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Training Plan

e Chemistry training will be provided in three parts
e Lecture: Introduction to the Chemistry module
e Volume Average Chemistry
e Discrete Particle Chemistry
 Example 1: Set up of training problem using Volume Average Chemistry

 Example 2: Set up of training problem using Discrete Particle Chemistry
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Steam Gasification Tube Setup

The steam gasification system consists of

Two cases will be modeled in this system:

A model for Case #1 will be set up with volume average chemistry

A narrow square tube (1 cm x 1 cm x 40 cm)
Tube is filled with 200 um diameter coal particles.

Coal particle locations are fixed in space with a volume fraction of 0.4 and
initial temperature of 975 K

Top of tube is pressurized to 10 atm.

Coal is assumed to be 90% carbon and 10% ash (SiO2)

Case #1: Pure steam enters bottom of tube at 1 cm/s and 800 K.

Case #2: Steam containing 10% by volume fine coal particles
(20 um) enters the bottom of tube a 1 cm/s and 800 K. Fine coal particles pass
through the interstitial spaces in the fixed coal bed.

Case #1

Case #2
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Steam Gasification Reaction

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

C+ H>O +— CO + H,

hydrogen.

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

reaction.

Forward Reaction
C+H,0O — CO+H,

d[co] _ (219 ) T exp ( 22645K) pc [Hy0]

dt kg Ks

Reverse Reaction

CO—I—H2—>C—I—H20

d/H,0
ol — (15.7

kg mol K2

) 77 exp (<42K) g [Hy] [CO)

* Note: If gas concentration units are mol/m3, the reaction rate units will be mol/m?3/s.

The chemical kinetics shown are for demonstration or education purpose only and have not been validated, nor are they recommended for any application. Development,
validation, and use of chemical kinetics is the User's responsibility, and CPFD Software, LLC, does not warrant or endorse these chemical kinetics for any purpose.
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Volume Average Project File

* Create a new project file under the directory:
* Linux: /home/training/barracuda_training/4_Chemistry/Example_1 Volume_Average/my_setup
*  Windows: C:\training\4_Chemistry\Example_1_Volume_Average\my_setup

* Enter an appropriate project name
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Generate the Grid

In the Geometry tab, click Add
Geometry

An STL file is included in your
project directory, named rect.stl

* x-width=1cm
e y-width=1cm
e z-width=40cm

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

e Set Total number of cells to
”40”

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

This type of 1-dimensional tube is
useful when first exploring a set of
chemical reactions
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Global Settings
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Global Settings

Gravity settings

T
| m/s?

Gravity | 0

y Gravity |[]

Gravity |—9.8
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Thermal settings

() Isothermal flow

® Thermal flow |

Thermal start options

300 K

Heat transfer coefficients

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

Starting temperature: | 300 K

Temperature warning limits
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(] Output minimum and maximum temperatures in system to MinMaxTemp.data log file

Chemistry settings
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file. Note: This feature applies to Volatiles as well as all Chemistry Reactions.
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| steam_gasification_1D_tube.prj
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Base Materials

e 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

e |Import Si0O2_2 QUARTZ (HQZ), then select it on the Project material list, click Edit, and rename it
IIASHII

e Choose Compressible Flow to add multiple fluids
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Particles

* Set the Close pack volume fraction to “0.6” and the Particle-to-wall interaction as shown below
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Normal-to-wall momentum retention: |0.85

Tangent-to-wall momentum retention:

Diffuse bounce:
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Applied Materials

Add Materials using the buttons below. All Mass Fractions should sum to 1.0.

Mass Fractions sum to: 1.0
——
’m State Mass Frac Density (kg/m~3) Age
< 00 C1 s 0.9 2150 1
01  AsH s 0.1 2200 1
| Add ]| Edit | [ Copy [ Delete

Overall particle density
® Automatically calculated: 2154.9 kg/m?

Manually entered: kg/m’
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Fluid Initial Conditions

e For the fluid initial condition, fill the tube with 100% N, at a pressure of 10 atm and a temperature

of 975 K
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T Flux Planes
A GMV Output Options
Zm Average Data
[ 2D Plot Data
Jv Transient Data

{7 Barracuda Virtual Reactor... ~

< | & [ % ][ » |

r Applied materials

Applied materials

Fractions sum to: 1.0
D Material State Fraction

0oo M2 G 1

| Add material | | Edit | | Delete
Fraction type

® Mass fraction

O Mole fraction
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Particle Initial Conditions

* Click Add to specify the initial volume fraction of the coal particles at “0.4”
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Pressure Boundary Conditions

Define the fluid species for the Pressure BC as 100% N,

Be sure to enter the Flux plane name as “FLUXBC_pressure_outlet”

File View Setup Run
C ‘=23 9o:

Project Tree =

Graphics and Output
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i Rate Coefficients
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Pressure boundary condition

Region Fluid behavior at boundary

O Pressure file:

Direction: -
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Select region (m)

Area fr
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Pressure

1.0132e+06 Pa
Temperature K

K-factor

yi [0 | y2 [0.01 |

2 |0.39

| 22 0.4 |

Flux plane options
Properties

Edit

Particle behavior at boundary

@ No particle exit

() Particle out flow

to Max = |UNLIMITED

Particle radius(m) range allowed to exit:

Min = |0
L1
(O Particle feed (Slip and vol frac)

Flux file name: |FLUXEC_pressure_outI et

Gas species flux plane behavior:

Fluid properties if inflow | Interior cell valug

[ subdivide by T

[] output raw particle data
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Applied fluid species ine fluid speg
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|1U atm pressure at outlet

a= |0
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| steam_gasification_1D_tube.prj
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Flow Boundary Conditions

0.01 m/s H,0, at T =800 K and P = 10 atm

e Be sure to enter the Flux plane name as “FLUXBC_flow_inlet”

Remember to save the velocity file before closing the file window

In the Applied materials window, select 100% H,O

For the Flow BC, use a velocity file to specify the flow of fluid into the bottom of the tube. Feed

]ﬁ Applied materials

Applied materials

1.0

/ Fractions sum to:

o Material
000 HzO

{7 Flow BC Editar

Flow boundary condition

Region
Select region (m)
x [0 | [0.01
y.[o 'y [om
z o |z [0.01

Flux

"

a:

Mass Fraction

[ subdivide by radius

[ output raw particle data

Comment

Radius divisions |5

‘Fluw BC inlet at bottom of tube

Flow direction

O s-direction flow

O y-direction flow

@® z-direction flow

¥/y/z variation angle degrees
Flux plane name: |FLUXBC_flow_inlet DNOWH to surface flow  Normal Limit = | €@

O Direction flow vector

ul0 V|0
Force absolute direction

Vector variation angle | 15

Behavior at boundary

Fluid behavior at boundary

Farticle behavior at boundary

State Fraction
G 1

Li]
Use transient particle flgff
® use transient fluid flow file Add material Edit Delete

(O Use BC Connector, (1)

il (O Use BC Connector data @ No particle g Fraction type
O Particle ® Mass fraction O Mole fraction

o O Specify values e radius (m) range allowed to exit: | @

Velocity flow = 0 mfs | @ in = |0 to Max = |UNLIMITED oK Cancel
Fressure 0 Fa Particle exit control (Off)
Temp 0 O Particle feed (Slip and volume fraction) r Flow Boundsry Conditions Editor 2 %
O Pparticle feed (Slip and mass flux)
Fluid compos] O Particle feed (Slip and mass flow rate) _ Time{s}----"" Veloaty (mfs) ~~ Tempeératire (K --------___ ___ Pressure (Pa)
Ap) Define fluids Edit particle feed -1 T
o -0 0.01 800 1.01325e6 __.-~
Farticle feed control 4 | | 0 T TTTee—-e e eemmm=mm=mmTT
2
w1l Transient fluid and particle flow file
SFF file: ﬂowfbcfve\ocityﬁimer.sfﬂ k | Edit )
degrees S —
% Add Row == Delete Row «” Check Data I Graph & Update Simulation| €9
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File: flow_be_velocity_inlet.sff

|| I Save | YA save As

4 Close

SIMULATE > UNDERSTAND > OPTIMIZE




Adding Chemical Reactions

* Materials, particles, and boundaries for the example problem have now been set up.

* Chemistry will be added for the forward and reverse reactions

e Rate coefficients

e Stoichiometric reaction rates
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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

File View Setup Run Graphics and Output
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r" Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\4_Chemistry\Example_1_Volume_Average\my_setup\steam_gasification_10_tube.prj
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) Volatiles
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¥ Fluid ICs
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v [] Boundary Conditions
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Flow BCs
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Thermal Wall BCs
Passive Scalar BCs
v a BC Connections
Secondary Feeds
Secondary Exits
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/. Numerics
(- Time Controls
v | Data Output
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AT GMV Output Options
Zm Average Data
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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 solver will require a chemistry license in order to run.

Import Chemistry Settings

& Import Materials/Chemistry from another project (1]

Volume-Average Chemistry Reaction Type

When using chemical reactions, it is reqU|red that the user only enter Volume-Average
reactions of one type, Stoigiiama aguations 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% e

Chemistry ODE Settings

Relative Tolerance
Absolute Tolerance
Max Number Steps | 200000

| steam_gasification_1D_tube.prj

| C:/ftraining/4_Chemistry/Example_1_Volume_Average/my_setup
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Chemistry

* Recall that the chemical reaction being modeled is:

C+ H,O +— CO + H,

* In Barracuda, a reversible reaction is defined by splitting it into the forward and reverse reactions,
defining a reaction rate for both the forward and reverse directions

Forward Reaction Reverse Reaction
C+H,O0O — CO+H, CO+H, — C+H0O
UG = (219 25z Texp (F5) po [H,0] || 2 = (15.7 2 ) T2 exp (2K g [Hy] [CO)

The chemical kinetics shown are for demonstration or education purpose only and have not been validated, nor are they recommended for any application. Development,
validation, and use of chemical kinetics is the User's responsibility, and CPFD Software, LLC, does not warrant or endorse these chemical kinetics for any purpose.
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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+ H,O — CO + Hs

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

Tforward = M (219 kgKS) TeXp (M) pcC [HZO]

* |n Barracuda:

Reaction rate expression:  Tforward = ko [H20]

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

Rate coefficient: k) = 2197 exp ( 22645) pC

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

The chemical kinetics shown are for demonstration or education purpose only and have not been validated, nor are they recommended for any application. Development,
validation, and use of chemical kinetics is the User's responsibility, and CPFD Software, LLC, does not warrant or endorse these chemical kinetics for any purpose.

SIMULATE > UNDERSTAND > OPTIMIZE
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Creating the Forward Rate Coefficient

To create the rate coefficient
for the forward reaction, go to
the Rate Coefficients section
of the tree

Click Add

The Chemistry Coefficient
Editor window will pop up

Check that Volume-Average is
selected

COMPUTATIONAL
ICLE

cEfd i

f.‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ctraining\4_Chemistrny\Example_1_Volume_Average\m

File View Setup Run

Graphics and Output

Post-processing  Help

CREERCEEY 1L E:

Project Tree F X

(" Barracuda Virtual Reac... ~
% Setup Grid
@ clobal Settings
7 Base Materials
v seo Particles
=4} Drag Models
&) Volatiles
% Particle Species
v I» Initial Conditions
£ Fluid ICs
== Particle ICs
v [] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v ﬁ BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
B8 Rate Coefficients
V¥ Reactions
#. Numerics
(- Time Controls
~ 4L Data Output
71 Flux Planes
A% GMV Qutput Options
Zm Average Data
= 2D Plot Data
/v Transient Data
=1 Wall Erosion
++# Particle Attrition
. Raw Data v

Chemistry Rate Coefficients Manager

D Name Reaction Type Coefficient Type Expre:

< * A4 »

\

Add Edit

| steam_gasification_1D_tube.prj

setup'steam_gasification_10_tube.prj - O X
f.‘ Chemistry Coefficient Editor ? X
Coefficient Properties
Name: k0
Type: |Arrhenius Chem Rate —
Coefficient is for reaction fge: ® volume-Average (JDiscrete
Equation: ¢ T p p= B e o/ Hltype.}
kO=1
Values
o=
= l:l Temperature unit: =
0z = l:l Pressure unit: 4
3= l:l Density unit: 4
a=fp ]
Cs=|0 w
E=fo ]
Fo=f |
Diameter unit: <
type; = Depsec:ldd:nce Mass unit: T
Area unit: =
Temperature Weighting
Fluid weighting factor:  0.50 % Weighting disabled due |y
to no solids present.
Particle weighting factor: 0.50 | T =T
Comment
|
Cancel |
Copy Delete & ¥
|

‘ C:/training/4_Chemistry/Example_1_Volume_Average/my_setup
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Forward Rate Coefficients

* Enter the equation for kO as follows:
clo lc1 E solids dependence

* k0 =219 T!exp (-22645/T)m ,

* 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

(7 Chemistry Coefficient Editor

Coefficient Properties

Name: kO

Type: |Arrhenius Chem Rate -
Coefficient is for reaction type: ® Volume-Average ) Discrete

Equation: ¢, T p<? pi= 0¢* e /T type.}

kO = 219 T e 22645/T ¢ ,1

Values
o = 219 |
€ = |1 | Temperature unit: K ~
o=|o | Pressure unit: Pa -
C3 = |D | Density unit: | kg/m~3 -
=0 |
Cs = |0 (1)
E = [22645 |
E0 = |0 |
Diameter unit: 7
type; = Dep:set:iddesnce Mass unit: | kg/m~3 -
0 Area unit: ~
Temperature Weighting
Fluid weighting factor: 9
Particle weighting factor:
Comment
Cancel

The chemical kinetics shown are for demonstration or education purpose only and have not been validated, nor are they recommended for any application. Development,
validation, and use of chemical kinetics is the User's responsibility, and CPFD Software, LLC, does not warrant or endorse these chemical kinetics for any purpose.
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Rate Coefficients: Solids Term

* Click on Solids Dependence in the Chemistry Coefficient Editor window

* Select C_1 then click Import, make sure that Material coefficient type is set to mass, click OK

* Click OK in the Chemistry Coefficient Editor window

Iﬂ Solids Dependence

Species List

D Chemical Mame State

Type Exponent

00 C 1 S

mass 1

CMaterial coefficient type:

mass > | &

—

Exponent on material: |1

Copy

Delete

oK

Solid Project Species List

<-- Replace

Chemical Mame State Description
all S Add all solids as a
ASH fnd fedTale] QIIE\DT? {Hil
 C_ 5 C CARBON. SOLID
< >

Material Properties Library

Cancel
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(7 Chemistry Coefficient Editor ? X

Coefficient Properties

MName: kO

Type: Arrhenius Chem Rate =

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

Equation: ¢ T p© p© 0 e ¥/ *{type.}

kO = 219 T e 226%5/T 41
Values
o=
i — Temperature unit: |K <
G = l:l Pressure unit: | Pa A
Cz = Density unit: | kg/m~3 -
G =0 L1/
Diameter unit: ~
Solids -
E Mass unit: | kg/m~3 hd
types Dependence o
9 Area unit: -
Temperature Weighting

Fluid weighting factor: 9
Particle weighting factor:

Comment

Cance
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Creating the Forward Reaction

L _BARRA

s

Start by entering the chemical
equation for the forward
reaction

Under Reactions click Add 2>
Volume-Average:
Stoichiometric rate equation
to define the chemical
reaction and its reaction rate

CUDA
VIRTUAL REACTOR

COMPUTATIONAL
ICLE

cEfd i

r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Citraining'd_Chemistry\Bxample_1_Volume_Average\my_setup\steam_gasification_1D_tube.prj

File View Setup Run Graphics and Output Post-processing Help

© 1@E w0 4% KE & m it

Project Tree g X

(7 Barracuda Virtual Reac... ~
% Setup Grid
@ Global Settings
- Base Materials
v weo Particles
«4} Drag Models
) Volatiles
&% Particle Species
~ 'l Initial Conditions
£F Fluid ICs
wso Particle ICs
v [] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v & Chemistry
#8 Rate Coefficients
J§ Reactions
/= Numerics
(- Time Controls
v 4. Data Output
7. Flux Planes
A GMV Output Options
Im Average Data
2D Plot Data
v Transient Data
1 Wall Erosion
+*s Particle Attrition
.. Raw Data v

Chemistry Reactions Manager

D Reaction Type Rate Equation

Comment

| Add -] | Edit

| | Copy

Delete | r] |§|

ENENE N

Volume-Average: Stoichiometric rate equation

—

| steam_gasification_1D_tube.prj

Volume-Average: Species rate equation

Discrete: Particle rate equation

rage/my_setup
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Specifying the Forward Reaction Stoichiometry

° Deflne the StOIChlometrIC reaCtlon by 7' Chemistry Stoichiometric Equation Editor ? et
erther: Stoichiometric Equation Editor
* Typing direcﬂy into the text box Directions: Choose Equation Units for this Stoichiometric Chemistry. Equation Units
using the chemical names needed to Enter a stoichiometric reaction and rate equation in the blanks provided.  gaaction rate units: molfm3/s -
match the name in the materials Use Add Chemical and Add Coefficient to insert either into the ( ] o — )
lib . b dsto b equation. Press the Check button to verify equation is valid. 26 species units: [molfm
Pjn'rtlz pé’ dl aes Sacr 10”n neeas to be h Enter a stoichiometric reaction:
- C_1(5) +H20 =>C0O+H3|
. CIicking in the text qu to plat_:g your check | [Add Chemical
cursor Ir] the approprlate .p05|t|on, Expected Power Law rate equation format: 0 (k + k - ...) [materiall]~power [material2] ~power +cl ...
then using the Add Chemical button Example of valid Power Law rate equation format: 1.2 ( 1.5 * kD - 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[]1+clk[]+.)/(1+c2k[]+c3k[]+...) power
® W|th e|ther methOd, yOU W|” need to Example of groups of rates: ( c0 kO [02] - 1 (0.5k1-k2) 1.5 ( c1(k3) [CO]~0.5[02] ™1
type in the “yr Sign S an d Coefﬁcie nts Enter a rate equation for the stofchismetric reaction in either Power Law or Langmuir-Hinshelwood form.
for each species. The characters “=>" R0 = | (kO[H20])
represent the forwa rd direCtion for Add Volume-Average Coefficient |Add Chemical (1) Coefficients Manager
the reaction Comment
* Set the Gas species units to mol/m3
oK Cancel

SIMULATE > UNDERSTAND > OPTIMIZE
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Specifying the Forward Reaction Rate

. r Chemistry Stoichiometric Equation Editor 7 b
* To enter the rate equation for

the reaCtion; click Add V0|ume' Stoichiometric Equation Editor
Average Coefficient and select

- . Directions: Choose Equation Units for this Stoichiometric Chemistry. Equation Units
ko; then Clle Add Chemlcal and Enter a stoichiometric reaction and rate equation in the blanks provided.  poaction rate units: mol/m3/s -
select H20 Use Add Chemical and Add Coefficient to insert either into the
. i _ i Gas species units: | mol/m3 -
equation. Press the Check button to verify equation is valid.
* Use the ChECk bUttOﬂS to Venfy Enter a stoichiomelric reaction:

that both the chemical equation
and the rate equation are

C_1(5)+H20 =>CO+H2

Check Add Chemical
formatted properly L
Expected Power Law rate equation format: cO (k + k- ...) [materiall]~power [material2]~power + cl ...
o CI k OK Example of valid Power Law rate equation format: 1.2 ({1.5*k0-3 * k1 ) [H20]"~1.5
IC 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

Example of groups of rates: (0 ko [02] - c1 (0.5k1-k2) )~1.5 ( c1(k3) [CO]~0.5[02] )~-1
nter a rate equation for the stoichiometric reaction in either Power Law or Langmuir-Hinshelwvood form.
——

: _—q gku[Hzoli D / /

Add Volume-Average Coefficient| |Add Chemical 1] Coefficients Manager

Comment

0K Cancel
/

SIMULATE > UNDERSTAND > OPTIMIZE
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Forward Reaction Rate

hd Th e fo rwa rd rea Ct I O n rate f Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training’d_Chemistry\Example_1_Volume_Average\my_setup\steam_gasification_10_tube.prj — O x

e uation iS nOW Com |ete: File  View ?etup Run Graphics and Output  Post-processing  Help
q P wE 9o 1% K€ & m i
Project Tree e x

* Rate coefficient and units = Barracuda Virtual Remc a]| Y Reactons Tanager

% Setup Grid m Type Rate Equation Comment
. . . . @ Global Settings ~ 00 VA: Stoichiometric Equation: C_1 (S) + H20 => CO +H2

* Stoichiometric chemical © Base Materials ROO=  (O[HZ0)

. v wss Particles \
equat|0n =4} Drag Models
) Volatiles
. . & Particle Species
* Reaction rate equation v > Initial Conditions
£ Fluid ICs
weu Particle ICs

e Reaction rate and concentration [* ¥ soundary conditions

. Pressure BCs
units Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
~ 4 BC Connections
Secondary Feeds
Secondary Exits
EC Connectors
v » Chemistry
# Rate Coefficients
/5" Reactions
#. Numerics
(* Time Controls
~ &4 Data Output
7. Flux Planes
A GMV Output Options
ZIm Average Data
= 2D Plot Data
/v Transient Data
o Wall Erosion
++e Particle Attrition

. Raw Data ol v g | Tl | | Copy | | Delete & ¥
EXNENEINEN

‘ steam_gasification_1D_tube.prj | C:/training/4_Chemistry/Example_1_Volume_~Average/my_setup |
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Reverse Reaction Rate

*  We will be able to specify the reverse reaction by the stoichiometric equation.

CO+ Hy — C+ Hy0

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

* |n Barracuda,

df120] _ (15 - W) T? exp (=310K) o [Hy] [CO]

Reaction rate expression:  Treverse = k1 [Ha| [CO]

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

Rate coefficient: k; = 15.777 exp ( 33190) pC

Temperature units: K Solid Mass units: kg/m3

The chemical kinetics shown are for demonstration or education purpose only and have not been validated, nor are they recommended for any application. Development,
validation, and use of chemical kinetics is the User's responsibility, and CPFD Software, LLC, does not warrant or endorse these chemical kinetics for any purpose.
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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:

clo cll E solids dependence
k1 =15.7 T? exp (-33190/T)m,,
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_1 and set Material coefficient type to
mass

(7 Barracuds Virtual Reactor with Chemistry - 17.3.0 - /Citraining\4_Chemisty/\Ex

File View Setup Run Graphics and Qutput Post-processing Help

B :=Ed 9o 3 € &=

Project Tree a8 x
(" Barracuda Virtual Reac... ~
% Setup Grid

3 Global Settings
{7 Base Materials
v eso Particles
=4} Drag Models
(4 Volatiles
&% Particle Species
v I Initial Conditions
£ Fluid ICs
es Particle ICs
~ [l Boundary Conditions
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
75" Reactions
#. Numerics
(- Time Controls
v & Data Output
T Flux Planes
A GMV Output Options
Im Average Data
2D Plot Data
/e Transient Data
=1 Wall Erosion
=+« Particle Attrition

Raws Data e

Chemistry Rate Coefficients Manager,

D Name Reaction Type Co
00 ko Volume-Average  Arl
01 ki Volume-Average Arl

< * hd L

AN

Add

‘ steam_gasification_1D_tube.prj

‘C:ftrainingf4_chemistry,’5<ar

(7 Chemistry Coefficient Editor ? X

Coefficient Properties

Name: k1 L

Type: |Arrhenius Chem Rate v|
Coefficient is for reaction type: ) Discrete
Equation: Co Tt pc2 pfc?. efc4 e—Ej‘T+ED{types}
k1l =15.7 T? e 9T mc ,*
Values
o=
H= Temperature unit: |K ©

2= I:I Pressure unit: | Pa =
C3 = I:I Density unit: | kg/m~3 <
= ]
s = |0 w
E=
E0=p ]
Diameter unit: <
type. = Dep:se?:it;j:nce Mass unit: |kg/m"3 -
0 Area unit: -

Temperatyfe Weighting

Fluid weighting factor:
Particle weighting factor:

Comment

Cancel

The chemical kinetics shown are for demonstration or education purpose only and have not been validated, nor are they recommended for any application. Development,
validation, and use of chemical kinetics is the User's responsibility, and CPFD Software, LLC, does not warrant or endorse these chemical kinetics for any purpose.
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Chemical Equations: Reverse Reaction

4 Defl n e t h e Sto I C h I 0 m et r I C e q u a t I O n fo r r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training'4_Chemistry\ Exarmple_1_Volume_Average\my_setup\steam_gasification_1D_tube.prj - O X
H . File View Setup Run Graph—
the reverse reaCtlon . U = a u = f Chemistry Stoichiometric Equation Editer ? >
O ¥
CO + H2 9 C+ HZO Project Tree & x . . . . N
= Stoichiometric Equation Editor
(" Barracuda Virtual Reac... ~
. 9 Setup Grid Directions: Choose Equation Units for this Stoichiometric Chemistry. Equation Units
[ ] lobal i
Enter the rate eq uatlon for the Q? ﬁase MS;:E: Enter a stoichiometric reaction and rate equation in the blanks provided. Reaction rate units: |mol/m3/s -
H . s Particles i i i i i
reverse rea Ct|on as fol | OWS: ~ neaDr: e Use Add Chemical and Add Coefficient to insert either into the Gas species units: |mol/m3 -
. Vo‘agt”es equation. Press the Check button to verify equation is valid.
RO 1 - k]_ [ H 2] [CO] & Particle Species Enter & stoichiometric reaction:
~ ‘> Tnitial Conditions
S G . . “ I 3n ¥ Fluid 1Cs \Tc[} +H2 = C_1(5)+H20 ‘
® et Gas species units to "mo /m o FartcleICs
P ~ [ Boundary Conditions Check | |Add Chemical
Pressure BCs
. Flow BCs Expected Power Law rate equation format: c0 (k + k - ...) [materiall]~power [material2]~power + cl ...
L4 Use the CheCk buttons to ve rlfy that Tnjection BCs Example of valid Power Law rate equation format: 1.2 ( 1.5 * k0 - 3 = k1 ) [H20]"1.5
. . Thermal Wall BCs Example of invalid Power Law rate equation format: ( k0 * k1 ) [H20]~1.5  Coefficients cannot be multiplied.
both the Chem|ca| equat|0n and the Passive Scalar BCs Example of LH expected format: (cOk[]+cak[]+.)/(1+c2k[]+c3k[]+..)" power
v & BC Cgﬂm‘;flﬁ \ Example of groups of rates: ( c0 ko [02] - <1 (0.5k1-k2) }~1.5 ( c1(k3) [CO]~0.5[02] )~1
H 5 Fi
I’ate e q u at Ion are fO rm atte d p ro p e rly Sizﬁ:d:: E::ss Enter a rate equation for the stoichfometric reaction in either Fower Law or Langmuir-Hinshelwood form:
BC Connectors
. . o L e 01 = |(arco) |
[ ] “d Rate Coefficients
Cl ICk OK Wh en fl nis h ed 5" Reactions Add Volume-Average Coefficient| Add Chemical (1] Coefficients Manager
/. Numerics
(7 Time Controls Comment
v i Data Qutput |
71 Flux Planes
Al GMV Qutput Options
En Average Data \
2D Plot Data OK Cancel
sw Transient Data
=1 Wall Erosion |
++s Particle Attrition
‘. Raw Data 5 /V Add - Edit Copy Delete é i
<« i@ hd b
| steam_gasification_1D_tube.prj | C:/training/4_Chemistry/Example_1_Volume_Average/my_setup |

The chemical kinetics shown are for demonstration or education purpose only and have not been validated, nor are they recommended for any application. Development,
validation, and use of chemical kinetics is the User's responsibility, and CPFD Software, LLC, does not warrant or endorse these chemical kinetics for any purpose.
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Reverse Reaction

* The reverse reaction is now complete

(7 Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training'd_Chemistry\Example_1_Volume_Average\my_setup'steam_gasification_1D_tube.prj - O X
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+ e Particles <./'¢ 01 VA: Stoichiometric Equation: CO +H2 => C_1(S) + H20
«4} Drag Models N~ RO1 = (ki[H2][COT)
& Volatiles

& Particle Species
v I Initial Conditions
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es Particle ICs
v [] Boundary Conditions
Pressure BCs
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Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
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BC Connectors
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4. Numerics
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v 4. Data Output
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Zm Average Data
= 2D Plot Data
2+~ Transient Data

1 Wall Erosion
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. Raw Data (O Add - Edit | | Copy | | Delete - v
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Time Controls

* Enter Time step and End time as shown below:

{ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Chtraining4_Chemistry\Example_1_Volume_Average\my_setup'steam_gasification_1D_tube.prj — ] *

File View Setup Run Graphics and Output Post-processing Help

‘mE 9o x K€ 6@ H

Project Tree g X
(" Barracuda Virtual Reac... ~
% Setup Grid

@ Global Settings
- Base Materials
v eso Particles Time Controls
=<} Drag Models
4 Volatiles
&% Particle Species

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

v b I“-'ﬁa_l Conditions different time periods. For example, starting the calculation at a smaller
AF Fluid ICs time step is recommended, and then increasing the time step for rows
=== Particle ICs 2-5 over simulation time.

~ [ ] Boundary Conditions
Pressure BCs
Flows BCs
Injection BCs e step End time

Passive Scalar BCs

~ & BC Connections " 5 M
Secondary Feeds
Secondary Exits

¥ . Chemistry
8 Rate Coeficients s s [ s
5" Reactions |Adva nced time step setti ng5|

#. Numerics

@' Time Controls Restart file intervals
~ 4. Data Output

% Flux Planes Restart interval (IC_###) simulation seconds
™ )

A7 GMV Qutput Options Backtrack interval (IC_) realtime minutes

Zm Average Data

[ 2D Flot Data

S+ Transient Data
= Wall Erosion
++» Particle Attrition

Time step and duration settings

.. Raw Data 2
e« [ & [ o] » |
| steam_gasification_1D_tube.prj | C:/ftraining/4_Chemistry/Example_1_Volume_Average/my_setup
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GMV Output Options

* Enter a Plotinterval of
“ ” f Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\d_Chemistry\Example_1_Volume_Average\my_setup'steam_gasification_10_tube.prj -
0- 5 S File View Setup Run Graphics and Output Post-processing Help
O ‘mE 9on® K€ 6@ i
* Choose the GMV output |soec e 5 x
H (" Barracuda Virtual Reac... ~
variables shown on the % Sctup oo
rig ht @ Global Settings General Mesh View Data Output Options
L Base_ Materials Please select Eulerian and Lagrangian data for export to the General Mesh Viewer (GMV). Only data selected here can be viewed during
v eso Particles ost-processing. Values inside parenthesis are the field names of the variables within GMV,
< post-p 9 p
=4} Drag Models Output file i
* Note that only one Gas ® Volatles _ | |
. . J& Particle Species Plot interval: | 0.5 s Number of files produced using current end time of 100s: 201
Species option can be v Initial Conditions
Ch osen i n th i S case use : Elaurl‘:jiclrssl(:s Particle volume fraction (p-volFra) [ Particle bulk density (p-dens) [ dp/dx (dp/dx)
4 . ~ [ Boundary conditions Fluid velocity (U, V, W) [ Turbulent viscosity (ViscTurb) [ dp/dy (dp/dy)
Mass concentration Pressure BCs [ Particle velocity (P_[xyz]Vel) O cFL (cFL) O dp/dz (dp/dz)
E?:ct?;SECs Pressure (Pressure) [ Particle species (Species) [ Particle mass flux (P_[xyz]Mass)
Thermal Wall BCs [[] Dynamic pressure (DynPres) Fluid temperature (fFTemp) [ Fluid mass flux (F_[xyz]Mass)
Passive Scalar BCs Fluid density (f-dens) Particle temperature (p-Temp) [ wall heat transfer (wallHeat)
~ 4 BC Connections - -
Secondary Feeds [ cell indices (i, j, k) [ cell volume (cellval)
Secondary Exits Lagrangian (Particle) Output Data
BC Connectors Particle volume fraction (VolFrac) Particle material (Material) [ velocity (vel[xyz])
¥ a Chemistry ] 0 ; - - 0 - ; ;
50 Rate Coefficients Farticle speed (Speed) Farticle density (Density) Residence time (ResTime)
5 Reactions Particle radius in microns (rad) Particle species (Species) [] Residence time by species (ResTime##)
#. Numerics [ Constant color (Particle) Unique particle ID (pid) Temperature (Temperat)
(- Time Controls 0 (] Liqui . ] 0] Liqui _
v 4 Data Output Drag (drag) Liquid fraction total (ligFrac) Liquid mass total (ligMass)
7. FluxPlanes Cloud mass (cldMass) Particles per cloud (npCloud) [ Particle mass (mass)
4ll GMV Qutput Options Gas Species Options
Zm Average Data
20 Flot Data (O Mass fraction (<species=.mf) O Mole fraction (<species=>.nf) [ compress graphics output (not common)
/v Transient Data (® Mass concentration (<species=.mc) O Mole concentration (<species=.nc) [] Generate predefined GMV attribute files
=1 Wall Erosion
+++ Particle Attrition
. Raw Data s
<« 4 4 =
| steam_gasification_1D_tube.prj | C:/training/4_Chemistry/BExample_1_Volume_Average/my_setup
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Select 2D Data

["\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ch\training'4_Chemistry\Example_1_Volume_Average\my_setupisteam_gasification_10_tube.prj - O X

File View Setup Run Graphics and Qutput Post-processing  Help

B 'md o 13 € o & it

Project Tree g X
(" Barracuda Virtual Reac... ~
% Setup Grid

& Global settings
7 Base Materials

= 2D Plot Output
v weo Particles

=<} Drag Models 2D Plot Data 2D Data to Display

:;I ::::Ezss . O Plot cind | 5 | [ Fluid volume fraction [ Gas species chemical reaction rate
~ [+ Initial cgmp'mbns o e il L] Particle volume fraction [ Ave particle volume fraction

: Elr:lurl*gcll(e:iCs [ Plot xz -index | ny/2 | Pressure [ Ave pressure
+ [ Boundary Conditions [ Fluid velocity [ Ave fluid velocity

le’Irsis;E:eS BCs 1 Plot yx keindex | nz/2 | [ Particle velocity [ Ave particle velocity

Injection BCs Fluid temperature [ Ave fluid temperature

Ther.mal Wall BCs ] Plot yz EIles | nx/2 | Particle temperature [ Ave particle temperature

Passive Scalar BCs [ Fluid mass flux O Ave fluid mass flux

~ i BC Connections
Secondary Feeds j-index | ny/2 | [1 solid mass flux [ Ave solid mass flux

SEILIET S [ Passive scalar Stoichiometric equation rate
BC Connectors
v . Chemistry O] Plot zy i-index | nx/2 | Fluid density [ Liquid concentration
i Rate Coefficients [ Particle density
JF Reactions [ include boundary data in 2D plot )
# Numerics Output Gas Species
(~- Time Controls Flot Interval Options 1 Gas species [ Ave gas species
v i"'Da;a OFIaTtPUt < Time interval J-?D | 3 Output Format
« HuxFianes . ] i O Mass fraction O Mole fraction
A" GMV Output Options If plot interval = 0, use mesh viewer interval.
In Average Data CiETe £ G aall T (O Mass concentration ® Mole concentration
= 2D Plot Data
/v Transient Data
= Wall Erosion
==+ Particle Attrition
.. Raw Data v
< & A4 »
| steam_gasification_1D_tube.prj | C:/training/4_Chemistry/Example_1_Volume_Average/my_setup
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Transient Data Output

* For transient data, choose the options shown below

i"\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\trainingh4_Chemistry’\Example_1_Volume_Average\my_setup'steam_gasification_10_tube. prj = O s
File View Setup Run Graphics and Output Post-processing Help
1 W= L | e, I
‘HE 9o n® K€ 6@ T
;[ojed e & = Transient Data Output
~ Barracuda Virtual Reac... ~
% Setup Grid Output file name |trans.data | | Browse | Clear All
Type x(m)/i m}/j zZ(m Comment ~
@ Global Settings ¥ / y(m)/j /k
"+ Base Materials = - = ] 20
v wss Particles P rac
=4} Drag Models Particle temp > |Mode « |1 1 20
(&) Volatiles Gas mass frac ~ |Node ~ |1 1 20
&% Particle Species
« b Tnitial Conditions Gasmolefrac  ~ |Node + |1 [[1 [[20 I
£ Fluid ICs Gas massconc ¥ || Mode v |1 1 20
eeo Particle ICs Gasmole conc v | MNode v |1 1 20
v Boundary Conditions
o o] Stoich eq rate - Node - |1 1 20
Pressure BCs
Flow BCs Fluid temp > Node = |1 1 20
Injection BCs -z -
Thermal Wall BCs || || || || ||
Passive Scalar BCs Xz
v ¢ BC Connections ks L
Secondary Feeds ~ gz v
Secondary Exits - -
BC Connectors Xz
v » Chemistry TiXE T
ﬂ Rate Coefficients -z -
+5" Reactions
/% Humerics Xz
(~* Time Controls Tz
v 4. Data Output vz -
T Flux Planes . -
A7 GMV Output Options 2
Zm Average Data Tz
= 2D Flot Data -z v
/v Transient Data
= Wall Erosion Xz
++» Particle Attrition Tz T
.. Raw Data v vz ~ v
EEENEAS
| steam_gasification_1D_tube.prj | C:/training/4_Chemistry/Example_1_Volume_Average/my_setup
$ 8 .
s o®®
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Set CPU Parallel

* Set CPU Parallel to one less than system virtual (logical) cores

Virtual (logical) cores are the physical cores multiplied by the hyper-threading count

* Barracuda Virtual Reactor GUI will automatically detect this number

When running multiple simulations keep at least 1 CPU for running operating system

CPU Parallel is only applied to volume averaged chemistry calculations

File WView Setup Run Graphics and Output Post-processing  Help

O  mEdvoax) K€ om

r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\d_Chemistry\Example_1_Volume_Average\my_setup\steam_gasification_10_tube.prj

8 x
Prj)]e-ct UiES Verify Setup
f Barracuda Vi... »~
% Setup Grid
& Global Sett... Note: Run Solver Setup will cause some outh

files to be modified. If 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.

- Base Mate...
v s Particles
=4} Drag Models

1) Volatiles
% Particle S... —
~ 'l» Initial Con... E’n_“[ ' Run Solver Setup (1 time step)
£ Fluid ICs
=0 Particle ICs Check Setup

v [ Boundary ...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall ...
Passive Scala...
~ &4 BC Connec...
Secondary Fe...
Secondary Exits
BC Connectors
v & Chemistry
# Rate Coef..
/5" Reactions
# Numerics dq View Boundary Conditions
(& Time Contr...
v {& Data Output
1. Flux Flanes
&1 GMV Outp...
Im Average D..
= 2D Plot Data
s Transient ..
7 Wall Erosion
+s+ Particle At...
Raw Data A'q View Transient Data Points
== Population...
& Solver Ou...

2 Run v
¢ | & ¥ »

A‘q View Initial Particles, Volume Fraction

A‘q View Initial Particles, Species

Al q View Flux Planes

Run Calculation

Solver Launch Options

Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.
gl (Parallel license required)

Je: Maximum set automatically by detecting CPU.

[ GPuU 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 memery requirements will cause some output files to be medified.
If you have important output files, preserve them by using the File menu, Save Case As
feature, and then test the GPU memaory requirements in that new case directory.

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

Universal Options

If temperature limits reached: prompt -

If chemistry mass imbalance:
T minimum disk limit reached:

Minimum disk space percent: | 1%

[ Quit on prompt
1 Quit on lost license
[ quit on FE_INVALID

Advanced command line flags: ‘ |

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

cpfd.x17.exe -omp 7 steam_gasification_1D_tube.prj

Project tag

Store project path and filename as project tag

:=$ Run Solver E d Restart Solver

g Interact

| steam_gasification_1D_tube.prj

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

* VIRTUAL REACTOR
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Start the Barracuda Solver

* Save the project file
* Verify your setup with Run Solver Setup (1 time step)

e Start the simulation

{ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\4_Chemistry\Example_1_Volume_Average\my_setup'steam_gasification_1D_tube.prj - ] x

File View Setup Run Graphics and Output Post-processing Help

321-6% kN L AU

Project Tree a

S Verify Setup Run Calculation
(" parracuda Vi... ~ \
% Setup Grid Solver Launch Options
@ clobal Sett Note: Run Solver Setup will cause some output
Base Mat files to be modified. T you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.
() se Mate...
- - partides files, preserve them by using the File menu, CPU Parallel (Parallel license required)
eee Pa Save Case As feature, and then Run Solver
¢ Drlag :“10‘19‘5 Setup in the new case directory. Thread Count: Note: Maximum set automatically by detecting CPU.
1) Volatiles
. & Particle S... T [ GPU Parallel (Parallel license and NVIDIA GPU required)
~ ‘I Initial Con... ‘:“‘11 " Run Solver Setup (1 time step)
£ Fluid ICs NVIDIA CUDA device to run on: prompt K
wew Particle ICs Check Setup -
v [ Boundary ... Fallback to CPU behavior if CUDA error: |auto
Pressure BCs Note: Testing solver GPU memory requirements will cause some output files to be modified.
Flow BCs If you have important output files, preserve them by using the File menu, Save Case As
i feature, and then test the GPU memory requirements in that new case directory.
Injection BCs ‘d View Initial Particles, Volume Fraction D s
Thermal Wall ... - Test solver GPU memory requirements with current settings (option: -dryrun)
Passive Scala...
~ & BC Connec... Universal Options
Secondary Fe...
Secondary Exits ‘d View Initial Particles, Species ‘ If temperature limits reached: [ Quit on prompt
BC Connectors -
v u Chemistry I chemistry mass imbalance: [ quit on lost license
}H Rate Coef... If minimum disk limit reached [ Quit on FE_INVALID
J§ Reactions o
/. Numerics ‘d View Boundary Conditions ‘ Minimum disk space percent:
C Time Contr... : Advanced command line flags: |
v & Data Output
T Flux Planes i ) A !
- Command line to run equivalent solver based on input above (copyable to terminal):
AT GMV Outp...
In Average D... ‘ﬂ View Flux Planes ‘ cpfd.x.17.exe -omp 7 steam_gasification_1D_tube.prj
[ 2D Plot Data :
sv Transient ... Project tag
I Wall Erosion | |
++» Particle At... ) _
. Raw Data di E TR R s Store project path and filename as project tag
sso Population...
& Solver Ou... . : -
2 Run y a Run Solver h L J Restart Solver g Interact
¢+ v @
| steam_gasification_1D_tube.prj | C:/training/4_Chemistry/Example_1_Volume_Average/my_setup |
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P P N W GMV V4.6.0 with Mesa built 2013-09-27 M= E3

Ost roceSSI n g File Display Calculate Ctl-1 Ctl-2 Ctl-3 R
£ Current file: 10_tubesvolume_average/p
| Twist

“”'%

. Azim,
* Analyze the particle temperature and steam File Diplay Caleulate Gt tel2 C3 Refl] |

£ Current file: 10_tubesvolume_average/pre_ 1.0000000e+02

-;ﬁ_. Cells H2ZO.mc¢

* To view the mass concentration of steam 2.395368

throughout the tube, color cells by Cell Field:

concentration in GMV Ttst
—’L Eleu‘%
e To view the particle temperature throughout the b X
. Mag.
tube, use the Particle Temperature button T 1.0000000¢+02
HZO.mC Particles Temperat 2.310265
973.0016 W
—2.225142
967.0384
—2.14002
b
—961.0751
—2.054897
—955.1118
1.969774
—949.1485
1.884831
943.1853
1.799529
937.222
1.714406
931.2587
1.629283
925.2954
1.54H61
919.3322
913.3689
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Post Processing

W GMV V4.6.0 with Mesa built 2013-09-27 M[:]E3

File Display Calculate Ctl-1 Ctl-2 Ctl-3 R4

£ Current file: 10_tubesvolume_average/pr
| Twist
* Analyze the mass fraction of carbon in GMV o

Hag.

* Hint: Display particles and color by mf-C_1 100000006 +02

* How do the temperature and steam 3
concentration help explain the mass fraction of
carbon throughout the tube at 100 seconds?

Particles mf-C:1

0.8999313

* What is happening here?

0.899926

—0.8999207

—0.8999154

—0.8999102

0.8999049

0.8998996

—0.8998944

0.8998838

0.8998786
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Plotting Transient Data

* Make a plot of the mass concentration of all gas
species versus time in Plot Manager

* Hint: refer to the Kuipers post processing
exercise in plotting

e Datais in the trans.data00 file

* The plot shows the gas concentrations in the
cell containing the transient data
(z~0.2m)

File

o Nz d S

#lon Jan 2 13:13:53 2012 il
#

# Barracuda release 15.0.

# Solver version 15.0.x187. Build date Wed Mov 16 22:59:58 MST 2011.

# Compiled with c++ x86 64

1 Time (s)

Particle volume fraction
Farticle temperature (K)
Mass fraction CO

Mass fraction H2

Mass fraction H20

Mass fraction N2

Mole fraction co
Mole fraction H2
Mole fraction H20

rﬁ@—f _TTON 2
Mass concentration CO

# 13 Mass concentration H2
# 14 Mass concentration H20
5 Mass concentration N2

jon CO

HeoH o H o H H W W H
@0 00~ O oun s R

— =

(kg/m"3)
(kg/m"3)
(kg/m"3)
(kg/m"3)

# 1 (mol/m"3)

DA
VIRTUAL REACTOR

" COMPUTATIONAL
PAf

Untitied

File Data Plot Options Help

G0: X, Y = [58.9286, 2.97199]

Gas Composition in 10 Steam Gasification

Gas Mass Concentration

=

=
3

ol

(R
|
|

Mass Concentration (kg/m>)

' 1
it
1

Time (s)

bat, :0.0, Wed Aug 27 13:17:21 2014, Untitled

|—

N, concentration goes to zero as H,O is fed into the system
and H, and CO are produced. All N, initially in tube is
pushed out.
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Plotting Transient Data

Untitied

File Data Plot Options Help
GO: X, ¥ = [71.2912, 0.0344844]

* Next, make a plot of the mass of coal particles ]|
versus time in Plot Manager

Mass of Particles

Coal Particles in 1D tube
0.0345 I T I T I r

* Hint: Data is in the history.log file

0.03449 -

Barracuda CPFD editor 2

File

o NS

#
# Barracuda release 15.0,

# Solver version 15.0.x107. Build date Wed Nowv 16 22:59:58 HST 2611
# Compiled with c++ x86 64

03.03448

Mass of Particles (kg)

# 1 2 3 a1 5 6 7 8 9 10 11 12 13 14 15 16
# t dt Vol Vol u u v v w w h P b
# s s itr erritr erritr err itr erritr err itr err  CFL @ 003447 =

0,00000e+00 1,000e-04 000 O, 00e+00 GO0 0.00e+00 GO0 O, 00+80 GO0 0. 00e+00 900 O, 00e+BO 00O 0, 00e+00 0,000 O,
# Dumping Gmv. 00008

. 44766e-02

bat,

100000264 1.600e-64 002 §.73e-11 600 0.00e+60 000 0.00e+09 061 5.97e-89 002 2.14e-08 688 7.3%e-11 0,680 3. 24786e-62
2.000002-04 1. 000e-04 002 9.77e-11 000 0.00e+00 OO0 0O.00e+00 001 3.38e2-09 002 2.28e-08 080 6.84e-11 0.000 3.44766e-02 B 7
3.000002-04 1. 000e-04 002 1.03e-10 000 0.00e+00 OO0 0O.00e+00 001 8.26e-10 002 2.25¢-08 080 6.20e-11 0.000 3.44766e-02

4.00000e-04 1 000e-84 002 1.18e-10 680 0.00e+00 000 O 00e+80 0601 3.02e-10 0602 2.20e-08 088 6.22e-11 0.0600 3.44766e-02

5.00000e-04 1.008e-04 802 1.34e-10 000 ©.00e+00 008 0. 00e+060 061 1.3%e-10 662 2.15e-08 080 6.40e-11 0.060 3.44766e-02 I I I I

©.600092-04 1,008e-94 062 1,49e-10 G0 0.09e+60 990 O 00e+08 GB1 1,5le-l0 642 2.09e-08 028 6, 58a-11 0,000 3. 147662-02 O.0344F LS . . . . . |
766000204 1.008e-4 062 1.6de-10 B0 0.00e+68 G40 O 0Ge+08 GOL 2.06e-10 642 2 62e-G8 GEA 6. 75a-11 0,000 3. 147662-02 -

5.00000e-04 1.000e-04 000 1.79-16 060 6.00a+00 0O ©.00e+00 081 2.14e-10 02 1.95e-08 080 6.90e-11 6. 060 3.44766e-02 4] 20 44 B0 B0 100
5.00000e-64 1.600e-64 002 1.9de-10 600 0.00a+60 060 0.00e+0O 0O1 2.30e-16 062 1.55e-08 638 7.03e-11 0,680 3. 14786e-62

1.00000e-63 1.600e-64 002 7.0e-10 600 0.00e+60 060 0.00e+0O 061 4.07e-16 062 1.5le-03 658 7.15e-11 0.680 3. 14786e-62

1.10000e2-03 1. 000e-04 002 2.23e-10 000 0.00e+00 0O0 0O .00e+00 001 4.89%-10 002 1.73e-08 080 7.27e-11 0.000 3.44766e-02 ﬂme (S)

1.200002-03 1. 000e-04 002 2.37e-10 000 0.00e+00 000 0O.00e+00 001 5.43e-10 002 1.66e-08 080 7 .38e-11 0.000 3.44766e-02

1.30000e-03 1. 000e-84 002 2.50e-160 080 0.00e+00 000 O 00e+88 0601 5.74e-18 0602 1.59e-08 088 7. 48e-11 0.0600 3.44766e-02

1.400600e-03 1. 000e-84 002 2.63e-10 080 0.00e+00 000 O 00e+00 0Ol 5.9le-18 0602 1.52¢-08 088 7. 5%e-11 8.000 3.44766e-02

156069203 1,008e-4 062 2,76e-10 B0 0.00e+68 G40 O 00e+08 G81 6,0le-10 642 1 4Ge-G5 G284 7 68a-11 0,000 3. 147662-02

166060203 1.008e-@4 062 2.35e-10 B0 0.00e+68 G40 O 0Ge+08 GOL 6.07e-10 642 1 .3%e-G8 028 7.77a-11 0,060 3. 147662-02

1.70000e-63 1.600e-64 002 3.60e-10 000 0.00a+60 000 0.0e+09 0O1 6.0%9e-16 002 1.32e-08 688 7.85e-11 0,680 3. 14766e-62

150000263 1.600e-64 002 3.12e-10 600 0.00e+80 060 0.00e+09 061 6.08e-16 062 1.26e-03 638 7.93e-11 0,680 3. 14786e-62

1.99000e-63 1. 600e-64 062 3.23e-10 60O ©.00a+8H 060 O 00e+08 0O1 6 0de-16 062 1 20e-03 638 5. 09e-11 0 680 3 44786e-62

f 00000e-03 1.000e-04 002 3.33e-10 000 0.00e+00 000 0.00e+00 001 5.97e-10 002 1.14e-08 080 8 ?72—11 0.000 § . 44766e-0.

Wed Aug 27 13:17:21 2014, Untitled

The solids mass in the system decreases as carbon is
consumed in the reaction.
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Plotting 2D Data

Untitied

File Data Plot Options Help
GO: %, Y = [0.433516, 138.913]

=
2
E

* Make a plot of the molar concentration of H,O

versus vertical distance in Plot Manager Molar Concentration of H,0 in 1D Tube

e Hint: Datais in the

[« 1t N2
= & |~ |

140 1 ' T T T n
H | | |
H20_zx_MoleConc_00100.003.dat file E
AutoT | = 3
1 AutoQ | E 136
ZXl ZYl o
. . . . xl
Note that this filename may be slightly different, due to AX| AY| = 120
the time-stamp. Choose the file closestto t = 100 s. PZ| Pul °
=
Po| & 2 110
- - SD: o]
Barracuda CPFD editor <) [~] CW0 _b
- =
File 5 L
Exit
- Exit | g 100
o NFES o
# Time = 1.0000le+02 (s) | o
#y = 5.60009e-83 (m) (j=1) = ¢ 14
# First column z-distance (m). Following columns are H20 mole concentration (mol/m”3) at x-locations _D
# 1z
# 2 x= 5,00000e-03m (i= 1) ED
5.000000e-03 1. 265805e+62 . . .
1.500860e-62 1.252488e+02 h L L L .
) 80 A
3 Soa0one-07 12361280407 o 0.1 0.2 0.3 0.4
4.560000e-02 1.213058e+02
¢ So0000e.02 1 1873490402 Vertical Distance (m)
7.500000e-62 1.174823+62
8.500000e-62 1.16238le+02
9.506000e-602 1.150305e+62
1.050000e-61 1.138178+02
1.156000e-61 1.126421e+62

1.2500082-61 1.114804e+02 :
1.350000e-01 1.103391e+02 bat, :0.0, Wed Aug 27 13:17:21 2014, Untitled |
1.450868e-61 1.692179e+62

1.550000e-01 1.081281e+02 =

1.650000e-01 1.070390e+02
1.750000e-01 1. ©59813e+02
1.850000e-01 1.049266e+02

1 G2 0 1 s30scsesc The concentration of H,0 is highest at the bottom of

2.050000e-01 1. 028842e+02
2.150000e-01 1.018913e+02

2.250000e-01 1.089141e+02 the tu be.
2.350000e-01 9,995132e+01

2.450000e-01 9. 899252e+01
2.550000e-01 9, 806012e+01 |
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Summary

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

* Defining material properties
* Defining stoichiometric chemical reactions
* Defining a reversible chemical reaction by splitting the reaction into forward and reverse directions
* Defining reaction rate equations for chemical reactions
* Additionally, some generally useful concepts were presented:

* The “No particle momentum” option is useful for simulations in which you are first exploring the behavior
of a set of chemical reactions. The simulation runs faster because the momentum equations are not solved
for the particles, but they still participate fully in thermal and chemical calculations
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