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Barracuda Virtual Reactor Feature Highlights
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Basic Post-Processing
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Advanced Post-Processing by Scott Fowler from tecplot”
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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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Example Case Overview i |

Modifications made for this training workshop:
 Thermal calculations were enabled
* Additional base materials were added
* Chemical reactions were added

A
Supplemental Training: CFB Erosion was used as a starting point k

Open the Barracuda project and we will walk through the setup
as a group during the in-person training session _ l

e Significant new features are highlighted in the following slides -

»» cpfd
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Per-Species Close Pack Volume Fraction

Different particle species can have different close pack volume fractions
 Added in Barracuda Virtual Reactor 23.1

Particle Species Editor x
Species-ID: | | —Drag Model
Model Name: | - Beetstra -

Comment: |coa| |
Materials: | Applied Materials |
— Size Distribution

) File: | -

(®) Size Range:

Minimum: |200 | Maximum: |500 ||micron—diameter -

—Close Pack Volume Fraction

[ Use global value: | | () Specify value: | 0,52|

—Surface and Shape Agglomeration
Sphericity: |71| |7| (®) Multiplier (constant): 1
Emissivity: | 1 | () Multiplier (predefined):
Scattering Factor: | 0| { | ||| © multiplier (from file): |

@l | dox |
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Fluid IC Definition

File View Setup Run Graphics and Qutput Post-processing Help

‘E 9o 3 & &= i
Project Tree

(7 Barracuda Virtual Re...
% Setup Grid ID On ‘1 ¥x2 yl y2 z1 z2 |x-Vel yVel z-Vel Temperature Pressure |IC File

° ° ° ° 9 Global Settings 0oo n max mn max mn max 0 0 o 1200 1.012e+05 .
Isa e t e ex‘stl ng u‘ ~ Base Materials 001 nin max min max min max 0 1200 1.012e+05 IC_starting_p
* = Particles Fluid IC Editor X
«4} Drag Models

@ Volatiles | Initial Conditions

° &% Particle Species B
Ad d n ew F I u Id I C ~ '+ Initial Conditions Temperature: | 1200 | K
Pressure: | 101175 | Pa
=0 Particle ICs _
- Boundary Conditions Velocity: | Dl | D| | D| mys
Pressure BCs

Initialize the entire domain using the s pecie: et iace

Injection BCs {9’ Initial Conditions from File ‘I
) |

—Fluid IC Manager

o ° - = Thermal Wall BCs
Ic flle. IC Startlng_p01nt ~ i BC Connections
— Secondary Feeds
Secondary Exits i
BC Connectors — Region
~ a Chemistry
Il Rate Coefficients |
U5 Reactions
#. Numerics
(** Time Controls Ymin | min | Ymax | max|
~ i Data Output
T} Flux Planes
A Visualization Data
Zn Average Data —Comment
=l Data Planes
/v Data Points
1 Wall Erosion
+#+ Particle Attrition
.. Raw Data
esu Population Data 4 [&|Help | @ cancel | | oK | v

) Sol Output Units | ———— —
..r'.:_._o ver SHEpHE e =1 || Add [] Edit [ Copy [] Delete |

L [+ | ¥ | » |

IC file: |IC_starting_point

Set Cell Region (m) |

Hmin | min| Kmax | max|

Zmin | min | Zmax | max|
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File View Setup Run Graphics and Output Post-processing Help

PartiCIe IC Definition 'raEd o 3 & @3 H

Project Tree )

(" Barracuda Virtual Re... *
% Setup Grid ID On 1 x2 vyl y2 z1 z2 Description

@ Global Settings 000 in max min max min 1.3 Mass in region, species = 001 - 5and, mass = 70000 kg,

- Base Materials 001 LJ = = = 2 iz = J_PoY

Disable the existing Particle IC 1T —— -

—Particle IC Manager

4 Volatiles
&% Particle Species — | Initial conditions
= I+ Initial Conditions N
ﬁnitialize from IC file ) - |

Add new Pa rticle IC IC file |IC starting_point ||E|

= [] Boundary Conditions
Pressure BCs
Flow BCs

Initialize the entire domain using the  rmetoree . Feset residence tme

= Increase resolution proportional to real cell ratio
v ﬂ BC Connections

IC file: IC_starting point secondary Feeds

Secondary Exits

Temperature [1200| I K

BC Connectors : .
+ & Chemistry | Set Point Region (m} |
i Rate Coefficients Xein | min | X | max |
I Reactions
#. Numerics Yein | min | Ymax | max |
(' Time Controls Zin | min | Zms | max |

~ i Data Output
7. Flux Planes
A Visualization Data — Comment
Zn Average Data [ n
= Data Planes — . |
~~ Data Points _ Add Delete |
I Wall Erosion Global Cloud Re

‘.“ Farticle Attrition : |7 Help | | @ cancel | [ Fok ] ., | Distribution
. Raw Data _ Opti
‘ ptions
Low igh

sso Population Data

& Solver Qutput Units ———————
b o i b | Help |

¢« [ 4 | ¥ | » |

»» cpfd
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Output Tracer Data at Pressure BC Flux Plane

Pressure BC Editor b

Tracers are Lagrangian entities that can be injected
at BCs for tracking fluid flow and calculating fluid  tocstion | FloxPane | Fd | parices | macer
residence time B
e Substantial updates to Tracers capabilities were [No output d
made in Barracuda Virtual Reactor 22.1 oin by partidesize | 100 ] i

Output raw particle data

V| Output tracer data

Edit the Pressure BC
In the “Flux Plane” tab, enable: Output tracer data

This will allow us to analyze fluid residence time at
the Pressure BC flux plane

Comment: |tc:p pressure outlet |

| Help | |®gancel|[ & oK ]
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Feed Tracers at a Flow BC (Secondary Inlet 1)

Flow BC Editor P
Tracers can be fed from Pressure, Flow, or InjectionBCs |~~~
Edit Flow BC 001, which is Secondary Inlet 1 R
Go to the “Tracers” tab, and enable tracer feed as

) Specify value: |

shown in the screenshot

* Species numbers for tracers begin at 2000, and can be
adjusted by the user

 Time-varying tracer feed can be specified by using a
transient file (next slide)

— Transient File

|ﬂow_secondary_in|et.s1‘f | [ Edit I |E|

Comment: |seccndary inlet 1 |

| [ElHelp | | @cancel | ok |
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SFF File Option: Interpolate values between rows
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Configure the tracers to be introduced as a 1-second h
“square pulse” using an SFF file g °°
e New feature added in 24.0 _ o
* Uncheck the “Interpolate values between rows” option ” Ml
* Click “Graph” button to see signal shape T

Number Density Manual Particle Slip ~ Particle Mass Flow Rate (kg,n’s}( Tracer Resolution (1/s)

{=1-1
@on | 2000 1

1100 | 0.1736 0
1100 | @on | 2000 1 0.1736 1000
1100 | @on 12000 1 0.1736 0
—er |
l Interpolate values between rows
| 4 Add Row || & Delete Row I + Check Data || M Graph || € update Simulation |

File: |ﬂuw_secnndary_in let.sff

| | Ik save | |HSave As | | Ed Close | | Help |

0.5

Time (s)
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Chemical Reactions Used in this Example

Reactions included in this example were
primarily derived from:

File View Setup Run Graphics and Output Post-processing Help

*  Krusch, S., Scherer, V. and Scala, F. (2018) Experimental examination and simulationof /= @ ® o =t % & &
a pilot-scale circulating fluidized bed reactor. Universitatsbibliothek, Ruhr-Universitat  project Tree B : .
. S 3 —Chemistry Reactions Manager
Bochum. https://doi.org/10.13154/294-6389 / Injection BCs , ,
htt //bbl r h b r b d / rk/20164 Thermal Wall BCs 1D Reaction Type Rate Equation Comment
ps: Ibllograpnie.unb.rub.ade/wo ~ i BC Connections ~ 00 VA: Stoichiometric Equation: CO + H20 => CO2 + H2
. . . . . Secondary Feeds ROO = (ko[CO1~0.5[H201) Krusch, Table 7.5, Rxn 1
. Lyon, R. K., Hardy, J., and Von Holt, W. (1985) Oxidation kinetics of wet CO in trace Secondary Exits « 01 VA: Stoichiometric Equation: CO2 + H2 => CO + H20
concentrations, Combustion and Flame, Volume 61, Issue 1, Pages 79-86. B Connectors e —— aion. SR LR B
. i r 4 emistry : Stol atric . 2 == C02
https://doi.org/10.1016/0010-2180(85)90074-4 B Rate Coefficients RO2 =  (k2[CH4]™-0.3[02]71.3) Krusch, Table 7.5, Rxn 3 (fixed)
FEami e * 03 VA: Stoichiometric Equation: 2 H2 + 02 == 2 H20
% Numerics RO3 = (k3[H2]1™0.5[102]) Krusch, Table 7.5, Rxn 4
,N ) ¥ 04 VA: Stoichiometric Equation: CO + 0.5 02 => CD2
H H H H < Tima Controls RO4 =  (k4[COI[H20]~0.5[02]°0.25) Lyon, 1985
e set O rea ct I O n S I n t IS exa m p e Is n ot * 44 Data Output * 05 VA: Steichiometric Equation: C(S) + H20 => CO + H2
1 Flux Planes ROS5 = (k6[H201)-(k7[H21[CON) Krusch, Table 7.9, Rxn 1
° ° e A1 Visualization Data = 06 VA: Stoichiometric Equation: C(S) + CO2 == 2 CO
comprehensive. Reactions neglected in o e D ——
[ Data Planes ~ 07 VA: Stoichiometric Equation: C(S) + 0.5 02 == CO
this example include: 7 para o e
= b . oiIchiometnc equation: + ==
p ° #i :v:r't'. E|m,?;n't' ROB =  (k13[02])*(k12)*(1 + k12)~-1 Krusch - CO2 Char
) Raw'c[)‘:ta rition * 09 VA: Stoichiometric Equation: H(S) + 0.25 02 == 0.5 H20
M M " RO9 = (k16[02]) H20 reaction from Char Hydrogen
® Ca | CI n at I O n === Population Data ~ 10 VA: Stoichiometric Equation: O(S) => 0.5 02
& Solver Output Units R10 = (k17[02]1) 02 reaction from Char Oxygen
2 Run

® Su Ifatio n - PostRun ||| Add -| | Edit [ | Copy [ | Delete ||E| |§|
e NOx formation
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Enable Output Files mass.log and energy.log

Go to the “Data Output” page to enable

mass.log and energy.log

e Added in Barracuda Virtual Reactor 23.1

These log files are useful for:

* Monitoring total mass and energy of

fluids, particles, and bubbles

* Performing system mass and energy

balances

 Determining whether steady state has

been reached

BARRACUDA VIRTUAL REACTOR

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

cpfd-software.com
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File Miew Setup Run Graphics and Output Post-processing Help

' E 9o o
Project Tree
* a Chemistry =

il Rate Coefficients

J§ Reactions

#. Numerics
(* Time Controls

71 Flux Planes

Al Visualization Data

Zm Average Data

=l Data Planes

/v Data Points

ir Wall Erosion

+e+ Particle Attrition

*. Raw Data |+

¢ | & | ¥ | » |

» & @ B

— Data Output

Output interval for data point, flux plane, and log files: |

v [Enable mass.log with output interval:
v [Enable energy.log with output interval:

| [E|Help |

le-07 s
le-07 s

le-07 s

cpfd
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Chemical Reaction Rate Data Output

Chemical reaction rates are available

in all data output locations

* Added / expanded in Barracuda
Virtual Reactor 23.1

Go to “Visualization Data” and select
“Chemical Reaction Rates” for output

to Tecplot’s Cell Data

Reaction rate information for all
reactions in the project (both
volume-average and discrete) will
be output to Visualization Data

BARRACUDA VIRTUAL REACTOR

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

File View Setup Run Graphics and Output Post-processing Help

ECRTE

&

-

Project Tree
) Volatiles
&% Particle Species
~ I+ Initial Conditions
£ Fluid ICs
eso Particle ICs
~ [] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal wall BCs
~ & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
* a» Chemistry
4 Rate Coefficients
J5 Reactions
#. Numerics
(" Time Controls
~ 4. Data Output
71 Flux Planes
L visualization Data
Zn Average Data
= Data Planes
/+~ Data Points
I Wall Erosion
++» Particle Attrition
.. Raw Data
eso Population Data
€ Solver Qutput Units
2 Run
4} Post-Run

| & |

-

<

¥ | % |

» &= 8

BARRACUDA VIRTUAL REACTOR

USERS’ CONFERENCE 2024

June 19 - 21, 2024

W Chicago - Lakeshore

—Visualization Data Output

— Output file format

v| Tecplot (*.plt files) GMV (Gmv.* files)

— Output file interval

Cell ID

Cell volume

Clouds per cell

Convective wall heat transfer

Chemical Reaction Rates

Fluid composition mole concentration

(®) Constant: | 1 | s End time: 10s Number of output files: 11
() Time-varying: | = ]
—Cell Data
Available Data = Selected Data =
Bulk density Cell indices

<
dp/dx |—| Fluid density

dp/dy Fluid mass flux

Dynamic pressure Fluid temperature

Fluid composition mass concentration [+ Fluid wvelocity [+
—Particle Data

Available Data
Chemical Reaction Rates
Drag
Liguid fraction total
Liguid mass total
P1 radiation flux
Particle mass
Particle material
Particles per cloud

hd

Selected Data
Cloud mass
Particle density
Particle size
Particle speed
Particle temperature
Particle velocity
Particle volume fraction
Residence time

FY

| Help |

cpfd

cpfd-software.com
13
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Run the Simulation

File VWiew 5etup Run Graphics and Output Post-processing Help

On the Run page: EFREEEICY B

Project Tree )

Flow BCs = —Run Configuration

* Make sure to enable GPU Parallel Injection BCs

Thermal Wall BCs

— | CPU Parallel (Parallel license required)

. ~ % BC Connections =]
¢ Cl ICk RU n SOlver Secondary Feeds . .
Secondary Exits i#‘ GPU Parallel (Parallel license required)

BC Connectors
* a Chemistry

Th e si mu Iatio ns h ou Id ta ke a bo ut ;ﬂ_‘; xtai:i:;::ﬁcients () Automatic selection: GPU count: |:|:|

% Numerics [ Use specified GPUs:

45 minutes to reach an end-time of & Time Controls imt o70s | [Avanced or0 omeora]

~ ¢ Data Output
3 e — —
10 Seco n d S O n th e Resca Ie VM :i Si::aﬁ:::t?:n Data |Run Dptinn5| 'fopt/CPFD/Barracuda/24.0.0/binfcpfd.x" -gpu cfb_erosion.prj |_|
Zm Average Data
= Data Planes

(®) Prompt at Solver startup

—Check Setup

M Data Points - .
=1 Wall Erosion =:“—11 'Run Solver Setup ‘ uq View Setup ‘
+»+» Particle Attrition

. Raw Data Run Simulation N\

sso Population Data — -
& Sor\.rer Output U... u Restart Solver ‘&} Interact ‘ Monitor Run
. >Run | :
L) Post-Run = | Help |
¢+ | ¥ | % |
BARRACUDA VIRTUAL REACTOR cpfd
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Monitor Run

Once the simulation is running, click
the “Monitor Run” button

* Files must contain at least a few
rows of data. If you get blank
plots, close the Tecplot window
and click Monitor Run again

* This feature can also be used after
a simulation is completed, as long
as the necessary output files are
still present in the directory

BARRACUDA VIRTUAL REACTOR
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June 19 - 21, 2024

File View Setup Run Graphics and Output Post-processing Help

mEd o ) 6@ H

Project Tree S

FY

Flow BCs
Injection BCs
Thermal Wall BCs

~ 7% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors

* » Chemistry
Rate Coefficients
{7 Reactions

#. Numerics
- Time Controls

~ {. Data Output
71 Flux Planes
AT Visualization Data
Zm Average Data
=] Data Planes
/v Data Points
I Wall Erosion
+++ Particle Attrition
*. Raw Data
«s Population Data
& Solver Output Units

—Run Configuration

—__| CPU Parallel {Parallel license required)

-

—+ GPU Parallel (Parallel license required)
(®) Prompt at Solver startup

GPU count: | |

) Automatic selection:

() Use specified GPUs: |

| List GPUs | |A1:|'uranced GPU Options

|Run 0ptiﬂn5| Jopt/CPFD/Barracuda/24.0.0/bin/cpfd.x" -gpu cfb_erosion.prj |_|

—Check Setup

Mq View Setup

Fi1 ' Run Solver Setup

—Run Simulation

g Interact [ Monitor Run ]

F Run Solver

i. - i Restart Solver

L) Post-Run = ||

¢ [+ | ¥ | » |

»» cpfd
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Tecplot 360 EX 2023 R2 ® 0 @
fle Edit Yiew Plot jnsert Animate Data Fame Options Scripting Tools Agalyze Help

PEOXNEE SNV EBEHE N AB4L D0 @

Quick Macro Panel -]

oz 30 Rotation Animation
0.002 = Reset Center of Rotation
Cascade Frames

150 ’ Tile Frames

| W

Load: Refresh | Reload Barracuda Data
s , s , s
z B K

s
N 8 n . 8 ¢ Particles: Temperature
Time (s) Time (s) Particles/Bubbles: Species.
Bubbles: Volume Fraction

log
memarylog

Monitor Run Views in Tecplot

Grid: Transparent Model
08015 Gnid: View Grid Lines
Grid: View CAD Model

Grd: Compare Grid and CAD

Setup: Boundary Conditions
Setup: Flux Planes
Setup: Data Points
Cells: Fluid Pressure.
L 1
o« G 1

di{s)

CFL

BoBL

=

. Time-Averaged Fluid Temperature
Cells: Time-Averaged Particle Volume Fraction
Particles: Volume Fraction

00005

Particles: Residence Time

Plots use Tecplot’s “Pages” feature
* View = Pages sidebar

Bubbles: Residence Time
Bubbles: Temperature

2 - Tracers: Residence Time

ezt 317100 iy Output: Current Data to Text
Qutput: All Data to Text
ERA2T = 217050
317000 - o

BRAZES - I
316950 |~ J
55426 [ 318900 e

319850 o

316800 - _rr,_r

eoazs "-I_'_,_F 316750 - !
-
. . 1 1 ) 218700 7] L . 1 | ,
B

azs 4 & 8 10
Time (s) [ Help

particle mass (kg)

BeA25.5

Number of numerical particles
1

Files plotted automatically:
* history.log

add Delete

0 g
Fofl| Pages Time {s)

Clich g 1o Select Group

Tecplot 360 EX 2023 R2 ® 0 @
fle Edit Yiew Plot jnsert Animate Data Fame Options Scripting Tools Agalyze Help

DEd® k44 et ¢V EEHREA M B4 000 A

L]
Pages @ Quick Macre Panel
. history 30 Rotation Animation
. T — y Rece Conver ofRoration

memorylog ok / Cascade Frames
wsf ~ 500 |-
e =
= El S
E S E Grid: View CAD Model
. e oSk yd @ Grid: Compare Grid and CAD
£ ’ b=t Setup: Boundary Conditions:
° = d 8 Setup: Flux Planes
E caf / 8 200 Setup: Data Points
a Cells: Fluid Pressure
o / g Cells: Fluie Velocity Magnitude
% wsf p 3 cels: e emperature
3
[ ozf ,/ % 200
/ c e Aversged Particle Volume Fraction
wf Particles: Uolume Fraction

Particles: Speed

Use Quick Macro Panel to refresh data as e | e e

Bubbles; Volume Fraction
Bubbles: Speed

Bubbles: Size

Bubbles: Residence Time

the simulation progresses J

* Load: Refresh / Reload Barracuda Data L -

Click to Select, Drag to Select Group

BARRACUDA VIRTUAL REACTOR cpfd
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Visualizing Tracers in Tecplot for Barracuda

Tecplot 360 EX 2023 R2
File Edit View Plot

NEd® s Ad $HO0XE% NV EAHEA

Insert Animate Data Frame Options Scripting Tools Analyze Help

BARRACUDA VIRTUAL REACTOR
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W Chicago - Lakeshore

fo M4 OO0

Post-Run = View Results

[ ) )
Bl [’_:‘] Residence time
| 3D Cartesian - | a5
Snap to orientation view 9
85

[ Y .

10.00 5

[
Use Quick Macro Panel: ;-5
es 6.5
. . Contour z| g 5
* Tracers: Residence Time  «== R
Edge |E| 25
————— 3
| Zone Style... |] 3'5
Zone Style... 2 Scatter tab - N
I J 0.5
° Sym bOI Sha pe : Sphere Showderive::lol:‘ o Zone Style x
Islo-Surface Mesh = Contour = Vector § Scatter |I Shade = Edge @ Points = Surfaces = Volume @ Effects
. Slices
° Scatte r S I Ze : O (] 5 Streamtrac T TR é z
Ehowsifects ;: I(’::llt?cles i :
v/ Lighting s* Jtaces 1 M |IY
V| Translucen
High-order elem 4
Number of SUE | ga|ection criteria: [ || Zzones || Groups || clear |
Min/max scalir
® @] |7 Help |
E Pages-
Click to Select, Drag to Select Group
BARRACUDA VIRTUAL REACTOR ofesoftware.com

Quick Macro Panel

(]

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 Velocity Magnitude

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

Output: All Data to Text

| [ElHelp |

Play...

cpfd
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Residence time 4.00s

Creating an Animation of Tracer Flow

9.5
9

85 (Sadiden
8
75
| 7
6.5
6 |
55 @

Load all solution times
* File 2 Load Barracuda Data
* Tecplot Files to Load: All
e Refresh / Reload

Click “Play” on the solution time slider to visualize the
tracer flow

BARRACUDA VIRTUAL REACTOR cpfd
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The raw tracer file from the Pressure BC

Ana Iy2| ng ReS|dence Tl me Of Tracers flux plane records the residence time of every

tracer that exits the system

Residence time 10.00 s

Tracer residence time distributions (RTDs) are
usually plotted as histograms

We will use a Jupyter Notebook to create a plot

CPFD Support Site posts related to this exercise
(for future reference):

e Using Jupyter Notebooks to Analyze Virtual
Reactor Results

e Using Tracers in a Barracuda Virtual Reactor
Model

BARRACUDA VIRTUAL REACTOR cpfd
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The raw tracer Flux Plane File Format
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Open a terminal from the Barracuda GUI, and run this command to see the first

20 lines from the file:

head -n 20 FLUXBC pressure outlet raw tracer

# top pressure outlet

#

#e
#e
#e
#@
e
e
e
e
e
e
e

2.

NN NN DN

1 "Time"
2 "Unique tracer ID"
3 "Species"
4 "Residence time" Cmmm—m
5 "x"
6 "y"
7 "z"
8 "x-velocity"
9 "y-velocity"
10 "z-velocity"
11 "Speed"
364960e+00 319407 2000
.406046e+00 319397 2000
.427583e+00 319429 2000
.487058e+00 319387 2000
.487058e+00 319401 2000
.490040e+00 319395 2000
.590982e+00 319434 2000

NN DNDDNDDNDDN

!

.212769%9e+00
.325361e+00
.155551e+00
.470055e+00
.374681e+00
.417787e+00
.286828e+00

BARRACUDA VIRTUAL REACTOR

.752035e-01
-4.
.273328e-01
-1.
.116487e-01
.981942e-01
.906930e-01

917556e-01

022772e+00

.039956e-01
.936733e-01
.798310e-01
.357252e-01
.049670e-01
.072166e-01
.058860e-02

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

L

mgm

mgm

"m"

"m"

"m"

"m/sl'

"m/sl'

"m/sl'

"M/S"
2.351394e+01 1
2.349287e+01 -1
2.347497e+01 -8
2.351106e+01 -8
2.348655e+01 1.
2.349024e+01 7.
2.350330e+01 3.

cpfd-software.com
20

.214128e+01
.696444e+01
.855214e+00
.039836e+00

105051e+01
071736e+00
679012e+00

.651420e+00
.327595e+00
.400932e+01
.296738e+01
.558693e+00
.285507e+01
.287379%9e+01

-2.
-2.
.137292e+01
-2.
-2.
.037791e+01
-2.

738963e+01
747476e+01

524422e+01
952998e+01

528076e+01

N W whhwww

— Header section has lines that start with # symbol, and
records meaning of each column of data in the file

.048838e+01
.311115e+01
.548148e+01
.949682e+01
.267085e+01
.373544e+01
.860746e+01

One row of data
per tracer that
crosses flux plane

cpfd
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Open Example Jupyter Notebook

In the terminal opened from the Barracuda GUI, enter the command:

jupyter-notebook 2024-06-21 tracer residence time.ipynb

A We b b rowse r Wi I I o e n wit h 2024-06-21_tracer_residence_time - Jupyter Notebook — Mozilla Firefox _ o -
p @ | B 2024-06-21_tracer_resid-x =+ 9
° ° ° N racer_resic | | | -
t h e S pe c Ifl Ed fl I e, W h I c h h a S < - C @ O DO localhost:8888/notebooks/2024-06-21_tracer_residence_time.ipynb# w5 @ 9 =
: Jupyter 2024-06-21_tracer_residence_time Last Checkpoint: a few seconds ago  (autosaved) a Logout
some code already entered as T
|

B+ < &3 B 4 ¥ (pRun B C W Code v =

a starting point for today’s
training workshop e I e

In [ ]: # Example 1: Analysis of tracer residence time at one flux plane

# Gather data from raw tracer flux plane file

fluxPlaneName = '' # <-- Specify the raw tracer flux plane file name (quoted string)
resTimeCol = # <-- Specify column number for residence time here (integer)
resTime = np.genfromtxt(fluxPlaneName, usecols=resTimeCol-1)

# Create Histogram of residence time

numBins = # <-- Specify the number of histogram bins (integer)

# For more info on histograms, see https://matplotlib.org/stable/gallery/statistics/hist.html
n, bins, patches = plt.hist(resTime, numBins)

plt.xlabel{'Residence Time (s)')

plt.ylabel('Tracer Count')

plt.title('Tracer Residence Time Distribution®)

plt.savefig('my tracer rtd plot.png')

cpfd
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Use Jupyter Notebook to Create RTD Histogram Plot

Specify the information indicated by # <-- comments

* fluxPlaneName
* resTimeCol
P n u m Bi nS : Jupyter 2024-06-21_tracer_residence_time Last Checkpoint: 16 minutes ago (autosaved)
B 4+ = & B 4 ¥ PR B C W code v | =
Run the notebook $
e Click in the top cell and press the “Run” button
* Aslong as no errors occur, focus will move to the next cell "
* Click the “Run” button again
* Aslong as no errors occur, you should see an RTD plot
similar to the one shown here N

BARRACUDA VIRTUAL REACTOR

Tracer Residence Time Distribution

cpfd-software.com
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Explore the Data and Close the Jupyter Notebook

What happens if you use higher or lower values for numBins?
* If you change any content in a cell, rerun the cell to update the plot

How many tracers have passed through the Pressure BC flux plane?
 Python’s 1en () function will show you how many values are in an array
* |s this a high enough number to be statistically significant?

Close the Jupyter notebook when you’re finished with the histogram
e Save the Jupyter notebook file and close the web browser window

* |n the terminal used to start the notebook, press Ctr1+C twice to shut down
the Jupyter notebook server

cpfd
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Viewing Chemical Reaction Rates in Tecplot

10.00s

Rate of volume-average stoichiometric reaction 02

' 0.01
0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001
0

Since all reactions in this example are volume-average, we will
visualize reaction rates as cell data

* For simulations with discrete particle chemistry, you can also
display reaction rate information on the particles

Create a slice to show chemical reaction rate R02
* Use “Particles: Volume Fraction” to get a transparent vessel
* Un-check the “Scatter” layer to turn off particles
* Click the “Slices” checkbox, then the gear for slice settings
* Slice location = Y-Planes
* Color by Rate of volume-average stoichiometric reaction 02

* See next slide for details
BARRACUDA VIRTUAL REACTOR C(@fd'
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Detailed Steps for Creating Slice

Tecplot 360 EX 2023 R2
File Edit View Plot Insert Animate Data Frame Options Scripting Tools Analyze Help

NEd® A~ QAd $H20XE4 eV BABEEE M AB4 OO0

Plot =] E5] Quick Macro Panel &
- 10.00 5
| 3D Cartesian - | L. ) k 3D Rotation Animation
Rate of volume-average stoichiometric reaction 02 Reset Center of Rotation
Snap to orientation view Cascade Frames
v I IR Iz 0.01 Tile Frames
|Q||Q”Q”$‘ 0.009 Load AddOn
sh 1 ' Load: Refresh [ Reload Barracuda Data
o o e 0.008 Contour & Multi-Coloring Details b fle!
Mesh - 0.007 |
Coioy |£| 0.006 l 45: Rate of volume-average stoichiometric reaction 02 ~ Il HZHE"?"E"E"?"E| nd CAD
V| Shade 0.005 — - [(ditions
Vector 4 0.004 Levels and Color | Bands = Lines Labels Legend
0.003 Contour levels
- - lagnitude
0.002 1 : 0 Set Levels... | ure
— 0.001 : ggg;  Fraction
¢ . 0.003 |Add Level | o ||| Fluid Pressure )
& l0001 — Fluid Pressure Gradient
i HX — .
5 0005 éﬂ Fluid Temperature

Particle Volume Fraction

=

%]

[C- - R N T N

) Slice Details X g'gg? ction
|l P> |U™ |l 0008 Contour variable range
Show derived objects v|/showgroupl | 1 | 2| 3|4 5|87 8] itllfg.gtl)g Min: 7.1783%9e-17  Max: 629111 fime
g B . iR e
lso-curfaces Definition | Contour  Vector =~ Other  Animate ecies
— slice Jocatio anes Color map options
Streamtraces |7y
. e ime
“Bgers ||| = e R | e
V| Translucency - o 8 Color map distribution method Color cutoff :)t? =t

Show startfend slices

M el asiieE (e Banded () Continuous Cutoff above: | \
Number of subdivision Ievel5:| 1 - | B | Cutoff below: | ‘
. : = > — -
Min/max scaling factor: |1 | | | | ‘ Color map adjustments
® O O . = | [ O Reverse
: - : | Repeat cycles: 1 |
| Redraw HE | e
Plot | Pages | |
EE— Slice through: | Volume Zones -
Frames o |‘
Frame 001

v Obey source zone blanking

V| Show selid plane while dragging (faster}

| Extract Slices... |

| EHep |

| ElHelp |

Click to Select, Drag to Select Group

BARRACUDA VIRTUAL REACTOR cpfd
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Animating a Slice to Gain More Insight

Using slice animation is helpful to get a
3-dimensional understanding of system behavior

In the Slice Details dialog:
 Go tothe Animate tab
* Animation direction = Bounce
* Click Play

BARRACUDA VIRTUAL REACTOR

v Show group 1 1

Definition Contou

Starting value:

Ending value:

Animation direction:
Number of steps:

Current step:

Current value:

Slice Details *

2 = 4 5 5} 7 8

r | ector Other § Animate
S

-2.34 Min: -2.59633
2.34 Max: 2.59882
P o

Bounce hd
"

20

10 Go to Step
0

<4 q.‘» >l B

Limit animation speed to |12 framesfsecond

Help

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

Rate of volume-average stoichiometric reaction 02

\

. 0.01
0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001
0
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Using Data from mass.log and energy.log

Data in mass.log and energy.log is
useful for determining things like: : | g smt
* Are the total mass and energy in the Mm__
system reaching steady state? Eol B
* What is the mass of a specific gas or — s

solid material over time?

Detailed steps for creating a 4-frame : . |
plot view as shown here are covered g g
on the next few slides ¢
35‘50 2 Time (s} 6 8 10 0 2 4 Tlime ) 6 8 10
BARRACUDA VIRTUAL REACTOR cpfd
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Detailed Steps for Creating Plot

B&

-

Project Tree
/. Numerics
(> Time Controls
~ {4 Data Output
T Flux Planes
A Visualization Data
Im Average Data
= Data Planes
/v Data Points
12 Wall Erosion
+*» Particle Attrition
.. Raw Data
sss Population Data
& Solver OQutput U...
2 Run

-

¢ | 4| ¥ | @

Start a blank Tecplot for Barracuda window
* Run page = Launch Tecplot

Read the mass.log file first

* File 2 Load Barracuda Data = Load Data Files =
mass.log

BARRACUDA VIRTUAL REACTOR W Chicago - Lakeshore
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File View Setup Run Graphics and Output Post-processing Help

AT EES

O = i1

—Post-Run

—Tecplot for Barracuda
-
Wi View Results I‘ '9(, Launch Tecplot
Tecplot 360 comman .

|—n0welcome5creen -showpanel |
— Utilities

= vewoa s | S

Open terminal @ ECL';::::T fle ‘
B

rameoptions_ seripting Tool

Tecplot 360 £X 2023 R2
lyze

Create a new frame in Tecplot .
* Frame - Create New Frame
e Click-and-drag to define a box for the new frame

System mass balance (kg)

Read energy.log into the new frame

* File = Load Barracuda Data = Load Data Files > = |
energy.log

BARRACUDA VIRTUAL REACTOR cpld-software.com

Fle Edt View Pt mser animate Daa T s apehze pelp
O@d® k44 T &OXEe VO EZEEHE A A4 TO00C E
ot T

0.0004

0.0002
|

System energy balance (J)

|
-O.DDOZ
| rw T

Time (s)

A TR SR SRR T
0 2 [ g 8
Time (s)
e
S
6 8 10

0 2 4
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Detailed Steps for Creating PIot

Tecplot 360 EX 2023 R2

-9.H0515E+11 |
49554 1= -9.80516E+11 |
— [
5

A +
69552 [~ i
JA0518E 111 |
69550 [ Bo519E+11 |
S

x

Mappin 95tyl

Plot

| ¥ Line

Copy the mass.log frame and paste it twice

V| Lines

Symbols

* Click the edge of the mass.log frame s
* Copy using Ctrl+C
e Paste twice using Ctrl+V twice

)G
=
o
iy
o
m
-
-

2 al sy@tem eherg

ines | Curves  Symbols = Eror Bars = Bar Charts | Indic | 888 | 08 |

Tile the frames into a 2x2 grid
* Frame —> Tile Frames = Tile for best square

N iEE=NE
I xd |

frames . -

selection criteria: | || select || clear | i

Select the desired data for each frame e 1 IR v T o

* Mapping Style (or double-click the plotted _| "B W \/\/ \/W

data) = Select the desired map from the list * : i |
Auto-scale the view in each frame using Ctrl+F A =
Click to Select, Drag to Select Group [
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-9.405315E+11

Detailed Steps for Creating Plot

-9.80516E+11

Increase line thicknesses if you’ll be exporting Srosor
an image with anti-aliasing Foossse

* Mapping Style = Lines = Line Thickness = -
0.80% |

S9LBOS77E+1 TR T R T

Adjust the “Total System Energy” plot so that
the y-axis title is not obscured

e Click and drag the y-axis to the right

e Use the “Adjust tool” to grab the y-axis title
and drag it left

-9.80518E111

Fotal m energy (3

File Edit View Plot Insert Animate Data Frame Options 5cripting Tools Analyze Help 680526411 [
D@EHA MM Ae TeoxRE 910 J M
T SS.80577E+T :— e
7 2 4 6 8 10
Time (s) i
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Final Plot of Data from mass.log and energy.log

69554

Total system mass is relatively
constant at about 69,550 kg

69550

Total system mass (kg)

69548

69546
]

-9.804E+11

-9.8042E+11

-9.8044E+11

-9.8046E+11

-9.8048E+11

P Total system energy is
S BOSE 11 PP e relatively constant at about
9.8054E+11

\lh ‘ : -9.8e+11J

-9.8058E+11

Total system energy (J)

1 1 L 1 L] -9,806E+11 L TR - | | L 1 L ]

4 6 8 10 0 2 4 6 8 10
Time (s) Time (s)

a P“! 09

g 3?- \ g 0.88 -

s \ \l 2 _
Total mass of O2(G) in the e L | I\J | f'\l‘[‘-, § owl Mass of C(S) is increasing over
fluid phase is about 36.5 kg g / W / | ;: the simulation’s 10 second

| " % e run time

% \M . 0.82 |

0 2 4 Time {8} 6 8 10 0 2 4 Time (2) 6 8 10
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Advanced Post-Processing Topics

Presented by Scott Fowler, Tecplot, Inc.

N

tecplot or
BARRACUDA VIRTUAL REACTOR
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Q&A

We welcome your questions

For more information
e Visit our website: https://cpfd-software.com

 Follow CPFD on LinkedIn:
https://www.linkedin.com/company/cpfd-software/

* Email: info@cpfd-software.com

e Phone: +1-713-429-1252
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