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Training Objectives

* Set up a complete Barracuda model based on specified process conditions
* Use several new features of Barracuda

* Multi-material particles

* Volatile materials in particles

* Particle feed

* BC Connections to maintain system mass

* Flux planes
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Process Sheet

* |sothermal at 1300 K

* No chemistry in this model

. . . : » rI i
* Fresh coal feed coming in at: n »” Outlet pressure:
« x=1.45m L ||' 4 200 kPa
o _ ; iy | | 4
y=0m 5 A L)
*+ z=1.75m | !
' |
|
' |
Fluidizing Air + Steam Velocity = 0.3 m/s None ' I

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

| |' BC Connectors
Fresh Coal Feed Velocity = 0.25 m/s Fresh coal at 1 kg/s I| | return pa rticles

| | from cyclones
Gas (mass fractions): ' I

|
0.77N,, 0.23 0, | | J
L]
Cyclone Diplegs Controlled by BC Controlled by BC || '
bl
Connector Connector b <+<— Fresh coal feed

Fluidizing air +
G
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Particle Properties

* Close pack volume fraction is 0.6

* Fresh coal particles:

* Multi-material including volatiles which are released

 Particle composition (mass fractions): Particle Size Distributions
0.45 Carbon (solid), 0.05 Ash (solid), and 0.5 Volatiles with an Gasifier Training Problem
overall particle density of 1450 kg/m3 100
90
* Volatile composition (mass fractions):
0.4144 CH4, 0.1702 CO, 0.0444 C0O2,0.111 H2, 0.26 H20 80 lFr.e.Sh Coel Feed
o gty
* Release rate of volatiles is rate = 0.05 T exp(-5500/T) pA s |
s
* PSDisincluded in the “my_setup” folder with name % 50 |
psd_fresh_coal_feed_particles.sff ER)
o
* Initial bed particles: %
20
* Assumed to be already devolatilized 10
* Particle composition (mass fractions): 0 100 200 300 400 500
0.8999 Carbon (solid), 0.1 Ash (solid), and 0.0001 Volatiles with Particle Diameter (microns)

an overall particle density of 725 kg/m3

* PSDisincluded in the “my_setup” folder with name
psd_initial_char_in_bed.sff
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Particle Properties

* For material properties, assume that Carbon and Ash have
densities of 2150 kg/m3

* |nitial Conditions

* Initial bed mass is 4800 kg
* Filled with Nitrogen at 200 kPa
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Reminder: What do we want to learn from this
model?

* Always keep in mind why you are running any model

* For this training problem, we want to set up and analyze the Barracuda model to learn the
following:

e General fluidization characteristics
* Entrainment rate of particles

* This is a simplified model without chemistry or thermal calculations. Tomorrow we will add
chemistry and thermal and run the more complex gasifier model
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Post-processing
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{ Barracuda Virtual Reactor with Chemistry - 17.2.0 - my_setup/Tuesday_Gasifier.pr

Project Tree g X
(7 Barracuda Virtual React... ~
% Setup Grid
@ Global Settings

" Base Materials
~ s Particles
*¢} Drag Models
(1) Volatiles
&% Particle Species
v I Initial Conditions
¥ Fluid ICs
eso Particle ICs
v [l Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v % BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ o Chemistry
il Rate Coefficients
Y& Reactions
4. Numerics
(- Time Controls
v . Data Output
T Flux Planes
A7 GMV Output Options
Zm Average Data
= 2D Plot Data

Global Settings
Gravity settings

Thermal settings

® Tsothermal flow

C Thermal flow

Thermal start options

Start with Thermal:

Temperature warning limits

X Gravity |U | m/s*
y Gravity |U | m/s
z Gravity |-9.8 | m/s?

1300

Heat transfer coefficients

0on

Minimum temperature warning (K): | 100

K

Off (turn on at restart)

Starting temperature: 300

Maximum temperature warning (K): | 6000

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

Chemistry settings

This feature allows chemistry to be set up, but not calculated until a later time by turning it on using time controls or a restart

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

Start with Chemistry:

/v~ Transient Data O off, ramp on from 0 s to |0 s
1 Wall Erosion
+ee Particle Attrition O Off (can be turned on at restart)
. Raw Data
1w} | BN Mo v
|« | # [ ¥ [ » |

| Tuesday_Gasifier. prj

| C:/ftraining/3_Tuesday_Gasifier/my_setup
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Base Materials

* In the Base Materials section,
define all materials that will be
used in the simulation

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

* Ash (select C_1, then rename it
l{Ash”)

e Carbon

e Methane

e Carbon Monoxide
e Carbon Dioxide

* Hydrogen gas

e Steam

* Nitrogen gas

* Oxygen gas

BARRAC UDA
* VIRTUAL REACTOR

COMPUTATIONAL

cpfdi..

(.‘ Barracuda Virtual Reactor with C
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emistry -

y_Gasifier.prj
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Froject Tree g X
(7 Barracuda Virtual React... ~
% Setup Grid

@ Global Settings
¢ Base Materials
“ wso Particles
=<} Drag Models
) Volatiles
% Particle Species
~ | Initial Conditions
£ Fluid ICs
e Particle ICs
~ [1] Boundary Conditions
Fressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v 3 BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
~ u Chemistry
il Rate Coefficients
7§ Reactions
#. Numerics
(- Time Controls
~ . Data Output
71 Flux Planes
A% GMV Output Options
Zm Average Data
2D Plot Data
/v Transient Data
=1 Wall Erosion
+*+ Particle Attrition
Raw Data

o, loting Mo

< * 4 &

Base Materials Manager

Add materlals to the Pm]ect Materlal List that can be used throughout project setup. Mote that if the material is not added to the

roject Material List

Chemical name
Ash
c
CH4
Cco
coz2
H2
H20
N2
02

State  Description

S Ash for Coal

C CARBON. SOLID GRAPHL..
CH4 METHANE. ANHARMO...
CO CARBOMN MONOXIDE
CO2 CARBON DIOXIDE

HZ HYDROGEN. REF ELEM...
H20 STEAM

N2 NITROGEN. REF ELEME...
02 OXYGEN. REF ELEMENT

OO 660606060

Add

Froperties

Edit Copy Delete

Averaging method for fluid mixture properties
(applies to viscosity, thermal conductivity, and o

mass diffusivity):

® Mole average
Flow Type

® Compressible

() Mass average

(O Incompressible (generally liquids only)

B: |0

Pref: |0

- Import

<-Replace->

le for selection later. For example, Particle Species can use solid materials added to Base

Material Properties Library

Description = |Contains ~= l:l

<

Chemical name

C12H10_1
C12H10_2
C12H11 1
C12H11_2
C12H12
C12H120
C12H26
C12H4Cl40_1
C12H4ClHO_2
C12H4CH403
C12H402CH_1
C12H402CH4_2
C12H6CI202_1
C12H6CHO2_2
C12H7
C12H8_1
C12H8_2
C12H80
C12H802
C12Hg_1
C12H3_2
C12H3_3
C12Hac
C12HaN
C13IHAN 1

State Description ~

C12H10 1-C10H7
C12H10 BIFHENY
C12H11. ETHYL 1
C12H11 ETHYL 1
C12H12 1-ETHYL
C12H120 1-NAPH
C12H26 N-DODEt
C12H40CI4 2,3,6
C12H4CH0 2,4,6
C12H4Cl403 DIBI
C12H402CH 2,3,
C12H402CH 1,3,
C12H6CI202 1,6-
C12H6CH402 2,4-
C12H7 1-ETHYNY
C12H8 ACENAPH
C12H8 1-ETHYNY
C12H80 DIBENZC
C12H802 DIBENZ
C12H9 1-NAPHTY
C12H9 1,-VINYL |
C12H9 O-BIPHEN
C12H9C! CHLORC
C12H9N CARBAZ
13HaN ACRTIIN Y
>

OO NOO0O0006O6O660606060606060060 060

n

|af1 7.3.0/cpfdHQ/props/cpfd_prop.prp

Browse

| Tuesday_Gasifier.prj

| C:/training/3_Tuesday_Gasifier/my_setup
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Particles

* Set the Close pack volume fraction to “0.6”
e Leave the Maximum momentum redirection from collision at “40%"”
* Set the Normal-to-wall momentum retention to “0.85”

* Set the Tangent-to-wall momentum retention to “0.85”

* Leave Diffuse bounce at “5”

r\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - my_setup/Tuesday_Gasifier.prj

CRETR Y

Project Tree & x
(" Barracuda Virtual React... ~
% Setup Grid

B clobal Settings
- Base Materials

“ ees Particles
=<} Drag Models
& Volatiles Particles
; % Particle Species This section creates the partide species that will be used in the calculation.
~ | Initial Conditions
4% Fluid ICs Drag Models - Create and manage user defined drag models, also indudes predefined drag models,
eso Particle ICs
v Eﬁ Boundary Conditions Volatiles - Define released gases for particle species.
Pressure BCs Particles Species - Define particles that can contain solids and released gases.
Flow BCs
Injection BCs Particle-to-particle interaction

Thermal Wall BCs
Passive Scalar BCs
~ %4 BC Connections Maximum momentum redirection from collision:
Secondary Feeds
Secondary Exits
BC Connectors
~ a Chemistry
I Rate Coefficients
Y Reactions

#. Numerics Mormal-to-wall momentum refention:
@ ot Ot o o5
v ¢ Data Output Tangent-to-wall momentum ratention: _

e
=< fioclanes Diffuse bounce:
&' GMV Qutput Options

Zm Average Data
2D Plot Data

Jv- Transient Data
=% Wall Erosion
+++ Particle Attrition

- Raw Data
Ramilotian Dok

<« #* 4 L

| Tuesday_Gasifier.prj | C:/training/3_Tuesday_Gasifier/my_setup

Close pack volume fraction:

[ Blended acceleration model for the contact force o

Stress Model Advanced Options

Particle-to-wall interaction
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Defining Volatiles

. . .
b I n t h e VOIatl I es Sect I 0 n, d efl n e t h e [ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /CMraining\3_Tuesday_Gasifierymy_setup\Tuesday_Gasifier.prj - m} X
VO | ati |e m ate ri a I tra p ped i n th e Filer View 7 Setu'p Run Graph\_c&_; and C?ut-eu_i---Pis‘t-pruce%i_rlg" H.el-p
fresh coal particles, and the gases e+ o au [ et rox
X | — pplied materials ? 1
p 4 g P_rf)]em MEE £ 2% Volal  Volatile Material Properties
re I eased l yBa;;atﬁ:dgﬁ\:rtual React. & F ‘ ] Applied materials
@ clobal Settings 000 Specific hed JkgK |+ Fractions sum to: 1.0
. . b Base Materials Heat of devolatilization at 298.15K: E-_ 1/kg Vmaterial State Fra
* Based on particle properties, the |-~ e S i mock o oas
VOlat| |es com t b gl el Release gases: |CH4, CO, CO2, H2, H20 DO1LE0 G 01702
position (by mass — o, cou 2, Wecor o o
i i > Tnitial Conditi Values 003 H2 6 0111
fraction) is 0.4144 CH4, 0.1702 CO, | e s e 22— g wiwo G 02
eso Particle IC
0.0444 CO2, 0.111 H2, 0.26 H20 |~ i soumiary conttons s ot .- 3 T p i €80 4
T SO :
. . - . T1= -
* C(Click on Add to raise the Volatile e o s C‘ — | Ed Delete
Editor window « 5 B Comections T CR— | Fracton pe
Secondary Feeds < E = |5500 ) | ® Mass fraction Mole fraction
Secondary Exits E0=o |
o" H ”
* Enter “Volatiles” for the Name and |, ‘e [ P Canca
= ffici
“1000” J/kg K for the Specific heat | e / |
‘f‘ Numerics w are dependent on Chemistry. If the Global Settings option Start with Chemistry is set to Off, then Volatiles will not be calculated.
@ Time Gontrols h Add Edit Copy Delete

* Click on the Release gases button < & + =

to a d d the Volati Ie m ate ria |S an d Tuesday_Gasifier.prj |C:jtra\ningIE_Tuesday_Gasiﬁerjmy_setup

their mass fractions. When
finished, click OK

The release rate of volatiles can be specified in terms of an

* Enter “0.05” for ¢,, “1” for ¢, and Arrhenius-type temperature dependence

“5500” for E
Based on the process sheet, the release rate expression should be:

* Click OK

Rate = 0.05 T exp(-5500/T)
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Multi-Material Particles

. . r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\trainingh\3_Tuesday_Gasifier\my_setup' Tuesday_Gasifier.prj — m] X
* The part|C|eS WI” be treated as File View Setup Run Graphics and Output Post-processing Help 5 Appled st 2 %
multi-material, enabling © i=Edwo ::1%-_13 6 = it
devolatilization of the fresh coal [ 11—
B | e s <
. . @ lobal ings — odel Name: e Wen-
* To create a new particle species, | - seemaers Qo oD | M (e
. . v eeo Particles Materials: Applied Materials aime | Lnk o Delau ue
click on Add. Then click on SN e @ B e
Appl IEd Materla IS o '“;n;ar:'gj F:jp:cnes Predefined PSD: = ot S Mass fraction amn( 0.890q]
I fal Conditions @ Linked o -
: Elaurlt?;:ics PSD Filename: i Applied Materials Manager - ¢
* Add carbon and enter a mass |- & soundary conditions o
. Pressure BCs - Applied Materials oK Cancel
fra Ctlon Of ”0.8999” Elov]BEs - F Add Materials using the buttons below. All Mass Fractions should sum fo 1.0
Injection BCs fads Mass Fractions sum to: ¢ 10 \,
:2;;:”:;‘::!?;;5 Minimum Maximum D Name State Mass Frac B Density (kg/m~3) Age Factor
* Add ash and enter a mass e Sl B2 ‘ ! ||| e ——————— o
° " ” Secondary Feeds s 5
fraCtlon Of 0-1 :;cgg::;di):;s Sphericity: gg; CD:-IEtHES \iolatile g.;ﬂﬂl Eissgeciﬁed ;;’A
» Add ash volatiles enter a mass | " o coen ey 1. |
fraction of “0.0001” / umeris
C Time Controls w T Add 1 1
¢ L. b4 L /
b M a n u a I |y e nte r the ove ra | | ‘Tuesday_Gasmer.pr] o |C:ftralmngﬁ_Tuesday_Gasmerfm ‘\
particle density as “725” kg/m3. N - — -
Cl ICk OK Overall particle density
Automatically calculated: _UNKNOWN kg/m?
* Enter an appropriate description © wanualy enteres: C [725 ) [ kg/n
in the Comment field ok | conce

Since the initial bed particles are assumed to
already be devolatilized, they consist of mostly
carbon and ash
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Specifying PSD

* To specify the particle size
distribution, click on the file
directory button for Radius
Filename:
and select the file:
psd_initial_char_in_bed.sff

* Click Open

* For all particle species in this
simulation, choose the Wen-Yu
drag model.

COMPUTATIONAL
I

cpfd:

F Particle Species Editor

Species-1D:

1

Comment: |initia| char in bed

Materials: |

Applied Materials |

Particle Size

PSD Filename:

Radius

Minimum

Maximum

| m

|7 Wen-Yu

Drag Model

Model Name: ——
Name Link To Default

cl Linked

cl Linked

2 Linked

no Linked

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

[] Agglomeration

<

Value o

lele

Sphericity: |1.0

Emissivity: | 1.0

| @]

Radius Cut Point: | 1.8e-05 m [T]
(7 Open File x
1 <« 3_Tuesday_Gasifier » my_setup v | Search my_setup »
Organize « Mew folder f== » [H e
P ~ Name Date modified Type Size
[ gridii 1/3/2018 11:26 AM | File 1KB
__ |;“{ psd_fresh_coal_feed_particles.sff 3/30/2016 8:08 PM SFF File TKB
- D{ psd_initial_char_in_bed.sff 3/30/2016 8:08 PM SFF File 1KB
I @ psd_particle_from_cyclone_diplegs.sff 3/30/2016 8:08 PM SFF File TKB
E
4
.
&
WL >
Morms || v| | Standard File Format/i(*.sff %i * ~ |
y Open | | Cancel |

12
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BARRA

$'2e00

Particle Size Distribution (PSD) File

* To view the PSD file, click on
Edit

* To display a plot of the
particle size distribution,
click on the graph icon on
the toolbar

*  When finished with the PSD
file, close both the plot and
file windows

* C(Click OK

CUDA
VIRTUAL REACTOR

COMPUTATIONAL
RTICLE

cefds

r\ Particle Species Editor

Species-ID: 1 Trglizid -
T e { Particle Size Distributions Editor ? e
Comment: |imtia\ char in bed ‘ |
Materials: | Applied Materials | Nama | Link To Default Value Cumulative (%) Radius (m) ~
iceee . o 1 0.00 1.99€-05
PredefinedPsp: || |7 M 2.05 3.506-05
2 Linked 2 |2 )
PSD Filename: \ no ked 3 6.82 6.36E-05
® Multiplier (constant): 4 13.64 Q.86E-05
d_initial_ch bed.sff 4
m O Multiplier (predefined):
Radius 5 19.77 1.28E-04
O Multiplier (from file): | =
Minimum Maximum 6 34.09 1.51E-04
[ Agglomeration
m 7 58.41 1.68E-04
Radius Cut Point: | 1.8e-05 m
W
Sphericity: @ Effective Particle Size Filename: P
[# Add Row] |= Delete Row| |+# check Dat{( | B8 Graph ) @ update Simulation|
S S— i
:ox File: ||:sd_iiiﬂ_dw_il_bed.df | I save | 14 Save As Close
,
qtGrace: Untitled - o X

File Edit Data Plot View Window Help

GO: X, Y = [0.000249108, 120.701]

psd_initial_char_in_bed.sff

10 T T T T

b [— Cumulative (%)

80 —

Cumulative (%)
.

5e-005

1
0.00015
Radius (m)

7 Graphing Setup ? X
X Axis

Radius (m) -

Y Axis

Variable Name Line Color Line Style Line Width
1 Cumulative (%) |Black v | Solid ~  Small-Medium ~
2 [ Radius(m) Red * | Solid ~ | Small-Medium ~
Please select your variables to graph
| Close | Plot

hopper, , Untitled
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Particle Species Continued

r.\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /ClMraining\3_Tuesday_Gasifier\my_setup\Tuesday_Gasifier.prj - O X

® The partiC|e speCieS for the pa rtiCIeS File .V.IE;I:'\I“ Set-up Run Graphlcsan‘d Output Pnst—pm-ces_smg H_elp
initially in the bed has been defined |& =38 %o @2 %€ 6 & §

PITO]E!(I jies 5 Particle Species Manager
(7 Barracuda Virtual React...
° N t d f' th t' I H f % Setup Grid Species-ID  Comment Materials Min radius Max radius  Sphericity Emissivity Drag model Agglomeration
eX ) e I n e e pa r Ic e S pec I eS O r M clobal Settings 0oL initial char in bed C, Ash, Volatiles psd_initial_char_in_bed.sff 1 1 Wen-Yu off

7 Base Materials

the fresh coal feed © o poree

=4} Drag Models
) Volatiles
@& Particle Species

* To create another particle species, % il Conditons (* parde pecisEder rox

£ Fluid ICs
Drag Model

| i k dd d h I 1 k eso Particle ICs Spacies-ID: 2
C I C O n A a n t e n C I C O n ~ [l Boundary Conditions ﬂ‘ Model Name: 7 Wen-Yu v @

: H Pressure BCs Comnfag
Applled Materlals Flow BCs Materials: Applied Materials _ Mame Link To Default Value al

Passive Scalar BCs Predefined PSD: - cl Linked

* Inthe Applied Materials Manager * F B Conmertiars | 5

Secondary Feeds —
5 Applied Materials Manager ? X

window, specify the composition of sacondory ot o

BC Connectors
® m Applied Materials

the freSh Coal feed (0-05 ASh, 0.45 C’ " .g'ﬁ;lzsngﬁclents oM Add Materials using the buttons below. All Mass Fractions should sum to 1.0.
JF Reactions Radius Mass Fracti 5 LU
H . - @] e .
a n d 0 . 5 VO | atl | es by m a SS) A Numerics Minimum Maximum " MName State Mass Frac Density (kg/m~3) e Factor

(- Time Controls
- O Ag oo Ash S5 0.05 2150 1
<« & L4 [ radiN 201 C s 0.45 2150
02  Volatiles  Volatile 0.5 Unspecified |

* Manually enter the overall particle Tuestn_Gostter A — R
density as “1450” kg/m3 s |@

. Add Edit Copy Delete
L4 Cl I c k O K Overall particle density
Automatically calculated: UNKNOWN kg/m®

* Enter an appropriate description in e e B (e WL
/ oK Cancel

the Comment field, i.e. “Fresh coal _
feed”

) i ) N Because the density of the volatiles
* Specify the particle size distribution is unspecified, the éverall particle

by selecting the file density must be manually entered
psd_fresh_coal_feed_particles.sff

SIMULATE > UNDERSTAND > OPTIMIZE
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Initial Conditions: Fluid ICs

* For this simulation, set the fluid initial condition as 100% N2 at 2.0 x 10° Pa

* Use[and] to select minimum and maximum extents of the domain

File View Setup Run

Project Tree g x

L  BARRACUDA

[ Barracuda Virtual React... ~
% Setup Grid
3 Global Settings
7 Base Materials
v eso Particles
*¢} Drag Models
1) Volatiles
&% Particle Species
v [» Initial Conditions
£ Fluid ICs
eso Particle ICs
v [ Boundary Conditions
Pressure BCs
Flows BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v % BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ a» Chemistry
il Rate Coefficients
J§ Reactions
#. Numerics

r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training3_Tuesday_Gasifier\my_setup\Tuesday_Ga

Graphics and Output

CERELREEEY 1L E:

Post-processing  Help

Fluid IC Manager

i

(- Time Controls v

On
oo [

Y ) yi y2 zl
-1.524 1.52242 -1.52361 1.52361 1.85943e

I e |

Add

|« [ ¢ | ¥ | » |

| Tuesday_Gasifierpri

| C:/ftraining/3_Tuesday_Gasifier/my_setup

VIRTUAL REACTOR

COMPUTATIONAL
RTICLE

cefds
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S B O »
(7 Fluid IC Editor: 000 ? *
Initial Conditions
L| [ Applied materials ? X
Temperature | 300 K
@ 300000 B3 ; Applied materials
Fractions sum to: 1.0
FolTaETE | e | <(Material State Fraction
Velocity |0 | |0 | |0 | m/s 000 N2 € 1

[ initial conditions from file

IC File |
Region

I SELELL I I | | Add material | | Edit | | Delete
x |-1.524 | x [1.52242 |
Fraction type

" |_1'52361 | ¥: |1'52361 | ® Mass fraction O Mole fraction

2, |1.85043e-16 |z [9.11321 |
Comment \

Cancel ‘ ‘ OK ‘
Delete
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Initial Conditions: Particle ICs

* The initial particles in the bed are char (devolatilized coal)
* Initialize the particles by mass in the region

* Calculate the bed height needed for the mass (on next slide)

(7 Barracuda Virtual Reactar with Chemistry - 17.3.0 - /Ci\training'\3_Tuesday_Gasifier\my_setup'\Tuesday_Gasifier.prj r Particle IC ? x

File View Setup Run Graphics and Output Post-processing Help [ Titial conditions

@ = ] lg b o I i *‘ & = n |Ini'tia|izema55in regM \ '|

Project Tree g X ; N
P J:: Tr—T— Particle IC Manager Particle species 001 - initial char in bed
: rracuda Virtua
% Setup Grid D On x =2 yl y2 21 z2 Description Comment Total particle ma 4800 kg
@ Global Settings
' Base Materials Temperature 3 K
v eso Particles
=<} Drag Models Region
1) Volatiles mm—— e —
. & Par:iclers‘dpecwes Select region (m) \ |
~ » Initial Conditions TN
£ Fluid ICs % [-1.524 | % [1.52242
wsu Particle ICs
v Bl Boundary Conditions y: [-1.52361 | 2 [1.52361 |
Pressure BCs 7, [1.859436-16 | z. [1.815 N
Flow BCs
Injection BCs )
Thermal Wall BCs okl
. aP:Css:eDScalar_ECs @® Use global slider | |
nnections : i :
Secongary Feeds O use local slider | L |
Secondary Exits ' ' '
BC Connectors 4\ O Specify cloud density | Clouds per cell ¥ |Auto
¥ a Chemistry
E Rate Coefficients E X Add i | Edit | | Copy | [ Special settings
+& Reactions 7 7 T
# Numerics Automatically calculated | | Random cloud initialization [ o particle momentum
parcels per cell i 1 1 1

(- Time Controls -
- 2 (Global Slider) Low Medium Comment

ENESNENKN

Gmv Mode: Use GMV for post-processing shortcuts throughout interface.

Cancel ||l oK
P -

L BARRACUDA
~ “w%siaf VIRTUAL REACTOR

SIMULATE > UNDERSTAND > OPTIMIZE
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Calculating Initial Bed Height

* For this problem, the target initial bed mass is 4800 kg
* In Barracuda, particles are initialized in cells specified through x, y, z locations

* For atarget of 4800 kg, an initial bed height of 5.95 ft is needed. (Vessel diameter is 10 ft, particle
density is 725 kg/m3, initial volume fraction is 0.5)

* For ease in setting up the particle IC, use a bed height of 5.95 ft or 1.815 m

o , 4800kg
initial particle volume = Y = 13.24m3 = 467.6ft3
0.5 x 7252
m
467.6ft3

initial particle height = = 5.95ft

n(5ft)?

' .
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Pressure BCs: Cyclone Inlet Horns

* The cyclone inlet horns will be used as pressure BCs through which particles can escape
* Note that we are not modeling the flow of particles inside the cyclones

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

* Boundary locations will need to be determined for each cyclone

* The same pressure file can be used to specify the pressure in all cyclones

f Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\trainingh3_Tuesday_Gasifier\my_setup\Tuesday_Gasifier.prj — O *

File View Setup Run Graphics and Output Post-processing Help

FLERLEEY LXCLE:

Pr.\oject TE = Pressure BC Manager
(" Barracuda Virtual React... ~
% Setup Grid ID Dir x1 x 'yl y2 z1 z2 Area Pressure Temp K-Fact Fluid properties Particle Flux plane name Comment

3 Global Settings
" Base Materials
v wso Particles
*¢J Drag Models
) Volatiles
% Particle Species
~ ‘> Initial Conditiens
£ 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 {
¥ & Chemistry | |
i Rate Coefficients
% ‘:'.u::“:::;”s K-factor adjustment: k = ( 1+¢ 0y ) Keean
(** Time Controls cl= |0 |

Edit | | Copy | | Delete

W

EINENEREN

| Tuesday_Gasifier.prj

| C:/training/3_Tuesday_Gasifier/my_setup

SIMULATE > UNDERSTAND > OPTIMIZE

18



Correct Boundary Condition Location Indices

* Use the Select region (m) button to determine the correct boundary condition location

* Click and drag the mouse pointer to select the face for the pressure BC. This will populate the
Region section with the x, y, z location for the pressure BC.

Pressure boundary condition

Region
~
Direction: z (i)
Select region (m) |
x| || \
¥ | ||
= | || |

Flux plane options

Gas species flux plane behavior:

Mass Fraction

[ output raw particle data

Comment

[ subdivide by radius ~ Radius divisions 100 -

Fluid behavior at boundary
O Pressure file: Edit = |

® Specify values:

? X

Particle behavior at boundary

® No particle exit (1]

Are|

% Select Region

Pre:
T Grid Controls
en
kfa  Options
P STL file units: | in he
Display units: |m -
Fluid pri n
Pointer/Corner

Physical/Grid

Location:
Type:
#" Advanced options

App|

View Controls (remove STL triangles outside of bounds)

" Reset views

x—minl -61.1994 ¥-max
i -61.1841
Hide triangles: @ y—mm. y-max
] o
b ins z—min' -3.58788 Z-max

[ Include Baffles

oo |
Poor |
Woore |

Baffles  Grid Controls
-— h | | I TT 11 |
- | | I
S~ N g IN

i
Ly

[ 4
A \ 1\ akNe
N b
+ - z z
i, 7 L} L
Clear View Selection

Cancel
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Pressure BC Flux Planes

* Select appropriate direction for the pressure BC of each cyclone. It should be normal to the face
of the boundary

* Give each pressure BC a flux plane name that is easy to identify. We will be examining the data in
these flux plane files during post-processing

* Use a standard prefix, such as “FLUXBC_” to make the files easy to find
* Avoid spaces in file name

* Select Mass Time Cumulative for gas species information through the flux plane. This will allow
us to monitor the gas composition into the cyclones

* Use the Subdivide by radius feature to get particle size information for particles entrained

through the flux planes Sy —— —
. . Pressure boundary condition
® E nte r a d escrl ptlve Com ment Region Fluid behavior at boundary Particle behavior at boundary

Direction: X v (i} O Pressure file: Edit o
® No particle exit (i ]

@ Specify values:
Select region (m)

x [-0.0383119 | x. |0.0588749 | O Particle out flow
[oseesrz M | Presse [ |, |@
A Y2lo Particle radius(m) range allowed to exit: | @
z,[6.86428 | z2 [7.71776 | enpeatuie] 1360 O
Min = |0 to Max = | UNLIMITED
Flux plane options

\ Properties (O Particle feed (Slip and vol frac)
Flux file name: |FLUXBC_cycInne_l_pressure | (1]

Gas species flux plane behavior:

(O Particle feed (Slip and mass flux)

3 Fluid properties if inflow  Interior cell values ~ | &

— Subdivide by radius  Radius divisions [100 %
[ output raw particle data

(O Particle feed (Slip and mass flow rate)

Applied fluid species | Define fluid species

Edit particle feed
Comment

— |O,rc|0ne 1 pressure BC Particle Feed Control (i ]

Cancel
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Pressure Boundary Conditions

* The same pressure file will be used for the pressure BC of each cyclone

» To create the file for cyclone 1, click on Edit, then enter a pressure of “2.0 x 10°” Pa at time zero

» Save the file as: BC_top_pressure.sff

* When specifying pressure for the remaining cyclones, click on the file directory button and select that file

* Define the fluid species as 100% N, with a mass fraction of 1

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

f\ Pressure BC Editor

Pressure boundary condition

Region
Direction: x v (1]
Select region (m)
% |-0.0383119 | % [0.0588749 |
y: |0.866912 |y [1.27417 |
2z 6.86428 | 2. [7.71776 |

Flux plane options

Flux file name: |FLUXEC_cycIone_l_pressure| (1]

Gas species flux plane behavior:

Mass Time Cumulative -

Subdivide by radius  Radius divisions

] Output raw particle data

Comment

|C\rclone 1 pressure BC

Fluid behavior at boundary\
® Pressure file: |:| Edit

O Specify values:

Area fraction | 1.0

Pressure Fa | &B

Temperature | 1300 K |

K-factor 0.0 (1]
Properties

Fluid properties if inflow | Interior cell values ~ | &§

Applied fluid species | Define fluid species

=

Particle behavior at boundary

(O Mo particle exit (1]

L ® Particle out flow

{7 Pressure Boundary Conditions Editor ? >
Time (s)  Pressure (Pa)  Temperature (K)  Area Fraction Particle Feed K-Factor
10 2e5 1300 1 (¢) off 0
2 @ on
& Add Row &= Delete Row | |« Check Data I Graph & Update Simulation g9

File: | BC_top_pressure.sff

|FH Save | W Save As

k4 Close

cancel \
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Pressure BCs: Cyclone Inlet Horns

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

(7 Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training\3_Tuesday_Gasifier\my_setup\Tuesday_Gasifier.prj

File View Setup Run Graphics and Output Post-processing Help

aE o D KE & m i
Project Tree = = Pressure BC Manager

(7 Barracuda Virtual Rea... ~
xl x2 y1i y2 71 72 Area Pressure Temp K-Fact Fluid properties Particle Flux plane name Comment

% Setup Grid D Dir

® Global Settings 000 x -0.0383119 0.0588749 0.866912 1.27417  6.86428 7.71776 BC_top_pressure.sff Using file Using file  Using file Interior cell values out flows FLUXBC_cyclone_1_pressure Cyclone 1 pressure BC

- Base Materials 001 y -1.31531  -0.860632 -0.0602412 0.0486932 6.86428 7.71776 BC_top_pressure.sff Using file Using file  Using file Interior cell values Out flow FLUXBC_cyclone_2_pressure Cyclone 2 pressure BC
X -0.0527879 0.0443989 -1.29 -0.852171 6.8994 7.71776 BC_top_pressure.sff Using file Using file  Using file Interior cell values Out flowr FLUXBC_cyclone_3_pressure Cyclone 3 pressure BC
|

+ eso Particles
=4} Drag Models 0.843058 1.29774 -0.0620458 0.0468886 6.86428 7.71776 BC_top_pressure.sff Using file Using file  Using file  Interior cell values out flow FLUXBC_cyclone_4_pressure Cyclone 4 pressure BC

) Volatiles

% Particle Species

v 'l Tnitial Conditions
£ Fluid ICs
weo Particle ICs

v [] Boundary Conditions -
Pressure BCs Add | | Edit ‘ | Copy | | Delete
Flow BCs
Injection BCs K-factor adjustment: k = (1 + ¢c1 6, ) k
Thermal Wall BCs ( 1 Up ) clean
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Bottom Flow BC: Simplified Sparger

* Recall that the bottom flow BC is being used to introduce all fluidization gas and steam to the
system. In the real system, a gas sparger is present, but in this example a uniform boundary
condition is used as a simplification. Use [ and ] to specify min and max values in Region

* Based on the process sheet, specify the flow rate and composition of gases at the bottom flow BC

* Use a transient (.sff) file to specify the fluid mass flow rate. This allows you to change the flow rate
interactively if you need to do so

. {m | |

r.‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\3_Tuesday_Gasifier\my
File View Setup Run Graphics and Qutput Post-processing Help

B = wo =3 € 6= H

Pr\oject WS = Flow BC Manager
(7 Barracuda Virtual Rea... »
% Setup Grid D Dir x1 = yi y2 z1

& Global Settings
- Base Materials
~ o= Particles
=4} Drag Models
) Volatiles
&% Particle Species
v [~ Initial Conditions

£ Fluid ICs
eso Particle ICs
~ |1l Boundary Conditions
Pressure BCs R\
i <
Thermal Wall BCs hd Add Edit =

« i hd >

|Tu esday_Gasifier.prj | C:/training/3_Tuesday_Gasifier/my_setup

{7 Flow BC Editor

Flow boundary condition

Region
Select region (m)
x [-1.524 | %2 [1.52242 |
yi [-1.524 | y2 [1.52361 |
2 [1.85043e-16 | z [0.153173 |

Flux p\aqg.‘_uphuns

' Gas species flux plane behavior:

Mass Fraction <~

. o
[] output raw particle data

Comment

‘Umfnrm flow BC at bottom surface

Flow direction

O x-direction flow

O y-direction flow

@® z-direction flow

x/yfz variation angle degrees

O Normal to surface flow Normal Limit ~ | €@

O Direction flow vector
ul0 v 0
Force absolute direction

Vector variation angle |15

degrees

Behavior at boundary

Fluid behavior at boundary

@® Use transient fluid flow file

O Use BC Connector data

O Specify values

cocioaieg |0 s | @ Min = [0 to Max = |UNLIMITED
Pressure |0 Pa | @ Particle exit control (Off)
Temp | 300 K (i} O Farticle feed (Slip and volume fraction)

Fluid composition

Applied fluids:

Transient fluid and particle flow file

Particle behavior at boundary

Use transient particle flow file

O Use B

@® No particle exit

gnpector data (1]

O Particle ottt flow

Particle radius (m) range allowed to exit: | )

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

SFF file: ‘EC_bwttwm_ﬂuw.st

Particle feed control /0

Edit =
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(7 Flow Boundary Conditions Editar ? X
Time (s)  Velocity (m/s)  Temperature (K) Pressure (Pa)
10 0.3 1300 2e5
2
<p Add Row |&= Delete Row| |«” Check Data| M Graph | | Update Simulation §§
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Fresh Coal Flow BC

* Asshown on the process sheet, fresh coal is fed into the system from a side inlet location. Use the
process sheet to define the fluids at the flow BC

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

e 1-Select Use transient fluid flow file
* 2 —Select Particle feed (Slip and mass flow rate)
* 3 -Check Use transient particle flow file

2 Flow BC Editor ? X

Flow boundary condition

Region Flow direction Behavior at boundary
""""""""""""""""""" Fluid behavior at boundary Particle behavior at boundary
® x-direction flow e (1]
___________________ g Use transient particle flow file
e T ®) Use transient fluid flow file
....... Select region (m)
‘ | | [ () Use BC Connector data (1]
& [145 % |1.60 direction flow
5 ‘ | | ‘ I Oy L O Use BC Connector data O Mo particle exit
1] 0.15
oA iz O Particle out flow
.21 |1.75 7 (1.90 )
‘ ........... | | ___________ l & o O Speify values Particle radius (m) range allowed to exit: | B
---------------------- Velocity flow | 0 m/s | @ Min = |0 to Max = | UNLIMITED
X/y/z variation angle degrees Pressure |0 Fa | @ Particle exit control (Off)
Temp | 300 K o O Particle feed (Slip and volume fraction)
O Particle feed (Slip and mass flux)
Gas species flux plane behavior: Fluid composition @@ Particle feed (Slip and mass flow rate)
Mass Fraction &2 Applied fluids: Define fluids Edit particle feed
- () Direction flow vector (i ]
[] subdivide by radius  Radius divisions | 100 = FParticle feed control (1]
] output raw particle data
u 0 v 0 wil Transient fluid and particle flow file
Comment i :
Force absolute direction SFF file: | Edit =)
|Fresh coal feed Vector variation angle | 15 degrees
OK Cancel
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Fresh Coal Flow BC: Particle Feed

* Select Edit particle feed to specify particle species to feed

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

? Flow BC Editor ? X
Flow boundary condition
Region Flowr direction Behavior at boundary
Fluid behavior at boundary Particle behavior at boundary
@® x-direction flow
Use transient particle flow file
@® Use transient fluid flow file
| Select region (m) |
| ‘ ‘ | () Use BC Connector data @
X (145 % | 1.60 direction fl
- [ yediestiontion L (O Use BC Connector data O No particle exit
; . . 2
(7 Particle feed settings ? x O Farticle out flow
X X O Specify values Particle radius (m) range allowed to exit: @
Particle Species -
Velocity flow | |0 mfs @ Min = |0 to Max = |UNLIMITED
D Species-ID Fraction Comment Materials
Pa @ Particle exit control (Off)
000 002 1 fresh coal feed Ash, C, Volatiles
Temp K @ O Particle feed (Slip and volume fraction)
:| O Particle feed (Slip and mass flux)
Fluid compaosition @ PW
:I Applied fluids: Define fluids | Edit particle feed D
Farticle feed control @
Add | | Edit | Transient fluid and particle flow file
Particle feed SFF file:
o
Particle/fluid slip ratio 0.5 @
Particle feed per ave volume 125 IEI
Particle feed mass flow rate (kg/s) 0 IEI
(7 Flow Boundary Conditions Editor ? X
Time (s)  Velocity (m/s)  Temperature (K}  Pressure (Pa) Particle Feed Number Density Manual Particle Slip Particle Mass Flow Rate (kg/s)
>

10 0.25 1300 2e5 125 1 1
z

| & Add Row | | = Delete Row | | «” Check Data | | M Graph | | & update simulation ‘

File: |DC_ﬁ'esh_maI_feed.5ff | | I save | MSaveAs| | Close |
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Cyclone Dipleg Flow BCs

* Flow BCs will be defined on the cyclone diplegs to maintain system mass. BC Connectors, which tie
each inlet horn pressure BC to its corresponding dipleg flow BC, will be set up on subsequent slides

* Each dipleg will need an individual flow BC. Use the Select region dialog to select the bottom face
of the dipleg

* Be sure to define a good Flux plane name for each dipleg Flow BC

* Select Use BC Connector Data for both Fluid behavior at boundary and Particle behavior at
boundary.

% Select Region - O X

Grid Controls

Options View Controls (remove STL triangles outside of bounds)

STL file units: in -

e FEEES x—mm' -61.1994 X-max
Display units: | m -
Location: Pointer/Corner’ -

Hide triangles: c y—mm' . U

Flow BC Editor T x

Type: Physical/Grid w »
. fini: [z z-mm' -3.58788 Z-max
#" Advanced options [J Include Baffles

low boundary condition
Baffles  Grid Controls N v

Flowr direction Behavior at boundary
|~ i AN N O N [ I S Fluid behavior at boundary Particle behavior at boundary
Vi O x-direction flow (1]
iffa ki I I t I Use transient particle flow file
= i O Use transient fluid flow file
Select region (m)
— V4 (% > (® Use BC Connector data (i}
e — x [0.353437 %z |0.741631 | [lO!y-direcon flow o
Clear | [View Selection Cancel (® Use BC Connector data O Ho particle exit
v+ |0.519806 | 2 |0.876311 | i
| || | O Particle out flow
7 |1.48369 2 |1.57948
O Specify values i ) m .
@ z-direction flow o pecify Particle radius (m) range allowed to exit: | €§
Velocity flow = 0 m/s | @ Min = |0 to Max = | UNLIMITED
xfyfz variation angle degrees Pressure 0 Pa | @ Particle exit control (Off)
R Temp 300 K (i) O Particle feed (Slip and volume fraction)

lux plane name: |FLUXBC_cyclone_1_dipleg O Hormal to surface flow | Normal Limit = | & O particle feed (Slip and mass flux)

O Particle feed (Slip and mass flow rate)

Gas species flux pl g Fluid composition
Mass Fraction e Applied fluids: Define fluids Edit particle fead
» ) . O Direction flow vector (1]
[ subdivide by radius  Radius divisions | 100 B Farticle feed control (1]
[] output raw particle data
u |0 v 0 w1l Transient fluid and particle flow file

Comment i

Force absolute direction SFE file: Edit 3
‘Cyclune dipleg 1 Vector variation angle 15 degrees

Cancel
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Flow BCs

* Ensure that all four cyclone dipleg Flow BCs are created before moving on to the next slide

r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training'3_Tuesday_Gasifier\my_setup\Tuesday_Gasifier.prj — O *
File View Setup Run Graphics and Output Post-processing  Help
B =8 9o nxd K€ o H§
Project Tree ) Flow BC Manager
) Volatiles ~
&% Particle Species D Dir x1 x2 yl y2 z1 z2 Area Flow rate Temperature Pressure Particle Flux plane name Comment
~ [+ Initial Conditions 000 z -1.524 1.52242 -1.524 1.52361 1.85943e-16 0.153173 1 BC_bottom_flowe. sff Using file Using file No exit FLUXBC_bottom_flow Uniform flow BC at bott
£ Fluid ICs 001 x 1.45 1.6 0 0.15 1.75 1.9 1 BC_fresh_coal_feed.sff Using file Using file Feed mass flow FLUXBC_fresh_coal_feed Fresh coal feed
weu Particle ICs 002 z 0.353437 0.741631 0.519806 0.876311 1.48369 1.57948 1 Using BC Connector Using BC Connector Using BC Connector Use BC Connector FLUXBC_cyclone_1_dipleg Cyclone dipleg 1
v | ] Boundary Conditi... 003 z -0.813275 -0.581241 0.35185 0.703766 1.44934 1.59008 1 Using BC Connector Using BC Connector Using BC Connector Use BC Connector FLUXBC_cyclone_2_dipleg Cyclone dipleg 2
Pressure BCs 004 z -0.725908 -0.39804 -0.884441 -0.509357 1.46878 1.58936 1 Using BC Connector Using BC Connector Using BC Connector Use BC Connector FLUXBC_cyclone_3_dipleg Cyclone dipleg 3
Flow BCs 005 z 0.488399 0.856274 -0.734233 -0.344921 1.45606 1.58176 1 Using BC Connector Using BC Connector Using BC Connector Use BC Connector FLUXBC_cyclone_4_dipleg Cyclone dipleg 4
Injection BCs
Thermal Wall BCs
Passive Scalar BCs < by
v & BC Connections
Cocondan: Eand vl ] Add | | Edit | | Copy | | Delete |
EIENEREN
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BC Connection Input from Domain

* Inthe BC Connectors section of the Barracuda VR GUI, click Add to define a new connection.

* On the left side, select the BC Connector Input, which in this case is the Pressure BC for Cyclone 1.

r‘ Barracuda Virtual Reactor with CH

File Wwiew Setup Run

B ‘=4 ®o

Project Tree & X

Grap|

4 Volatiles A
ww Particle Species

v I Initial Conditions
A& Fluid 1Cs
eso Particle ICs

v 1] Boundary Conditi...
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs

v X BC Connections
Secondary Feeds
Secondary Exits
BC Connectors

¥ a Chemistry
8 Rate Coefficients
/¥ Reactions

#. Numerics

r‘ BC Connector Editor

Enabled
BC Connection Input from Domain (outlet BCs)
D Flux plane name BC type Particle split fad
< >

4
deanced feature: All Flow BC flux planes available as inputs

BC Connector Properties

BC Connection Output to Domain (inlet BCs)

= O X

Name: |

| [

Comment: |

Time delay: |U

[ Reset particle residence

Draw connectors for post-processing
Fluid Filter (Scale)

Particle Filter (Random)

Thermal Control

O Transient heating/cooling rate:

Edit =]

Flux plane name

BC type

Using connector fl

O Fixed heating/cooling rate:
Heating / Cooling Rate |0
Minimum Temperature | 10
Maximum Temperature | 60

®) Direct temperature adjustment
Fluid temperature control
Fluid temperature factor:

Particle temperature contrg

(- Time Controls Add Edit Copy Delete Particle temperature factor
v 4. Data Output
7. Flux Planes
AT GMV Output Optio...
Zn Average Data <
= 20 Plot Data
= P ~ Add Edit Copy
¢ | & | ¥ | »
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[‘.‘ BC Connector Input Editor

Flux plane properties

Available flux planes (select one):

Fl

000 FLUXBC_cyclone_1_pressure Pressure BC

002 FLUXBC_cyclone_3_pressure Pressure BC
003 FLUXBC_cyclone_4_pressure Pressure BC

General properties

Particle split factor:

& Help

Cancel
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BC Connection Output to Domain

* On the right side, select the BC Connection Output, in this case the Flow BC for Cyclone 1 dipleg.

* Change the Fluid volume fraction limit to 0.5. This will limit the amount of fluid that can return
from the cyclone inlet horn Pressure BC to the dipleg Flow BC along with the particles

r\ BC Connector Editor — m} X
Enabled
BC Connection Input from Domain (outlet BCs) BC Connector Properties BC Connection Output to Domain (inlet BCs)
o Flux plane name BC type Particle sp  Mame: | | ID  Fuxplane name BCtype Using connector fl
000 FLUXBC_cyclone_1_pressure Pressure BC 1 Comment: | |
Time delay:|0 |s

[ Reset partidle residence
Draw connectors for post-processing
Fluid Filter {Scale)
Particle Filter (Random)
Thermal Contral

O Transient heating/cooling rate:

Edit ]
O Fixed heating/cooling rate: -
{? BC Connector Output Editor — O *
Heating / Cooling Rate |0 /s
Minimum Temperature | 100 K Flux plane properties
Maximum Temperature | 6000 K

Available flux planes (select one):
® Direct temperature adjustment

Fluid temperature control ~ Scale -
- I 000 FLUXBC_cyclone_1_dipleg Flow B
< > uid temperature factor: i = —r=TBTeg Elow BC
[ Advanced feature: All Flow BC flux planes available as inputs Particle temperature control Scale h < 002 FLUXBC_cyclone_3_dipleg Flow BC
Add Edit Copy Delete Particle temperature factor: Add Edit Copy 003 FLUXBC_cyclone_4_dipleg Flow BC
& Help / oK

Feed limits

Particle volume fraction limit: ’T@%idvolume fraction limit:
Particle mass flow limit (kg/s): |le+20 Fluid mass flow limit (kg/s): le+20
Particle mass threshold off (kg): l:l Particle mass threshold on (kg): l:l

General properties

Particle split factor:
© Help Cancel
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BC Connector Properties

* Inthe center of the dialog, define a Name (which will be the name of a flux plane file for the BC
Connection) and a Comment

* Select Reset particle residence

r BC Connector Editor

Enabled

BC Connection Input from Domain (outlet BCs) BC Connection Output to Domain (inlet BCs)

D Flux plane name BC type Particle split factor

D Flux plane name BC type Using connector fluid Using
000 FLUXBC_cyclone_1_pressure Pressure BC 1 / \ 000 FLUXBC_cyclone_1_dipleg Flow BC on on
BC Connector Properties

< Name: |CDNN_cycIone_1 | >

Comment: |Cyc|one 1 connection
M s

Reset particle residence

Draw connectors for post-processing

| Fluid Filter (Scale) |

| Particle Filter (Random) |
Thermal Control

O Transient heating/cooling rate:

Edit =]
O Fixed heating/cooling rate:
Heating / Cooling Rate |0 1/s
Minimum Temperature | 100 K
Maximum Temperature | 6000 K

@ Direct temperature adjustment

Fluid temperature control
Fluid temperature factor:
Particle temperature control
Particle temperature factor:

[ Advanced feature: All Flow BC flux planes available as inputs <

>

| Add || Edit || copy || Delete Add || Edit || copy || Dpelete |

lﬂ ok || cancel
/
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Add BC Connections for Remaining Cyclones

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

F Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training'\3_Tuesday_Gasifier\my_setup\Tuesday_Gasifier.prj - O *
File View Setup Run Graphicsand Output Post-processing Help
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~ % BC Connections 001 on CONN_cyclone_2 0 off FLUXBC_cyclone_2_pressure Scale Random Legacy FLUXBC_cyclone_2_dipleg Cyclone 2 connection
Secondary Feeds 002 on CONN_cyclone_3 0 off FLUXBC_cyclone_3_pressure Scale Random Legacy FLUXBC_cyclone_3_dipleg Cyclone 3 connection
Secondary Exits 003 on CONN_cyclone_4 0 off FLUXBC_cyclone_4_pressure Scale Random Legacy FLUXBC_cyclone_4_dipleg Cyclone 4 connection
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Time Controls

e Set the End time to “100” s

r‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Chtraining'3_Tuesday_Gasifier\my_setup! Tuesday_Gasifier.prj - O X

* When specifying an end time, take
into consideration the various
physical time-scales of the system.

File View Setup Run Graphics and Output Post-processing Help

B =8 9o 2% k€ ¢a i

. .« g . Froject Tree g X
How long will the fluidization take & Fluid ICs - Time Controls
wso Particle ICs

to become steady? How long will

v [ Boundary Conditi...

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.

Pressure BCs Subsequent rows can be entered to have different time steps for

thermal effects take? How long

Flow BCs different time periods. For example, starting the calculation at a smaller
H ? Iniection BCs time step is recommended, and then increasing the time step for rows
ShOUId ChemIStry ta ke . ) 2-5 over simulation time.

Thermal Wall BCs
Passive Scalar BCs
hd 3 BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ a Chemistry
il Rate Coefficients
JF Reactions
4. Numerics
(- Time Controls
v 4. Data Output
71 Flux Planes
A7 GMV Output Optio...
Zm Average Data
20 Plot Data

Time step and duration settings

* Set the Time step to “0.01” s

Time step End time

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

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

Advanced time step settings

Restart file intervals

s Transient Data

Somethlng reasonable 2 Wall Erosion Restart interval (IC_###) simulation seconds
++s Particle Attrition Backtrack interval (IC_) 120 realtime minutes
. Raw Data v

¢ | & | ¥ | »
| Tuesday_Gasifier.prj
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Flux Planes

* Flux planes were already defined at the pressure BCs for the cyclone inlets

* ltis also useful to set up a flux plane lower in the freeboard to get an earlier idea of the particle
entrainment rate. Set up a flux plane that spans the vessel at about the height shown in the image

* Select Subdivide by radius to get PSD information for particles passing through the flux plane

* Select Mass Flow Rate for gas species information from the flux plane

N (7 Flux Plane Editor ? x
r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training'3_Tuesday_Gasifier\my_setup Tuesday_Gasifier.prj - O X
File View Setup Run Graphics and Output Post-processing  Help Flux plane
O - | ™ % || _e-p-========
© GMV VA52Dbuilt 2011.00.26 5> co o U -~ a u 2| : i\ * ‘ 2 = u F\Ie<narr1_elFLUX_ear\y_entramme_m;_ p |
File Display Caleulate Ctl-L CEl-2 Ctl-3 Reflestions Yiew | Project Tree g x Flux Planes Manager . e
2 Current filss Jtraining/barrscuds_training Tussday gastf ier/ng Injection BCs ~ 9 Surface plane direction: |z~
L ——— X i i
——J\V Elov. | — % Thermal Wall BCs o] Filename Direction loc Nod i iz j1 j2 k1 k2 Sub r Gas species flux plane behavior:
it = (=4 Passive Scalar BCs 000 FLUX_early_entrainment z Xz -1.5255 1.5255 -1.5255 1.5255 6 6 On Mass Flow Rate =
Mag, =
T v 4 BC Connections
Subdivide by radius

A\ A 4

Secondary Feeds

,\\ Secondary Exits Directional flux
\ BC Connectors
X 1
1

¥ » Chemistry
Plane location

ZI il Rate Coefficients
; / g Reactions il [-1.5255 m i2 |1.5255 m
A #. Numerics
| “ @ Time Controls i1 |-1.5255 m 12 |1.5255 m
v 4& Data Output
& paca oy as Jm el Jm

7. Flux Planes
A1 GMV Qutput Options
Zmn Average Data

Enter Location by |xyz =+

2D Plot Data Comment

Jw Transient Data < L

%5 Wall Erosion Note: For location indices, "min" or "[" denote the first possible value, while "max" or "]" denote the last possible value. Flux plane to get an early idea of entrainment
+*# Particle Attrition

. Raw Data Add Edit Copy Delete
eso Population Data
@ Solver Output Units v Number of radius divisions: / OK Cancel Reference grid
< “ A w /
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GMV Output Options

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

*  When setting up your project, make sure that you check the boxes next to any other variables of
importance to your analysis of the simulation. Suggested variables, for this training project, are
shown below

r.‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Chtraining\3_Tuesday_Gasifier\my_setup\Tuesday_Gasifier.prj | X
File WView Setup Run Graphics and Output Post-processing Help
CERELTR RN TICLE::
Project Tree g X
4 Volatiles -
e Particle Species
v I+ Initial Conditions General Mesh View Data Output Options
& F‘“"? L3 Please select Eulerian and Lagrangian data for export to the General Mesh Viewer (GMV). Only data selected here can be viewed during
ee= Particle ICs . post-processing. Values inside parenthesis are the field names of the variables within GMV.
M EPBoundaBrg (Conditinns Output file interval
ressure BCs
Flow BCs Flot interval: 5 Number of files produced using current end time of 100s: 501
Injection BCs Eulerian (Cell) Output Data
Thermal Wall BCs
v ) ! !
Passive Scalar BCs Farticle volume fraction (p-volFra) [ Particle bulk density (p-dens) [ dp/dx (dp/dx)
v § BC Connections Fluid velocity (U, V, W) [ Turbulent viscosity (ViscTurb) [ dp/dy (dp/dy)
Secondary Feeds Particle velocity (P_[xyz]Vel) CFL (CFL) dp/dz (dp/dz)
Secondary Exits
= ! ! "
BC Connectors Pressure (Pressure) [ Particle species (Species) [ Particle mass flux (P_[xyz]Mass)
v Chemistry [J pynamic pressure (DynPres) [ Fluid temperature (FTemp) [ FAluid mass flux (F_[xyz]Mass)
i Rate Coefficients Fluid density (f-dens) [ Particle temperature (p-Temp) [ wall heat transfer (wallHeat)
75" Reactions
- I N - v
% Numerics Cell indices (i, j, k) Cell volume (cellVol)
(* Time Controls Lagrangian (Particle) Output Data
e ‘, DaFt‘a OF':ltPUt Particle volume fraction (VolFrac) Particle material (Material) Velocity (vellxyz])
L. Flux Planes
Al GMV Qutput Options Particle speed (Speed) [ Particle density (Density) Residence time (ResTime)
Zm Average Data Particle radius in microns (rad) Particle species (Species) [ Residence time by species (ResTime##)
20 Plot Data [ constant color (Particle) Unique particle ID (pid) [J Temperature (Temperat)
/v Transient Data
2 wall Erosion [ brag (drag) [ Liquid fraction total (ligFrac) [ Liquid mass total (ligMass)
+s+ Particle Attrition [ Cloud mass (cldMass) [ particles per cloud (npCloud) [ Particle mass (mass)
E:;”:;Tn BeTE Gas Species Options
@ Solver Output Units O Mass fraction (<species=.mf) ® Mole fraction (<species>.nf) [] Compress graphics output (not comman)
= Run (O Mass concentration (<species>.mc) (O Mole concentration (<species>.nc) [ Generate predefined GMV attribute files
£ Post-Run
- Plot Manager
W
G |+ | ¥ | @
|Tuesday_Gasiﬁer.prj | C:/training/3_Tuesday_Gasifier/my_setup ‘
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Average Data

* Time-average data is very useful when analyzing particle-fluid systems. Fluidized beds, for instance,
are dynamic by nature and will not reach a traditional “steady-state” condition

* Start time-averaging at “20” s

* Select the items for time-averaging shown below

r\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training\3_Tuesday_Gasifier\my_setup\Tuesday_Gasifier.prj - O *

File View Setup Run Graphics and Output Post-processing Help

O mEdwoax € v i

Project Tree g x
v I Initial Conditions A
£ Fluid 1Cs
weo Particle ICs
v [ Boundary Conditions Average Data Output

Pressure BCs

Flow BCs Averaging start time s
Injection BCs Minimum particle volume fraction I:I
Thermal Wall BCs

Passive Scalar BCs GMV Average Data Output
v @ BC Con o Particle volume fraction
Secondary Feeds
Secondary Exits [ Pressure
BC Connectors Fluid velocity
v a Chemistry ] ]
B8 Rate Coefficients Particle velocity
¥ Reactions [ solid mass flux (kg/s m~2)

#. Numerics
(©* Time Controls
v i Data Output [ Fluid temperature
7. Flux Planes
A GMY Output Options

[ Fluid mass flux (kg/s m~2)

[ Particle temperature

Em Average Data [ ] dp/dx

2D Flot Data [ dp/dy

fe Transient Data

5 Wall Erosion U dp/dz

++» Particle Attrition ] wall heat transfer rate/flux
‘. Raw Data

ess Population Data Gas species

© Solver Output Units
= Run
£ Post-Run
- Plot Manager v

< 4 v | %
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Check Model Setup

f.\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\3_Tuesday_Gasifier\my_setup'\Tuesday_Gasifier.prj - ] x
* Select GPU Parallel P .

Run  Graphics and Qutput  Post-processing
@B F ocm® M€ & H
° Save yo u r p rOJ eCt Emerhlies 8% Verify Setup Run Calculation

3 Global Settings A
¢ Base Materials Solver Launch Options
Note: Run Solver Setup will cause some output

[ ] R u n th e SI m u | atlo n fo r a Sl ng | e M n‘-za;:;cglﬁodels files to be modified. If you have important output Mote: These options apply to both Run Solver and Restart Solver unless otherwise specified.

o Volatiles files, preserve them by using the File menu, [[J cpu Parallel (Parallel license required)

ti me_ste | \ Save Case As feature, and then Run Solver
p . & Particle Species N, Setup in the new case directory. Thread Count: |7 =
v 'l Initial Conditions \

2 E:Jrficf:s[cs QGPU Parallel (Parallel license and NVIDIA GPU required) >

J;
HI N ) =1 Run Solver Setup (1 time step)
* Check the initial conditions v BB Doy Coneftions —~ e — -

Pressure BCs Check Setup
Flow BCs Fallback to CPU behavior if CUDA error: |auto -
L4 Are pa rticles in itia I ized Injection BCs Note: Testing solver GPU memory requirements will cause some output files to be modified. TF

Thermal Wall BCs you have important output files, preserve them by using the File menu, Save Case As

pro pe rly? DO you h ave th e Passive Scalar BCs Al q e s T s, T iy feature, and then test the GPU memory requirements in that new case directory.

e -
Rl IR ClCHnnacns) Test solver GPU memory requirements with current settings (option: -dryrun)

correct initial bed mass? Secondery Feeds

Secondary Exits
BC Connectors

Universal Options

] e Chemistry itial icles, i If temperature limits reached: |prompt ~ [J Quit on prompt
* Check the boundary conditions | "= s cofrcens Al v s rrc, spcs

/5 Reactions N\ If chemistry mass imbalance: | prompt ~ [ Quit on lost license

"5 :I‘umerim - \ If minimum disk limit reached: | prompt = [J Quit on FE_INVALID

H (& Time Control
° Are the fIOW BCS applled v 4 Data Output dqv‘ew Boundary Conditions Minimum disk space percent: (1% -
1. Flux Planes : i
co rrectly? ;l GMY Output Options Advanced command line flags: |

Im Average Data

Command line to run equivalent solver based on input above (copyable to terminal):
2D Plot Data q il (copy: )

° Are th e p ressure BCS d pp I |ed :;# Tralll'lsmnt Data A' q View Flux Planes cpfd.x.17.exe -gpu Tuesday_Gasifier.prj
Wall Erosion
correctly? +ev Fartide Aftiton progact tag
. Raw Data .
wes Population Data |Tuesdayfgasmer
© Solver Output Units d q View Transient Data Points St [T et (T R (R

* Do you have all desired variables | &%
in the Gmv.00000 file? If you Hotmoger 2 s (s € e
forgot any output variables, now |m:da,,_f;:mer_p: * FrE e ——
is the easiest time to add them!
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