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Save Case As...
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Copy Gasifier project using “"Save Case As...”

Open the isothermal non-reacting

gasifier project with Barracuda Virtual

Reactor.

e Use the Barracuda GUI menu File

—>Save Case As...
e Select:

as the target directory

BARRACUDA VIRTUAL REACTOR

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

File View Setup Run Graphicsand Output Post-processing Help
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. New Project
% Open Project
© Recent Frojects

= Import from Project

= Save Project
4 Save Projed

Ctrl+N , =] n

Ctrl+0

Ctrl+S

- ARRACUDA
—— VIRTUAL REACTOR®

v i Bound... | [ PI

Flow BCs &«

ease Select Target Directory

da_training » 5_Thermal_Reacting_Gasifier w [J]

v A < barracu

"l MName Date modified Type Size

5 Thermal Reacting Gasifier/my setup iﬂi

my_setup 8/19/2020 3:08 PM File folder

2 Search 5_Thermal_Reacting_...

Bz -

s

Folder; | my_setup

|’SelectFoIder | | Cancel |
y.4

|gasiﬁer.prj

| C:/barracuda_training/3_Isothermal_MNon-Reacting_Gasifier/my_setup
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Selecting Files in the Save Case As... Dialog

. . . W7 Save Case As 4
A full Barracuda VR project setup includes the base project
flle (* r the geomEtrV *Stl ’ transient boundary condition Source Directory : |C:1barracuda_trainin '3_Isothermal_MNon-Reacting_Gasifier\my_setu |
fil ficle size distribution files (*sff, *i), and ! : : —
r:oetses‘tisaJ'V %?Ir:]elf. feilselszeas ﬁlerlll ution iies ( st, I)’ an Target Directory : |C:".,barracuda_training".,S_ThermaI_Reacting_Gasiﬁer‘l.,m*,r_setup |
Files Filter
The Save Case As... dialog allows you to select exactly which | |1 EdProjectFies ~ =pr]
files y:)_u want to include or exclude during the copy > [ STL Files -
operation.
P 3 Baffles *.stl2d
For the current case, keep: 4 [ sffFiles = ff
° Project F”es 5 BC/PSD Files *i;*.sze
o .Sff, .i Files & [ Drag Multiplier Files *.tdt
7 [ Script Files *.shy*.tcl;*.py
Eecause this Gasifier geometry is more complex, do not s [] Attribute Files = attr; *.par
eep:
p STL Eil 9 [ Grid Files grid.grd;viewgrid.plt;00*.gmv;00grid.grd;grid.log; VIEWGRID.gmv
° lnes
Grid Fil 10 [] Flux Files FLUX*;list_outputfiles.log
° rl lnes
11 [] Transient Files trans™;list_outputfiles.log
A|so’ yve don’t want to copy over any results files (FlUX, 12 [ Visualization Files  bvr*plt; GMV*;00GmvFileTime.rc
Transient, or Tecplot). , o
| Add F|Ies...| | ; Add F-older...| Set saved case as working pro]ect/L' Save | | Cancel |
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Gridding
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Gridding: Add the New STL File and set new Grid cells

In the Setup Grid section:
* Navigate to Geometry tab

e Highlight gasifier_isothermal _non-reacting.stl and
click Remove Geometry

e Click Add Geometry and select
gasifier_thermal_reacting.stl

There are more complex internals in this STL than the
previous gasifier:

* Navigate to Grid Controls

e Click on Set uniform grid

e Select Keep all current major grid lines

* Change the total number of cells to 100,000
* Generate the grid

* View Output = View Transparent Model to see the
areas that need more grid lines to capture all the
geometry

BARRACUDA VIRTUAL REACTOR
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@ Uniform Grid Cells X
X0 = -60 | xn = |60 |
y0 = |-59.9951 | yn = |59.9951 |

20 = |-3.30655e-14 | zn = |358.788 |

| Reset min and max to the STL file(s) limits |

& Keep all current major grid lines
eep all current major grid lines
[] Keep all current growth values

2\

@umher cells = 100000
[ ok | cancel || Help |

)

A
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Modify the Grid to Capture Internal Structures

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

With this geometry, and with most real systems, | > s cosmom oo
you WI" nOt be able to capture everythlng ProjectTree® X | = lmportGrid “undo “Redo A1 ViewSTls | 2. CheckGrid <O 3.Generate Grid A 14. View Output _ Docks  Help

f tI (7 Barracu... ==
p e r e c yo % setup ... Grid Controls
@ Global ... Options Grid lines View Controls (remove STL triangles outside of bounds)

. Base ... 5 | Total Cells: 98304 X
. . v partcks | g m . O Wedyx (osec el I

Instead, try to capture everything fairly well, 000 Comdrts st | oy O | G
. ACEE EXTN

Back rMin.

without completely missing any structures. =
P y & any [ : S0 B CETR N |

| f Advanced options | | Set uniform grid |I

wso Partic...
v [ Bound...

The heating coils are too small to caﬁture using rosare || Seomety | bfles_Gnd cons | s
grid lines on all sides. Instead, use the “cross” M EREE PTEER

strategy of intersecting grid lines inside the - P it

Secondar...

heating coils.

BC Conn...
v o Chemi...
i Rate ...
V¥ React...

The sparger arms are big enough that you should | .-

(- Time C...

b%able to hit most of them with grid lineson all S50 i
SI es- Al visua...

Using the subset sliders in the Grid Controls tab | x| |
can be very useful to “hide” sections of the ri || [ |
geometry while gridding more complex features. |.%." (ot Gl | ik

e = =

| gasifier.prj | C:/barracuda_training/5_Thermal_Reacting_Gasifier/my_setup |

»» cpfd
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The Final Grid

As guidelines, here are the number of
real and null cells in the grids for the
pre-setup versions of the gasifiers:

Isothermal, Non-Reacting: 28,556
Thermal, Reacting: 119,658

Show your final grid to the instructor
before proceeding to further project
setup.
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Setup

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA 9


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

Process Sheet

Thermal calculations are enabled, initial temperature

of particles and gas in bed set to 1300 K.

Chemical reactions are included.

Fluidizing Air

Steam Sparger through 204 injection nozzles

Fresh Coal Feed

Cyclone Diplegs

BARRACUDA VIRTUAL REACTOR

Mass flow rate = 0.691 kg/s
Temperature = 700 K

Gas (mass fractions):

0.77 N, 0.23 0,

Mass flow rate = 0.296 kg/s
Velocity = 10 m/s
Temperature = 900 K

Gas: pure H,0

Mass flow rate = 5e-3 kg/s
Velocity =5 m/s
Temperature = 500 K

Gas (mass fractions):
0.77N,,0.23 0,

Controlled by BC Connector

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

None

None

Fresh coal at 1 kg/s

Controlled by BC Connector

cpfd-software.com

200 kPa

Heating coils at
T=1300 K

BC Connectors
return particles
from cyclones

T~ Fresh coal feed
__— Steam sparger

Fluidizing air

Outlet pressure:

cpfd
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Enable Thermal Flow

In the Global Settings section

e Select Thermal Flow to enable thermal
calculations

e Start with Chemistry On

When enabling thermal calculations, it is
important to check your Base Materials
section to make sure all materials have
valid thermal properties.

Thermal conductivity, specific heat, and
viscosity are all described by various
methods in Barracuda VR. It is important
that these methods are valid within the
temperature range expected in the
simulation.

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

File View Setup Run Graphics and Output Post-processing Help

lmEd 9o n® &= B

7 Base Materials
+ wso Particles
«4} Drag Models
o Volatiles
% Particle Species
~ - Initial Conditions
£ Fluid ICs
wso Particle ICs
v [ Boundary Conditi...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
#8 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 Units
2 Run
L_Dinct-

Project Tree g X
(7 Barracuda Virtual R... »
% Setup Grid
@ Global Settings

/ ® Thermal flow
Thermal start options

« |4 | ¥ »

Global Settings
Gravity settings

% Gravity |[] | m/s?
y Gravity |U | m/s?
z Gravity |—9.8 | m/s’
Thermal settings
O Isothermal flow 1300 K

Heat transfer coefficients

Start with Thermal: ® on O Off (turn on at restart)

Starting temperature: 1300 K

Temperature warning limits
Minimum temperature warning (K): Maximum temperature warning (K): |6000

[J output minimum and maximum temperatures in system to MinMaxTemp.data log file
Chemistry settings

This feature allows chemistry to be set up, but not calculated until a later time by turning it on using time controls or a restart
file. Note: This feature applies to Volatiles as well as all Chemistry Reactions.

Start with Chemistry: ® on
/ O off, ramp on from 0 s to 0
O Off (can be turned on at restart)

Help

|gasiﬁer.prj

| C:/barracuda_training/5_Thermal_Reacting_Gasifier/my_setup
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Automated Plotting of Polynomial Material Properties

This feature allows users to plot the

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

File View Setup Run Graphics and Output Post-processing Help

IR IEENCE -

° ° Pr\ojecl Tree e Project Material List Material Properties Library
ex p re SS I o n S ( Po Iyn O m I a I (4t h o rd e r)’ f ‘Basr;ili:d:r:rtual - Ch?mical name State Description ‘ : |De5FriDtion v contains v |
@ Global Settings iAsh is Ash for Coal [@] Material Property Editor W
D ble Pol ial. Int lated f O s iatodts GG o METHANE ANBARMONE | raterial ahS)
O u e O y n O m I a ’ n e r p o a e ro m ’ @D;“:‘:;”a'ﬂd‘t‘" x Property.: Thermal conductivity
H H N [ash | state |Solid | | | Property units: |meﬂ( V|
S F F F I I e) fo r p ro pe rty d ata I n Ba Se hd D::l:ptlon |A:h for Coal —= | Temperature units: |I( V|
[ Properties Exy \
Materials. N [ P — ~
Density Critical temperature |0 K ( ) — . . }
Viscosity | Heat Capacity | w *+3.765e-05 T + 0T+ 0T / |
° ° Mass Diffusivity |4 Thermal Conductivity ] Temper. e Sﬁm
You can visualize property dataovera | = w7 w0 | weim Jwemn ] oo e
° e Verification
specified temperature range.
5 React T =300 Expression = 132.2701 W/m/K |
T . h I f h I . I vég{{i ¢ T.=0K T, =2000K ﬂT:lK}' - Plot |
t t t |7} £ Messages
o view the plot for the polynomial, i g o
[ ] ] Zm Averag 2
click on the Plot button in the GUI to = g o | e
“ walle] B B ¢ o
I h T I t ) Particle § BF2 G BF2
a u n C ecp 0 ° H ::::”: g . BF3 € B K
:‘O';usno\ver l'aE) iles\CPFD\Earracuda\ZU.0.1\props\cpfd_prop.prp|| Browse |
e | 4
[gesifierr T R T T R T R— W i | fd
g Temperature {(K) C ;3
BARRACUDA VIRTUAL REACTOR e ottare.com §
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Temperatures of Initial and Boundary Conditions

[@] Fluid IC Editor: 000 ¢ @ Particle Ic ¢

When the isothermal, non-reacting Trtmines |

gasifier was set up, it was not important e e S b i s o - hor b ]

. Pressure 200000 | Pa oo g
to Co n s I d e r the te m pe ratu re Fluid species | Define fluids | (@erature L@ I K

specifications for initial and boundary vty o bl |ms
Co n d iti o n S . ] mitial conditions from file | Seim T e |

IC File = X [N | X [max |

Yain |min | Yo |max |

However, when turning on thermal S | o e . o |
calculations, it is important to review the | e cell Regeon () '

Hain |I'TIiI"I | Yonaw |rr|ax | @® Use global resolution |

settings (some of them may have been o [ Yo e | Oumbcrmaon
° e o ° : O Specify resolution Clouds per cell | |Auto
initialized to default values by Barracuda), =™ 2o et | =

and apply correct temperatures to all 2 anto con mtmston 1ot o
initial and boundary conditions.

Ensure that both Fluid and Particle IC are o] o] [ FE ] ot || b
set to 1300 K 7/ 4

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA 13


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

Fresh Coal Feed Injection

Instead of using a flow boundary on
the wall surface to introduce fresh coal
into the system, we will use an
injection BC.

This allows for injection of fluid and/or
particles at a specific angle and
location in the system.

Before creating this injection BC,
delete the fresh coal feed flow BC:

e Select the flow BC
 Click on Delete

BARRACUDA VIRTUAL REACTOR

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

% Particle Species
v I+ Initial Conditions
£ Fluid ICs
wso Particle ICs
v [ Boundary Conditi...
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 Units
2 Run

w

[®] Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - [m] x
File View Setup Run Graphics and Output Post-processing Help
'HE 9o 6@
TAEL TTER 5 = Flow BC Manager
(7 Barracuda Virtual R... »
% setup Grid D Dir y2 z1 z2 Area Flow rate Temperature Pressure
- z min max min min ._DOTom_riow. sing Tile sing Tile
@ Global Settings 000 i i 1 BC_bottom_flow.sff  Using fil Using fil
£% Base Materials 001 x max 0.15 1.75 1.9 1 BC_fresh_coal_feed.sff Using file Using file
v ese Partides 002 0.425539 0.646746 0.572016 0.796402 1.4577 1.56505 1 Using BC Connector  Using BC Connector Using BC Conneg
0g#z -0.819633 -0.549397 0.403076 0.666786 1.47185 1.59729 1 Using BC Connector  Using BC Connector Using BC Conned
*< Drag _M°de's 04z  -0.641815 -0.421080 -0.791048 -0.575133 1.48207 1.58880 1 Using BC Connector  Using BC Connector Using BC Connad
& Volatiles 005 z 0.504350 0.780009 -0.635051 -0.421421 1.50132 1.50796 1 Using BC Connector  Using BC Connector Using BC Conneg

\ Add

Edit

EIENEAEN

|gasiﬁer.prj

| C:/barracuda_training/5_Thermal_Reacting_Gasifier/my_setup
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Fresh Coal Feed Injection

Click on Injection BC:

* The Injection BC page allows for the injection of
fluid and/or particles to be specified at a given
location, velocity, mass flow rate, and direction

* One or more injection sets may be created in a
project file and each injection set may consist of
one or more injection point locations

* Injection points within an injection set will have a
common composition and velocity

* Eachinjection set can have:
* Particle or Tracer injection alone
* Fluid injection alone

* Both particle/tracer
and fluid injection

Click on Add

Start by entering an Injection Name and Flux Plane
Name

BARRACUDA VIRTUAL REACTOR

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

Project Tree g X

N

(7 Barracuda Virtual R... »
% 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 Conditi...
Pressure 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 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

IR LEENCL I

w

Injection BC Manager

D Name Flux plane name Type Particle Velocity

Particle Mass Flow  Particle Temp  Fluid Velocity/Area

Fluid Mass Flow  Fluid

Angle Orientation

@] Injecti X
(Injection name: |Fresh_coa|_feed ) Flux pl
CommentT Name: |FLUXEC_fresh_coaI_feed| ) |
[ Particle/Tracer Injection Gas species Denaviar:
Use BC Connector data Injection type [No output |
Use fil Edit | 4
se e ) Type Particle [ Subdivide by radius Divisions |100
Use specified values i
Species [] output raw particle data
Velocity 0 m/s 001 - initial char in bed [ Fluid Injection
Use BC Connector data
Mass flow 0 ka/s Angle Expansion T e Edit | [
B0 ©0|0 o Use specified values
Temperature |300 ; -
Velocity ~ 0 m/s  Fluid composition

Number density 125 o0 o VEsE i 4 ka/s Define fluids
- Temperature |300 K
Locations (0 of 0 injections are active)
Name OnfOff X (m) Y (m) Z(m) nx ny nz
1 O off
|  4AddRow | e=DeleteRow || CheckTable || = Import ||  Export |
|ﬂ Reference Grid| | “ Expand Locations 'I'able| oK | | Cancel | | Help |
L4 >
| Add | [ Edit | [ Copy || Delete

EIENEAEN

cpfd-software.com

|gasiﬁer.prj

| C:/barracuda_training/5_Thermal_Reacting_Gasifier/my_setup
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Fresh Coal Feed Injection

Select Particle/tracer Injection

i 1 H \ /| Particle/Tracer Injection
Select Use file to specify the particle mass i

flow rate:
e (Click on Edit

* Enter the appropriate values shown

below
* Save the file using a descriptive na

Select Particle for Type

[@] Injection BC Editor

Injection name: |Fresh_coa|_feed

Comment: |

] Use BC Connector data Injection type

\@ Lse file lrticle_injection.sff Edit T

(O Use specified values

Species

*
| Flux plane options
| Name: |FLU)(EC_fresh_coaI_feed |
Gas species behavior:
'No Output v

[ Subdivide by radius Divisions (100 2

[ | Qutput raw particle data

Velocity 0 myq

|002 - fresh coal feed

L |

Fluid Injection

Mass flow 0 ka/3

Angle Expansion

Use BC Connector data

Use file Edit [

R, |15 |o

8./ 15

|° Use specified values

Temperature |300 K

AngzNgrientation

m/s  Fluid composition

ka/s

Velocity ~ 0

Mass flowr ]

Mumber density 125

me

Ol |0

Define fluids

Locations (0 of 0 injections are active)

Temperature |300 K

Name OnfOff X (m)} Y{(m) Z(m) nx ny nz

Particle Mass Weight

Particle Temp Multiplier

Select Fresh coal feed for Species

Set the Angle Expansion to 15

1 [ off
|* Add Row“- Delete Row”».&" Check Table“ = . Import || - Export | Particle weight suml{lI
r Particle Injection Boundary Cenditions Editor *
elp
Time (s) On/Off Temperature (K)  Velocity (m/s)  Mass Flow Rate (kg/s) Number Density Manual
10 500 5 1 1000
:
| 4 add Row | | == Delete Row | | «# Check Data | | I Graph | | & update Simulation |

File: |fresh_mal_feed |_particle_injection.sff

|)HSa\re ||H5aveh5|| Closell Help |

BARRACUDA VIRTUAL REACTOR

/

cpfd
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Fresh Coal Feed Injection

Select Fluid Injection

Select Use file to specify the fluid mass

flow rate:

* Click on Edit
* Enter the appropriate values

e Save the file using a descriptive
name

Specify the Fluid Composition
e 0.77 N2
e 0.2302

BARRACUDA VIRTUAL REACTOR

[@] Injection BC Editor X
Injection name: |Fresh_coal_feed | Flux plane options
Comment: | | Name: |FLU)(EC_fresh_coaI_feed |
Particle/Tracer Injection Gas species behavior:
[ use BC Connector data Injection type Mo Output v
Use file jrticle_injection.sff| | Edit ||/~ =
® Jricle_inj | Edit | 4] Type [ Subdivide by radius ~ Divisions 100 2
O Use specified values _
Species ] output raw particle data
Velocity 0 m/s 002 - fresh coal feed v Fluid Injection
r Fluid Injection Boundary Conditions Editor N [] Use BC Connector data
® Use file |oa|_feed_ﬂuid_injection.sff|| Edit |
Time (s) on/Off Temperature (K)  Velocity (m/s) Mass Flow Rate (kg/s) | P () Use specified values
10 500 5 5e-3 Velocity 0 m/s  Fluid composition
2 Mass flows 0 ks Define fluids
Temperature 300 K
| & Add Row | | & Delete Row | | «# Check Data | | I craph | |c Update Simulation|
File: |ﬁ-esh_mal_feed_ﬂuid_injectinn.sﬁ | | K save | |H Saveh5| | Close | | Help | Particle Temp Multiplier  Fluid Mass Weight ~ Flu
1 O off
i @] Misxture X e
4 Ag Available Components Misture cle weight sumlzl Fluid weight sumlCl
$% Ref | Component Component Fraction | oK | | Cancel | | Help |
CH4 (G) El N2 (G) 0.77
co (G) 02(G) 0.23
€02 (6) |
HZ (G)
H20 (G)

Sum of fractions: 1

0K

|| Cancel || Help

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Fresh Coal Feed Injection

Specify the location of the fresh coal feed nozzle:

* Enter an appropriate Name for the injection point.

e Select “On”.

* Enter the x,y,z location and the directional vectors:

e x=15m

e y=0m

e z=175m
* nx=-1

* ny=0

* nz=-1

* Enter a value of 1 for:
* Particle Mass Weight
e Particle Temp Multiplier
*  Fluid Mass Weight
*  Fluid Temp Multiplier
 Click OK

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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[] Injection BC Editor x
Injection name: |Fresh_coal_feed | Flux plane options
Comment: | | Name: |FLU){EC_fresh_coaI_feed |
Particle/Tracer Injection Gas species behavior:

[ use BC Connector data Injection type |No Output V|
IR Lrticle_injection.sﬁ” Edt | Type [ Subdivide by radius Diisions |100 5
(O Use specified values

Species [] output raw particle data
Velocity 0 m/s 002 - fresh coal feed v Fluid Injection
[ use BC Connector data
Mass flow - kg/s - Angle Expansion ®) Use file |oa|_feed_ﬂuid_injection.sﬁ‘|| Edit |
Bﬁ|15 |° GE|15 |° ) Use specified values

Temperature (300

Angle Orientation

Velocity ~ 0 m/s  Fluid composition

Number density 125 0‘.51|U

Mass flow 0

s

Locations (1 of 1 injections are active)

Temperature 300 K

1 Feed [ 0On 15 0 1.7 -1 0

2 [ off

Name On/Off X(m) Y(m) Z(m) nx ny nz

-1 01

Farticle Temp Multiplier  Fluid Mass Weight

1 1 1

Particle Mass Weight

W
>

|¢ Add Row”- Delete Rnw| |\4' EheckTabIe” = Import || ' Export | Particle weight sum Fluid weight sumlzl

|ﬂ Reference Grid| | “ Expand Locations Table|

[ ox | | cancel || Hep |
/7
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Fresh Coal Feed Injection

Before continuing with the project

setup, check the location of the nozzle:

* Run Solver Setup

* View Boundary Conditions
\

BARRACUDA VIRTUAL REACTOR

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

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - m} x
File View Setup Run Graphics and Output Post-processing Help
'HE 9o 6@
j &F X
O ETES Run Settings
% Setup ... ~
@ clobal Verify Setup Run Calculation
v Base ... Solver Launch Options
v ess Particles Note: Run Solver Setup will cause some output
«@ Drag files to be modified. If you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.
| files, preserve them by using the File menu, [ cpu Parallel (Parallel license required)
@ Volati... Save Case As feature, and then Run Solver
&% Partic... Setup in the new case directory. Thread Count: |7 =
v I Initial ... —
£ Fluid ... ] GPU Parallel (Parallel license and NVIDIA GPU required)
) " Run Solver Setup (1 time step)
> Partic... WVIDIA CUDA device to run on prompt
: v
~ [ Bound... Check Setup
Pressure ... Fallback to CPU behavior if CUDA error: |auto
Flow ECS Mote: Testing solver GPU memory requirements will cause some output files to be modified.
Injection ... If you have important output files, preserve them by using the File menu, Save Case As
Thermal ... ) . : : feature, and then test the GPU memory requirements in that new case directory.
Passive S... d View Initial Particles, Volume Fraction
~ ¢ BC Con Test solver GPU memory requirements with current settings (option: -dryrun)
Secondar... . i
Secondar Universal Options
BC Conn... ‘d View Initial Particles, Species ‘ If temperature limits reached: ] Quit on prompt
v a Chemi...
B Rate ... If chemistry mass imbalance: [J quit on lost license
V¥ React... If minimum disk limit reached [ Quit on FE_INVALID
#. Numerics - ] .
(- Time C... di View Boundary Conditions Minimum disk space percent:
v {. Data 0... Advanced command line flags: |
T Flux ..
A1 Visua... Command line to run equivalent solver based on input above (copyable to terminal):
Zm Aver... ‘ﬂ View Flux Planes ‘ C:\Program Files\CPFD'\Barracuda'\20.0.1\bin\cpfd.x.exe gasifier.prj
[ Data ...
/v Data ... Project tag
7 wall ... | |
+++ Partic... X X
. Raw .. d View Data Points Store project path and filename as project tag
wso Popul... —
© Solve... :ﬂ$ Run Solver ‘ “ - d Restart Solver ‘ ‘ j Interact ‘
L) Post-R..."Y
. ;
[«][#][w]®]
| gasifier.prj | C:/barracuda_training/5_Thermal_Reacting_Gasifier/my_setup
cpfd-software.com

cpfd

19


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

Separate the Air and Steam BCs

Exclusion of the gas sparger geometry
was one simplification in the previous
gasifier project.

Now that we are including the sparger,
it is necessary to separate the
fluidizing air (N2+02) from the steam:

* Keep the bottom-most flow BC as a
uniform air distributor.

* Create aninjection BC on the bottom
surface of the sparger, and introduce
100% steam at this location through

204 nozzles Steam introduced Air (N, + O,)
through 204 introduced through
injection points flow BC on bottom
located on the surface of vessel

BARRACUDA VIRTUAL REACTOR Sparger cpfd
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Flow BC as Uniform Air Distributor

Navigate to Flow BCs window

e Edit bottom flow

* Click on Define Fluid
e 0.77 N2
* 0.2302

e Edit Transient File

700 K Temperature

0.691 kg/s Mass flow rate (double
click on header to change from
Velocity to Mass flow rate)

BARRACUDA VIRTUAL REACTOR

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

@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - m} x
File View Setup Run Graphics and Output Post-processing Help
'HE 9o 6@
L TTEE 5 _E Flow BC Manager
%W SetupGrid N\
O Global Setti. jin Dir pla x2 yl y2 z1 z2 Area Flow rate Temperature Pressure Particl
 Base Mater 000 z min imax min max min min 1 BC_bottom_flow.sff Using file Using file Mo exi
. - nnd N _ATSE20 0 SAETA O_=7301 O FOEAND 4 ASTT 4 SESAS o Ll o Llci (=] Ll =] 1L o
v == Particles [B] Flow BE Editor «
=4 Drag Models
) Volatiles Flows boundary condition
& Particle Sp... Region Flow direction Behavior at boundary
v |- Initial Condi... Fluid behavior at boundary Particle behavior at boundary
£ Fluid ICs | | O x-direction flow
X Set Cell Region (m) Use transient particle flow file
> Particle ICs ® use transient fluid flow file
v Boundary C... o ‘mm ‘ e ‘max (O Use BC Connector data
\‘ E:;S;:; BCs Yo ‘mm ‘ s ‘max ‘ (O y-direction flow P ® Mo partice e
Zygin [MIN Zyae |0.152788 :
Injection BCs “! | 2o | | O Particle out flow
Thermal wall ... O Specify values Particle radius (m) range allowed to exit:

Passive Scalar ...
v & BC Connecti...
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
B8 Rate Coeffi...
V7 Reactions
#. Numerics

Flux plane options

®) z-direction flow

Name: ‘ FLUXBC_battom_flow

Gas species behavior:

Velocity flow ~| 0 m/s
| x/y/z variation angle degrees Pressure |0 Pa
Temp 1300 K

[No output

O Normal to surface flow  Mormal Limit

[ subdivide by radius

[ output raw particle data

Divisions 100 -

Fluid composition
Applied fluids: Define fluids

O Direction flow vector

Min = 0 to Max = |UNLIMITED

Particle exit control (Off)

O Particle feed (Slip and volume fraction)

O Particle feed (Slip and mass flux)

O Particle feed (Slip and mass flow rate)
Edit particle feed

Particle feed control

(+ Time Controls uo vi0 Transient fluid and particle flow file
v 4 Data Qutput Comment = irection 4
SFF file: [BC_bottom_flow.sff Edit | |
|E| Mixture X fation angle |15 degrees | |
Available Components Mixture r Flow Boundary Conditions Editor bt
A
C t C t Fracti
omponen emponen raction Time (s} Mass Flow Rate (kg/ Temperature (K) Pressure (Pa)
CH4 (G) » | M(© 0.77
CO (G) 02 (G) 0.23 10 0.691 700 2e5
co2 (6) <
H2 (6) 2 Double-click to change header
H20 (G)
Specify mixture by: Sum of fractions: 1 |ggp |* Add Row| |- Delete Rowl |x~f Check D-ata| | 8 Graph | |c Update Simulation|
[ ok ]| cancel || kel File: |BC_bnﬂnm_ﬂm.sff | | bl save | |H Save h5| | Close | | Help |
cting_G

cpfd
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Steam Injection BC

Create a new injection BC for the steam
sparger:

* Navigate to Injection BCs window

* Click on Add

* Enter an Injection Name

* Enter a Flux Plane name

e Select Fluid Injection

* Use file to specify the fluid mass flow
rate:

* Click on Edit

* Enter the appropriate values

e Save the file using a descriptive name
* Click on Define fluids

e 100% H20

BARRACUDA VIRTUAL REACTOR

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

[@] Injection BC Editor

Injection name: |Steam_sparger

\ Flux plane options

Comment: | Name: |FLU:{EC steam_sparger

[ Particle/Tracer Injection Gas species behavior:

Use BC Connector data Injection type |No Output v|
Use fil Edit | | =
e e T = Type Particle - ] subdivide by radius Divisions | 100 =
Use specified values _
Species [ output raw particle data
Velocity 0 m/s | 001 - initial char in bed Fluid Injection
[] Use BC Connector data

Mass flow . kg/s  Angle Expansion ® Use file |EC_sparge-r_injection.sFF ( Edit ’

B 0 °g, 0 (O Use specified values
Temperature 300

Angle Orientation Velocity |0

MNumber density 125

m/s  Fluid composition

T o Mass flow 0 ka/s Define fluids
B Temperature 300 K

Locatlorn r'r\ af O imdiactineo sen =k TP
r' Fluid Injection Boundary Conditions Editor

1 Time (s) On/Off Temperature (K}  Velocity (m/s) Mass Flow Rate (kg/s)

Add
LI Py o 1 o250

cpfd-software.com
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| 4 Add Row | |-Delete Row| | «” Check Data | | 8 Graph

|}H5ave ||HSaveA5|| £ Close || Help |

| |c Update Simulation|

File: | BC_sparger_injection.sff

/x|

e

/
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Steam Injection BC

Creating and editing large sets of location and
direction data is most conveniently done in Excel,
Open Office, or other spreadsheet application:

* Data from the Locations table can be exported as a

[@] Injection BC Editor

Injection name: |Steam_g
[ ]

Comment:

ws Dialog

File Preview:

Ignore First Line (Usually Header Info)

X

1 2 3 4 3 ] 7 8 9 10 11 12z~
1 NE_1 On 01 125 015 0 1 1 1 1 1 1
2 NE_2 On 0.2 1.25 015 0 -1 -1 1 1 1 1
3 NE_3 On 0.3 125 015 0 1 -1 1 1 1 1 x
4 NE_4 On 0.4 1.25 015 0 -1 -1 \ 1 1 1 v .
Select Correct Separator DtlDrI 2

Separator Selection: ® Comma () Semicolon O Space

|

KBC_steam_sparger

[ Particle/Tracer Injection

Gas species behavior:

C A / Use BC Connector data Injection type Mo Output ~
comma-separated value (CSV) file by clicking on the | - ue e = 3 : ESUdevidewmdms — d
Export button in the Barracuda VR GUI o e E— ot ’
. . . . Utput raw particie data
* Once the file has been edited, it can be easily MM aematfe s mtp v | O | [ £ sschmyewp R
imported into the locations table Sme =i __ ST ™0 I e a connector data
</—Nar:e - _ D;tedeIﬂEd Ty_pe - ® use file |EC_sparger_injection.st || Edit |
. . . . . . ~ E; parger_injection_bc_locations.csv 3/2 59 5:00 AM Microso ft Excel C... 8KB D <e specified values
A CSV file containing the locations and directions of |se spectied va N
1 Velocity =~ 0 m/s  Fluid composition
the 204 nozzles has already been created for this Massfow [0 ks
H . File name: | sparger_injection_bc_locations.csv ~ [\ csv File(*.csv; ks Define fluids
prOJECt. N Dp:n )l | — | Temperature |300 K

* Click on Import

e Select the file sparger_injection_bc_locations.csv
e Click on Open

* Click OKin the import dialog

* Click OKin the Injection BC Editor

O T T T T o STroTT

OTCOSTYS

Mame On/Off X (m) ¥ (m) Z(m)} nx ny nz Fluid Mass Weight

Fluid Temp Multiplier

1 (] off

|¥ Add Row| |- Delete Row| |\¢' Check Table” + . Import || ' Export | Fluid weight sum|I} |
Reference Grid | Expand Locations Table OK Cancel Help

H y..

BARRACUDA VIRTUAL REACTOR
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Steam Injection BC

Once the steam injections have been Z1) Run Soher Setup (1 tim step)
created, run the simulation for a single |
time step and check the boundary A viow sountary conitns
conditions.

BARRACUDA VIRTUAL REACTOR cpfd
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Thermal Wall BCs: Heating Coils

The gasification process reﬂuires input of heat.

We will define thermal wa

coils:

BARRACUDA VIRTUAL REACTOR

BCs on the heating

Navigate to Thermal Wall BCs
Click on Add
Select File

Click on Edit to set Wall Temperature to 1300 K

Set the Cell Region (you will need to create
thrle? thermal wall BCs to get all the heating
coils

Enter a descriptive comment if desired
Click OK

Repeat for other two blocks of thermal wall
BCs to capture all heating coils. Remember to
use the same .sff file for all three blocks of
thermal walls

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

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

File View Setup Run Graphics and Output Post-processing Help

IR EEITE:

N

7 Base Materials
v ess Particles 2
«4} Drag Models

Froject Tree = r Thermal Wall Boundary Cenditions Editor X
(7 Barracuda Virtual R...

% Setup Grid Time (s) Temperature (K)

® Global Settings 10 ETT

=]
E}

4 Volatiles

|¥ Add Row| |- Delete Row| |wf Check Data| | M Graph ‘ ‘c Update Simulation‘

% Particle Species

File: ':LUX]DC_L i

v > Initial Conditions

mil.slf“ kd save ||H5aveh5|| Ed Close || Help ‘

£ Fluid ICs
wso Particle ICs

v [ Boundary Conditio...
Pressure BCs
Flow BCs

\ Injection BCs
Thermal Wall BCs
Passive Scalar BCs

~ & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors

¥ o Chel " SelectRegion
B8 Re Grid Controls

U Re

#. Num

(- Time

v & Dati

2r

Al i

Zm Ay

Dz

Options
STL file units:
Display units:

Coordinates location:

Hide triangles:

Front

Back c
[ Baffles

“#" Advanced options

x—Min'
YMm.
z—Min'

View Controls (remove STL triangles outside of bounds)

-3.30655e-14| z-Max

- [m] X

g

-
W]
Wom |

s Dy Baffles  Grid Controls

I W

A0.047536
Yoo |-1.05161
Z,i |0.855965

[] Thermal Wall BC Editor

Wall temperature distribution

Enabled (On at start of calculation)

Variable or Constant wall temperature

Wall temperature ® File |FLUXEC_heating_c0\| ‘ Edit |

O Specify

Froperties

K

Surface area @ Automatically calculated

O Specify

Region

Set Cell Region (m)

| %0 [-0.871652

| Yo [1.05311

| 2o [2.84234

Heat transfer direction
O X-direction
O ¥-direction
O z-direction

® Normal to surface

Comment

MNormal Limit

v

|Leﬂ Heating coil

£
=+ Pg [TTIT RN

S=mes ===

. Re [ u N ;:;

-1 BT
T

seo PO

© S

2 Run [F

B e

ERE -

oK || Cancel || Help |
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Thermal Wall BCs: Heating Coils

Run Solver Setup (for 1 time-step), and
verify that the thermal wall BCs are
applied correctly.

ST 4b Run Solver Setup (1 time step)

|

ﬂi View Boundary Conditions

BARRACUDA VIRTUAL REACTOR

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

'=E 9o
Project Tree & X
% Setup Grid -
& clobal Settings
- Base Materials
w eso Particles
=4 Drag Models
&) Volatiles
W& Particle Species
v > Initial Conditions
£ Fluid ICs
weo Particle ICs
~ [] Boundary Con...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v ¢ BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
#l Rate Coefficients
V7 Reactions
#. Numerics
(* Time Controls
~ . Data Output
7. Flux Planes
A visualization D...
Zm Average Data
[ Data Planes
v Data Points
= Wall Erosion
+++ Particle Attrition
. Raw Data
wso Population Data
@ Solver Output ...
2 Run
4 Post-Run

W

EIEINEAEN

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

- [m] x
Graphics and Output  Post-processing  Help
) & =i
Thermal Wall BC Manager
D Enabled x1 x2 yl y2 z1 z2 Temperature Comment
000 On -0.947536 -0.871652 -1.05161 1.05311 0.855965 2.84234 FLUXBC_heating_coil.sff Left Heating coil
001 On -0.364804 0.372805 -1.3869 1.43241 0.782005 2.8231 FLUXBC_heating_coil.sff Middle heating coils
002 On 0.820649 0.988426 -1.05392 1.05815 0.836224 2.84164 FLUXBC_heating_coil.sff Right heating coil

Add | | Edit | |

| | Delete

Radiation model for walls Thermal wall output options

Output wall heat transfer as: ® Heat flow rate
Radiation is: O On @ Off
Output transient data automatically

O Heat flux

|gasiﬁer.prj

| C:/barracuda_training/5_Thermal_Reacting_Gasifier/my_setup
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IE Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - m} x
File View Setup Run Graphics and Output Post-processing Help
E wo v @ = i
AR 2 Chemistry Rate Coefficients Manager
- % Setup Grid ~
C h ® Global Settings i) Name Reaction Type Coefficient Type Expression Comment
e I I l I S ry ~ Base Materials 00 ko Volume-Average Arrhenius Chem Rate 6.36 T~1 e~(-22645/ T ) m_C™1 Steam gasification (forward)
v ess Particles 01 k1 Volume-Average Arrhenius Chem Rate 0.0005218 T~2 e~( -6319 / T +-17.29 ) m_C~1 Steam gasification (reverse)
-4 Drag Models 02 k2 Volume-Average Arrhenius Chem Rate 6.36 T*1 e™( -22645/ T ) m_C™1 C02 gasification (forward)
i 03 k3 Volume-Average Arrhenius Chem Rate 0.0005218 T~2 e -2363 / T +-20.92 ) m_C™1 CO2 gasification (reverse)
© volatles 04 k4  Volume-Average Arrhenius Chem Rate 0.006838 T~1 e~( -8078 / T +-7.087 ) m_C*1 Methanation (forward)
<% Farticle Species 05 k5 Volume-Average Arrhenius Chem Rate  0.755 T"0.5 e[ -13578 / T +-0.372 ) m_C*1  Methanation (reverse)
~ I Initial conditions 06 k6 Volume-Average Arrhenius Chem Rate 4.34e+07 T~1 e™( -13590 / T )vf_C~1 Combustion
4 Fluid ICs 07 k7 Volume-Average Arrhenius Chem Rate 7.68e+10 e -36640 /T ) WGS (forward)
wes Particle ICs 08 ks Volume-Average Arrhenius Chem Rate 6.4e+09 e[ -39260 /T ) WGS (reverse)
~ [] Boundary Con...
° e ° ° ° Pressure BCs
T h e ga S Ifl ca t I 0 n re a ct I O n S I I Ste d o n Flow BCs IE Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj - m] x
Injection BCs
Thermal Wall BCs File View Setup Run Graphics and Output Post-processing Help
° ° Passive Scalar BCs ] hﬁ t o | 74 ‘i & = u
~ & BC Connections
the next slide need to be input to b e
Secondary Exits % Setup Grid ~
° ° BC Connectors ® Global Settings i) Reaction Type Rate Equation Comment
t h e C h e m I St r Sect I O n v . Chemistry ~ Base Materials v 00 VA: Stoichiometric Equation: C (S) +H20 => CO +H2
[ ] I Rate Coefficients v ess Particles . ——l= (ko[H20])
¥~ Reactions -4 Drag Models ~ 01 VA: Stoichiometric Equation: CO +H2 == C(5) + H20
#< Numerics (&) Volatiles _ _Roi= (H2]ICO])
- o ~ 02 VA: Stoichiometric Equation: C(5)+C02 =>2CO
( Time Controls &% Particle Species RO2 = (K2[CO2])
® ® ° ° + Data Output ~ 'l Initial Conditions ~ 03 VA: Stoichiometric Equation: 2 CO => C (S) + CO2
L Flux Planes £ Fluid ICs RO3 = (k3[col~2)
Fo r t h I s t ra I n I n g p ro b I e m ) we WI I I Al Visualization D... +so Farticle ICs ~ 04 VA: Stoichiometric Equation: 0.5 C(S) + H2 ==> 0.5 CH4
Im Average Data ~ [] Boundary Con... R4 = (k4[H21)
[ ) [ [ Data Flanes Pressure BCs ~ 05 VA: Stoichiometric Equation: 0.5 CH4 => 0.5 C(S) +H2
use stoichiometric, volume- =
’ = Wall Erosion Injection BCs ~ 06 VA: Stoichiometric Equation: 2 C(S) +02 == 2 CO
+ee Particle Attrition Thermal Wall BCs RO6 = (k6[02])
) '+ Raw Data _Passive Scalar BCs ~ 07 VA: Stoichiometric Equation: CO + H,Z\D == (C02 +H2
average chemistr | e — e
[] Secondary Feeds ~ 08 VA: Stoichiometric Equation: CO2Z +H2 => CO +H20
€ Solver Output ... Secondary Bxits RO8 = (k8[H2]~0.5[c0O2])
% Run BC Connectors
£ Post-Run U v . chemistry
A Rate Coefficients
hs * b4 » Ji" Reactions
| gasifier.prj # Numerics
(** Time Controls
Data Qutput
7. Flux Planes
A1 Visualization D...
In Average Data
=] Data Planes
/v Data Points
== Wall Erosion
+#+ Particle Attrition
Raw Data
=e Population Data
€ Solver Output ...
2 Run
L) Post-Run
v Add - Edit Copy Delete & ¥
¢ | # | ¥ >
| gasifier.prj |C:jba rracuda_training/5_Thermal_Reacting_Gasifier/my_setup |
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Chemical Reactions

Definitions and units:

* M = mass concentration of

carbon (kg/m3)
e T =fluid temperature (K)

* O, =carbon volume
fraction

e [X] = mole concentration
of species X (mol X / m3
gas volume)

BARRACUDA VIRTUAL REACTOR
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Stoichiometric

Reaction . Reaction Rate Expression (mol m™s™) Source
Equation
—22,64
C(s)+H,0 — CO+H, I ; =6.36m.T exp( i 5)[HZO]
Steam Syamlal,
gasification _6319 1992
CO+H, — C(s)+H,0 I, =5.218x107* mCTzexp( : —17.29)[H2][CO]
—22,645
C(s)+CO, — 2CO r,; =6.36m.T exp( )[COZ]
CO, gasification Sylagrglzal,
2CO — C(s)+CO, r,, =5.218x107*m.T Zexp(_ 2,363 20.92)[00]2
-8,07
0.5C(s)+H, — 0.5CH,; I3 = 6.838x10°m.T exp( 8,078 _ 7.087)[H2]
Methanation S%nglzal’
0.5CH, — 0.5C(s)+H, I, =0.755m T 0-f’exp(_l?”sm - 0.:%72j[CH4]°-5
—-13,590
Combustion 2C(s)+0, — 2CO r,=4.34x10"0.T exp( T j[OZ] Yoon, 1978
CO+H,0 — CO+H, I ; =7.68x10% exp(_ 36’64OJ[C0]O'5[H20] B“S;%fgg”te’
Water gas- shift
COp+H, — CO+H,0 Iy, = 6.4><109exp[_ 39260)['42]0'5[(302] Bus%gjme’

cpfd-software.com
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Time Controls

Leave the end-time at 100 s. Timestep Comparison

Gasifier Training Problems

When specifying an end-time, take into .

consideration the various physical time-scales of
the system. How long will the fluidization take to o008 |
become steady? How long will thermal effects
tallzeg How long should chemical equilibrium
take:

Isothermal, no chemistry
—— Thermal, with chemistry

0.006

Timestep, dt (s)

Leave the time-step at 0.01 s.

*  When running this more complex case with
thermal and chemistry calculations, it is likely
that a smaller time-step will be required to
solve these additional equations.

* Keep this initial guess of 0.01 s, but compare
the time-step actually used by the solver
during the run with that of the isothermal
non-reacting gasifier.

0.004 -

0.002 §

0 PRI SR TR NN SN TSNS ST NS S S | S S N SR S ST PRSI TS S T ST S S S S
i0 11 12 13 14 15 16 17 18 19 20
Time (s)

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA 29


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

Tecplot Output Options

Since thermal and chemistry are now
being incorporated into the model, it is
important to review the data output
settings. Make sure that all necessary
output data is selected.
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File View Setup Run

@ Barracuda Virtual Reactor with Chemistry - 20.0.2 - my_setup/gasifier.prj

Graphics and Output ~ Post-processing  Help

Project Tree g x

'mE 9o R ¢ it

% Setup Grid
& clobal Settings
7 Base Materials
w eso Particles
=4 Drag Models
& Volatiles
i Farticle Species
v |- Initial Conditions
£ Fluid ICs
weo Particle ICs
~ [] Boundary Conditi...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v 4 BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
#8 Rate Coefficients
V7 Reactions
#. Numerics
(» Time Controls
~ . Data Output
7. Flux Planes
Al visualization Data
Zm Average Data
[ Data Planes
/v Data Points
= wall Erosion
+»+ Particle Attrition
.. Raw Data
eso Population Data
@ Solver Output Units
2 Run
£° Post-Run

-~

£

¢ | 4 | ¥ | »

Visualization Data Output Options
Output formats

Tecplot (*.plt files)

Output file interval

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

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

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

Cell indices (i, j, k)

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

Particle radius in microns (rad)
[J Constant color (Particle)

[ brag (drag)

[ cloud mass (cldMass)

Gas Species
() Mass fraction (<species>.mf)

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

1 My (Gmv.* files)

MNumber of files produced using current end time of 100s: 1001

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

[ Particle species (Species)
Fluid temperature (f-Temp)
Particle temperature (p-Temp)
Cell volume (cellval)

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

[ Particle mass (mass)

[ Particles per cloud (npCloud)

[ dp/dx (dp/dx)

[ dp/dy (dp/dy)

dp/dz (dp/dz)

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

velocity (vellxyz])
Residence time (ResTime)
Temperature (Temperat)
[ Liquid fraction total (ligFrac)
[ Liquid mass total (liqMass)

® Mole fraction (<species>.nf)

(O Mole concentration (<species=.nc)

Help

|gasiﬁer.prj
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Average Data

Leave averaging start time at 20 s

Since we have now turned on thermal |-,

and chemistry, be sure to check the
boxes for Fluid and Particle
temperature.
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@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj

File View Setup Run Graphics and Output Post-processing Help

'HE 9o g H

Project Tree g X
% Setup Grid -
& clobal Settings
7 Base Materials

4 Volatiles
W& Particle Species
v |- Initial Conditions
£ Fluid ICs Averaging start time s
» Particle IC:
e rartice s Minimum particle volume fraction Cl

~ [] Boundary Condi...
Pressure BCs Time-Averaged Cell Data for Visualization

Average Data Output

Flow BCs Particle volume fraction
Injection BCs

Thermal Wall BCs [ Pressure

Passive Scalar BCs Fluid velocity

v ¢ BC Connections
Secondary Feeds
Secondary Exits [[] Solid mass flux (kg/s m~2)
BC Connectors [ Fluid mass flux (kg/s m~2)

v » Chemistry
#i Rate Coefficients

Particle velocity

Fluid temperature

77 Reactions Particle temperature
#. Numerics O dp/dx
(+ Time Controls
v 4% Data Output L dfdy
1} Flux Planes [ dpfdz
All Visualization Data [ wall heat transfer rate/flux

Zm Average Data
Data Planes
v Data Points
= Wall Erosion
+»+ Particle Attrition
. Raw Data
wso Population Data
@ Solver Output U...
2 Run
£ Post-Run

Gas species

w

EIENEAEN
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Data Points

4 data points along the central axis

Data points can be defined to monitor
many different variables during the
course of a simulation.

For this model, define 4 data points at
different elevations along thecentral |  / /] | .
axis to monitor Fluid Temperature. N om— P o—

Available Data ~ Selected Data
Fluid Density Fluid Temperature

T

Fluid Mass Concentration
Fluid Mass Flux in X

Fluid Ma
Fluid Ma
Fluid Mass Fraction

Fluid Molar Concentration
Fluid Mole Fract

ss Flux in Y
ss Flux in Z

& F 4 ¥

a
e gy "y X Cancel Help
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Particle Volume Fraction

06 L
0.55
05
eC odel Setup
04
0.35
03
0.25
0.2
0.15
@ Barracuda Virtual Reactor with Chemistry - 20.0.1 - my_setup/gasifier.prj 01
[ [ e [ . 005
Run the simulation for a single time-step. [ ity ol e -
Pr(iecl D Run Settings
R e Verify Set Run Calculat
Check the Boundary Conditions: ® chotar.._||  Verseww e
. v ess Particles Note: Run Solver Setup will cause some output _
i :Th | both lver ¢
* Are the flow BCs applied correctly? i | e L || ow et (et o o)
i :0:“'" Ssg\tre Castﬁﬁs feature,dandctthen Run Solver -
. artic... up in the new case directory. Thread Count: |7 -
e Are the pressure BCs applied correctly? v
£ Fluid ... J . GPU Parallel (Parallel license and NVIDIA GF
e Fartic. | ‘[:n_:[= Run Solver Setup (1 time step) ‘ DA CUDA device & I:
[ Bound... levice to run on: prom
Check the Initial Conditions: e s GV o G e
- E g solver GFU memory requiremen
. . L. . Injection ... If you have important output files, preserve thi
* Are particles initialized properly? oo |l vew v vohme racn (5% e e o meren
v & BC Con... Test solver GPU memory requirements with ¢
* Do you have the correct initial bed mass? seconier.
ECI::I'II:I... ‘di i Tl e e, Grseae ‘ 1f temperature limits reached:
.; Ra“tl:a If chemistry mass imbalance:
CheCk Data Output: ’(‘5'6;'.“?:‘::(3 If minimurn disk limit reached:
. . . . G Time C... ‘m View Boundary Conditions ‘ Minimum disk space percent: |1% E
* Are all desired variables in the first Tecplot g e |
fi I e ? :{ Visua-:-.. Command line to run equivalent solver based on input above (copyable to terminal):
° Zm Aver... ‘ﬂ View Flux Planes ‘ C:\Program Files\CPFD'\Barracuda\20.0.1\bin\cpfd.x.exe -gpu gasifier.prj
. . . = Data ...
* Are data points in the correct location? .
wall ...
e Paartic... . . | |
. Raw .. ‘di View Data Points ‘ Store project path and filename as project tag
[ [ [ o
RﬁVlelgv thse r|>r01ect setup with your instructor and o Yyl pe— > - |
then Run Solver Yere
fallil"
(«[2]w]»]
| gasifier.prj | C:/barracuda_training/5_Thermal_Reacting_Gasifier/my_setup | .
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Post processing
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Training Objectives

This post-processing training introduces several techniques that are useful in
monitoring and analyzing Barracuda simulations.

* Additional XY plotting
 Combining multiple views of a simulation into a single animation
 Adding a logo to an animation
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Copy Layout files

Copy and paste all layout files (.lay) from 3_Isothermal_Non-
Reacting_Gasifier\my_setup to 5_Thermal_Reacting_Gasifier\my_setup

Open the layout files to compare the results between the two cases
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Time-Integrated Particle Entrainment

The mass of particles entrained from a fluidized bed is
often of interest. Barracuda VR records particle mass
flow rate, as well as time-integrated particle mass, at
flux planes.

Creajce a
passing t
Tecplot.

e Load all 4 Flux plane files
(FLUXBC_cyclone_* pressure) from the cyclone
inlet pressure BCs using the Barracuda loader

. C_rehate Mappings for each cyclone as shown to the
right

* Click on Mapping Style...

* Click on Create Mapping

e Select X Variable vs Y Variable

* Enter a Mapping name

* Select the file from the Zone category

ﬁlot of the time-integrated particle mass
rough each of the four cyclones using
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Tecplot 360 EX 2019

Plot

XY Line

Show mapping layers
Lines
D Symbols
[ Bars

D Error bars

/ Mapping Style

Click to Select, Drag to §

/Cleate Map... Copy Map

R1 - u] P
O ™ k% Q& e ke V3 dEdd 8 M bAB10000 @
e Quick Macro Panel 8 x
n 50
o 3D Rotation Animation A
oF—— Reset Center of Rotation
I : Cascade Frames
% g ";—\\\ Cyclone 1 Tile Frames
5 \\ ————— Cyclone 2 Load AddOn
N,
= N~ Cyclone 3 Grid
Mapping Style o
Definitions Lines Curves Symbols Error Bars Bar Charts Indices
|
[ ETs] - )
Number Create Mappings
1 Fluid mass flow rate (kg/s) 1: Tir @® bl bie If
2 Fluid volume flow rate (mA3/s) 1: Ti X-Axis variable versus Y-Axis variable for one zone f
Fluid mass flux (kg/s*m*2) 1-Tid ) X-Axis variable versus all other variables for one zone )
4 Time integrated fluid mass crossing flux plane... 1:Til () Y-Axis variable versus all other variables for one zone ]
5 Particle mass flow rate of all species (5 time st... 1: Tin () X-Axis variable versus Y-Axis variable for all linear zones [}
6 Particle mass flux of all species (5 time step av... 1: Tir] e e Cclone 4 | i
7 Cyclone 1 1: Ti - (Lyclone i
8 Time integrated particle mass of species 1 (kg) 10 Tif| XA 1: Time (s) il
9 Time integrated particle mass of species 2 (kg) 1:Tin - Y-Axis: 8: Time integrated particle mass of alls = !
10 Time integrated fluid energy crossing flux pla... 1: Tin [}
f L I gy crossing Tux pia I Zone: 1: C:\Users\niraj\Documents\training_d '| J v
11 Time integrated particle energy crossing flux ... 1: Tir| v ]
, N - Sere for oll cartid B |: 1: C:\Users\niraj..._cyclone_1_pressure E |
1 \erage residence ume ror all particie SF)ECIES. g 2: C:\USEI’S\niraj.,,_cYC|DﬂE_2_DreSSUre IJ
13 Average residence time for particle species 1 (s) L — . 3: C:\Users\niraj..._cyclone_3_pressure j
14 Average residence time for particle species 2 (s) 1: Time (s) 4: C:\Users\niraj..._cyclone_4_pressure
15 Cyclone 2 1: Time (s) 8: Time integrated particl... 2: C:\Users\niraj}
16 Cyclone 3 1: Time (s) 8: Time integrated particl... 3: C:\Users\niraj\
< >
Selection criteria: Select Clear
Delete Map To Top To Bottom Help
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Interpreting Time-Integrated Data

It is important to have a clear understanding of time-

integrated mass data, since many Barracuda files

utilize this concept.

In the plot at right, we are seeing curves that
represent the total particle mass that has passed
through each of the four flux planes since the

beginning of the simulation.

The time-integrated mass is negative due to the sign

convention in Barracuda VR.

* For boundary condition flux planes (e.g., Pressure
BCs and Flow BCs), flow into the system is
considered positive, while flow out of the system is

negative.

e Forinternal flux planes, the sign convention is

Time-Integrated Mass (kg)

based on axis directions. A z-direction flux plane
reports positive values for flow in the positive z-

direction, and negative values for negative z-

direction flows.
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Outlet Gas Composition

For chemicaIIY reacting systems, the gas composition ~ @wecwozes .
at system outlets is often of interest. NEUBRNA QG EeoXbe s A A @ ol WA OD0
Flot F X Quick Macro Panel B X
In Barracuda VR, a flux plane will record gas ap—— 1 F et Centr o Rt
composition information according to the option - Terame
selected in the drop-down box labeled Gas species flux = oF _
plane behavior. ) Srorbars 5 ;
* The gas composition flux plane file will have the ooommme g sf iy G
same name as the normal flux plane file, with a = : DBt
suffix of _gasSpc000_006 (the numbers at the end g op ok g
are determined by the number of gas species used Fy i e S
in the project). R ] —-
E [ —co S
L - —————— H2 Cells by Pressure Gradient
For the Thermal Reacting Gasifier example, we chose Py — S| |ty i Temperatue
Mass Time Cumulative as the gas composition format F —— o2 Cals by Aveage Presure
at each of the four cyclone Pressure BCs. sl ey | [CestyAveocRuidTem
0 20 40 60 80 100 < >
Time (s)
Create a plot of the gas composition at the Pressure BC |cuscomusmons
of Cyclone 1.
BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA 39


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

Interpretation of Gas Composition Plot

This plot is showing time-integrated data, &« R

not mass flow rate. Be careful to note the Dada dvasceoxnslens@adm@mp v@iI000
difference in meaning. o carms o

A
|x‘r Line A | 5 3D Rotation Animation
B Reset Center of Rotation

Show mapping layers |
) Cascade Frames
Lines Tile Frames

The sign convention at Boundary SN of
CO n d It I O n fI u x p I a n e s I s : [ Error bars i ""'--—-_.:::_—_-_____:________________ Transparent Model

| Mapping Style. . | E:r[:lpare Grid and CAD
* In-flow = positive
* Out-flow = negative

i
LI L

Boundary Conditions
Fluxplanes
Data Points

- - Particles by Volume Fraction
-10 = Solid Region

B Particles by Radius
Particles by Species
- Cha Particles by Residence Time
15 = co Particles by TemperatL.Jre

Cells by Volume Fraction

Cells by Pressure

The gas composition plot can be used to : ce
help judge when the system reaches

Time-Integrated Mass (kg)

pseudo-steady state. Once the time- : 02 iy R
Integrated lines achieve constant slope, T HNN: - e [ P
the gas composition at the outlet is no
longer changing.

Flay... Help

Click to Select, Drag to Select Group
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Plotting Fluid Temperature from Data Points

Create an xy plot from trans.data00 1300
file
1290 -
Plot data from all 4 data points
< 12s0f
: :
2 l
E_ 1270 |-
£
m -
= 1260 -
1250 || ———
: N
0 2
Time (s)
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Combining Animations

Using Frames, we can combine
multiple views into a single view.

Watch this video and then create an
image like the one to the right
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Particle Volume Fraction

0.6

100.00 s
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Adding Logos to Animations

final.lay - Tecplot 360 EX 2019 R1 - O X
o ) File Edit View Plot Inset Animate Data Frame Options Scripting Tools Analyze Help
Adding your company’s logo to an Dak# b= %€ @S AWEE o MR -
animation can be eas“y done in — 0 s o Gpfg  Prin e
Snap‘imfﬂf’ffﬂ" B 0 Gicle = - . 0.6 ResetCler.\_terof Rotation
Tecp I Ot. L‘J “:—{HI;YJ ‘}71 i e maieF <« 5. Wednesday_Gasifier » pre_setup v o O Search pre_setup
_ 19 Image/Georeferenced image.. o e ©- m @
* Navigate to the Insert 2 = g
Contour ik’ I;:c ; B
Image/Georeferenced Image... and @ 2o s ‘ﬂ
select the desired image from the = | B
file explorer T e o
e Watch this video and follow along to ===~ o
add a logo to your frame IR . !
Show derived objects . ) _ hep [ open | cCaned |
[ 1s0-Surfaces ;rﬁetaisj Cells by Average Fluid Tempg
[ slices @ ;@ < >
[] streamtraces \iﬂ ;rﬁétaisj " Play... | | Hep |
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Logo

The Final Animation

100.00 s

Particle Volume Fraction

Fluid Temperature nf-CH4
1300 0.22
1 1290 0.2
1 1280 0.18
1270 0.16
1260 0.14
1250 0.12
1240 0.1
1230 0.08
1220 0.06
1210 0.04
0.02

1200
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Additional Post-Processing

Using the skills learned for plotting and making animations, answer the
following questions.

e Does the addition of thermal and chemistry calculations increase the particle
entrainment? Plot the entrainment from the “early entrainment flux plane” for
both the isothermal and thermal + reacting gasifiers.

 Make a combined animation of all gas species mole fractions. This type of
animation is often very informative about the behavior of the chemistry.

»» cpfd
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