients

-

BARRACUDA
VIRTUAL REACTOR |

cpfd /7

—— ]

J7 Reactions

/. Numerics

(* Time Controls

* 4. Data Output

7. Flux Planes
A Visualization Data
Zm Average Data
[ Data Planes

—Project Summary

/~ Data Points | Track license usage with project tag
1 Wall Impact

=+ Particle Attrition

(8 Use project path and filename as project tag

":. Raw Data I~ | | () custom project tag: |

e | 4 | ¥ [ > |

—

| Industrial_CFB.prj ijdata 1/samclark/2026-06-26_advanced_training/02-modified_setup
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Rename IC 5.000e+01

To avoid confusion, it is best practice to rename the IC file from the initial case

Open a terminal and run the following “mv” command:

Barracuda Virtual Reactor — O X

{baxej Samclahk@gatuh:fdafalfsamciaPREQDEE—Oﬁ—iﬁ_advanced_trainingﬁﬂ?—mudified_sefup$ Ml IE_E,DDDE+01 IE;#PDm_initial_case
{hase) =samclark@zator:/datal/samclark /2026-06-26_advanced training/02-modified setupd i

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA 19
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Define Fluid IC Using Final IC File from Case 1

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/Iindustrial_CFB.prj n & X

”l_:.i.!e.!‘réw Setup Eun Graphics and 0.utput _Pnsf—protessing ﬂel.p

1. Copy Fluid IC 000 BT R RN

erJnct f;ummary .

Fluid IC Manage

% Setup Grid : : : : : : : :
0 Global settings 1D on y2 z1 z2 | x-Vel yVel z-Vel Temmerature Pressure IC File Comment
. Base Materials | 000 min max min max min max 0 0 0 1.014e+05

° ° |+ wss Particles 001 min max min max min max 0 1.014e+05 IC_from _initial_case
[ I Sa e u I =4} Drag Models

& Volatiles

_ % Particle Species Fluid IC Editor x
'+ I Initial Conditions

| Fluid ICs —| Initial Conditions

3. Edit Fluid IC 001 g et [ i3]

Fressiite Bos Pressure: | 101372 | Pa
Flow BCs e
Injection BCs V| Include hydrostatic pressure
Thermal Wall BCs : ; !
" o_. ® o_. ® ° ” '~ & BC Connections Velocity: | of| ol 0/ m/s
Secondary Feeds | = : e )
: Fluid species: |Deﬁne Fluu:ls|
e Secondary Exits ey

I & Chemistry
I Rate Coefficients
J§ Reactions

5. Click the folder icon and browse for ¢ e |

] ] ] T ;
IC from initial case B | (I T —
— — — Zm Average Data |

Vi | min | Yonas | max |

IC file: |IC_fr0 m_initial_case

BC Connectors (v’ Initial Conditions from File

[E Data Planes
/v~ Data Points <l min | Zo, | max |

1. Verify that you are in the “02-...” 2 wa impc |

+»+ Particle Attrition

|  Comment
. | :. Raw Data | Copy | | Delete |
directory ERENRAES| _
:| Industrial_CFB.prj | y
|_He|p | | @ cancel | [ @ ok ]

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
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Define Particle IC Using Final IC File from Case 1

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/Iindustrial_CFB.prj - m] x

™ Disa b I e Pa rti c I e I c 000 E.ii.e .\_li’.iew Setup Run graph.ics and.OutpL.lt _Pust—processi.ng ﬂefp
1 E 9o s » 6 = i

P

(" Project Summary

— Particle IC Manager

o CI iC k ”Ad d” g 2::::-;5:;.195 D onx ‘ v2 21 |2 'Description

" Base Materials

= eso Particles
Particle IC Editor

1
2
3. Select “Initialize from IC file” Qi
4

min max IC file, filename = IC from initial case, reset residence time, T = 300K

L Volatiles
= - Initial Conditions ’
& Fluid ICs | Initialize from IC file

+ Particle ICs

B

IC file | IC_from_initial_case |

'~ ] Boundary Condition

. Browse to select ~ o m

Injection BCs ¥ Reset residence time

° e,
I c_fro m_l n It I a I_ca Se - ﬂTrB‘f:ngzln“::]l:t?E:s Increase resolution proportional to real cell ratio

Secondary Feeds
Secondary Exits
BC Connectors

~

—Region

a Chemistry | Set Point Region (m) |

5. Enable “Reset residence time” = “shcrncen: o — —

JF Reactions

}5 Numerics I Vi | min| Vimax | max|
. Time Controls :
e e e * . Data Output Zuin | mMin | Zmax | max |
6. Set x-, y-, and z- limits to min wheee
’ ’ Al Visualization Data —Comment

/A~ Data Points Add |14 Delete

S Avemge Dats S 2 | [initial particles from Initial Run (Case 1) | . X
a n max = Data Planes | | |_ nitial particles trom Initia un ase | |

= Wall Impact I_Distribution Options
»+» Particle Attrition ————— T
. Raw Data - || Ehep | | Blhelp | | ®cancel || Pox |

7. Add a comment (e Ta e (o]

|IndustriaI_CFB.prj |,.fdata 1/samclark/2026-06-26_advanced_training/02-modified_setup |

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
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Add a Baffle with Particle Filtering by Size

Setup Grid |

Baffles tab |
Baffle Maker
Shape: Plate

Generate

" Project Summary

~ > Initial Conditions

'~ & BC Connections

| ¥ . Data Output

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/Industrial_CFB.prj

File View Setup Run Graphics and Output Post-processing Help

‘A E e o 321,,}‘\' ORI -

~Import Grid

““undo

=

BARRACUDA VIRTUAL REACTOR

USERS' CONFERENCE 2026

June 24-26, 2026

The Wade, Chicago

‘i 1. View STLs . 2. Check Grid O 3. Generate Grid ‘i 4. View Output Help

3 Global Settings [Filename

'Enabled Visible Color

" Base Materials
v eso Particles
*€) Drag Models
(4 Volatiles
&% Particle Species

£ Fluid ICs
eso Particle ICs
~ [] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs

Geometry ‘ Baffles

ol L |

Properties x-MBL y-MBL z-MBL x-Rep 'y-Rep rz-Rep x-lntrv:’,w;inAdd Baffle ‘

[SX |
j

|== Remove Baffle | STL unit: m

| . Baffle Maker | XYZ unit: m

Thermal Wall BCs

Secondary Feeds

|+ import | Export
L o
Baffle Generator X
Shape | / Plate v | Baffle Unit: m
¥ 0 90 | &
h(1 [

Secondary Exits

BC Connectors i

* & Chemistry

J Rate Coefficients

7§ Reactions

/. Numerics

(" Time Controls

7. Flux Planes I

A Visualization Data

Im Average Data

Data Planes

/v~ Data Points

 Use name: plate baffle.stl2d
e Save
° Ok |

BARRACUDA VIRTUAL REACTOR

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

=1r Wall Impact
+se Particle Attrition y
-._Raw Data X
e« | 4 | v | » |
‘ Industrial_CFB.prj |/datal/samclarl
cpfd-software.com

| @lvel |

Depth and Direction
dl1 \
Align with:

| x-axis

% ‘

V! Add to current project

[ __ Load Settings I \ Save Settings ‘

\ léGenerate \

| ¥ Close |

cpfd
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Position Baffle Near Top Outlet

Baffle is initially centered at (0,0,0)

Grid Controls = Advanced Options:
0
0)

* Pixel width for major grid lines
* Pixel width for minor grid lines

Baffle position settings:
* Xx-Rot=90
 z-MBL=31.5
e y-MBL=-2
e y-Scale=3.5

9

e x-Scale

BARRACUDA VIRTUAL REACTOR

BARRACUDA VIRTUAL REACTOR

USERS' CONFERENCE 2026

The Wade, Chicago

June 24-26, 2026

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/industrial_CFB.prj L o x

Eiie \_fiéw setup Run grap.hics ana 0ufpu‘t Eost—pmcessing He.lp

R EEXLE:

r Project Summary

O Global Settings
- Base Materials
~ e Particles
=4} Drag Models
1 Volatiles
&% Particle Species
~ I Initial Conditions
£ Fluid ICs
weo Particle ICs
~ [l Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal wall BCs
~ 7 BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
* a Chemistry
#i Rate Coefficients
J§" Reactions
/. Numerics
(* Time Controls
~ 4. Data Output
T1 Flux Planes
A Visualization Data
Zn Average Data
Data Planes
v+ Data Points
I Wall Impact
+*¢ Particle Attrition

-

|| % limportGrid “Mundo ‘i 1. View STLs ., 2. Check Grid @ 3. Generate Grid ‘i 4. View Output Help
'Filename Enable Visible Color Properties x-MBL y-MBL z-MBL x-Rep y-Rep | ¢ Add Baffle | |_~|
plate baffle.stizd |4 vl | BWyreen -~ || Edit ) 2 315 1 1 | == Remove Baffle | STL unit: m

[+

| - Baffle Maker | XYZ unit: m

| . Import || - Export

Geometry Baffles | Grid Controls |~ Grid Lines

m mn
(=] (=]
1l 1Ll
L=} = z

\ /

I—)N
g

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

. RawData |7 T_
KIEENEREN =18 Y
| Industrial_CFB.prj |Jdata1,|fsamclark!2026—06—26_advanced_tral'ning,fOZ—modiﬁed_setup
cpfd
cpfd-software.com
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Set Baffle Filtering Properties

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/Industrial_CFB.prj = (u] X

File View Setup Run Graphics and Output Post-processing ﬂelb \

mE wo 6w 1

Edit

[ Project Summary d E
T

A1 views

. Check Grid

‘O’ 3. Generate Grid Al 4. view Output

Help

&3 Global Settings

Filename

Enabled

Visible

Color

Properties

-MBL

y-MBL

z-MBL

x-Rep

z-Rep

X-

- Base Materials
~ e Particles
*€) Drag Models

plate_ba... [V

v

‘ Moreen  ~ H

Edit

0

-2

315

1

y-Rep

‘ 1

1

1

¢| 4 Add Baffle

‘-Remove Baffle ‘ STL unit: m

=3

\ _Baffle Maker7| XYZ unit: m

U Volatiles
&% Particle Species ‘
~ I Initial Conditions

Directional Particle
Filtering e |

oo Poj it

~ il Bour Baffle Properties x|

Pressu| F

Flow B [~ Kfactor
lnjecti( Kx:

Therm

v & BCC

SeconJ;

Secon¢

BC Cor |

~ a Chen

MW Rat || @ |

g Reg

4 Numi | - l l

& Time —

Import || | Export |

0 Ky: 0/ Kz |

Nx=0,Ny=-1,Nz=0

Baffle Particle Filter Editor X

— | Thermal Baffle

Diameter (micron) Negative Pass-Through Probability

Positive Pass-Through Probability |

Enable “File” option

Set filter parameters as
shown

BARRACUDA VIRTUAL REACTOR

~ 4 Data
T2 Flu;
A Vist
In Ave
Dat
A~ Dat

—v Directional Particle Filtering

Positive Direction Vector
{Nx: 0| Ny: |

-1 Nz:

Pass-through Probability

o Wa
+*¢ Par
Rav‘

v File: |bafﬂe_ﬁlter.sff

aisooo 0 0

1

_ I
3/100.1 0 0 ]
| | |

|

v Interpolate values between rows

4 Add Row

== Delete Row

Edit || [ |

.o Poﬁ

© Soh%
3 Run |
.’ Post-Run

¢ | » | @

—d

l@gancel [ OQK

| «Check Data ||

|| kdsave HHSaveAs‘l Close ' Help

M Graph

|| @ update simulation |

l]v?dﬁstrial_CFB.prj

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

cpfd-software.com
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User-defined Expression (UDE) for Flow BC

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/industrial_CFB.prj i o X

File View Setup Run Graphics and Output gost-procesé Flow BC Editor X |

1. FIOW Bcs _1) @ E ‘ b :1A'$ g [j u | Location ‘ Flux Plane \ Fluid \ Particles =~ Tracers \

<} Drag Models | ~Flow BC Manager

(4 Volatiles —Region ‘
&% Particle Speci ID ~Dir xl1 te Temperature Pressure Partic
- «'D Initial Conditio 3L , i Set Cell Region (m) ' :r.sff Using e Using e No ><
£ Fluid ICs | 001y 1.96719 - f Using file Using file Fee
2. Edit Flow BCID 000 adics 0 o[ | e i L T— |
s ParticleiCs 003 y 2.38351 Selection Editor X
~ [l Boundary Conditions 004 y 1.96720 Yenin [ -1.36357] Vinaix |
‘ Pressure BCs 005 y 1.91171 . —User-defined Expression
s A o I min | znac |
Injection BCs 2.444 // return @ if bc is not selected
3 [ E n a b I e Se I ect by Thermal Wall BCs gg; z 12'94145{‘5 S . // return non-zero value if be face is selected
~ ¢ BC Connections ‘ Digection | | |R1=((fx-2.5)"2+fy~2)%0.5;
° Secondary Feeds () Normal to surface: | "ormal L R2 = ((fx-0.0)"2+fy~2)"70.5;
expression Secondary Exits _ | Ra= (2 sraty 2 0s;
. x-direction return (R1<=1) || (R2<=1) || (R3<=1);
() y-direction | =
Functions: | abs(valuel) ¥ | Variables: 1cx - ‘
° ‘@) z-direction Sa——
4 ° Ed It () Direction vector [Fhe=sages
| ‘ | No errors.

\$¥ Reference Grid |

# [O] Force absolute directior =
5. Enter the UDE shown wistonsnge 15 agrss| | "L B [L_dox |

—User-defined Expression

V| Select by expression ‘ Edit |

—Transient File

lits P
< }PrimaryAir.sff ‘ | Edit | )E’ E L4

=] | Add

Comment: ‘Primary Air | | ’ Delete ’

[@| Help | | @ cancel |’ @ ok ] ’

!/datal/samclark;

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA 25



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

BARRACUDA VIRTUAL REACTOR

USERS' CONFERENCE 2026

June 24-26, 2026

The Wade, Chicago

Wall Impact Model: Select Specific Spatial Regions

Wall Impact Model Editor

V' Enabled

Model: | Oka Erosion v |

In systems with different materials st catotaingacime: 0/

Location ‘ Oka Erosion

present, it can be useful to isolate wall
impact models to specific regions of

Set Cell Region (m)

| |
‘ minl Ko \ m ‘
Y ‘ 3.5 ‘ Ymax ‘ max‘
Space & e g |
— Direction Select Region X
For this example, let’s assume the only i [T ‘LSZ“:,:’;‘;Z‘.;‘:!? o a
° ° ° D Display units: | m - '/ | Front y_—:.ln Z:::x
bare steel surface is the inside of the o e s
cyc I 0 n e d i p I egs () Direction vector V | ¥ Advance A Onbion ‘ | @ Reset views ‘

———— Baffles ‘ Grid Controls ’

1. Edit 001 e

2. Locations tab: use “Select Region”
dialog to select cyclone diplegs m—

| [@Help | y

L.,

- (V:Iearr ‘ ‘View Selé(!tionl 7 | @

lg]

ancel F Fok ] o i
BARRACUDA VIRTUAL REACTOR Lo | cpfd
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Wall Impact Model: UDE to Select Spatial Regions

wall impact Model Edito

v Enabled

Model:  Oka Erosion

Further, let’s assume that all other walls  rccmmaime .
are refractory lined. We canusea UDEto 0 ™
select all walls that are not overlapping R

the region of the cyclone diplegs w
1. Copy 001 [iamp——
) x-direction selection Editor %

° ) — User-defined Expression
2 Ed It 002 ! z-direction :
° return 0 if be is not selected

| Direction vector return non-zero value if be face is selected
i diplegs = (cy >= 3.5) && (cz <= 13.5);
v return if(diplegs, 0, 1);

3. Location tab = Enable User-defined ,
Expression e_» —— [

|$f reference Grid

_- @Help . '©Qancel | JQK

4. Enter the expression shown

Comment: Refractory lining everywhere else

BARRACUDA VIRTUAL REACTOR cpfd
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Wall Impact Model: Custom Parameters for Oka Erosion

Wall Impact Model Editor

¥ Enabled

Model: |Oka Erosion - !

Custom Oka Erosion parameters can be used to o
represent refractory-lined walls. For this example, we R e croner

Wall material: | User-defined

will use parameters based on Mirzaei et al., 2023 price matrl: | serdfine

—Wall Parameters

(https://doi.org/10.1016/j.powtec.2023.118424) -

— Particle Parameters

1. Oka Erosion tab = User-defined for both Wall -

—

ki | -0.12 |
material and Particle material — >_a
D" | 326;m 11111
2. Enter the values shown —
ax: | 0
52 | 0.6 |
az: | o —

BARRACUDA VIRTUAL REACTOR
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Comment: |Fi.|3fra::t1:lr5.r parameters from Mirzaei et al., 2023

|_He|p | |®Qancel H JQK ]

cpfd
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[ ] [ ]
I
I
Barracuda Virtual Reactor with Chemiskry - 26.0.0- 02-modified_setup/Industrial CFB.prj = o *
File View Setup Run Graphics and Output Post-processing Help |
§ - E s (> oK | i\ & = n Barracuda Virtual Reactor - 26.0.0 - 02-modified_setup/Iindustrial_CFB.prj - o X

P

(" Project Summary
% Setup Grid

Remember: this is a new B

simulation, not a restart I —

Barracuda release 26.0.0

Solver wersion 260.0,0,x037

Build date 2026-04-24 06:14:32 UTC
Restart IC wersion 2600

utput files listed in list_outputfiles,log exist, (Rjemove, (Rippend, (D)isplay, (Hielp or (HJuit? r
There are 2 CUDA devices,

2 are CUDA Kepler (compute 3.5) or higher devices.

2 are availahle for computation,

|~ "+ Initial Conditions | CPU Parallel { icense location is specified by the following environment varisble: cpfd LICEMSE (27015@arces)
£ Fluid ICs (3 This location overrides specified license locations,
== Particle ICs icenze location is specified by the following environment varisble: cpfd_LICEMSE (27015@arces)
(~ Boundary Conditions —v| GPU Parallel ( Thiz location overrides specified license locations,

1. Run = Run Solver i

Injection BCs - <
Thermal Wall BCs A alkamatic s
|+ & BC Connections
Secondary Feeds ) e
Secondary Exits | List GPUs | !Ad\r

2. Remove any files when o

prompted to start solver |

(&' Time Controls S
* . Data Output r’u_:[ Run Solver

Barracuda Capable GPUs available for selection

I | Hane | Bus | Compute | Cores | Memory Use GB

" Use specified

1 | NVIDIA GeForce RTX 4080 61 | B.9 | 16334 10,8/ 238

|
0 | MWWIDIA GeForce RTX 4080 [ 41 ] 8.8 | 16384 | 0.4/ 23,6
\ |

Device lWarnings

ID 1t Exec timeout may ceuse kernel failure in wvery large sinulations

umber of GPU= [

7. Flux Planes - unber of multi-GPU capable GRUs 32
e Sl R X umber of GPU licenses available 3 988/1000
Al visualization Data —Run Simulation Enter munber of GPUs to use 2] : 1

3. Select the GPUID e

#~ Data Points
ot Wall Impact R — Loading restart: IC version 2600,

Selected 0 / 1 GPUs, Available GPU IDs 3 0,1
Enter GPU ID(=) (o]

58 wallmpact. | Shelp |
* Particle Attrition e This restart file was generated with:
. Raw Data # Barracuds relesse 26.0,0,
° ese Population Data # Solver version 26,0.0,2037, Build date 2026-04-24 0g:14332 UTC,
4 N t t h t fI - # Fun date Mon Jun 1 19356354 2076,
c ote tha uid an S
& Post-Run = Initislizing Fluids from [IC_from_initial_csse] ... 100% .., initislized [351566 / 351566] cells,

[ J [ [ [ [ a | | "
a rt I C I es a re I n It I a I Ize d | @ i * '_G_I » | ) | Li;ense lu;atiun iSISDECi‘FiEEIJI t?g thg following gmvimnment varignle: cpfd_LICENSE (27015@arces)
|Industr|'a|_CFB.prj é;datal;‘samclarkfzoz&—oﬁ—zs_adv; Thiz location overrides specified license locations,

License reguest  : harracuda-13 (1), barracuds-15-chem (1), barracuda-gpu {13
L] L License server + cpfd_LICEMSE" at 27015@srcee
ro m I ro m I n It I a ca Se License on server @ barracuda-solver-sducational, barracuda-setup-educational, tecplot3el-bye, barracuda-15, barracuda-15-setup, barracuda-1
S-chen, barracuda-15-zetup-chen, barracuda-gpu, arena-7, arena-7-setup, arens-openmp, tecplot360-arena
— — — License checkout : barracuda-15 (1) from arcee
License checkout barracuda-15-chen (1) from arcee

License checkout : harracuda-gzou (1) from arcee
License status $ SUCCESS

# Licensing Project tag: path:/datal/sanclark/2026-06-26_advanced_training/02-modif ied_setup/Industrial _CFE,prj
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Use “View Setup” to Verify Changes to Project

1. Baffle has been added o
2. Flow BCs for primary air =
have been changed to ﬁggg
three circular regions
3. Fluid has been initialized
from previous case
4. Particles have been
initialized from previous
case
BARRACUDA VIRTUAL REACTOR cpfd
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Monitor Run — history.log Page

Tecplot 360 EX 2025 R2

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

DEad®e MxaAd 200 9V BAEBRE A B4 0000

Pages

Good to do first

Keep an eye on:

* Time step:is it staying at a
reasonable value? You
don’t want it to drop too o ST
low because that is slow. )

| EML.JWWJ%‘.J(‘NKMA‘MLMf«[ "JL&.,\N'J«,,M‘W_

 CFL:is it staying around 17?

 Total mass and total .

particle mass
CFL

too much? :

1.118E+06 [

particle count: are these = :
increasing or decreasing T — £

1.116E+06 =

BARRACUDA VIRTUAL REACTOR cpfd
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The Wade, Chicago

Monitor Run — runtime.log page

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

DEE®m ks 4Ad L0854 eV BAHAE M AE4I000O

Tecplot 360 EX 2025 R2

Most useful plots are often: iim—

e Elapsed real time: to
answer “how long did the
simulation take to run”,
especially at the end

Elapsed real time (hr)

Simulation speed (siday)

* Simulation speed: to know ) oA

Time (s) Time (s)

how fast the simulation is
running and if it is slowing
down over time

| Add || Delete |

ot | rags |

Frames
Balance Factor

Estimated time to completion
Simulation speed
Elapsed real time

Estimated time to completion (hr)
Balance Factor

BARRACUDA VIRTUAL REACTOR cpfd
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Plotting PRD Curves from POPUL*log Files

Mapping Style %
Definitions ‘ Lines | Curves | Symbols | Error Bars Bar Charts | Indices
Map Line tern [
Number Pattern Length
4 i Cumulative mass / Total mass Solid p e
aunch lecplot | © © %
File Edit View Plot Insert Animate Data Frame Options Sc | EN KSTre E TN amresl e v ey e T o v 10.40% _[Solid ___[2.00% | 1
S i v
= [ 4 : 7 I
Dad® ks Q¢ 0% v o
Plot BE _ selection criteria: | || select || clear | 2
[ - E .
File > Load Barracuda Data e 2| "
. on
5“9"" mapping layers | Help | ‘ Create Map... | | Copy Map | ‘ Delete Map | | To Top i i To Bottom ! # Close
° V! Lines
[Coad AddOn
o a a a I e S Symbols 1 | Load: Refresh / Reload Barracuda Data
Bars P R D Grid: Transparent Model
B Grid: View Grid Lines

Error bars N Grid: View CAD Model

POPUL_0.000e+00.log

Useful to quantify PRD vs
PSD, to show how much
resolution is allotted based

on particle size

If no PRD used = PSD curve

equals PRD curve

BARRACUDA VIRTUAL REACTOR

l Plot | Pages

Mapping Style...

0.8

0.6

0.4

Cumulative | Total

Frames 5]
Frame 001

0 -

PSD

Cumulative mass / Total mass
Cumulative number clouds / Total number clouds

500 1000 1500 2000 2500 3000
Particle size steps (micron-diameter)

| 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 Grac
| Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volume Fra
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
Walls: Heat flux
‘Walls: Impact
Walls: Temperature
Output: Current Data to Text
| Output: All Data to Text

K] 3

I

Click to Select, Drag to Select Group

https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/

cpfd-software.com

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

cpfd

34


http://www.cpfd-software.com/
http://www.cpfd-software.com/
http://www.cpfd-software.com/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/

BARRACUDA VIRTUAL REACTOR
USERS' CONFERENCE 2026
June 24-26, 2026

Plotting Data from thermal_walls.log

.[ile Edit View Plot Insert Animate Data Frame Options Scripting Tools Analyze Help

DEE® k* aAd e xne N AHNBE M AB1000OC

Quick Macro Panel @

In this example, it’s
interesting to plot heat
transfer along with
average surface
temperature (since we
specified an ambient
temperature and a
resistance)

In other simulations,
plotting conductive,
convective, and radiative
transfer is often useful

BARRACUDA VIRTUAL REACTOR

Tecplot 360 EX 2025 R2 = o *

Plot (=)

-

| XY Line - |

Show mapping layers
v Lines
symbols
Bars

Error bars

, Mapping Style... |

| Plot | Pages

 Frames ®
Frame 001

Total wall heat transfer rate to system (J/s)

-5E+06

-1E+07

-1.5E+07

-2E+07

-2.5E+07

-3E+07

-3.5E+07

-AE+07

Bf

3D Rotation Animation

Reset Center of Rotation

Cascade Frames

Tile Frames

Load AddOn

Load: Refresh / Reload Barracuda Data
Grid: Transparent Medel

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 Gr

700

il

Al N
VTN A s

n——— 650

600

= Total wall heat transfer rate to system {JIs)
Thermal wall BC 000 average surface temperature (K)

550

Cells: Time-Averaged Fluid Temperatur
Cells: Time-Averaged Particle Volume F
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
Walls: Heat flux

Walls: Impact

| Walls: Temperature

1

500

450

400

350

NN EREEE NN SN SN NN NN

O|\||\|||||||||||||\||\||\||||||

cao 1 o by by 1y 1 300
10 20 30 40 50

Time (s)

Thermal wall BC 000 average surface temperature (K)

| Help ‘ | Play

Mapping Style

Definitions | Lines = Curves = Symbols = ErorBars | BarCharts  Indices

11 ' Total wall heat transfer rate to system (J/s)

|5 Thermal wall BC 000 average surface temperature (K)

Map Map
Number Name

v 1: Time (s) 2: Total wall heat tr... | 1: thermal_walls.log (/datal/samclark/z... None X1 N

v 1: Time (s) 6: Thermal wall BC ... 1: thermal_walls.log (/datalfsamclark/2... None X1 N2

Selection criteria: | || Select

Clear |

Show X-Axis Y-Axis Fohe Sort Which | Show in
Map Variable Variable e = X-Axis | Y-Axis | Legend

Auto
Auto
Auto
Auto
Auto
Auto

| Elnelp |

https://cpfd-software.com/tecplot-for-barracuda-creating-xy-plots/
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Visualizing Particles Stopped by Baffle

Particle size

200
190

50.00 s

180
170
160
150
140
130
120
110
100

Quick macro: Particle Size

Zone style: Show baffle

Zone style: Use spheres for scatter

Blanking: Hide particles <= 100.1 microns
diameter

Contour legend: 100 — 200 microns range

https://cpfd-software.com/tecplot-for-barracuda-adjusting-the-contour-legend
https://cpfd-software.com/tecplot-for-barracuda-using-value-blanking
https://cpfd-software.com/tecplot-for-barracuda-scaling-particles-by-a-variable
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Visualizing Chemical Reaction Rates

00s Rate of volume-average discrete reaction 00~ 20-00 S Rate of discrete reaction 00 50.00s

i ¢ _50.
Rate of volume-average stoichiometric reaction §2

o

-0.05
-0.1
-0.15
-0.2
-0.25
-1 -0.3
-0.35
-0.4
-0.45
-0.5

Slices to show “volume-average stoichiometric”
and “volume-average discrete” reaction rates

S ST Lo
BObudbhbdbrb

(=]

* Animate to find regions of interest
e Adjust contour legend

* Both use selected “Volume-Average Chemical
Reaction Rate” units from Solver Output Units
window (see next slide)

Particles to show discrete reaction rate

e Blanking to isolate only particles of interest based
on the specific reaction you’re looking at

* Uses selected “Discrete Chemical Reaction Rate”
units from Solver Output Units window (see next https://cpfd-software.com/tecplot-for-barracuda-adjusting-the-contour-legend
slide) https://cpfd-software.com/tecplot-for-barracuda-using-value-blanking

https://cpfd-software.com/tecplot-for-barracuda-using-frames
https://cpfd-software.com/tecplot-for-barracuda-scaling-particles-by-a-variable
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Visualizing Chemical Reaction Rates: Units

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/indt ) m] X

File View Setup Run Graphics and Output Post-processing Help

‘@ ® o :»:_1‘:-:\ N I -

All chemical reaction rate output data - Sl

. ) . v eso Particles J;t\pply all Si Units% }Apply all Imperial Units\ >:Units Referencg}
has units based on the user’s selections e ot i :
° ° ° o Particle Species h
in the “Solver Output Units” window oo bass

£ Fluid ICs 003 Temperature K

eso Particle ICs 004 Mole mol
~ [l Boundary Conditions 005 Pressure Pa

Pressure BCs 006 Pressure Gradient Pa/m

You can use any combination of units o

Injection BCs 3
Thermal Wall BCs 009 Density kg/m~3

when inputting chemical reaction rates, |- #zcomecn o3 e ot feor 26

Secondary Feeds

Secondary Exits

they will always be converted to the e —————

* a Chemistry

° ﬂ Rate (Foefﬁaents . K
selected output units for all data output 7 Reactons & Rorliclel 0
A Numerics 018 Mass Concentration kg/m~3
C Time Controls 019 Mole ancgntraFion mol/m~3
" : : . o Doy ) ,
Volume-average discrete reaction a8 i) |t P i ~
” ° o [l Data Planes ° 1/{(s*m~3)
rates” have the same units as “Volume- g
7 Wall Impact \ mol/(min*m*3)

average stoichiometric” reaction rates = Futice A O moltsen

eso Population Data (. mol/(min*cm*3)

O kmolissm™3)
2 Run
V‘P.ost-Run. - - J Help i
| &« | & | % | » |
’ Industrial_CFB.prj ‘ /datal/samclark/2026-06-26_advanced_training/02-modified_setup
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Examine Wall Impact Results

Use multiple frames to show

wall impact results in specific

regions based on project setup
 Wallimpact 001 was

configured to represent bare
steel

* Wallimpact 002 was
configured to represent
refractory lining

Units for wall impact:
e kg/m?/year
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PyTecplot: Calculate Time-Average Over Custom Period

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/industrial_CFB.prj " m| x

Eiie \_fiéw Setup Run Graphics and Oufplit Post-processing Help
“le ® ‘#E 9o H 6@ H
Barracuda’s built-in Average Data: om0t | eerece s s

1) Volatiles
. e . & Particle Species Averaging start time: | 2DI s
e Starts at a user-specified time - mitial Conditions .
: ELurlt(ichIESICs | ‘Available Data 'Selected Data |
¢ I S a C u m u I at I Ve ave ra ge fro m t h at t I m e HP::::I-:aE:gSCondltlons Convecive wall heat transfer Fluid composition mass concentration
Flow BCs dp/dx Fluid composition mass fraction
Injackioh BCS dp/dy Flu!d composition mole concentration
Thermal Wall BCs dp.n'_dz Flu!d composition mole fraction
° ° - i = Fluid velocity Fluid mass flux
Th Is d efa u It b e h aVI o r Ofte n wo r ks we I I ¥ BC Connections Fluid velocity fluctuations Fluid temperature
SEEDOEEEY Fe‘,edS Particle mass flux Particle temperature
Secondary Exits Particle specific heat Particle volume fraction
R Conrjectnrs Particle thermal conductivity Pressure
¥ a Chemistry Particle velocity
° ° ° f I i Rate Coefficients Voidage -
Howeve r’ Sometlmes It IS use u tO 7 Reactions Volume fraction by species ||
/. Numerics —
I I ° d .ff (" Time Controls |_¢_I
calculate a time-average over a difrerent | iccoox
7. Flux Planes
[ ] [ ]
period of time 2 we can use PyTecplot
Average Data
° Data Planes
to d 0 th IS /+ Data Points
o Wall Impact
**+ Particle Attrition
.. Raw Data
esa Population Data
@ Solver Output Units
& Run
Ml i— T
|« [ & | % | » ||
| Industrial CFB.prj |,fdata1;53mclark,fzoz6-06-26_advanced_trainingfoz-modiﬁed_setup |
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PyTecplot: Calculate Time-Average Over Custom Period

The necessary scripts are already in your directory for this example

 Can also be downloaded from https://cpfd-software.com/tecplot-for-barracuda-
calculating-average-values-over-a-custom-time-period/

Load Barracuda Data X
Typical steps for running the scripts: [ toadDDataset || LoadDataFies |
1 Load Layout ‘ | Refresh / Reload !

 |n Barracuda GUI:

Tecplot Files to Load:

e Open terminal - el -
View Results to open Tecplot and load latest results file
* In Tecplot:
( PyTecplot Connecti: X

* File 2 Load Barracuda Data =2 All = Refresh / Reload
* Scripting =2 PyTecplot Connections = Accept connections

melle- || ACcept connections
2]

Port: | 7600 |3

v Listen to localhost only

| %dose |

cpfd
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PyTecplot: Calculate Time-Average Over Custom Period

In the terminal you opened from the Barracuda GUI, run the command:
* python cpfd_TimeAverage.py

Barracuda Virtual Reactor _ O ¥

baze) samclark@gzator:/datal/zamclark,/2026-06-26_advanced training/02-modified setupd puthon cpfd Timefiverage,py
top:/f localhost ; 7E00
Connection established,
Minimum =olution time to include in average {or press enter for no minimum’: 40
Maximum =olution time to include in average {or press enter for no masximum): 50,1 Set a max time Sllghtly hlgher than

onnecting to Tecplot 360 TecUtil Serwer on:

Strand 1 is for Cells
Which strand do you want to average? Enter the strand number or enter 'all': 1
Computing average for strand: 1, var: =

Computing average for strand: 1, vard y .

Computing average for strand: var: z true maximum to accommodate
Computing average for strand: var: 1 . .

Computing average for strand: var: J solution time roundoff
Computing average for strand: vard k

vard Bulk density
var: Cell wolume
var: Cloud Id

1

1

1
N 1
Computing average for strand: 1,
1
1
, var: Cloud Id basze
1
1
1
1
1
1

1
1
1
1
1
1
Computing average for strand: 1
Computing average for strand: 1
Computing average for strand: 1
Computing average for s=trand: 1
Computing average for strand: 1
Computing average for strand: 1
Computing average for strand: 1
Computing average for s=trand: 1
Computing average for strand: 1

vard Cloud mazs

var: Dizcrete particle mass fraction ASHOS)
var: Discrete particle mass fraction C(3)
var: Discrete particle mass fraction CaCO3(S)
var: Dizcrete particle mass fraction Calis)
var: Dizcrete particle mass fraction CaS04(5)
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PyTecplot: Calculate Time-Average Over Custom Period

Zone Style X

Mesh ‘ Contour ‘ Vector = Scatter Shade Edge | Points = Surfaces = Volume @ Effects

In the Tecplot GUI:
1. Quick Macro Panel = Cells: Fluid Velocity Magnitude
2. Zone Style dialog = Uncheck “Show Zone” for Cells

3. The last Zone in the list should be the only one
enabled = this is the calculated time average zone

Any cell-based data you plot will now by from this
zone, which is the time average from 40to 50 s

795 Time Average strand=1 tMin=40.0 tM... 1 VL Flood CL:Fl 4—9
1 b

Selection criteria: | || zones || Groups || Clear
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PyTecplot: Calculate Time-Average Over Custom Period

Double-click the Contour
Legend to select different

variables

All cell-based variables
will represent the time
average values over the

custom time period

BARRACUDA VIRTUAL REACTOR

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

DEEH® s A4 2&O0XAE N AEEA

Zone Style

Plot a®

3D Cartesi - e
aresian Mesh | Contour | Vector = Scatter = Shade

Edge | Points

TemporaryLayout.lay - Tecplot 360 EX 2025 R2

Bfs AM4 0000

Surfaces | Volume | Effects

Snap to orientation view

[ Name

Show zone layers

Mesh
V| Contour P
Slgde
Vector ) 3 : Fluid mass flux z
= | | 41: Fluid temperature
Edge I 42: Fluid velocity magnitude
= | | 43: Fluid velocity u

Scatter’ - | | 44: Fluid velocity v

Zone Style... | | 45: Fluid velocity w

46: Particle density
47: Particle mass

Group

Contour
Type

7Legend Box... |

Anchor... '\ ‘

48: Particle mass flux x

1<4[<| > 1> >

Resize automatically

Show color cutoff levels ‘

Line spacing: | 1.2

[ 2

Show derived objects Level skip: |1
Iso-Surfaces =
Slices \ ¢ 3
Sieamiaces ‘ﬁ g I Text color: iélack
Show effects ;
V| Lighting | Number font: | Liberation Sans
V| Translucency 1 Size: |2

5 | Frame%

~ | |Number Format... |

High-order element settings

V' Show header

Number of subdivision levels:|1  ~

= Header text: | Use Variable Name ~ |

51 Frame%

Min/max scaling factor: !17
Snap to Header font: |Liberation Sans
®) None | Paper ) b= 1 Size: |2
Plot | Pages
Frames (]Es]
Frame 001 elp

795 Time Average strand=1 tMin=40.0 tM... 1

4

FIoo0 TITH|
Flood ClL:Fl

»

Selection criteria: |

Zones

Groups

|| Clear 7\

[@]Help |

Contour Legend Selected

Fluid velocity magnitude

50
45
40

BARRACUDA VIRTUAL REACTOR
USERS' CONFERENCE 2026
June 24-26, 2026

50.00s

The Wade, Chicago

Quick Macro Panel e®

3D Rotation Animation

Reset Center of Rotation

Cascade Frames

Tile Frames

Load AddOn

Load: 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 Temperature

Cells: Particle Volume Fraction

Cells: Time-Averaged Fluid Pressure
Cells: Time-Averaged Fluid Pressure Gradient
Cells: Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volume Fraction
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

Walls: Heat flux

Walls: Impact

Walls: Temperature

Output: Current Data to Text

Output: All Data to Text
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PyTecplot: Calculate Time-Average Over Custom Period

Write Data Options X

Details to save
v Text

To save calculated time average results:

¢ File 9 Write Data"' :Iii:::::ing linkage (if possible)
* Enter afile name

* Select only the time average zone

Generated face neighbor information

Zone(s):

[ ] Save 41: Transient data (2.354823, 2.141596, 2.5550...«
42: Transient data (2.356314, 6.664452, 23.327...
43: Transient data (2.360784, 6.649627, 29.152...
44: Transient data (2.365197, 6.681208, 14.523...
: Time Average strand=1 tMin=40.0 tMax=50.1p=

To load calculated time average results:
* From Barracuda GUI: View Results

* File = Load Data... — x

e Select the time average data file that S Rities St b Setioy e S et e
Wa S p reVi O u S Iy S ave d ->> Replace data in active frame and retain style

: Append data to aCtive frame > -5, Append data to active frame
e

| [@nep | @cancel |[ Pox |

w cpfd
BARRACUDA VIRTUAL REACTOR o fisortwre.com P
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PyTecplot: Calculate Time-Average Over Custom Period

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/industrial_CFB.prj " m| bs

Advantages:

* Possible to calculate time average over
any desired time period

e Useful if you forgot to enable time
average data before you ran a simulation

Disadvantages:

* Averaging resolution is limited to the
output file interval for Tecplot files

Eiie \_fiéw Setup Run grap-hics and Oufput Post-processing Help

‘= E Wwo & » &=

=4} Drag Models [
1) Volatiles

—Visualization Data Output

— Output file format

&% Particle Species
|v| Tecplot (*.plt files)

Initial Conditions GMV (Gmw.* files)

v s

Fluid IC
. UI. = Tl —Output file interval
s=o Particle ICs |

~ [l Boundary Conditions (®) Constant:

0.2 | 5 I End time: 50s Mumber of output files: 251

Pressure BCs i = :
e |_I Time-varying: | | ¥
Injection BCs —cell Data
Thermal Wall BCs S S : : .
= z BC Connections Available Data = Selected Data =4
Secondary Feeds
Secondary Exits CFL Cell indices
BC Connectors Clouds per cell | |;| Cell volume
* a Chemistry dp/dx e Chemicatl Reaction Rates
Bl Rate Coefficients dp/dy |¢| Cor_wectn.re W?I” heat transfe'r
i ; dp/dz = Fluid compaosition mole fraction
e Reactjons Dynamic pressure Fluid density
A Numerics Fluid composition mass concentration Fluid mass flux
(" Time Controls Fluid composition mass fraction -] Fluid temperature |
* 4 Data Output ; i ] i
%1 Flux Planes —Particle Data
L Visualization Data Available Data selected Data =
& Ayarage Data Chemical Reaction Rates
Data Planes Drag Cloud 1D
/v Data Points Liquid fraction total ] Cloud mass
I Wall Impact Liquid mass total |£| Particle density
«## Particle Attrition P1 radiation flux |Z| Particle mass
- Raw Data Particles per cloud — Particle material
sss Population Data E:E:E:g ziZ:ed
. € Solver Output Units Particle tgmperature |
Z Run
£’ Post-Run =l | Help |
|« |+ | ¥ | » ||-— —

|fdata1fsamcIariql'ZO26—06—26_ad\.ranced_trainingff.}z-modiﬁed_setup |

| Industrial CFB.prj
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R
PyTecplot: Calculate Time-Average Flow Uniformity

Gas flow uniformity can be a useful metric for quantifying fluidization quality

 GMV-focused post-processing steps were presented at the 2018 European User Group
Meeting in the Advanced Training session

* Today we’ll cover how to calculate gas flow uniformity using PyTecplot

60

. . ———
» . . e A . . .
Calculating Gas Uniformity Index = Simple Example of Uniformity Calculation
50 —
Quantification of time-averaged gas flow shown M Consider a very simple system with 4 channels
(Uniformity Index*) 2
c
8
= Cross—sectional area being used for gas flow o 30
Total cross—sectional area 2 T I I T
©
£
Calculated using: §20 o2 3 4 o2 3 4
* GMV output data, converted to text format Channel | Flux | Area | A'F | A*FR2 Channel | Flux | Area | A | A'F2
1 2 1 2 4 1 0 1 0 0
(gmv2txt.py) 10} 2 2 1 2 4 2 8 1 8 64
° 3 2 1 2 4 3 0 1 0 0
Python (Jupyter notebook) 2 2 - . . - - - - -
0 d s ; ; Sum 4 8 16 Sum a 8 64
* See Fletcher, R. et. al., “Identifying the Root Cause of Afterburn in 0 20 40 60 80 100 Uniformity = 100% Uniformity = 25%
Fluidized Catalytic Crackers”, AFPM 2016 Annual Meeting, AM-16-15. Uniformity of Gas Flow (%) Uniformity = (sum(A*F))*2/sum(A*F*2)/sum(A) Uniformity = (sum(A*F))"2/sum(A *F/2)/sum(A)
BARRACUDA VIRTUAL REACTOR ) o cpfdEE- BARRACUDA VIRTUAL REACTOR o cpfd=s
CPFD, LLC - 10899 Montgomery Bivd. NE, Suite A - Albuquerque, NM 87111 USA 15 CPFD, LLC - 10899 Montgomery Bivd. NE, Suite A - Albuquerque, NM 87111 USA - 16
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PyTecplot: Calculate Time-Average Flow Uniformity

Barracuda Virtual Reactor with Chemistry - 26.0.0 - 02-modified_setup/industrial_CFB.prj = o x

Ei!e \_Iiéw setup Run Graphics and Oufput Post-processing He\p
‘mE o > 6@ B

[ Project Summary — Visualization Data Output

To calculate instantaneous flow uniformity | 3oz, o

. Base Materials V| Tecplot (*.plt files) GMV (Gmv.* files)

~ weo Particles

using this method, you must select the <o o o e i ot 2

& Volatiles
&% Particle Species (") Time-varying: ! =

following Visualization Data outputs for

sso Particle ICs

‘Available Data = 'Selected Data

Cell Data: s Bulk density
e a a (] Pressine BLs CFL Cell indices
Flow BEs Clouds per cell cell volume
!IE‘}':GCUQTU?‘TC; - dp/dx Chemical Reaction Rates
M M M SR e 5 dp/dy Convective wall heat transfer
e Cellindices, Cell volume, Fluid mass flux - & B Connections 5| Fla composin mole achon
’ ’ ’ Secondary Feeds Dynamic pressure === Fluid density
. . Secondary Exits Fluid composition mass concentration |4 Fluid mass flux
Pa rt I C I e VO I u m e fra Ct I O n BC Connectors Fluid composition mass fraction | Fluid temperature
* & Chemistry Fluid composition mole concentration Fluid velocity
4 Rate Coefficients P1 incident radiation flux Particle mass flux
4F Reactions P1 radiation flux Particle temperature
# Numerics P1 radiation flux from walls Particle volume fraction «

(** Time Controls P1 radiation to fluids | Pressure

To calculate time-average flow uniformity, |- <o

o L Visualization Data | Available Data Selected Data
. n Average Data Chemical Reaction Rates
seliec e roliowing Average vata. pata Planes brag Cloud
/e Data Points Liquid fraction total Cloud mass
= Wall Impact Liquid mass total Particle density
. . o ; i P1 radiation flux Particle mass
+ss Particle Attrition
* Fluid flux, Particl I fract : - 5| rricemaen
uid mass flux, Particle volume fraction e P o s o] g
eso Population Data . ‘fl Particle speed
‘u Solver Output Units Particle temperature
 Run Particle velocity
.} Post-Run Particle volume fraction
Residence time
Species
| [&| Help |
¢ | & | ¥ | » |
| Industrial CFB.prj IJdata1.|fsamclark,.l'2026—06—26_advanced_training.fl)z—modiﬁed_setup \
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PyTecplot: Calculate Time-Average Flow Uniformity

CALCULATE_UNIFORMITY.py (/data1/samclark/2026-06-26_advanced_training/02-modified s° _ O X

The Wade, Chicago

] i 1 : . llﬂ ‘)l::n @ e ® @
A Python script is present in your simulation ¥ et

1 @1 /usr/bin/env python

directory: ——

a
5 # 2026-06-20:

* CA LCU LAT E_U N I FO R M ITY, py “ ; 1) Started with GMV-based script, converted to PyTecplot commands

* This script will also be posted on CPFD’s website ot mumy 3
for the Users’ Conference tmport e

You can view the script’s contents on the cloud-
based training machine by using the command:

+ gedit CALCULATE UNIFORMITY.py

Python2 v Tab width: 4 ~ Ln1,Col1 INS

BARRACUDA VIRTUAL REACTOR cpfd
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PyTecplot: Calculate Time-Average Flow Uniformity

Run the CALCULATE_UNIFORMITY.py script:

* In Barracuda GUI:

 Open terminal

* View Results to open Tecplot and load latest results file
* |n Tecplot:

* File 2 Load Barracuda Data = All = Refresh / Reload

* Scripting = PyTecplot Connections = Accept connections
* |n the terminal opened from Barracuda GUI:

» python CALCULATE UNIFORMITY.py

e A plot of gas flow uniformity vs height should pop up

BARRACUDA VIRTUAL REACTOR cpfd-software.com

PyTecplot Connecti: X

el /| Accept connections

Port: | 7600 |3 |

v Listen to localhost only

| % Close |

N

Figure 1

AED Q=B

{m)

Elevation

254

15 4

10 4

Uniformity of Gas Flow

e

T T T
20 40 60
Uniformity (%)

T
80

100
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PyTecplot: Calculate Time-Average Flow Uniformity

The default behavior of the CALCULATE_UNIFORMITY.py script is to analyze the
entire simulation domain

For our current example, we have upflow in the riser section of the CFB and

downflow in the cyclone barrels and diplegs = it would probably be better to
isolate just the regions with upward gas flow

In the terminal, recall your last command (up arrow) and add the following
arguments to the end:

* python CALCULATE UNIFORMITY.py --yMax 2.75 --zMax 28

\ J
|
Options to limit region of space for
calculating gas flow uniformity

BARRACUDA VIRTUAL REACTOR o fisoftware.com CpTo
CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA 51



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

BARRACUDA VIRTUAL REACTOR
USERS' CONFERENCE 2026
June 24-26, 2026

PyTecplot: Calculate Time-Average Flow Uniformity

Run the command with spatial limiters and compare the calculated flow
uniformity profile with the original full-domain results

Full domain uniformity results Spatially limited uniformity results
Figure 1 = O x Figure 1 FE o X
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Exporting Calculated Python Results to Excel Format

CALCULATE_UNIFORMITY.py (/data1/sam..._training/02-modified_setup) = o 3%

File Edit Tools Syntax Buffers Window Help

B £ @8 ~n 4 BB A& ) ( 8B % -
#!/usr/bin/env python l

It can often be useful to export data from Python . "
(Numpy) arrays to Excel for further processing

# 1) Started with GMV-based script, converted to PyTecplot commands

import matplotlib
import matplotlib.pyplot as plt

The Pandas library provides an easy method e,

import pandas as pd SHSTRIE SySrage unireTLy
# ... create some Python Numpy arrays ...

print(“Average uniformity = %f %%" % ( np.trapz(uniformity,zLocs)/(np.max(zLocs))))

#### WRITE DATA TO EXCEL FILE ####s#aafiaafianinaiinafinafin i n i finafinais
if options.excelFile is not None:

df = pq.DataFrame({'Hgight_ (m) *:zLocs}) <=
# Define a Pandas dataframe and add arrays to it A e U (N w
df = Pd .DataFrame ( { ‘Time (S) I t} ) Bits WRITE DATA TO QUTPUT FILE #ssbiisibisb bbbt
if options.outputFile is not None:
\ - 14 — = n i v ile, 'w'
df [ Time SteP (S) ] = dt I.wrggcee(Egpgtggitoggpg:iébam7U|311FORHITY.py\n”)

f.write("#\n")
df [ \ CFL’ ] = Cfl f.:ll:;t:("# gommand used to create this data:\n")

f.write("#\n")

# ... and more lines if you have more arrays AT n £ G )

f.write("#\n")
f.write("#@ 1 \"Uniformity\" \"%\"\n")
f.write("#@ 2 \"z-position\" \"(m)\"\n")

# Output the DataFrame to Excel format for i in range(nSamps):

f.write(str(uniformity[i]) + " " + str(zLocs[i]) + "\n")

df.to _excel('my filename.xlsx’, index=False) —

#### PLOTTING ##stastaasadas AR AR R R R AR R R R R R R R R R R R R R R R R
fig, ax = plt.subplots(tight layout=True)
CALCULATE_UNIFORMITY.py 147,1 89%
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Open Discussion and Q&A

Thank you for attending the Advanced Training Workshop

Questions?
* ... about material covered today
e ...about any other Barracuda Virtual Reactor features

We’re here to support you. Contact us at support@cpfd-software.com

w cpfd
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