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Single-Cell Example Problem Setup

Model parameters
* Unit cube geometry (1mx1mx1m)
* Cube s filled with 200 um diameter coal particles
* Mass of coal particles = 100 kg
e Coalis assumed to be 90% carbon and 10% ash (SiO,)
e |nitial temperature =975 K
* |nitial pressure = 10 atm
* Initial gas composition (mole basis)

* 50% H,0
« 25%H,
*  25%CO

No inlets or outlets for gas or particles

Model will be set up with volume average chemistry
e Steam gasification reaction
 Both forward and reverse reaction directions considered
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Volume Average Project File

° ° @ Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_example.prj
c re ate a n ew p rOJ ect fl I e u n d e r t h e File |e Setup Run Graphics and Output Post-processing  Help
. ‘mE o ® & & H
directory: T s -

% Setup Grid

e Linux: R BARRACUDA

) reg Models VIDTILIAI DCACTND®
X

1) Volatiles
% Particle Species [®] New Project
v > Initial Conditions

~/barracuda_training/4_Chemistry/my_setup # Fludics

== Particle ICs

Project Name “ |

v [ Boundary Conditions N — - - X =
Pressure BCs Project Directory |C.,"tra|n|ng,"4_Chem|str‘,r,"5|ngIe_celI_chem|str‘,r_example,"pre_setup | |L3 Browse |
Flow BCs
Injection BCs [ ok ]| cancel |

L]
L]
° W I n d OWS . Thermal Wall BCs
Passive Scalar BCs COMPUTATIONAL
v &4 BC Connections ( : i PARTICLE /
- FLUID DYNAMICS
Secondary Feeds

Secondary Exits
C:\barracuda_training\4_Chemistry\ my_setup v/ 4 Chomistry
i Rate Coefficients
b :e;ct(i:onf t
#. Numerics
Cj Time Controls

Enter an appropriate project name skl

| single_cell_chemistry_example.prj | C:/training/4_Chemistry/single_cell_chemistry_example/pre_setup

Project description (optional comments)
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Generate the Grid

In the Geometry tab, click Add Geometry

An STL file is included in your project directory, named

cube.stl
 Eachside-length=1m

In the Grid Controls tab:
e Set STL units to “m”
e Click Set uniform grid

e Set Total number of cells to “1”

Make sure to click on Generate Grid when finished
with the previous steps

This type of single-cell system is useful when first
exploring a set of chemical reactions
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@ Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_sxample.prj

File View Setup Run Graphics and Output Post-processing Help
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< tmportGrid | “Vundo ©“redo M1 View STLs

Geometry

. 2. Check Gri‘ O 3. Generate Grid >i4 View Output  Docks  Help
g

3 clobal Settings
' Base Materials
v eeo Particles
«<} Drag Models
(4 Volatiles
% Particle Species
v I» Initial Conditions
£ Fluid ICs
weo Particle ICs
v [ Boundary Con...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ a Chemistry
Al Rate Coefficie...
J§ Reactions
#. Numerics
(- Time Controls

G| 4|9 | »

Filename

cube.stl

Q % Add Geometry
L unit: cm
a7

XYL unit: m

Geometry ~ Baffles  Grid Controls  Grid lines

z

L

z

I

T_’“/

| single_cell_chemistry_example.prj

I |C:ftrainingjﬂl—_chem\stryjsingle_cel |_chemistry_example/pre_setup

Grid Controls

Options

STL file units: @

Display units: m

Coordinates location:

#" Advanced options

Geometry  Baffles

Pointer

Grid Controls

Grid lines
| Total Cells: 1
- | [ Modify x [] Delete
[ Modify y [ Move
[ Modify z

e Reset views

Hide triangles:
Front
Back

e 'rMinl

View Controls {remove STL triangles outside of bounds)

x—Minl

[ Baffles

Set uniform grid

W Uniform Grid Cells X

x0 = [

Grid lines

\» y0=|0

20:|0 |zn:|1 |

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

[ Keep all current major grid lines

Keep all current growth values

Cancel Help

Total number cells =
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Global Settings

File View Setup Run Graphics and Output Post-processing

'wmE o n® & & i

@ Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_example.prj

Help

Project Tree 8 x
(7 Barracuda Virtu...
% Setup Grid

& Global Settings
¢ Base Materials
v ssu Particles
=4} Drag Models
() Volatiles
% Particle Species
~ [+ Initial Conditions
£ Fluid ICs
sso Particle ICs
v [ Boundary Con...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v ﬂ BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ o Chemistry
i Rate Coefficie...
JF Reactions
4. Numerics
(- Time Controls
v (. Data Output
7. Flux Planes
A1 Visualization ...
Zn Average Data
= Data Planes "

i I

Global Settings

Gravity settings

Thermal settings

O Isothermal flow 300

® Thermal flow

Thermal start options

Start with Thermal:

¥ Gravity |0

E

¥ Gravity |0

‘ m/s*

Z Gravity | 0

| m/s*

K

Heat transfer coefficients

® On

Temperature warning limits

Minimum temperature warning (K): |1UU

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

Chemistry settings

(O Off (turn on at restart)

Starting temperature: 300

Maximum temperature warning (K): |6UUU

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. Mote: This feature applies to Volatiles as well as all Chemistry Reactions.

Start with Chemistry:

O off, ramp on from 0
O Off (can be turned on at restart)

Help

| single_cell_chemistry_example.prj

| C:/training/4_Chemistry/single_cell_chemistry_example/pre_setup
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Base Materials

For each species that you want to use
in your project, highlight it in the
Material Properties Library pane, then
click Import to add it to the Project
Material List

* Import SiO2_2 QUARTZ (HQZ), then
select it on the Project material list,
click Edit, and rename it ASH

* Import C_1and renameit C

Choose Compressible Flow to add
multiple fluids
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|E| Barracuda Virtual Reactor with Chernistry - 20.0.0 - pre_setup/single_cell_chemistry_example.prj

Graphics and Output  Post-processing  Help

bk i A TR =

Project Tree g8 x
(7 Barracuda Virtu... #
% Setup Grid

3 clobal Settings
7+ Base Materials
“ e= Particles
=4} Drag Models
0 Volatiles
% Farticle Species
v I» Initial Conditions
£ Fluid ICs
eso Particle ICs
v [l Boundary Con...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
A4 a BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
~ o Chemistry
il Rate Coefficie...
¥ Reactions
#. Numerics
(- Time Controls
v . Data Output
7. Flux Planes
A7 Visualization ...
Zm Average Data
= Data Planes w

G | & |9 || P

Project Material List

ame State Description

s Si02 QUARTZ. (HQZ) COMMON SAl
C CARBON. SOLID GRAPHITE REF EL
CO CARBON MONOXIDE

H2 HYDROGEN. REF ELEMENT

H20 STEAM

M2 NITROGEN. REF ELEMENT

[N ]

Add Edit Copy Delete

Properties

Averaging method for fluid mixture properties (applies to
viscosity, thermal conductivity, and mass diffusivity):

® Mole average ) Mass average

Fl

® Compressible
Incompressible

B: |0 Pref: |0

<- Import

<-Replace->

Material Properties Library

Description ~ | | Contains

Chemical name
AR
Al

B20
B202
B2032
B203
B303CI3
B303F3
B303H3
<

State Description

DN OOCNDoOON 0000060060 non0nonrwon

AIR CALCULATED FROM
Al REF ELEMENT (S)
Al REF ELEMENT (L)
Al
Al20 DIALUMINUM MON
Al202
Al203 ALUMINUM OXIDE
Al203 ALUMINUM OXIDE
Al203 ALUMINUM OXIDE
AlH
AlOZH ALUMINUM HYDR
Alo
AlO2 ALUMINUM OXIDE
AlOH
AR ARGON. REF ELEMED
AR+
B
B
B2
B20
B202 (BO)2
B203 LIQUID DIBORON ~
B203 DIBORON TRIOXID
B303CI3 TRICHLOROBO
B303F3 TRIFLUOROBOR
B303H3 BOROXIN

>

w

las\CPFD\Earracu da\20.0.0\props\cpfd_prop.prp

Browse

Help

| single_cell_chemistry_example.prj

‘ C:/training/4_Chemistry/single_cell_chemistry_example/pre_setup
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Particles

|E| Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_sxample.prj

Set the Close pack volume fraction to = v ser wr comcmoms mpocmsns ey

0.6 and the Particle-to-wall interaction | -«

as shown below
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(7 Barracuda Virtu... ~
% Setup Grid
& Global Settings
- Base Materials
~ eso Particles
*4} Drag Models
1) Volatiles
% Particle Species
~ I Initial Conditions
A& Fluid ICs
eso Particle ICs
~ [] Boundary Con...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v ﬁ BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ a Chemistry
8 Rate Coefficie...
4 Reactions
#. Numerics
(" Time Controls
v 4.4 Data Output
7. Flux Planes
A7 visualization ...
Zn Average Data
Data Planes v

EIENEAES

Particles

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.

Particle-to-particle interaction

Close pack volume fraction: (U.ﬁ

Maximum momentum redirection from collision: 40% E|

[1 Blended acceleration model for the contact force

| Stress Model Advanced Options |

o-wall interaction

Normal-to-wall momentum retention:

Tangent-to-wall momentum retention:

Diffuse bounce:

| single_cell_chemistry_example.prj | C:/ftraining/4_Chemistry/single_cell_chemistry_example/pre_setup
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Particle Species

Click on the Particle Species tab
Click Add

Enter a comment

* Click Applied Materials
¢ 0.9C
0.1 ASH

A mono-sized particle will be used
with a diameter of 200 microns.

Remember that particle size is entered

by radius in Barracuda.

Use Wen-Yu drag model
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@ Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_example.prj

File View Setup Run Graphics and Output Post-processing Help
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RUECes E Particle Species Manager
(7 Barracuda Virtu... ~
% Setup Grid Species-ID  Comment Materials  Diameter Sphericity  Emissivity Drag medel Agglomeration
@ Global Settings o0 | Coal particles C, ASH  200pm to 200pm 1 1 Wen-Yu  Off
v Base Materials (7 Particle Species Editor *
“ «s Particles
=4 Drag Model
<0 Drag Models Species-ID: 1 Drag Model
4 Volatiles | |
; ; Model Name: 7 Wen-Yu ~
& Particle Species Comment: |Coa| particles | / 0.5
v I+ Initial Conditions ; s
M Link T fault Val
£ Fluid ICs Materials: Applied Materials | ame | = au aue
ees Particle ICs — <0 Hinked
v [] Boundary Con... cl Linked
Pressure BCs Predefined PSD: __v
Flow BCs c2 Linked
Injection BCs X .
Thermal Wall BCs PSD Filename: no Linked
zP:cSSI:;SCEW_ECS @ Multiplier (constant):
A nnections —
Secondary Feeds | | O Multiplier (predefined): ~
Secondary Exits Radius o )
BC Connectors O Multiplier (from file): | =
v . Chemistry Minimurm Maximurm .
i Rate Coeffici - < [ Agglomeration
- hate Loeflicle. . ((0.0001 0.0001 )
& Reactions Radius Cut Point: |1.8e-05 m
A N i -
f umencs Sphericity: |1 | Effective Particle Size Filename:
.+ Time Controls
4 Edit |+
¥ 4 Data Output Emissivity: [1 | o
11 Flux Planes
A1 visualization ... I 0K I | Cancel | | Help |
Zm Average Data
= Data Planes v | Add | | Edit ‘ | Copy | ‘ Delete |
(e [2][®]>] .4
| single_cell_chemistry_example.prj / |C:ftra\ning!‘l—_Chemistryfsingle_cell_ch emistry_example/pre_setup |
{7 Particle Composition Editor >
Available Components Mixture Components
— e ——
Component ﬁponent Density (kg/m3)  Mass fraction  Age fa
ASH (5) 2200 0.1 1
< C(5) 2150 0.9 1
Farticle Density (kg/m¥) |2154.9 (calculated) Sum of fractions: 1
o] Goncel || e

cpfd
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Fluid Initial Conditions

For the fluid initial condition:

e 975K

* 10 atm
* 0.50H20
* 0.25H2
* 0.25CO

The mixture should be specified by
Mole fraction
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Project Tree

Graphics and Output  Post-processing
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Help

r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\4_Chemistry\Exarmple_1_Volurme_A

A% HE & m i

% Setup Grid
@ Global Settings
- Base Materials
+ eso Particles
=4} Drag Models
) Volatiles
% Farticle Species
v > Initial Conditions
4% Fluid ICs
== Particle ICs
~ [] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ a Chemistry
i Rate Coefficients
JF Reactions
#. Numerics
(- Time Controls
v & Data Output
T Flux Planes
A GMV Output Options
Zm Average Data
[ 2D Plot Data
Jv Transient Data

{7 Barracuda Virtual Reactor... ~

[3] Fluid IC Editor: 000

Initial Conditions

075

|1.0132e+06

Specify mixture b ‘ﬂ Mole fraction )
o ——

Fluid IC Manager Fluid species | TETe TS |
D on 1 x yl y2 z1 z2 Velocity |U | |[] | |U | m/s
000 0 0010 0010 04
[ mitial conditions from file
IC File =)
/ ] Mixture x
Available Components Mixture :I
Component Component Fraction :l
NZ (G) | Hz20(6) 0.5 B
@ | 0.25
H2 (G) 0.25 ]

Sum of fractions: 1

v,

iy

o] o] e
\ | OK || Cancel || Help |
Add | | Edit | | Copy | | Delete |

L« | & [ % ][ » |

| steam_gasification_1D_tube.prj

| C:/training/4_Chemistry/Example_1_Volume_Average/my_setup

cpfd-software.com

cpfd

9


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

Particle Initial Conditions

Click Add

* Initialize mass in region
* |nitial mass of 100 kg of coal

particles
e T=975K
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|E| Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemi

File View Setup Run Graphics and Output Post-processing  Help

‘AE 9o o 6@ H

P.rojecl ED 2 Particle IC Manager
(7 Barracuda Virtu... »
% Setup Grid D On x1 2 ¥yl y2 3
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V7 Base Materials
v sso Particles
=4} Drag Models
) Volatiles
o Particle Species
v 'l Initial Conditions
£ Fluid ICs
wso Particle ICs
v [ Boundary Con...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v a BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ » Chemistry \
il Rate Coefficie...

J5 Reactions

N\
# Numerics ]_‘ Add | |

(" Time Controls
v 4. Data Output
T Flux Planes

Global Cloud Resolution

A Visualization ... ' '

[@] Particle IC X
Initial conditions
|Ir1i'!:ia|iz~=_l mass in region v|
Particle species |001 - Coal particles v| O b4
Total particle mass |10£] | kg
Temperature ‘9?5 | K
Region
| Set Point Region (m) | 04, T=
Honin |mir1 | Y |max |
Yo | MiN | Ve | max |
Za | i | Zyex | M |
Cloud resolution
® Use global resolution ) . ) |
(O Use local resolution ) ' ) |
O Specify resolution Clouds per cell | | Auto
Special settings
[] Random cloud initialization [ Mo particle momentum
Comment
100 kg of particles in the cell >
0K I | Cancel | | Help | rbution

High ptions

Em Average Data L Medium

= Data Planes v —
EIRIEAED [ hep ]
| single_cell_chemistry_example.prj | C:/training/4_Chemistry/single_cell_chemistry_example/pre_setup |
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Chemistry

For volume average chemistry, the
Stoichiometric and Species forms
cannot be mixed.

In this example, reactions will be
entered in the Stoichiometric form

BARRACUDA VIRTUAL REACTOR

r" Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\4_Chemistry\Example_1_Volume_Average\my_setuph\stearmn_gasification_10_tube.prj

File View Setup Run Graphics and Output

Help

© @Ewo D KEGEH

Project Tree |4

(7 Barracuda Virtual Reac... »
% Setup Grid
3 Global Settings
- Base Materials
v eso Particles
*¢j Drag Models
) Volatiles
% Particle Species
v [» TInitial Conditions
¥ Fluid ICs
eso Particle ICs
v [] 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
W& Rate Coefficients
J5 Reactions
/. Numerics
(- Time Controls
v | Data Output
T Flux Planes
A7 GMV Output Options
Zm Average Data
= 20 Plot Data
s Transient Data
1 Wall Erosion
+++ Particle Attrition
.. Raw Data

<« & hd »

Chemistry

This section creates the Chemistry that will be used in the calculation.

Rate Coefficients - Define Rate Coefficents for use in Reactions.
Reactions - Define Reactions for your chemistry.

Please note that by adding any chemistry setup to the project,

the solver will require a chemistry license in order to run.

Import Chemistry Settings

a Import Materials/Chemistry from another project 0

Volume-Average Chemistry Reaction Type

When using chemical reactions, it is required that the user only enter Volume-Average
reactions of one type, Stojghioaaie BeagUstions or Species rate equations.

Reaction type: @® Stoichiometric O Species
Gas Transport Limiter
Limit mass transfer through a boundary layer: O On ® off (1 ]
Distribute Sensible Heat from Reaction to Particle Phase
Discrete Reactions
® Automatic (1]

O manual 0% s

Chemistry ODE Settings

Relative Tolerance
Absolute Tolerance
Max Mumber Steps | 200000

| steam_gasification_1D_tube.prj

| C:/ftraining/4_Chemistry/Example_1_Volume_Average/my_setup
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Steam Gasification Reaction

Steam gasification is a reaction that converts solid carbon and water into carbon monoxide and hydrogen.

C+H20<—>CO+H2

Reaction is reversible, meaning that full reaction consists of a forward reaction and a reverse reaction.

Forward Reaction
C+ HQO — CO + HQ

[SF] ( )T exp( 22645K) pc [Hy0]

Reverse Reaction

dt kg mol K2

W0~ (157

CO+H2—>C+H20

) T exp (“2H0K) o [1,] [CO]

Note: If gas concentration units are mol/m3, the reaction rate units will be mol/m3/s.
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Forward Reaction Rate

Since we selected Stoichiometric on the main chemistry page, we will be able
to specify the forward reaction by the stoichiometric equation:

C+H20—)CO—|—H2

A Rate Coefficient will be used to specify the forward reaction rate.

d[CO] 3
T'forward = Tdt — (2]—9 k;nKS

) T exp (“2455) e [H,0]

Reaction rate expression:  Tforward = ko [H20O]

Reaction rate units: mol/m3/s Gas concentration units: mol/m?3

In Barracuda:

Rate coefficient: k) = 2197 exp (_2%645) pC

Temperature units: K  Solid Mass units: kg/m?3

BARRACUDA VIRTUAL REACTOR o cpfd
pfd-software.com
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Creating the Forward Rate Coefficient

r‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\4_Chemistny\Example_1_Volume_Average\my_setup'steam_gasification_10_tube.pri - O X

To create the rate coefficient for the = = = = cwemons s o -

‘| B E t e ‘i * ‘ u ] u Coefficient Properties

H i .
forward reaction, go to the Rate A L] e —————— ars o
’ (" Barracuda Vi | Reac... ~ Type: —Arrhemus Chem Rate _z, 1
% Setup Grid D Name Reaction Type Coefficient Type Expre: -

Coefficient is for reaction fge: ® volume-Average (JDiscrete

3 Global Settings

Coefficients section of the tree: 8t Fauation: <o T pT PTG e T types)

=4} Drag Models ko=1

&) Volatiles Values

 Click Add e
. v E“I;ozarmrjzlfy[coindiﬁom =0 ]  essweuwic|  ~
* Check that Volume-Average is e P —E

Injection BCs
Thermal Wall BCs =0 U

S e I e Ct e d Passive Scalar BCs
“ £ b Connections E=p ]
oo o Fo=f |
Secondary Exits
BC Connectors Diameter unit: l:l
. toe =, Sk vossunw: | o]
B8 Rate Coefficients Dependence

V¥ Reactions Area unit: l:l

#. Numerics

(' Time Controls Temperature Weighting
v 4 Data Output Fluid weighting factor: ~ 0.50 WWeighting disabled due
71 Flux Planes to no solids present.
A GMY Output Options Particle weighting factor: 0.50 | T =T
Zm Average Data Comment

= 2D Plot Data | ‘

/v Transient Data
=1 Wall Erosion
+++ Particle Attrition

- Raw Data vl Add | | Edit T Copy I Delete &
[« [+ [ ® ] » ]
| steam_gasification_1D_tube.prj ‘ C:/training/4_Chemistry/Example_1_Volume_Average/my_setup |
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Forward Rate Coefficients

Enter the equation for k0 as follows:

C, € E solids dependence

b oo

kO = 219 T? exp (22645/Tim

Parameters with values of zero will be ignored by the solver.
For example, if c2 is set to zero, then the pressure term will
not be evaluated by the solver during the simulation

Be sure to enter the units for temperature, pressure, density,
mass, etc. as shown on the right

Note that a positive value for E is entered since the GUI
already includes a negative sign in the formula for the
activation energy and that it has units of (K)

There is no universal gas constant, R, in the denominator of
the activation energy term

[@] Chemistry Coefficient Editar

Coefficient Properties

Mame: kO

Type: |ﬁrrheniu5 Chem Rate v|

Coefficient is for reaction type: ® Volume-Average (O Discrete

Equation: Co Tc1 pc2 pfc.'} efc4 e-E,fT+Eu{tvpes}
-— 1 o-22645/T 1

kO=219T'e ITme

Values

@ = |219 |

Ci = |1 | Temperature unit:
C = |U | Pressure unit:
¢ =|o | Density unit:
C =0 |

G = |0

E = [22645 |
E0 = [0 |

Diameter unit:
type; = e Mass unit: | kgfm~3 ~
Dependence

Area unit:

Temperature Weighting

Fluid weighting factor:
Particle weighting factor: |0.50 E

Comment

oK || Cancel || Help

BARRACUDA VIRTUAL REACTOR
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Rate Coefficients: Solids Term

Click on Solids Dependence in the Chemistry Coefficient Editor | e )

Coefficient Properties

window =

Type: |P|rrheniu5 Chem Rate v|

Coefficient is for reaction type: ® Volume-Average O Discrete

* Select C then click Import, make sure that Material coefficient | Eauation: ot o % 0t e type.)
type is set to mass, click OK

* Click OK in the Chemistry Coefficient Editor window e
o C—

@] solids Dependence X Cé; —

Species List Solid Project Species List E0 = D

] Chemical Name State Type Exponent Chemical Name State Description Diameter unit:

o c S mass 1 all S Add all solids as a Solids ; _
| A e O QMARLZ [ types Dependence ass unit: |kg/m

e S CCARBON. SOLIDD Area unit:

<— Import Temperature Weighting

Fluid weighting factor:
Particle weighting factor:

— Comment

Material coefficient type( mass |
S

Exponent on material: |1

< ? ) OK || Cancel || Help |
|Materia| Properties Librar\_.r| 7

\f{}K || Cancel || Help .
BARRACUDA VIRTUAL REACTOR 4 cpfd
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Creating the Forward Reaction

{ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Citraining'd_Chemistry\Bxample_1_Volume_Average\my_setup\steam_gasification_1D_tube.prj - [m| X

Start by entering the chemical e Ve S0 Gt O et e
‘HEd 9o % K€ &GE I

equation for the forward reaction e A —

(" Barracuda Virtual Reac... ~
% Setup Grid D Reaction Type Rate Equation Comment

& Global Settings
- Base Materials
+ w0 Particles

Under Reactions: s

&% Particle Species
v [» Initial Conditions

* Click Add = Volume-Average: .

Stoichiometric rate equation to o

Thermal Wall BCs

define the chemical reaction and its | <

Secondary Feeds
Secondary Exits

reaction rate |

i Rate Coefficients
5 Reactions

4. Numerics

(" Time Controls

v 4 Data Output

7. Flux Planes
A GMV Output Options
Im Average Data
[ 2D Plot Data
A+ Transient Data

T Wall Erosion
+++ Particle Attrition
L. Raw Data SN Add -] | Edit | | Copy | | Delete | & ¥

| <« ” * ” ¥ ” » l Volume-Average: Stoichiometric rate equation

|Steam_gﬁsiﬁcﬁtion_lD_tube-prj Volume-Average: Species rate equation rage/my_setup |

Discrete: Particle rate equation
BARRACUDA VIRTUAL REACTOR cpTd
cpfd-software.com
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Specifying the Forward Reaction Stoichiometry

Define the stoichiometric reaction by 13 ChemiseySccometic Eqton e <
e Ith e r: Stoichiometric Equation Editor

Directions: Choose Equation Units for this Stoichiometric Chemistry. Equation Units

* Typing directly into the text box usin e . | e e v
t h e C h e m I .Ca | n a m eS n e. e d ed tO m atC equation. Press the Check button to verify equation is valid. Gas speces unit -
the name in the materials library N frer 2 stoctiomet reacon

. . . C(5) +H20 == CO+H2
* Clicking in the text box to place your S
C U rSO r I n t h e a p E rO p rl ate pOS It I O n ) t h e n Expected Power Law rate equation format: c0 (k + k - ...) [materiall]~power [material2]~power + c1 ...

. . Example of valid Power Law rate equation format: 1.2 ( 1.5 * k0 - 3 * k1 ) [H20]"™1.5
u S I n g t h e Ad d C e m I Ca | b u tto n Example of invalid Power Law rate equation format: ( k0 * k1 ) [H20]"1.5  Coeefficients cannot be multiplied.
Example of LH expected format: (cOk[1+clk[]I+..0/(1+c2k[]+c3k[]+...)" power
Example of groups of rates: ( c0 kO [02] - c1 (0.5k1-k2) )1.5 ( c1(k3) [CO]~0.5[02] ™1

Enter a rate equation for the stoichiometric reaction in efther Fower Law or Langmuir-Hinshelwood form.

With either method, you will need to o = [catrzoD

type in the “+” signs and coefficients for
each species. The characters “=>"

represent the forward direction for the
reaction

Coefficients Manager

Set the Gas species units to mol/m3

BARRACUDA VIRTUAL REACTOR cpfd
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Specifying the Forward Reaction Rate

@ Chemistry Stoichiometric Equation Editor X

To enter the rate equation for the

[ ]
rea ct I o n’ Directions: Choose Equation Units for this Stoichiometric Chemistry. Equation Units

Enter a stoichiometric reaction and rate equation in the blanks provided.  Reaction rate units: | mol/m3/s >
Use Add Chemical and Add Coefficient to insert either into the

¢ Cl i C k Ad d VO | um E‘Ave I'a ge equation. Press the Check button to verify equation is valid. Gas species units: | mol/m3 >

Enter a stoichiometric reaction.

Coefficient and select kO, .
° CI i C k Ad d C h e m i Ca I a n d S e | eCt H 2 O aped;m:ff:; rate‘:dqdui::r:n;::’lat: c0 (k + k- ...) [materiall]*~power [material2]~power + cl ...

Example of valid Power Law rate equation format: 1.2 ( 1.5 ® k0 - 3 * k1 ) [H20]"~1.5
Example of invalid Power Law rate equation format: ( k0 * k1 ) [H20]~1.5  Coefficients cannot be multiplied.
Example of LH expected format: (cOk[]+clk[]+..)/(1+c2k[]+c3k[]+..) power

Use the Check buttons to verify that oo 2 ot oo o he SOt rencion st e o o ot ot o
both the chemical equation and the \W £Juateo)

Check Add Volume-Average Coefficient| |Add Chemical Coefficients Manager

rate equation are formatted properly s

Click OK

/

BARRACUDA VIRTUAL REACTOR cpfd
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Forward Reaction Rate

|E| Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_example.prj — [m| X

The forward reaction rate equation is = = =« w cmcmoms mayme

'mE vond g@
now complete: £ p——

% Setup Grid i Reaction Type Rate Equation Comment
® Global Settings A EUUE\M: Stoichiometric Equation: C(S)+H20 == CO +H2

e Rate coefficient and units e

=4} Drag Models
1) Volatiles

* Stoichiometric chemical equation | s

¥ Fluid ICs
wso Particle ICs

* Reaction rate equation - iy con

Flow BCs

Injection BCs

* Reaction rate and concentration Passe Scar 5

~ & BC Connections
. Secondary Feeds
u n I t S Secondary Exits
BC Connectors
¥ a Chemistry
B8 Rate Coefficie...
i Reactions
/. Numerics
(~* Time Controls
v & Data Output
7. Flux Planes
A7 Visualization ...
Im Average Data
= Data Planes
/v Data Points
= Wall Erosion

++e Particle Attrtion v || | Add -] | Edit | | Copy | | Delete | [#] [¥]
EIEYNEAE

| single_cell_chemistry_example.prj |C:ftraining{4_ch emistry/single_cell_chemistry_example/pre_setup |

cpfd
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Reverse Reaction Rate

We will specify the reverse reaction by the stoichiometric equation:

A Rate Coefficient will be used to specify the reverse reaction rate.

In Barracuda:

BARRACUDA VIRTUAL REACTOR

CO+ Hy — C+ HyO

d[H,0] _
dt (15 7 kg OIK2

) T exp (S2H0K) oo [1,] [CO]

Reaction rate expression:

T'reverse — kl [HQ] [CO]

Reaction rate units: mol/m3/s Gas concentration units: mol/m3

Rate coefficient: £ =

Temperature units: K

15. 7T2 exp ( 33190) peC
Solid Mass units: kg/m3

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

Rate Coefficient: Reverse Reaction

In a similar manner, add the rate coefficient for
the reverse reaction

Under Rate Coefficients, click Add and enter the
equation for k1 as follows:

C,¢ € E solids dependence

Lo b

k1l =15.7 T2 exp (-33190/Tim_

Check that Volume-Average is selected and that
units are selected for temperature, pressure,
density, mass, etc.

Remember to click on Solids Dependence to
select C and set Material coefficient type to mass

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

File View Setup Run

Praject Tree

{7 Barracuda Virtual Reac... ~
% Setup Grid
& Global Settings
¢ Base Materials
v eso Particles
=4} Drag Models
() Volatil

&% Particle Species
~ I Initial Conditions
£ Fluid ICs
we Particle ICs
~ [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
‘assive Scalar BCs
v £ BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
i Rate Coefficients
/5 Reactions
#. Numerics
(> Time Controls
v (& Data Output
11 Flux Planes
A GMV Output Options
Im Average Data
[ 2D Flot Data

{7 Barracuda Virtual Reactor with Chemists ry - 17.3.0 - /Ci\trainin, g'4_Chemi
Graphics and Output  Post-pi

rDCESS\Hg
B =Ed 9oy K€ & ]

% Chemistry Rate Coefficients Man:

D Name

Reaction Type
00 ko Volume-Average
01 k1 Volume-Average

cpfd-software.com

/v- Transient Dat;
=i Wall Erosion
» Particle
. Raw Data = Add
[« [+ [* [» |
| steam_gasification_1D_tube.prj | C:/trainin g/4_Chemistry/|

[B] Chemistry Coefficient Editor

Coefficient Properties

Name: k1

Type: |Arrheniu5 Chem Rate v|

| Coefficient is for reaction typ" ® Volume-Average )( J Discrete
H

Equation: ¢, T p* pi~ 0¢* e ¥/ {type.}
ki = 15.7 T2 e 33190/T 1

Values

w-[57 |

S
S —

E = |33190

Solids
Dependence

Tempergfure Weighting
Fluid weighting factor:

Pressure unit:
Density unit: | kg/m~3 ~

Diameter unit:
Mass unit: | kg/m="3 ~
areaunit: ||

Particle weighting factor: |0.50 EI

Comment

OK || Cancel || Help |

[T ®]

cpfd
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Chemical Equations: Reverse Reaction

Define the stoichiometric equation for the
reverse reaction:

* CO+H2->C+H20

Enter the rate equation for the reverse
reaction as follows:

* RO1=k1[H2][CO]
Set Gas species units to mol/m3
Use the Check buttons to verify that both

the chemical equation and the rate equation
are formatted properly

Click OK

BARRACUDA VIRTUAL REACTOR

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

(\ Barracuda Virtual Reactor with Ch)

File View Setup Run Grapl

@ j@E w0

Project Tree g x
(" Barracuda Virtual Reac... A
% Setup Grid

3 Global Settings
- Base Materials
~ s Particles
=4} Drag Models
& Volatiles
o Particle Species
~ I Initial Conditions
£ Fluid 1ICs
e Particle ICs
~ [] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ &I BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v » Chemistry
I Rate Coefficients
“§" Reactions
#. Numerics
(" Time Controls
~ 4. Data Output
7. Flux Planes
A GMV Output Options

H = |(arH2ico)
N\

Zmn Average Data

@ Chemistry Stoichiometric Equation Editor

Stoichiometric Equation Editor

Directions: Choose Equation Units for this Stoichiometric Chemistry. Equation Units

Enter a stoichiometric reaction and rate equation in the blanks provided.
Use Add Chemical and Add Coefficient to insert either into the
equation. Press the Check button to verify equation is valid.

Reaction rate units:  mol/m3/s

Enter a stoichiometric reaction:

L3

Gas species unit w

‘co +HZ  =>C(S)+H20
A

Check Add Chemical

Expected Power Law rate equation format:
Example of valid Power Law rate equation format: 1.2 (1.5 * k0 -3 * k1 ) [H20]"~1.5
Example of invalid Power Law rate equation format: ( k0 * k1 ) [H20]"1.5
Example of LH expected format:
Example of groups of rates:

Enter a rate equation for the stoichiometric reaction in either Power Law or Langmuir-Hinshelwood form.

c0 (k + k - ...) [material1]~power [material2] ~power + cl ...

Coefficients cannot be multiplied.
(cOk[1+ctk[1+.)/(1+c2k[I+c3k[]+..) power
(0 ko [02] - c1 (0.5k1-k2) 1.5 ( c1(k3) [CO]~0.5[02] -1

Check Add Volume-Average Coefficient | Add Chemical

Comment

Coefficients Manager

| ~

Cancel

Help

[ 2D Plot Data

/v Transient Data

1 \Wall Erosion

#+s Particle Attrition

. Raw Data >

s * A4 >

/' Add - Edit Copy Delete

+ ¥

‘ steam_gasification_1D_tube.prj

| C:/training/4_Chemistry/Example_1_Volume_Average/my_setup

cpfd-software.com
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Reverse Reaction

The reverse reaction is now complete

BARRACUDA VIRTUAL REACTOR

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

cpfd-software.com

File Wiew Setup Run

Graphics and Output

mE 9o o 6@ H

@ Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_example.prj

Post-processing  Help

Project Tree g8 X
(7 Barracuda Virtu... »
% Setup Grid
@ Global Settings
7 Base Materials
v eeo Particles
=<} Drag Models
4 Volatiles
% Particle Species
~ 'l Initial Conditions
¥ Fluid ICs
wsu Particle ICs
v [ 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
i Rate Coefficie...
i Reactions
#. Numerics
(- Time Controls
v . Data Qutput
7. Flux Planes
A Visualization ...
Zmn Average Data
= Data Planes
Sv Data Points
= Wall Erosion

+++ Particle Attrition «

Chemistry Reactions Manager

D Reaction Type Rate
“ 00 VA: Stoichiometric Equation:

Equation
C(5)+H20 =>CO +H2

RUU =
VA: Stoichiometric Equation:
RO1 =

CO +H2 =>C(S
(Ki[H2][COT)

Comment

| Add

Edit

Copy

Delete

| [#] [¥]

EKIENEKAED

| single_cell_chemistry_example.prj

|C:,"training,"4_Chemistry,"singIe_cell_chemistry_example,"pre_setup

|
cpfd
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Time Controls

Enter Time step and End time as

shown:

BARRACUDA VIRTUAL REACTOR

cpfd-software.com

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

File View Setup Run

@ Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_sxample.prj

Graphics and Output  Post-processing Help

‘reE o & mH

Project Tree & x
(7 Barracuda Virtu... »
% Setup Grid

3 Global Settings
7 Base Materials
v eeo Particles

*¢} Drag Models
) Volatiles

% Particle Species
v = Initial conditions
£ Fluid ICs

eso Particle ICs

~ [] Boundary Con...
Pressure BCs

Flows BCs

Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ & BC Connections
Secondary Feeds
Secondary Exits

BC Connectors

¥ o Chemistry

i Rate Coefficie...
JF Reactions

v . Data Output
T Flux Planes
AT Visualization ..
Zn Average Data
= Data Planes
/v Data Points
7 Wall Erosion

+++ Particle Attrition «

EIRNEIES

Time Controls

This section allows configuration of the time step size to take during a
period of time for the calculation. Only the first row is required.
Subsequent rows can be entered to have different time steps for
different time periods. For example, starting the calculation at a smaller
time step is recommended, and then increasing the time step for rows
2-5 over simulation time.

Time step and duration settings

End time

|Adva nced time step setti ngs|

Restart file intervals

Restart interval (IC_###) simulation seconds
Backtrack interval (IC_) realtime minutes

| single_cell_chemistry_example.prj

| C:/ftraining/4_Chemistry/single_cell_chemistry_example/pre_setup

cpfd
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Visualization Output Options

Enter a Plot interval of 0.5 s

Choose the output variables shown on | .5xens

the right

Note that only one Gas Species option | .=a:
can be chosen, in this case use Mass

concentration

BARRACUDA VIRTUAL REACTOR

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

1pE e

i -

Project Tree g x
*<} Drag Models [
) Volatiles

&% Particle Species

A Fluid ICs
=eo Particle ICs

v [] Boundary Con...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs

Secondary Feeds
Secondary Exits
BC Connectors
v . Chemistry

B Rate Coefficie...
47 Reactions

/. Numerics

(- Time Controls

v 4. Data Output

71 Flux Planes
A7 visualization ...
Zm Average Data
[ Data Planes
/v Data Points
= Wall Erosion
+#+ Particle Attrition
.. Raw Data
wsu Population Data
& Solver Qutput ...

2 Run

£* Post-Run v

¢« |+ | ¥ | »

Visualization Data Output Options
Output formats

Tecplot (*.plt files)

O GMv (Gmv.* files)

Output file i
FPlot interval: (0.5 ) Number of files produced using current end time of 10s: 21

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

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

[] bynamic 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)
[ Constant color (Particle)

[ brag (drag)

Cloud mass (cldMass)

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

(®) Mass concentration (<species>.mc)

[ Particle bulk density (p-dens)
[ Turbulent viscosity (ViscTurb)
O crL (cr)

[ 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)

O dp/dx (dp/dx)

O dp/dy (dp/dy)

[ dp/dz (dp/dz)

[ Particle mass flux (P_Dxyz]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 (ligMass)

O Mole fraction (<species=.nf)

(O Mole concentration (<species>.nc)

Help

| single_cell_chemistry_example.prj

|C:Itraining,«’4_Chemistry;’single_celI_chemistry_example;’pre_setup

cpfd
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Data Points

@ Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_example.prj

File Wiew Setup Run Graphics and Output Post-processing Help

Define a single Data Point atthecell . caso 9 can

center, and select the output data BT e [T
& Particle Species 000 (!

h wn . ~ L Initial Conditions S
S o ’ £& Fluid ICs | ——

wsu Particle ICs

v [ Boundary Con... x 0.5 lylos |z|0s
Pressure BCs
Flow BCs i ~
Injection BCs Available Data Selected Data
Thermal Wall BCs Fluid Mass Flux in X Fluid Temperature
Passive SCEW_ECS Fluid Mass Flux in Y Pressure
¥ ¥ BC Connections Fluid Mass Flux in Z B Fluid Density
Secondary Feeds . - !
: Fluid Velocity in X Particle Temperature
Secondary Exits . o £ ) )
BC Connectors Fluid Velocity in ¥ Particle Volume Fraction
v . Chemistry Fluid Velocity in Z &5 Fluid Mass Fraction
i Rate Coefficie... Particle Velocity in X Fluid Mole Fraction
/5 Reactions Particle Velocity in ¥ v Fluid Mass Concentration
#. Numerics Particle Velocity in Z Fluid Molar Concentration
C Time Controls Pressure Gradient in X Stoichiometric Equation Rate
¥ 4% Data Output Pressure Gradient in ¥ v
T Flux Flanes
A Visualization ... Comment |
Zn Average Data
[= Data Planes 0K | | cancel | | Help
/v Data Points
= Wall Erosion
++= Particle Attrition
.. Raw Data \
=s Population Data | \ add | | Edit | | Copy | | Delate
@ Solver Output ...
= Run Output Filename |trans.data
£} Post-Run v
EIESREAEN
| single_cell_chemistry_example.prj |C:,I’training,l’fl-_chemistryfsingIe_cell_chemistr‘,r_example,l’pre_setup

BARRACUDA VIRTUAL REACTOR
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Run the Simulation

@ Barracuda Virtual Reactor with Chemistry - 20.0.0 - pre_setup/single_cell_chemistry_sxample.prj

File WView Setup Run Graphics and Output Post-processing  Help

Run the simulation

BARRACUDA VIRTUAL REACTOR

‘mE 9o ) ga it

Project Treef X

W Setup ... ~
@ clobal ...
7 Base ...
v weo Particles
=4 Drag ..
) Volati..
o Partic..
v [ Initial ...
£ Fluid ...
weo Partic..
~ [ Bound...
Pressure ..
Flow BCs
Injection ...
Thermal ...
Passive S..
v ¢ BC Con..
Secondar..
Secondar..
BC Conn...
¥  Chemi...
i Rate ...
JF React..
4~ Numeric:
(" Time C...
¥ 4. Data O..
70 Flux...
Al visua...
Zm Aver...
= Data ...
s~ Data ...
= wall ...
+++ Partic..
.. Raw ...

sso Popul...
& Solve...

L) Post-R.. ¥

Do

Run Settings
Verify Setup

Note: Run Solver Setup will cause some output
files to be modified. I you have important output
files, preserve them by using the File menu,
Save Case As feature, and then Run Solver
Setup in the new case directory.

Sl e e e )

Check Setup

ﬂi View Initial Particles, Volume Fraction

ﬂi View Initial Particles, Species

ﬂi View Boundary Conditions

ﬂi View Flux Planes

di View Data Points

Run Calculation
Solver Launch Options
Mote: These options apply to both Run Solver and Restart Solver unless otherwise specified.
[ cpu Parallel (Parallel license required)

Thread Count: |7 -

[ cPu Parallel (Parallel license and NVIDIA GPU required)

NVIDIA CUDA device to run on: prompt ~

Fallback to CPU behavior if CUDA error: |auto «

Note: Testing solver GPU memory requirements will cause some output files to be modified.
If you have important output files, preserve them by using the File menu, Save Case As
feature, and then test the GPU memory requirements in that new case directory.

Test solver GPU memory requirements with current settings (option: -dryrun)

Universal Options

If temperature limits reached:
If chemistry mass imbalance:
I minimum disk limit reached:
Minimum disk space percent:

Advanced command line flags: |

[ Quit on prompt

[ Quit on lost license

[ Quit on FE_INVALID

Command line to run equivalent solver based on input above (copyable to terminal):

C:\Program Files\CPFD\Barracuda'20.0.0\bin\cpfd.x.exe single_cell_chemistry_example._prj

Project tag

Store project path and filename as project tag

:"#}Run Solver u Restart Solver f} Interact

| single_cell_chemistry_example.prj

|C:ftrainingfﬂr_chemistryfsingle_cel |_chemistry_example/pre_setup

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA
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Plotting Data Point Information in Tecplot for Barracuda

Open Tecplot for Barracuda using the Postprocessor button in Post-Run

. File = Load Barracuda data... 2 Load Data File

e Select trans.data00

*  Copy the default plotting frame, and paste it 3 times to get 4 frames total
* Tile the frames in a 2x2 grid pattern (see this video for instructions on

frames and this video for instructions on xy plots)

Create the following 4 plots (see next slide for larger version of final result):
* Plot 1: fluid temperature on left axis, pressure on right axis (both plotted

vs time)

*  Plot 2: particle volume fraction vs time
* Plot 3: mole fractions of gas species vs time

. Plot 4: reaction rates vs time

Hint: use Ctrl+F to rescale axes after selecting data or adjusting plot sizes

Export a PNG image of the array of plots

Save a layout file for this analysis
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inal Plotting Result in Tecplot for Barracuda
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Verifying Reaction Rateatt=0s

A | e | ¢ |
1 |Initial Conditions in Simulation
2 |Volume of cell 1 m"3
Advantages of using a single-cell system: 3 |Fluid temperature 975 K
. . 4 Absolute pressure 1.01E+06 Pa
e Easy to set up and run simulation 5 |Mass of particles 100 kg
* Possible to hand-calculate reaction rateatt=0s o vassfraction of CIn particles 93
. ] ~|Mass concentration of C 30 kg/m~"3
* Helps to ensure that chemical reaction rates have been entered 8 |Ideal gas constant 8.3145 J/mol/K
correctly 9 |Mole fraction of H20 0.50
10 |Mole fraction of H2 0.25
11 |Mole fraction of CO 0.25
See spreadsheet containing hand calculation: 12 |Molar concentration of H20  6.2492E401 mol/m*3
Steam gasification hand Calculation . XlSX 13_MOIarc0ncentrati0nG‘FHE 3.1246E+01 I'I"IDI;’FI'I"I'"@
—_ —_ e 14 |Molar concentration of CO 3.1246E+01 mol/m"3
15
Verify that the first time-step result in trans.data00 matches 16 Hand-calculated Reaction Rates
expected reaction rate result from spreadsheet /‘”’—F“’““"*"“j reaction, P40 3.83445 05 lkmol/m"3/5
18 Reverse reaction, ROL 2.1573E-06 kmol/m"3/s

% trans.datal0 (C\training\4_Chemistry\single_cell_chemistry_sxample\pre_setup) - GVIM = m} *
File Edit Tools Syntax Buffers Window Help

QERE e i o B E3ATHa 22

28 #2 20 “Hole concentration H2 @ (5.08686e-61, 5.008e-81, 5.6808e-81)" "mol/mT3" 1 1 1 " C_QAARAe-81 C.A0AAAe-981 S._@@@@@e-@1" T U A
29 #3 21 “Hole concentration H20 @ (5.888e-81, 5.888e-81, 5.0808e-81)" "mol/m"3" 1 1 1" " 5.00000e-61 5.00800e-81 5.80088e-81" ™ ™
30 (B 22 "Hole concentration N2 @ (5.880e-061, 5.008e-81, 5.886e-01)" "mol/m"3" 1 1 1" " 5.00000e-61 5.00000e-01 5.80008e-81" "
31 #@ 23 “Stoichiometric equation rate RAG @ (5.0800e-81, 5.808e-01 -B08e-01)"" "Kmol/s*m” 3" 1 1 1" " 5.0808@e-81 5.80808e-61 5.000888e-81" " ¢
, 5.008e-01)" €= “kmol/s*m” 3" 1 1 1" " 5.00000e-01 5.00000e-01 5.00008e-81" ¢

32 #8 24 “Stoichiometric equation rate RB1 @ (5.808e-81, 5.0080e— kmol
e+08 9.7500000000e+02 4.6405919662e-02 4. 2424242424e-01 3.0203030203e-02 5 _4C45454545e-01 0.0000000000c+00
89096244e-01 6.2492211603e-02 1.124850808%e+00 0.0000000000e+00 3.1246105801e+081 3.1246105801e+

33 0.000000e+00 9.7500000000e+02 1.0132000000e+06 2.0622429
2.50000000000-81 2.5000000080e-81 5.
81 6.2492211603e+61 0.0000000080e+00 9.8344346401e-05 2_1573151680e-06

v
30,1 2%
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Summary

This example problem introduced several important components of a typical
Barracuda simulation with chemistry:

* Importing multiple materials

* Defining chemical reaction rate coefficients

* Defining stoichiometric chemical reactions

* Defining reaction rate expressions

* Defining a reversible chemical reaction by splitting the reaction into forward and

reverse directions

Additionally, some specific concepts for verifying chemistry input were presented:
* Asingle-cell case is often the easiest and fastest way to verify that chemical

reaction rates have been specified correctly in Barracuda

* For reaction sets with multiple reactions, it is best to create a single-cell

simulation for each reaction

Once chemical reactions have been verified using this method, import them into
the full simulation project using Import Chemistry.
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Chemistry

This section creates the Chemistry that will be used in the calculation.

Rate Coefficients - Define Rate Coefficents for use in Reactions.
Reactions - Define Reactions for your chemistry.

Please note that by adding any chemistry setup to the project,
the salver will require a chemistry license in order to run,

Import Chemistry Settings

|__‘ Import Materials/Chemistry from another project

When using chemical reactions, it is required that the user only enter Volume-
Awverage reactions of one type, Stoichiometric rate equations or Species rate
equations.

Reaction type: ® Stoichiometric O Species
Gas Transport Limiter

Limit mass transfer through a boundary layer: O on @ Off

Distribute Sensible Heat from Reaction to Particle Phase

Discrete Reactions
(® Automatic
O Manual 0%

Chemistry ODE Settings

Relative Tolerance
Absolute Tolerance
Max Number Steps 200000
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