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Training Objectives

Setup and Gridding
* Barracuda gridding exercise
e  Barracuda Grid Generator
* Using Tecplot to inspect the grid
* Set up a complete Barracuda model based on specified process conditions
* Use several new features of Barracuda

*  Multi-material particles

* Volatile materials in particles

*  Particle feed

*  BC Connections to maintain system mass

Post processing

* Reuvisit basic Tecplot functionality and study common post processing technigues
* Using blanking to display sections of the domain
*  Making animations
* Using blanking to filter particles based on properties
*  Making isovolumes
* Reuvisit basic xy plotting of data with Tecplot
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Creating a New Project
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Create a New Barracuda Project

N [®] Barracuda Virtual Reactor with Chemistry - 20.0.1 - m} x

File View Setup Run Graphics and Output Post-processing Help

Launch Barracuda, and create a new
project file. Name the project gasifier.pr;j

* Click on File 2 New Project
* Fillin Project Name

* Browse to Project Directory
e Click OK

Suggested Project Directory:

* Linux:
~/barracuda_training/3 Isothermal N
on-Reacting_Gasifier/my_setup/

* Windows:
C:\barracuda_training\3_Isothermal N
on-reacting_Gasifier\my_setup\
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Add an STL File in the Setup Grid Window

To add the STL file to the project:
* Navigate to Setup Grid window
* Ensure you are on the Geometry tab

* Select Add Geometry
* Select the file:
gasifier_isothermal _non-reacting.stl

Click Open

It is possible to add multiple STL files
to the list, but in this case we only
need one file.
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@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj
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Set the Units of the STL File

STL files are unitless.

* You must tell Barracuda what the physical
units of distance are.

* The units were set by the CAD designer when

creating the model and exporting to STL.

* |tis recommended to check STL units carefully.

Double-click the file name of the STL in the list.

This will raise the STL information window.

The gasifier we are modeling is 10 feet in

diameter, but the STL file has x-Min and x-Max

values of -60 and +60. Therefore, the STL has
units of inches.
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Defining and Generating a Grid
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Start with a Uniform Grid

In Barracuda, a uniform grid tends to work best. The
strategy we will use for gridding this gasifier:

e Start with a uniform grid
* Use the Split Cells feature to capture important geometry.

To create a grid:
e Click to Grid Controls tab
* Verify that STL file unit and Display unit are set to in
* Click on Set uniform grid
* Enter avalue of 24000 Total number of cells
* Click OK

This results in a grid with 20 cells in the x- and y-directions,
and 60 cells in the z-direction. The cells are all uniformly
sized with side lengths of 6 inches.
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Generate the Grid

We will need to split the uniform grid at
some specific locations to properly

capture the internal cyclones. However, it
is instructive to generate the grid with the

completely uniform cells to see what it
looks like.

Click Generate Grid and wait for the
progress bar to reach 100%.

When defining a grid, you need to decide

if the resulting geometry is close enough
to the STL file geometry. We will use
several shortcuts under the View Output
menu to make this decision.
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View the Original STL Geometry

To view the original STL geometry, use
the shortcut View Output 2 View
CAD.

This provides a Tecplot view of the STL
before any cells have been created by
the grid generator.
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View the Gridded Geometry

To view the results of applying a uniform
grid to the gasifier STL, use the Quick
Macro Panel and double click on
Transparent Model.

The Tecplot view will change to a
transparent view of the computational
cells created by the grid.

Comparing this view with that of the
original STL file shows that our
completely uniform grid did not capture
the cyclone diplegs.

Also, the cyclone inlet horns, which will
be used as boundary condition cells, need
to be better resolved.
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Set View Properties to Make Gridding Easier

When modifying the grid, it is helpful to
have as clear a view as possible of the
geometry that you want to capture.
Using the following settings can help:

* Maximize the Barracuda window so
you have a large view of the grid lines

* Maximize the pane view that you are
working in by moving the gray lines

* Increase the STL line widths by clicking
Advanced Options, and increasing the
value of Pixel width for STL lines (try 2
or 3).
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Use Modify x and y to Split Cells

We will use the method of splitting cells to
modify the grid. The goal is to keep the overall
grid as uniform as possible, while still capturing
the important geometry of the gasifier.

Split the grid at strategic locations to capture the
internal cyclones.

Start with a top (x-y) view of the reactor:
1. Select Modify x

2. Click just inside one of the cyclone horns.

When you click, a pop-up will appear to
ask how you want to modify the grid.

3. Select Split cells and click OK.

Repeat this process to outline all 4 cyclone inlet
horns.
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Capture Cyclone Diplegs

|

S
The cyclone diplegs are almost the R
same diameter as a typical cell size for VY s ’// ~N
this simulation. BTN IBOVANZ RN
UANZEN\EA AN 4D
You could capture them with either \ AR en N s
four grid lines (top, bottom, left, and ~ 1 3
right), or with two grid lines < /D SN
intersecting in the middle. AN AT
ARZNVAIEENRNZANY, /
Because of the offset between each NN N
dipleg (none of them are exactly N /
horizontally or vertically aligned), =
using the cross method is easier in this /

case.
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Capture Cyclone Inlet Horn Faces

A pressure BC will be applied to each inlet

horn face durinﬁ_project setup, and a full
|

cell is best for this procedure.

In order to capture a full cell right on the

face of the inlet horn, grid lines can be

placed at x=0 and y=0.

To ensure that the lines are placed exactly
at the axes /
* Navigate to Grid Lines tab -
* Change the X-cell lines and Y-cell lines N e
number that is closest to zero to O N e alines
* Check to make sure there is an equal J) 2 s s
number of cells on either side of the * 5 G oo R
x=0 and y=0 major grid lines. 2 o o L o oo
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Use Modify z to Split Cells

In the vertical direction, we need to —
define grid lines in specific locations: — 2

 The top and bottom surfaces of the ,
cyclone inlet horns.

* The bottom surface of the cyclone
diplegs.

In the x-z view pane, use Modify z to
split the grid at the appropriate
locations.
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Generate the Grid

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Generate the grid, and view the I e
transparent model to see if the geometry
was successfully captured. e o
LB b
To check the Grid: ="y
e Select Slices and click on Details... 92
* Inthe Definition tab, change the Slice |-~
location to Z-planes. o
* In the Other tab, select Show mesh. S
* Click Close e
* Click on the Interactive slicing tool
button @ . This will allow click-and- e
drag properties on the mesh slice. You | 2.
can dynamically check your§_r|d along | =
the cyclone inlet horns and diplegs.
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Grid Review with Instructor

Review your grid with the instructor.

Discuss any questions you have regarding the grid generation process used in
Barracuda.

Once you are satisfied with the grid, move on with project setup.

BARRACUDA VIRTUAL REACTOR cpfd
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Completing the Project Setup

BARRACUDA VIRTUAL REACTOR cpfd
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Process Sheet

Isothermal and non-reacting at 1300 K

Fluid 100 % N,
2e5 Pa
Particles 4800 kg

BARRACUDA VIRTUAL REACTOR

Fluidizing Air + Steam

Fresh Coal Feed
x=1.45m
y=0m
z=1.75m

Cyclone Diplegs

Velocity = 0.3 m/s

Gas (mass fractions):
0.3 H,0, 0.54 N, 0.16 O,

Velocity = 0.25 m/s
Gas (mass fractions):
0.77 N,, 0.23 0,

Controlled by BC
Connector

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

cpfd-software.com
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None

Fresh coal at 1 kg/s

Controlled by BC
Connector

Outlet pressure:
200 kPa

BC Connectors
return particles
from cyclones

<+<— Fresh coal feed

Fluidizing air +
steam

cpfd
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Global Settings

Set Gravity
Select Isothermal flow at 1300 K

Leave Chemistry on
* Volatiles use the chemistry solver

* We still consider this project to be
non-reacting since we aren’t setting
up chemistry reactions

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Project Tree & X
(7 Barracuda Virtual Rea... »
% Setup Grid
@ Global Settings
- Base Materials
v wso Particles
=4} Drag Models
(1) Volatiles
&% Particle Species
v [+ Initial Conditions
£ Fluid ICs
wso Particle ICs
~ [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
Rate Coefficients
J7 Reactions
/. Numerics
( Time Controls
v 44 Data Output
T Flux Planes
A Visualization Data
Zm Average Data
Data Planes
/v Data Points
o Wall Erosion
++» Particle Attrition
Raw Data

»+ Population Data
@ Solver Output Units
2 Run

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

321-0 IS K 0E-

. _Doct-Bun 9

KEIRNEREN

- [m]
Global Settings
Gravity settings
% Gravity |[] ‘ m/s
y Gravity |U ‘ m/s
Z Gravity |—9.8 ‘ m/s
Thermal settings
® iTsothermal flow! 1300 |k
O Thermal flow Heat transfer coefficients
Thermal start options
Start with Thermal: On Off (turn on at restart)
Starting temperature: |300 K
Temperature warning limits
Minimum temperature warning (K): 100 Maximum temperature warning (K): 6000
] output minimum and maximum temperatures in system to MinMaxTemp.data log file
Chemistry settings
This feature allows chemistry to be set up, but not calculated until a later time by turning it on using time controls or a restart
file. Note: This feature applies to Volatiles as well as all Chemistry Reactions.
Start with Chemistry: ® On
O Off, ramp on from 0 s to |0 s

O Off (can be turned on at restart)

| gasifier.prj

‘ C:/barracuda_training/3_Isothermal_Non-Reacting_Gasifier/my_setup
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Base Materials

In the Base Materials section, define all

materials that will be used in the simulation

Based on the process design sheet and
particle properties, you will need:

* Ash (select C_1, then rename it “Ash”)
* Carbon (C_1, thenrename it “C”)

e Methane (CH4_2, then rename it “CH4")

e Carbon Monoxide
e Carbon Dioxide
 Hydrogen gas

* Steam

* Nitrogen gas

* Oxygen gas

BARRACUDA VIRTUAL REACTOR

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

Project Tree

[

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

File View Setup Run Graphics and Output Post-processing Help

3210 Ak N 0F-:

% Setup Grid

v wso Particles
=4} Drag Models
0 Volatiles

£ Fluid ICs
wso Particle ICs

Pressure BCs
Flow BCs
Injection BCs

Secondary Feeds
Secondary Exits
BC Connectors

v a Chemistry

J7 Reactions
/. Numerics
( Time Controls
v 44 Data Output
T Flux Planes

@ Global Settings
< Base Materials

&% Particle Species
~ 'l Initial Conditions

Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections

Rate Coefficients

A Visualization Data

(7 Barracuda Virtual Rea... »

~ [ Boundary Conditions

9]

02 OXYGEN. REF ELEMENT

\“\/

Add Edit Copy Delete

Properties

Averaging method for fluid mixture properties (applies to

<- Import

<-Replace->

- [m| X
Project M al List \ Material Properties Library
emical name State Description \ Name ~| | Contains
/ Ash =1 Ash for Coal Description ~
€ 5 € CARBON. SOLID GRAPHITE REF El AIR CALCULATED FROM INGREDIENTS %N2=78.084 %02-
CH4 G CH4 METHANE. ANHARMONIC Al REF ELEMENT (S o i
co G CO CARBON MONOXIDE Al REF ELEMENT [L)
coz G CO2 CARBON DIOXIDE Al O]
H2 G H2 HYDROGEN. REF ELEMENT A120 DIALUMINUM MONOXIDE
H20 G H20 STEAM A1202
N2 G M2 NITROGEM. REF ELEMENT

Al203 ALUMINUM OXIDE (S)

Al203 ALUMINUM OXIDE (L)

Al203 ALUMINUM OXIDE

AlH

AlO2H ALUMINUM HYDROXIDE OXIDE
AlO

Al02 ALUMINUM OXIDE

AlOH

AR ARGON. REF ELEMENT

AR+

B

B

B2

B20

B202 (80)2

B203 LIQUID DIBORON TRIOKIDE
B203 DIBORON TRIOXIDE

B303CI3 TRICHLOROBOROXIN. (BOCI)3
B303F3 TRIFLUOROBOROXIN. (BOF)3
B303H3 BOROXIN

BAQ CALCULATED BY NASA FROM GURVICH'S 1982 COMPE
BCl

Zni Average Data viscosity, thermal conductivity, and mass diffusivity): BCI2
= Data Planes Bi3
A~ Data Points ® Mole average O Mass average BCE
i BE
o Wall Erosion Ho Te
++» Particle Attrition BE2
. Raw Data @® Compressible BF3 5
R RAR A e
#<= Population Data Incompressible P 5
© Solver Output Units B: |0 Pref: |0 l!s\CPFD\Earracuda\ZU.U.l\props\cpfdfprop_prp Browse
2 Run
Doct-Run hd .
elp
<« & v &
| gasifier.prj ‘C:fbarracuda_training{E_EothermaI_Non—Reacting_Gasiﬁerfmy_setup
cpfd-software.com
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Particles

Set the Close pack volume fraction to

0.6

Set the Normal-to-wall momentum

retention to 0.85

Set the Tangent-to-wall momentum

retention to 0.85

Set Diffuse bounce to 5

BARRACUDA VIRTUAL REACTOR

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

File View Setup Run

Graphics and Output

Post-processing  Help

3210 Ak N 0F-:

Project Tree g X

(7 Barracuda Virtual ...
% Setup Grid
@ Global Settings
- Base Materials
=0 Particles
=4} Drag Models
(1) Volatiles
&% Particle Species
v 'l Initial Conditions
£ Fluid ICs
wso Particle ICs
~ [ Boundary Condit...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ %% BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
. Rate Coeffidents
J7 Reactions
/. Numerics
( Time Controls
v 44 Data Output
T Flux Planes

A Visualization Data

Zm Average Data

= Data Planes

/v Data Points

o Wall Erosion

++» Particle Attrition

Raw Data

»+ Population Data

@ Solver Output U...
2 Run

. _Doct-Bun

~

W

[ . AR 2

Farticles

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

Drag Models - Create and manage user defined drag models, also indudes predefined drag models.

Volatiles - Define released gases for partide spedies.

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

article-to-particle interaction

Close pack volume fraction: |0.6 /|
—

Maximum momentum redirection Trom collision: 40% E|

[ Blended acceleration model for the contact force

Stress Model Advanced Options

Particle-to-wall interaction

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

Diffuse bounce:

Help

| gasifier.prj

‘ C:/barracuda_training/3_Isothermal_Non-Reacting_Gasifier/my_setup
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Defining Volatiles

In the Volatiles section, define the volatile material trapped
in the fresh coal particles, and the gases released:

* Click on Add

* Entera Name

* Enter 1000 J/kg K for the Specific heat
* Click on the Release gases button

 Import the gases from Available Components to Mixture
using the right arrow

e 0.4144 CH4
e 0.1702 CO
* 0.0444 CO2
e 0.111H2
e 0.26 H20
* Click OK in the Mixture dialog
* Enter 0.05 for c,

The rate of release of volatiles can be
specified in terms of an Arrhenius-type
temperature dependence

* Enter1forc,
* Enter 5500 for E
e Click OK

The release rate expression should be:

BC Connectors

v a Chemistry = |U
il Rate Coefficients
T — =
#5" Reactions 7
#. Numerics E= |5500 /

7

( Time Controls

EO0 = o /

v 44 Data Output
T Flux Planes

A Visualization Data

o

Cancel

Zm Average Data
= Data Planes

/v Data Points

oI Wall Erosion
++» Particle Attrition
.*. Raw Data

»+ Population Data

7

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - [m| X
File View Setup Run Graphics and Output Post-processing Help
AE 9o 6@ Y
Project R 2 & Volatiles Manager
(7 Barracuda Virtual ... »
% Setup Grid D Name  Density (kg/m~3}) Rate
@ Global Settings [@] volatile Editor X
¥« Base Materials
\ ~ eso Particles Volatile Material Properties
+< Drag Models Name: |Vo|ati|es \ ‘
0 Volatiles )
@& Particle Species ecific heat (Cp): |1UUU// ‘ kg K
~ - Initial Conditions Heat of devolatiization at 298.15K: |0 | kg
£ Fluid ICs 0 A
wee Particle ICs Specify Density: kg/m
v [ Boundary Condit... Release gases: {CH4 (G), CO (G), CO2 (G), H2 (G), H20 [E] Mixture x
Pressure BCs values
Flow BCs Available Components Mixture
Injection BCs .dm _ —
Thermal Wall BCs e s dt = km [kgfs] Component ﬁponent Fraction
Passive Scalar-ECs e coefficientNg = ¢ T pc2 pr3 efEfTJrEU [1/s] N2 (G) CH4 (G) 0.4144
v &2 BC Connections 02 (G) Co (G) 0.1702
Secondary Feeds Q= |U-U5 \ €02 (G) 0.0444
Secondary Exits = |1 H2 (G) 0.111

H20 (G)

Specify mixture by: Mass fraction

Reset

Sum of fractions: 1

Cancel Help

7

@ Solver Output U...

Edit

Copy

Mote: Volatiles are dependent on Chemistry. If the Global Settings option Start with Chemistry is set to Off, then Volatiles will not be calculated.

Delete

‘ C:/barracuda_training/3_Isothermal_Non-Reacting_Gasifier/my_setup

cpfd

2 Run . .
Rate = 0.05 T exp(-5500/T) e s e / -
|gasiﬁer.pr] /
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CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

24



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

Multi-Material Particles

The particles will be treated as multi-material,

enabling devolatilization of the fresh coal. Since the

initial bed particles are assumed to already be

devolatilized, they consist mostly of mostly carbon and

ash.

To create a new particle species:
* Navigate to Particle Species
* Click on Add
e Enter description in Comment
e Click on Applied Materials

* Import Available Components to Mixture
Components using the right arrow

e 0.1Ash

e 0.8999C

 0.0001 Volatiles
* Enter Particle Density as 725 kg/m?3
* Click OK

must be manually entered
BARRACUDA VIRTUAL REACTOR

Because the density of the volatiles | = &
is unspecified, the Particle density |

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

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - X
File View Setup Run Graphics and Output Post-processing Help
AE 9o 6@ Y
P.rojecl R 2 & Particle Species Manager
(7 Barracuda Virtual ... »
% Setup Grid Species-ID Comment Materials Diameter Sphericity Emissivity Drag model Agglomeration
@ Global Settings -
" Base Materials r Particle Species Editor 4
v wso Particles
\ *4} Drag Models Species-ID: ool Drag Model
a e Model Name: Select Drag Model w
€« Comment: |initial char in bed > | 9
M Link To Default Val
£ Fluid ICs Materials: ! _ Applied Materials | ame | Hink To Betau ale
wso Particle ICs ]
~ [ Boundary Condit... FAITEE 2z
Pressure BCs Predefined PSD: v
Flow BCs
Injection BCs
Thermal Wall BCs PSD Filename:
Passive Scalar BCs
~ [ElBCiConnactions (® Multiplier (constant):
Secondary Feeds Edit @
Secondary Exits (O Multiplier (predefined): v
J [7 Particle Compasition Editor >
Available Components Mixture Components
Compoenent > Component Density (kg/m3)  Mass fraction  Age factor
Ash (S) 2150 0.1 1
C(s 2150 0.8099 1
e C ) I . Edit |
Volatiles (V) /A 0.0001 N/A
0K Cancel Help
Larticle Density (kg/m") |?25 > | Sum of fractions: 1
Reset Cancel Help
«s= Population Data /
@ Solver Output U...
Doct-Bun v Add Edit Copy Delete
“« | & | ¢ | &
| gasifier.prj ‘C:fbarracuda_training{E_EothermaI_Non—Reacting_Gasiﬁerfmy_setup |
cpfd
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Specifying PSD

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - [m| X
° ° ° ° ° ° File View Setup Run Graphics and Output Post-processing Help
o SpECIfy the Pa rticle size distri bUtIOh, iHE o ) Gy
° ° ° P.rojecl T =) & Particle Species Manager
(7 Barracuda Virtual ... »
c I c o n e I e I re c O ry u o n o r % Setup Grid Species-ID Comment Materials Diameter Sphericity Emissivity Drag model Agglomeration
@ Global Settings -
° " Base Materials r Particle Species Editor W
PSD Filename: o s
*4} Drag Models Species-ID: ool Drag Model
Volatiles
— - Maodel Name: Select Drag Model ~
° . Comment: ||n|t|a| char in bed |
® ~ b Tnitial Conditions :
. - - MName Link To Default Value
£ Fluid ICs Materials: | Applied Materials |
. . . ° wso Particle ICs - .
psd_initial char_in_bed.sff - s
—_— —_— —_— —_— ° Pressure BCS Predefined PSD: | v|
Flow BCs
o Injection BCs
Y Thermal Wall BCs PSD Filename:
I C p e n Passive Scalar BCS )
M asaccg"mfﬁ';m (® Multiplier (constant):
. . N . econdary Feeds =
Particle Size Distributions o | i O Multiplier (predefined): -
Gasifier Training Problem BC Connectors Radius :
100 — v . Chemistry O Multiplier (from file): =
[ Ficiaoh na
90 [®] Open File it
b
80 Fresh Coal Feed (] L <« 3_lsothermal_MNon-Reacting_Gasifier » my_setup RN ] S Search my_setup
70 * Initial Char in Bed v
® Cyclone Diplegs Organize * New folder =~ O @ ! -
2 8ol ] R Edit | |
g Mame Date modified Type Size
o [ 1
£ %0 [ gridi 8/11/2020 10:04 AM I File 1KB ] | Cancel || Help
?E‘ 40 \ H psd_fresh_coal_feed_particles.sff 3/26/2019 %00 AM SFF File 1KB
G 30 ‘Df psd_initial_char_in_bed.sff 3/26/2019 9:00 AM SFF File 1KB
Df psd_particle_from_cyclone_diplegs.sff 3/26/2019 %00 AM SFFFile 1KBE
20
10 File name: | psd_jnitial_char_in_bed.sff v | standard File Formati("sff i * |
Delete
0 I Open | | Cancel |
0 100 200 300 400 500 —|
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PSD File and Drag Model

To view the PSD file:
* Click on Edit
* Click on Graph to display plot of PSD

* Close Tecplot and Editor window
when finished

Select the Wen-Yu drag model for all

F’ Particle Species Editor

Species-ID: 001
Comment: |initia| char in bed
Materials: | Applied Materials
Particle Size
Predefined PSD: | V|

PSD Filename:

N

psd_initial_char_in_bed.sff | |Edit|

Drag Model
Model Name: |':‘_'?r'Wen—Yu ) v|
D> 4
Mame Link To Default — Value Al
ol [ Linked
cl M Linked
c2 &A1 Linked
ali] [ Linked

® Multiplier (constant):
O Multiplier (predefined):

{7 Particle Size Distributions Editor

* bm file): [

Cumulative (%) Radius (m)
1 0.00 1.99E-05
2 205 3.50E-05
3 6.82 6.36E-05
4 13.64 9.86E-05

pting Tock Anahze Help

particle species in this project.[:-

e

Fle Gt Vew Pot et Anmate Dits Fame Opfons Sarpting
Dk Ad tEoX b4+ PN AEEB A M LRI O0000 3
Pt & x

~

n
: |1.8e-05

Size Filename:

Edit | |+

}'ox | cancel | Help

v

" |Check Data| M Graph | | € Update Simulation|

Save As | E4 Close Help

}Zm r e
° s
Click OK | /
% o ” - s |
Bl |/
2°:' -
//
O G 000T 00005 00007 000025
= Radius (m) o, =
BARRACUDA VIRTUAL REACTOR B
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Particle Species — Fresh Coal Feed

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

Define the particle species for the fresh coal feed: |™ ' " T wasw
° CIiCk on Add ;f"j:'r::emammmii Farticle Species Manager

% Setup Grid Species-ID Comment Materials Diameter Sphericity Emissivity Drag model Agglomeration

* Enter a description in Comment ® iovalsetings S -
article Species Editor

¥« Base Materials

* Click on Applied Materials oo - — _brag ke
* Import Available Components to Mixture || (e ooy > ] e (e D e

Components using the right arrow £ e ';v — P

Particle 5fze
~ [ Boundary Condit...

[ 0-05 ASh Plressure BCs Predefined PSD: | v| cl Linked
Flows BCs
Injection BCs c2 Linked
¢ 0 -45 C Thermal Wall BCs PSD Eilename: o e

Passive Scalar BCs

[ ¥ Comnecions © i P ]
[ ] Multiplier (constant):
O 5 VOIatl |eS Secondary Feeds resh_coaI_feed_particles.sff| | Edit | O Muttiplier (predefined): 5

Secondary Exits

* Manually enter the overall particle density as  [[ earie composion e .
1450 kg)/

H Component Component Density (kg/m3)  Mass fraction  Age factor m
° | k p p
C IC O K N » Ash (S) 2150 0.0 1

» Specify the PSD by selecting the file o e
psd_fresh coal feed particles.sff e | R [ =R
1&& ensi g/sm um or Tractons:

e Select Wen-Yu Drag Model s Rl
e Click OK o e <

Available Components Mixture Components

L

=}
s
n

Edit |«

=
o

l\ Run
_Run vl i Add i Edit | | Copy | | Delete |
e 4 e ]
| gasifier.prj ‘C:fbarracuda_training{E_EothermaI_Non—Reacting_Gasiﬁerfmy_setup |
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Initial Conditions: Fluid ICs

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

File View Setup Run Graphics and Output Post-processing Help

Edit the fluid initial condition PE e DD & m

Project Tree =

Fluid IC Manager

. . (7 Barracuda Virtual ... ~
o % Setup Grid D On  x1 x2 ¥yl y2 zl z2 x-Vel y-vel z-Vel Temperature Pressure ICFile Comment
a V I ga e O u I S @ clobal Settings 000 min  max min  max min 0 0 0 200 0

¥« Base Materials

. . “ eso Particles [®] Fuid IC Editor: 000 %
* Double-click on default Fluid IC drmee B o contons
\ &% Particle Species =
emperature 300 K

\'l\, Initial Conditions

e Set Pressure to 2e5 Pa I > ra

v [ Boundary Condit... Fluid species | Define fluids | @] Mixture X

Pressure BCs

* (Click on Define fluids . - e (e

Thermal Wall BCs [ tnitial conditions from file Component Component Fraction
Passive Scalar BCs ) o CH4 (G) N2 (G) 1
IC File ]

* Import N2 from Available s )

Secondary Exits Region H2 (G)
. BC Conrjectors H20 (G)
Components to Mixture e | st ol g () |

J7 Reactions

4] #]

M # Numerics Ko |min | Honze |max |

o CI I C k O K (7 Time Controls Vo |min | e |max |
v 44 Data Output

11 Flux Planes Zapin |mi|"| | e |max |

A Visualization Data

* Leave Region set from min to maxin | =

= Data Planes

° ° /v Data Points Specify mixture by: Mass fraction ~ Sum of fractions: 1
o Wall Erosion
Reset oK Cancel Hel
d ” d Irections e Portice Attriton [Aoc 1| [ vep

.*. Raw Data
. »+ Population Data /
) CI IC k O K @ Solver Output U... I‘ ok | | Cancel | | Help |
2 Run ] y 4
L Dact-Run Y LI 4 1 Edit T Copy | | Delete |
EIESNERES /
| gasifier.prj ‘C:fbarréuda_training{E_EothermaI_Non—Reacting_Gasiﬁerfmy_setup |
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Initial Conditions: Particle ICs

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - [m|
o L] e ° File View Setup Run Graphics and Output Post-processing Help
Create the initial bed: 4@ e 5% &Y
. . P["jed T =) & Particle IC Manager
° Na\“gate to Pa rtlcle ICS T N »
Y . -
. el E;?::‘zi:;?: iItr:a\ize massl?nniegion v
® C | I C k O n Ad d : “‘-za[:::ﬁodels Particle species 001 - initial char in bed ~
° e, o . . . ; :;):itci::sSpecies Total particle mass |4800 // | kg
Choose Initialize mass in region N i o e K
] ] ] o \ EpesoE- Region
* Set Particle Species to 001 — initial [ P N
oW S
h H Injection BCs Ynin |min | e |max
charin bed SR ( ~m o |
. . . v & BC Connections Z, [ min |z [1.815
Secondary Feeds
° Set t h e Reg I O n u S I n g [ fo r m I n a n d ] :?22::5&?:5 Cloud resolution /
M Chemist
for max and see calculation below to [ ‘&=t S
. . . w Reac-tions O Use local resolution |
d ete r m I n e b e d h e I g h t é :::eéoftmb O specify resolution Clouds per cell | |Auto
N H*Da':a output Special settings
° .. Flux Planes
(] C I I C k O K A Visualization Data Random cloud initialization [ No particle momentum

4800kg

kg

———=1324m3 = 4-67.6f?‘:3

initial particle volume =

467.6ft3

TL'(S—ft)z = 595ft = 1.815m

initial particle height =

Zm Average Data

= Data Planes \

Comment

/v Data Points Y
o Wall Erosion
++» Particle Attrition
.*. Raw Data

Add

Global Cloud Resolution

»+ Population Data
@ Solver Output U... Low
2 Run

Doct-Riy <

e+ ¥ | »

Edit

Help

care

/

Help

| gasifier.prj
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Pressure BCs: Cyclone Inlet Horns

The cyclone inlet horns will be used as pressure
BCs through which particles can escape

* Note that we are not modeling the flow of
particles inside the cyclones

* Each of the four cyclones will have its own
pressure BC. Usm%the numbering convention
shown below can help eliminate confusion

* Boundary locations will need to be determined
for each cyclone

e The same pressure file can be used to specify

the pressure in all cyclones

To add the first pressure BC:
* Click on Add
e Click on Select Region (m)
* (continued on next slide)
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Pressure BC Manager

[®] Pressure BC Editor

Pressure boundary condition

Region
Direction:
| Select region (m) |
X | X | |
Yo | | Yo | |
Zou | Zose |

Flux plane options

Name: |

Gas species behavior:

Mass Fraction

Subdivide by radius  Divisions |100 3

Output raw particle data

Comment

Fluid behavior at boundary

O Pressure file: Edit

@® Specify values:

Pressure

K-factor

RN

Properties

[ e
Temperature (1300 K

Fluid properties if inflow | Interior cell values ~

Applied fluid species | Define fluid species

Particle behavior at boundary

@ No particle exit

O Particle out flow

Particle radius(m) range allowed to exit:

O Particle feed (Slip and vol frac)

O Particle feed (Slip and mass flux)

O Particle feed (Slip and mass flow rate)

to Max = |UNLIMITED

Edit particle feed

Particle Feed Control

ok || cancel || Help
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Correct Boundary Condition Location Indices

The Select Region dialog will pop up:

* Click and drag the mouse pointer to
select the face for the pressure BC.

* You may need to adjust the region in
each pane of the dialog in order to
select the cells right around the inlet
horn

Click OK and this will populate the
Region section with the x, y, z
location for the pressure BC

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Pressure BC Flux Planes

[@] Pressure BC Editor x
Once you have set the cell region for the cressure boundary condion
pressu re Bc: Region Fluid behavior at boundary Particle behavior at boundary
H H . Direction: O Pressure file: Edit [ . .
* Select appropriate direction for the _ S : ® topartce ot
pressure BC of each cyclone. It should be | sasmss® 0 s A
normal to the face of the boundary oy | E R
. TR T |1300 | K Particle radius(m) range allowed to exit:
* Give each pressure BC a flux plane name o L R | wn=o | tomex= i
that I$ e_aSy to Ident!fy' We WI” be . \Fluxplane S Properties O Particle feed (Slip and vol frac)
examining the data in these flux plane files tome: UGG oyione 1 presre |
d U rl ng pOSt' p roceSSI ng \ |Massp‘|'ime Cumulati\.ne v| Fluid properties if inflow |Interior cell values v| O Particle feed (Slip and mass flux)
° Use 3 Sta nda r_d prefiX, S‘UCh as ”FLUXBC_” tO [ subdivide by raéius Divisions 100 % O Partide feed (lip and mass flow rate)
ma ke the f||es easy to f|nd L] Output raw particle data Applied fluid species| Define fluid species | _ ———
T Edit particle fee
* Avoid spaces in file name Y P
* Select Mass Time Cumulative for gas | Co ] e
species information through the flux
plane. This will allow us to monitor the
gas composition into the cyclones
* Enter a descriptive Comment
BARRACUDA VIRTUAL REACTOR cpfd
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Pressure Boundary Conditions

The same pressure file will be used for the
Flressure BC of each cyclone. To create the
c

Select Pressure file:

Click on Edit

Enter conditions as shown in the Pressure
Boundary Conditions Editor

Save the file as: BC_top_ pressure.sff
Click on Close

Define the fluid species as 100% N2

Select Particle out flow to allow particles to
escape through the boundary

Click OK

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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[@] Pressure BC Editor x
Pressure boundary condition
Region \;uid behavior at boundary Particle behavior at boundary
Direction: -x v Pressure file: Edit 2]
| | | O No particle exit
O Specify values:
| Set Cell Region (m) | pecity \
Area fraction |1 .
X 00430422 | %, [0.060315 | ® Farticle out flow
0.875100 | Yome [1.24510 | ressure -
Yoiin M Yonax | L. ) i .
|6 e | |? e | Temperature | 1300 K Particle radius(m) range allowed to exit:
Zin |0 Ziax |4+ S _
cagor [0 Mn=[0 | toMax= [UNLIMITED
Flux plane options i
s - HEpaires O Particle feed (Slip and vol frac)
Name: |FLU){EC_cycIone_l_pressure |
Gas species behavior:
. L - O Particle feed (Slip and mass flux)
|Ma55 Time Cumulative v| Fluid properties if inflow |Inter|or cell values v|
[ subdivide by radius  Divisions 100
by O Particle feed (Slip and mass flow rate)
L] Output raw particle data Applied fluid species [~ Define fluid species |
Comment Edit particle feed
|Cyc|0ne 1 pressure BC Farticle Feed Control
|‘ 0K I | Cancel | | Help
r‘ Pressure Boundary Conditions Editor *
\ Time (s}  Pressure (Pa)  Temperature (K}  Area Fraction Particle Feed K-Factor
z
\
. d4pAddRow | e=DeleteRow = < ChWkData =~  Graph € Update Simulation
File: |Bc_mp_pre55ure.sff |*H Save | |H Savehs| | Close | | Help | Crﬁfd
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Pressure BCs: Cyclone Inlet Horns

Follow previous steps in order to make
a pressure BC for each cyclone inlet
horn

Remember to browse for the pressure
file created (BC_top_pressure.sff)
instead of creating a new one for each
pressure BC.
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(7 Barracuda Virtual ...
% Setup Grid
® Global Settings
7 Base Materials
+ wso Particles
«4} Drag Models
4 Volatiles
% Particle Species
v I+ Initial Conditions
£ Fluid ICs
wso Particle ICs
v [ Boundary Condit...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
B8 Rate Coefficients
4§ Reactions
#. Numerics
(- Time Controls
v 4 Data Output
7. Flux Planes
& Visualization Data
Zm Average Data
= Data Planes
/v Data Points
% Wall Erosion
+++ Particle Attrition
. Raw Data
=« Population Data
© Solver Output Un...
2 Run

1 Dock-Bun

- [m] x
Graphics and Output  Post-processing  Help
Pressure BC Manager
A~
D Dir  xl yl y2 z1 z2 Area Pressure  Temp K-Fact  Fluid properti
000 x -0.0581744 0.0045831 0.853309 1.27433 6.95573 7.65695 BC_top_pressure.sff Using file Using file Using file Interior cell v
ool y -1.28214  -0.864973 -0.0820801 0.064793 6.85476 7.75469 BC_top_pressure.sff Using file Using file Using file Interior cell v
002 x -0.0429303 0.0417246 -1.2531 -0.881923 6.94528 7.68706 BC_top_pressure.sff Using file Using file Using file Interior cell vi

0o3 y 0.841388 1.27899

-0.0327691 0.055793 6.9085 7.73529 BC_top_pressure.sff Using file Using file Using file Interior cell vi

Add

Edit

| | Delete

K-factor adjustment
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Bottom Flow BC: Simplified Sparger

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - m} x
Recall that the bottom uniform flow BC is being used as a simplification  |#ie vew sewp fun crapnicsand Ouput Postprocessng  welp
to introduce all fluidization gas and steam to the system. To create the 'HEd 9o % &Gl
ﬂOW BC: L TTEE 2 = | Flow BC Manager

(7 Barracuda Virtual

e C(Click on Add ' Setup Grid

O Global Settings Flow boundary condition

[@] Flow BC Editor X

* Use[and] to specify min and max values in Region  Oimeanesion Fow drecton T —
b Fluid behavior at boundary Particle behavior at boundary
«4} Drag Models ) x-direction flow
° Enter d ﬂUXpIane name (1) Volatiles ‘ Set Cell Region (m) ‘ Use transient particle flow file
o d . . . I & Particle Species o |min | - |max | @ Use transient fluid flow file 5
Enter a descriptive comment (optional) « b Tnitial Condition] _ Use 8C Comector dta
£ Fluid ICs ol |m|n | e |max | © y-direction flow O Use BC Connector data @ No particle exit
* Select Use transient fluid flow file \ - Portidetcs | fe[mn_ Jelmn ] O Parids ko
v [ Boundary Condi _ O Specify values Particle radius (m) range allowed to exit:
. . ® z-direction fl
* Select No particle exit s sc \ e dredon fon i s Mn- oM e
1 1 1 1 Inject BC . it le |50 d Pressure |0 Fa Particle exit control (Off)
*  Click on Define fluids and use values (mass fraction) from process | mecnics | vame: [ruvec borom fow | izwitionangelsn | degrees — _
h t Passive Scalar BC Gas species behavior: Temp 1300 K O Particle feed (Slip and volume fraction)
S ee assive sCalar BLS () Mormal to surface flow Mormal Limit O Particle feed (Slip and mass flux)

v & BC Connections [0 Output v

° O 3 Hzo Secondary Feeds [ Subdivide by radius  Divisions 100 = Fluid composiNgn O Partidle feed (Slip and mass flow rate)
eI (BT Applied fluids: Edit particle feed

[J output raw particle data

° 0.54 N2 v ‘Eirg::.:tc::rs (O pirection flov vector Farticle feed control
° 0.16 02 E Rate Coefficien ul0 vi0 w1l Transient fluid and particle flow file
. oy e . . . . K{‘:uzf::-:;ns comment e e T Ay SFF file: |BC_bottom_flow.sff k Edit |
* Click on Edit in Transient fluid and particle flow file & T corots | | LL2nfom e o oo st Vecto variation angle 15 deqrees
. oy . . vk \
Fill out Flow Boundary Conditions Editor using values from 1 Fioclones i [
process Sheet &' Visualization Data :
) Zm Average Data 7 Flow Baundary Conditions Editor x
° 03 m/S Ve|0C|ty Data Planes
. . /v Data POinFS Time (s) Velocity (m/s) Temperature (K) Pressure (Fa)
* Click Save to save the file as BC bottom flow.sff 5 Wall Erosion
— —_ +++ Particle Attrition 10 0.3 1300 285
e Click on Close . 2
»so Population Data \
® CI'Ck on OK maéuiower output un-.. EEN L€ |¢ Add Rowl |- Delete Ro\l |\~I Check Data| | B Graph | |c Update Simulation| 2
| ﬁ‘ Iﬁm;n'h" v bv| A ; I: File: |DC_bnttnm_ﬂnw.sﬂ’ |*H save | |H Save hs| | Close | | Help | :I
| gasifier.prj | C:/barracuda_training/3_Isothermal_MNon-Reacting_Gasifier/my_setup |_
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Fresh Coal Flow BC

Fresh coal is fed into the system from a side inlet location.
To create this flow BC:

* Click Add

* Enter the region location

e Enter flux plane name and comment
e Select x-direction flow

* Click on Define fluids and use values (mass fraction) from
process sheet

e 0.77N2
e 0.2302

When defining flow BCs that feed both fluids and particles,
keep in mind that the fluid mass flow rate and particle mass
flow rate are specified separately

Select Use transient fluid flow file

Select Particle feed (Slip and mass flow rate)
Check Use transient particle flow file

Click on Edit particle feed

Import 002: fresh coal feed from Available Components
to Mixture using the right arrow

S

BARRACUDA VIRTUAL REACTOR
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[] Flow BC Editor

Flow boundary condition

Region
| Set Cell Region (m)
Yoo [145 | %uue [1.60
Yo [0 | yiwe [0.15
2, [1.75 | Zuee [1.90

Flux plane options

Name: | FLUXBC_fresh_coal_feed

Gas species behavior:

|No output

[ subdivide by radius  Divisions 100

[ output raw particle data

Comment

Fresh coal feed

Flow direction Behavior at boundary

Fluid behavior at boundary

@@ Use transient fluid flow file

(O Use BC Connector data

@ x-direction flow

O y-direction flow

O z-direction flow O Specify values

Velocity flow ~ 0 myf's
x/y/z variation angle degrees Pressure |0 Fa
Temp 1300 K

O Mormal to surface flow  Normal Limit

Fluid composition

Particle behavior at boundary

@ Use transient particle flov file

O Use BC Connector data
O Mo particle exit
O Particle out flow
Particle radius (m) range allowed to exit:
Min = |0 to Max = |UNLIMITED
Particle exit control (Off)
O Particle feed (Slip and volume fraction)

O Particle feed (Slip and mass flux)

2 @ Particle feed (Slip and mass flow rate)
P

Applied fluids: | Define fluids |

O Direction flow vector

| ( 4 ) Edit particle feed |
I |

Particle feed control

|E| Particle Feed Settings

u |l v

Particle Species
Force absolu P

Available Components

@ Mixture

Vector variation

X

|| Edit

|

Component

EI Component Fraction
001: initial char in bed EI

002: fresh coal feed 1

cpfd-software.com
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Sum of fractions: 1

Particle feed per average volume 125

Particle feed mass flow rate 0

Particle feed
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Fresh Coal Flow BC: Particle Feed

Click Edit to create a transient fluid
and particle flow file using the process
sheet data:

* 0.25 m/s fluid velocity
* 1 kg/s particle mass flow rate

@] Flow BC Editor

Flowr boundary condition

Region
| Set Cell Region (m) |
Yoo [1.45 | Xy [1.60 |
Yara |0 | Yuue 015 |
2y [1.75 | Zye [1.90 |

Flux plane options

Name: |FLUXEC_fresh_coaI_feed

Gas species behavior:

o Output

[ Subdivide by radius  Divisions 100

[ output raw particle data

Flow direction

® x-direction flow

O y-direction flow

O z-direction flow

¥/y/z variation angle degrees

O Mormal to surface flow  Normal Limit

O Direction flow vector

ul(0 v 0 wil

Behavior at boundary

Fluid behavior at boundary

@ Use transient fluid flow file

(O Use BC Connector data

O Specify values

Velocity flow ~ 0 m/s
Pressure |0 Pa
Temp 1300 K

Fluid compaosition

Applied flids:

Transient fluid and particle flow file

Particle behavior at boundary
Use transient particle flow file

O Use BC Connector data
O Mo particle exit
O Particle out flow
Particle radius (m) range allowed to exit:
Min = |0 to Max = |UNLIMITED
Farticle exit control (Off)
O Particle feed (Slip and volume fraction)
O Particle feed (Slip and mass flux)
@ Particle feed (Slip and mass flow rate)

| Edit particle feed |

| Particle feed control |

Comment Force absolute direction . i >
Fresh coal feed S T S SFF file: |BC_fresh_coal_feed.sff /Lk Edit |
y oK | | Cancel | ‘ Help |
]( Flow Boundary Conditions Editor X
Time (s)  Velocity (m/s)  Temperature (K)  Pressure (Pa) Particle Feed Number Density Manual Particle Slip Particle Mass Flow Rate (kg/s)
10 0.25 1300 2e3 125 1 1
2
| < Add Rowr | | == Delete Row | | «” Check Data | | 8 Graph | | & Update Simulation |
File: |BC_fresh_onaI_feed.sff |}H Save I |H Saveh5| | Close | | Help |
BARRACUDA VIRTUAL REACTOR cpfd
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Cyclone Dipleg Flow BCs

@] Flow BC Editor

Flow BCs will be defined on the cyclone | reoer

Region Flow direction Behavior at boundary

d i p I egs to m a i nta i n .syste m m a SS ° Bc Fluid behavior at boundary Particle behavior at boundary
Connectors, which tie each inlet horn acaon®) SRR | ETE

Yo |0.425539 | X 0646725 \|

Fressure BC to its corresponding dipleg = B pmlomimr O P Cmtcnen
low BC, will be set up on subsequent e O porce ot

°
S l es Flux plane options
Name: |FLUXBC_cyclone_1_dipleg | 'z vaNation angle degrees Pressure |0 Pa Particle exit control (Off)

Temp 1300 K O particle feed (Slip and volume fraction)

(0 Specify values Particle radius (m) range allowed to exit:

Velocity flow ~ 0 mfs Min = |0 to Max = |UNLIMITED

Gas species behavior:

° e . . [ Ho Qutput ~ rma b O Particle feed (Slip and mass flux)
Each dipleg will need an individual flow e S e iy s e o)
B‘ ° [ output raw particle datg Grid Controls a Edit particle feed
L] Options View Controls (remove STL triangles outside of bounds; Particle feed control

* Use the Select region dialog to select T e || S
the bottom face of the dipleg CETT e ——

* Define a good Flux plane name for /
each dipleg Flow BC :

* Select Use BC Connector Data for both i
Fluid behavior at boundary and Particle L
behavior at boundary | ERRE i P

Clear View Selection Cancel

BARRACUDA VIRTUAL REACTOR cpfd
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Flow BCs

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - m} x

File View Setup Run Graphics and Output Post-processing Help

Ensure that all four cyclone dipleg (4% nD G mH

° FELEEIES 2 = Flow BC Manager
(7 Barracuda Virtual ... *
ow S dre create erore moving on | ssuw D o a m  u ;@ @ @ e dowe
o Global Settings 000 z min max min max min min 1 BC_bottom_flow. sff Using file Using file
001 x max max 0 0.15 1.75 1.9 1 BC_fresh_coal_feed.sff Using file Using file

° 7 Base Materials
to t h e n ext SI Id e v veo Particles 00z z 0.425539 0.646746 0.572016 0.796402 1.4577 1.56505 1 Using BC Connector Using BC Connector Using BC Connect:
003 z -0.819633 -0.549397 0.403076 0.666786 1.47185 1.59729 1 Using BC Connector Using BC Connector Using BC Connect
*< Drag Models TV o4z -0.641815 -0.421080 -0.701048 -0.575133 1.48207 1.58880 1 Using BC Connector  Using BC Connactor Using BC Connect
& Volatiles 05 z 0.504350 0.780000 -0.421421 1.50132 1.50796 1 Using BC Connector  Using BC Connector Using BC Connecty
% Particle Species
v I+ Initial Conditions
£ Fluid ICs
wso Particle ICs
v [ Boundary Condit...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
B8 Rate Coefficients
4§ Reactions
#. Numerics
(- Time Controls
v 4 Data Output
7. Flux Planes
& Visualization Data
Zm Average Data
Data Planes
/v Data Points
% Wall Erosion
+++ Particle Attrition
. Raw Data
=« Population Data
© Solver Output U... < >
2 Run
\ DoctDun Y| Add | | Edit | | Copy | | Delete |
EIESNEIKN
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BC Connection Input from Domain

To create the BC Connections from the
cyclone pressure BCs to the dipleg flow

BCs:

BARRACUDA VIRTUAL REACTOR

Navigate to BC Connectors
Click on Add

Click Add on left side of BC
Connector Editor

Select the pressure BC for cyclone 1
Click OK

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj

IR EENCE -

Post-processing

Help

Project Tree g x
(7 Barracuda Virtual ... *
% setup Grid

® Global Settings

7 Base Materials

+ wso Particles

«4} Drag Models

4 Volatiles

% Particle Species

v I+ Initial Conditions
£ Fluid ICs

wso Particle ICs

v [ Boundary Condit...

BC Con

D

[®] BC Connector Editer

Enabled

BC Connection Input from Domain (outlet BCs)

jin] Flux plane name BCtype Particle split factor

BC Connector Properties

- m}

BC Connection Output to Domain (inlet BCs)

X

Mame: ‘

Comment: H

Time delay: ‘0

[ Reset particle residence time

Draw connectors for post-processing

| Fluid Filter (Scale)

| Particle Filter (Random)

Thermal Control

(O Transient heating/cooling rate:

‘ i) Flux plane name BCtype Using connector

Fressure BCs [@] BC Connector Input Editor — O *
Flow BCs
Injection BCs Flux plane properties
Thermal Wall BCs
Passive Scalar BCs Available flux planes (select one):
~ & BC Connections
\ Secondary Feeds jin] Eliy ."h"m i B tupe
N SScondanyexts [« 000 FLUXBC_cyclone_1_pressure Pressure BC D
v Chemistry [ Advanced feature: All Flow BC flux planes available as inpu M >
‘E Rate Coefficients y add || et || copy || pelete 002 FLUXBC_cyclone_3_pressure Pressure BC jor_| [ peeie_|
& Reactions / 003 FLUXBC cyclone_4_pressure Pressure BC @
#. Numerics
(- Time Controls
v 4 Data Output
1) Flux Planes General properties
& visualization Data i i
Zm Average Data Particle Sp“t factor:
Data Planes
/- Data Points ) QK I | Cancel | | Help
% Wall Erosion
+++ Particle Attrition /
‘. Raw Data
=« Population Data
© Solver Output U... < 5
2 Run
A | R Add | [ Edit | [ Copy || Delate |
EIEINE 2K -
| gasifier.prj | C:/barracuda_training/3_Isothermal_MNon-Reacting_Gasifier/my_setup |
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BC Connection Output to Domain

* Click add on the right side of the BC

Connector Editor

1

Change the Fluid volume fraction
limit to 0.5. This will limit the

amount of fluid that can return from
the cyclone inlet horn Pressure BC to

the dipleg Flow BC along with the
particles
Click OK

BARRACUDA VIRTUAL REACTOR
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Select the flow BC for cyclone dipleg
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BC Connector Properties

Enter a Name (which will be the
name of a flux plane file for the BC
Connection)

Enter a Comment (optional)
Select Reset particle residence time
Click OK
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Add BC Connections for Remaining Cyclones

Repeat the above steps to define BC
Connections for Cyclones 2, 3, and 4
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Time Controls

Set the Time step t0 0.01 s

* If this initial guess is too high, the
solver will automatically adjust your
time-step based on built-in controls

 However, there are limits concerning
how much lower it will try to go, so
try to specify something reasonable

Set the End time to 100 s
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Flux Planes

Flux planes were already defined at the
pressure and flow BCs.

It is also useful to set up a flux plane
lower in the freeboard to get an earlier
idea of the particle entrainment rate. To
set up a flux ﬂlane that spans the vessel
at about the height shown in the image:

* Navigate to Flux Planes
* Click on Add

 Enter a z location

e Enter a flux plane name
* Enter a descriptive comment (optional)
* Click OK
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Visualization Data Output Options

By default, a minimal set of variables is
selected for output to Tecplot. This is
done to keep file sizes as small as
possible, since Tecplot files typically
take up the most space in your run
directory.

Select all the variables shown at right
for post-processing this training
problem.
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Average Data

Time-average data is very useful when
analyzing particle-fluid systems.
Fluidized beds, for instance, are
dynamic by nature and therefore time-
averaging is nice for visualizing a
steady-state condition.

e Start time-averaging at 20 s

e Select the items shown for time-
averaging
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Check Model Setup

Remember to check the setup before running
the project for the full 100s:

* Navigate to Run

e Select GPU Parallel if your machine has an
NVIDIA GPU card

* Run the simulation for a single time-step
* Check the initial conditions

* Are particles initialized properly?

* Do you have the correct initial bed mass?
* Check the boundary conditions

* Are the flow BCs applied correctly?

* Are the pressure BCs applied correctly?

* Do you have all desired variables in your
results files? If you forgot any output
Vﬁrlatiles, now is the easiest time to add
them!
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Run Solver

Have your instructor look over your
boundary condition view in Tecplot.

Once you are given the go-ahead, click

on Run Solver.
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Post Processing
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Post-Run

Once the simulation is running, you
can begin the post-processing.
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Particle Volume Fraction

Tecplot 360 EX 2019 R1

F

ile  Edit  View

Particle
Volume Fraction

Click on

Adjust the view angle

Adjust Data Limits and color map as
desired by double-clicking on color bar

Remember to save a layout file (.lay)
for each view that you would like to
return to. It will be convenient to open
the layout files in the more complex
thermal and reacting project:

* File - Save Layout
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Displaying Thin Slices of the Model

Look at a thin slice of the particles at
the center of the gasifier by taking a
subset in the x-direction between -6
inches and +6 inches (-0.152 m to
0.152 m)

* Navigate to Plot = Blanking = Value

TemporarylLayout.lay - Te

File Edit View Plot Inset Animate Data

cplot 360 EX 2019 R1

Frame Options Scripting  Tools  Analyze Help

- O x

D ® s AP HHEOXEE NV AEE R AFLLUD -

Plat 8 x
Py FParicle “olurme Fraction
|ED Cartesian - |

) N 06
Snap to orientation view 0.5

¥ z H z ’
04
0.3
Show zone layers 0.2
0.1

] Mesh 0

[ contour

Shade
[ vector

Dleae

Scatter

Zone Style. ..

Quick Macro Panel 5 x

B I a n ki n g Value Blanking

* Set up 2 constraints as shown

Indude value blanking

X

I

|ar'|\|I corner is blanked - |

Value Blanking

Indude value blanking

Blank entire cells when:

|ar‘|\f corner is blanked - |

Active

Blank when

Constraint g EE

= =]

|1:}(

v |

|is less than or equal to - |

]

() Variable

@ Constant

[-0.152

| Close | | Help

ed

Constraint IE‘ IE‘

Active

Blank when
| x -
|is greater than or equal to - |
() Variable (® Constant
[0.152 |

3D Rotation Animation

Reset Center of Rotation
Cascade Frames

Tile Frames

Lead AddOn

Grid

Transparent Model

CAD

Compare Grid and CAD
Beundary Conditions

Fluxplanes

Data Points

Particles by Volume Fraction
Solid Region

Particles by Radius

Particles by Species

Particles by Residence Time
Particles by Temperature

Cells by Velume Fraction

Cells by Pressure

Cells by Pressure Gradient

Cells by Fluid Temperature

Cells by Average Volume Fraction
Cells by Average Pressure

Cells by Average Pressure Gradien
Cells by Average Fluid Ternperatur]

Close I | Help
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Changing Surfaces and Transparency

For this thin slice, we can change the = -
appearance of the cells:
e Click on Zone Style... e
* Click on Surfaces tab m
* Right click on Boundary cell faces \ﬁif;mm
and change it to Exposed cell faces
* Click on Effects tab s '
* Right click on Surface Translucency .
for the Cells and change to 90 S
| .
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File Edit View Plot Inset Animate Data Frame Options Scripting Tools Analyze Help

D ® s AP HHEOXEE NV AEE R AFLLUD -

Quick Macro Panel 5 x
Particle volume Fraction 8.70s
N r 3D Rotation Animaticn
0& Reset Center of Rotation
0.5 Cascade Frames
0.4 # | Tile Frames
0.3 - Load AddOn
0.2 Grid
0.1

- O x

0 Zone Style

Mesh Contour Vector Scatter Shade Edge Points

Surfaces Volume Effects

Zone Zone Surfaces

I-Plane | J-Plane | K- il

Mesh Contour ‘iector Scatter Shade Edge Foints

Zone

MNumber Mame to Plot Range | Range | R
33" ¥ 1 Exposed cell faces
398* Fluid Tracers 1 T N/ A MN/A M,
399 Particles 1 MN/A M/A - NFA N
400 BC Connector - CONN_cyclone_1 1 /A MN/A N/A M/
401 BC Connector - CONMN_cyclone_2 1 /A /A MN/A M
£ >
Selection criteria: | | Zones | | Groups | | Clear |
I Close I | Help
e |Cel|s by Average Pressure
Zone Style X

Surfaces Volume Effects

Surface

Mame Effect | Translucency | Translucency
Fluid Tracers 1 Gouraud
Particles 1 Gouraud 50
BC Connector - CONN_cyclone_1 1 Gouraud 50
BC Connector - CONN_cyclone_2 1 Gouraud 50 W
£ >

Selection criteria: | | Zones | | Groups | | Clear |
| Close | | Help |
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Animation of Gasifier Fluidization

Tecplot 360 EX 2019 R1 - a *
) ) . NEHA A Ad FeoXRE eV AEEE H ARLOD -
Create an animation showing the - L 715 Gkt o x
- £e . e ac ocrem ¥
gasifier fluidization

° ° 02 Grid

* Click on Details... button next to o areiner X L I
SOIUtion time :::::w B Time Animation Details b En'portﬁ:rmat:
. . [] vector Starting time: Min: 0 L Reg:j;l:or Al Fames -
* Make any desired changes to Time Sl EE T e LN | P
1 1 1 1 | Zone Style... | Tn? Sf-jEF'Sj.dD: _ tmberof= s 13 O emer w512
Animation Details editor snsonecors Fovrd - S —
Solution time: 8.70654 CrrTesis: |88 || Gotostep '_ [] Antisliasing

* Click on Export to File button & ——A= - | ot
e Pickthe E tf i i o i LIRS b

IC e Xpo r O rm a yo u Wa n [] 1s0-Surfaces m [ Limit animation speed to frames/second ,

. [ slices (
o CIICk OK [ streamtraces y / T || Cancel || Hebp
 Enter a File name for animation
e (Click Save |”aim o O
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View Animation of Gasifier FIuidizati@on

animation .

Once the animation is created, you can
view it by double-clicking on file in the
simulation directory

my_setup — O >
« v A <« 3_lsothermal_Mon-Reacting_Gas... » my_setup v | O S Search my_setup
Mame &
N PRJ= File
i yrid. i GRD File
SFF File

| ] BE_bottorn_flow.sH v
< i

50 items &=l
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Residence Time of Particles

Residence Time 100.00 s

O =t =

Double click on Particles by Residence Time in Quick
Macro Panel

Use Plot = Blanking = Value Blanking to disrla?/ only the
articles with a volatile mass fraction%mf-vo atile)
etween 0.01 and 0.5

Change the particle from Point to Sphere with Zone
Style... -> Scatter -> Symbol Shape and Scatter Size to

1.00%

Adjust the Residence Time Contour Levels to show
residence times between 0 and 5 seconds

What does this tell us about devolatilization?

How can Barracuda be used to optimize the coal feed
location?
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Devolatilization of Methane

Follow along with this video to create an isovolume of high mole
fraction of methane:

* https://cpfd-software.com/customer-support/knowledge-
base/tecplot-for-barracuda-creating-an-isovolume

What does this tell us about the mixing of gases within the bed?
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Mapping Style
g ‘dt(s) B ‘”ahlt = "‘rari;hl-.e 1: Di\training\3_Tuesday_Gasifier\hist
2 ficpme aeon R —— i m o
4 u iterations 1: Time (s) 5: u iterations 1: DAtraining'3_Tuesday_Gasifier\hist]
5 u error 1: Time (s) 6: u error 1: Ditraining\3_Tuesday_
7] v iterations 1:TII’11E|;5] T: v iterations 1:D::\tra\n!ng}i_iz:zj::{_ b
) ) - e — T
From the Post-Run window, click on e — e
to plot the total bed mass from the histo: y.aug e oL m———L s AT O
file: e
. . 17 pVelFrac high count 1:TII’11E|;5] 1%:p:JnIFrachighcn... 1:D::\tram!ng:\3:TuE; .fier:\h!;t
* Load data using File = Load Barracuda data... B ot | e 1R o\vamag s Touy ot
— Load Data File = history.log « >
. . Selection criteria: || seket || dcear |
* Tecplot will automatically load column 1 on
the x-axis and column 2 on the y-axis for all XY coserin..| Cortes | osketes || ot | | tmen | [Gm ]| e
Line plots
* To change the data shown, click on Mapping -
Style... [
e Select on particle mass (kg) and de-select dt (s) soan
* The plot will look empty, to rescale the axes g |
click in the plot area and then press Ctrl+F to g "r
auto-scale the plot s |
. . . £ smnp
* This video shows how to create xy plots in g
Tecplot wk
Are the BC Connectors working? P A ]
Time (s)
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Plotting Early Entrainment

One way to add another xy plot:

Click on Pages tab

Double click on Untitled and give your plot page an
appropriate name

Click on Add
Give that new page an appropriate name as well

Plot the particle mass flow through the early entrainment
flux plane from the FLUX_early_entrainment file

Follow the load data instructions from the previous slide
Click on Plot tab = Mapping Styles...

Select on Particle mass flow rate of all species (5 time
step average) (kg/s) and de-select Fluid mass flow rate
(kg/s)

Don’t forget to auto-scale the plot! Ctrl+F

Trt\e axes labels can be adjusted by double clicking on
them

Select Use text: in the Axis Details dialog and enter an
appropriate axis legend
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File Edit View Plot Inset Animate Data Frame

> QAP &

Hads

@ x|

particle mass
early entrainment

Particle Mass flow (kg/s)

add || Delete

Plat Pages
Click to Select, Drag to Select Group

=20

-40

60
40

20

Axis Details >
[ Show ¥ 1-Axis (%1 [ya] %2 [ va|[x3 [v3 | xa] va|[xs5 |[v5 |
Range Grid Ticks Labels Title Line Area
Show Title On: Color:
[ Axis line
[ Grid border left Font: ‘ Arial vl |3'6 @| El x
[ Grid border right Offset from line (%): ‘13 |
Position along line (%) ‘ 50 |
| »
g x
() Use variable name
@ Use text:
|Parﬁde Mass flow (kg/s) |
¥
Fluxplanes
Data Points
Particles by Volume Fraction
Solid Region

0 20 40 B0 80
Time (s)

100

Particles by Radius

Particles by Species

Particles by Residence Time
Particles by Temperature

Cells by Velume Fraction

Cells by Pressure

Cells by Pressure Gradient

Cells by Fluid Temperature

Cells by Average Volume Fraction
Cells by Average Pressure

Cells by Average Pressure Gradien
Cells by Average Fluid Ternperatur]
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Conclusion of Gasifier Example

A basic coal gasifier was set up including
* Multi material particles
e Volatile components

A coarse grid was used and boundary condition assumptions were made to
obtain a fast running model

Basic post processing was performed to study the fluidization and entrainment
in the model

This work serves as the basis for a more complex model.
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