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CirCUIating Fluidized Bed (CFB) -, SYstem Pressure = 101,175 Pa

="
Model of circulating fluidized bed (CFB)
based on the system operating at the 40
MW Strongoli power plant in Italy.
Start with Case 1: Baseline
Case 2: Modified geometry with larger
. . Particle Feed = 0.1736 kg/=s
cyclone inlet width Mass fraction
| 0.667 fly ash
1‘_ 0.333 bottom ash
z T |Air=4.8514 kg/s
—— T=1123.15K
T T T . P=101,175Pa
Air = 064625 kg/s T —
a7
Mr-1365kgs L 111
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How to Get More Information

° ° [ 4 L4 - 22.1.0 - my_setup/kuipers_my_setup.pr
All training materials have a limited |~
' AEd we R 6@ H

[ ] [ ]
Project Tree Sl |: - _/Import Grid Mundo #®Redo ‘il View STLs . 2. Check Grid &3 3. Generate Grid /A 4. View Output Docll Help
(" Barracuda virtual Reac... ~ :
Grid Controls

% Setup Grid

@ Global Settings Options Grid lines View controls (remove STL triangles outside of bounds) Generated grid info

Barracu d adadn d t h e GUI [ poe o e the coerte Grdbaton e
. se e I utton in e grl Iﬂg
L v e Particles Display units: [ Modify x [ Delete x—Mm' x-Max ' 0.285

Hide triangles: toolbar to run the grid generator.
=4} Drag Model i
4brog Models Coordinates location: [ modify y L1 Move e

(1) Volatiles ] Modify 2
&% Particle Species iy Back [ me' y-Max '__

. Baffles
~ I+ Initial Conditions u - 1 P

£ Fluid ICs - -
| " #" Advanced options | | Set uniform grid [] Flow BC Editor »

If you want to learn more, click on

Pressure BCs
Flow BCs

L4 Injection BCs ReQion
the He utton in the relevant -
Passive Scalar BCs | Set Cell Region (m) ‘
v & BC Connections .
) ) e Secondary Feeds Ko min | Farax | _U'UU?5|
Secondary Exits B ;
dialog. This brings up the N ——
“ u Chemistry Zoa min] z,.. | min
° ° i Rate Coefficients
75" Reactions Direction
corresponding section o e user / merc
(& Time Controls O normal to surface:  Normal Limit
v i Data Output o
7. Flux Planes O x-direction
a n u a ° A Visualization Data O 'rdirection
Zm Average Data
[ Data Flanes @® z-direction
- £ Data Points O Direction vector
f\ Particle Composition Editor x
u: 0w 0 w: 1
Available Components Mixture Components Force absolute direction
Component Component Density (kg/m3)}  Mass fraction ~ Age factor
> Variation angle: degrees
GLASS(S) 2660 1 1
< —
Transient File
Edit | | [
Particle Density (kg/m?) 2660 (calculated) Sum of fractions: 1
Comment: |low x fluidization
- | OK | Cancel I Help I
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Project File

[3] Mew Project >

Make a new compressible project file in S e i
the supplemental training directory: e [T e -

Save as type: | Projects (*.prj *.PRJ) ~ |

\cfb_erosion\my-setup\01-baseline 7

With the project name: [B] Flow Tpe selecton

Flow type for simulation:

(® Compressible

Cfb_e rOSiOn ° p rj Fluid domain can contain: Gases and vapors

Particles can contain: Solids, liquids, and volatiles

Bubbles are not available for compressible simulations.

() Incompressible

Fluid domain can contain: Liquids and absorbed gases

Particles can contain: Solids and volatiles
Bubbles can contain: Gases and vapors
oK | | Cancel | | Help

»» cpfd
BARRACUDA VIRTUAL REACTOR o fisortwre.com P
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Setup Grid

Geometry tab:
 Add original_baseline_1150mm.stl

Grid Controls tab:
e Set STL file units to mm

* Follow along with Non-linear Gridding
video: https://cpfd-software.com/non-

linear gridding demo/

BARRACUDA VIRTUAL REACTOR
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Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v . Chemistry
8 Rate Coefficients
5" Reactions
 Numerics
(& Time Controls
v 4L Data Output

T4 Flux Planes

A Visualization Data

In Average Data

X Data Planes

/v Data Points

5 Wall Erosion

+e Particle Attrition

Raw Data

eeo Population Data

@ Solver Output Units

2 Run Y

4’ Post-Run
x

[« ¢ [+ [» |

[@] Barracuda Virtual Reactor with Chemistry - 22.1.1 - 01-baseline/cfb_erosion.prj - ]
File view Setup Run Graphics and Output Post-processing Help
IR TIEESCE IE:
Erojechiifed 2 X mportGrid  “undo redo  MNL ViewSTLs | 2. CheckGrid O 3. Generate Grid 4. View Output Dacks Help
(7 Barracuda virtual Reactor ... || -
- p Grid Grid Controls
( Global Settings Options Grid lines View controls (remove STL triangles outside of bounds) Generated grid info
i+ Base Materials STL file units: Total cells: 243360
= 3 Real cells: 87555
v e Particles Display units: [ Modify x [] Delete len. x-Max Total cells: 243360
4 Drag Models 1 : O Modify y [] Move '
4 Volatiles Coordinates location Generated: Tue Jan 31 12:02:31 2023
) [ Modify z y-minfl y-Max
& Particle Species
v I Initial Conditions
£ Flud ICs . znf] Max
eso Particle ICs ‘ '#" Advanced options ‘ | Set uniform grid
v i y Conditi
Pressure BCs Geometry  Baffles  Grid Controls ~ Grid lines
Flow BCs
Injection BCs

| cfb_erosion.prj

| c:/cfb_erosion/my-setup/01-baseline

cpfd-software.com
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Global Settings

Set Gravity in the z-direction

Select Isothermal at 1123.15 K

BARRACUDA VIRTUAL REACTOR

Global Settings
Flow Type: Compressible

Fluid domain can contain: Gases and vapors
Particles can contain: Solids, liquids, and volatiles

Bubbles are not available for compressible simulations.

Gravity Settings

*-direction: 0| m/s* y-direction: 0| m/s*

Thermal Settings

® Isothermal
Temperature: 112315 | K
O Thermal

Heat Transfer Coefficients
Radiation Model

None MNear wall P-1 Cap exposed particle area

Temperature Warning Limits

Minimum: 100 K Maximum: 6000 | K

Record minimum and maximum temperatures in MinMaxTemp.data log file

Simulation Start Options

z-direction:

-0.8 | m/s?

cpfd
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Base Materials

Import AIR

Add SiO2
* Phase: Solid
« MW =1 g/mol
* Density = 2650 kg/m?3

Add Ash
* Phase: Solid
c MW =1g/mol
* Density = 1500 kg/m3

BARRACUDA VIRTUAL REACTOR

Project Material List

Material name  Phase(s) Description
AIR G AIR CALCULATED FROM 1| <- Import
ash S ash
Sinz2 = silica sand
<- Replace
< >
............ : dd it Copy Delete

Properties

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

® Mole average O Mass average

Material Properties Library

Mame

Material name

AlR

Al

Al

Al
Al20
Al202

Fhase(s) Descriptii
AIR CALC
Al REF EL
Al REF EL
Al

Al20 DIA
Al202

[ O e T ' T 5 B vy

Al203

Al203
al712

<

‘rracuda\ﬂ.l.l\prop

@ Base Materials Editor - ash (5)

Name: ash

Phase(s): Solid

Description: |ash

Material Solid Phase

Density: 1500 kg/m’

Heat of formation: |l] Ifkg

Heat capacity: I

Edit expression

Enthalpy:

Thermal conductivity:

View expression

Edit expression

Import properties from other material

oK

Cancel

Help

cpfd
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Particles

Particles

Set Close pack volume fraction: 0.55 Contact and Collsion Models
Close pack wolume fraction:

o Maximum momentum redirection from collision:
N orma I'tO'Wa I I mome ntu m rete ntlon : 00 3 [ Blended acceleration madel for the contact force

Transfer liquid mass on collision

Tangent-to-wall momentum retention: 0.995 Siress Hote Oone

wWall Interactions

Diffu Se bou nce: 5 Mormal-to-wall momentum retention: | 0.3 |

Tangent-to-wall momentum retention: | [].995|

Diffuse bounce: EI

Cloud Options

[ Allow clouds to represent fractional particles:

Dense Fluid Forces

[] Enable virtual mass force

L] Enable lift force

Help

BARRACUDA VIRTUAL REACTOR cpfd
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Particles Species

Create the following particle species:
e Sand, 100% SiO2, psd_sand.sff, WenYu-Ergun drag model

* Fly Ash, 100% ash, psd_fly ash.sff, WenYu-Ergun drag model
e Bottom Ash, 100% ash, psd _bottom ash.sff, WenYu-Ergun drag model

PSD files are included in the supplemental training directory.

Particle Species Manager

Species-I Comment Materials Size Sphericity Emissivity Drag model Agglomeration
001 Sand 5i02 psd_sand.sff 1 1 WenYu-Ergun Off
ooz Fly Ash ash psd_fly_ash.sff 1 1 Wenyu-Ergun Off
003 Bottom Ash ash psd_bottom_ash.sff 1 1 WenYu-Ergun Off
| Add | | Edit | | Copy | | Delete
: cpfd
BARRACUDA VIRTUAL REACTOR ofesoftware.com §
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Fluid and Particle ICs x

Initial Conditions

Temperature: 300 K
Pressure: Pa
Velocity: | 0 | | 0 | | 0 | mys

[@] Particle IC Editer X

FI u id IC Fluid species:

Tnitial conditions
[ mnitial Conditions from File

- 2 |Inilialize mass in region v|
* Pressure =101175 Pa speces 01 5ond ]
Region Mass 80000 | kg
[ ) FI u id SpeCies f— 100% AI R | Set Cell Region (m) | Temperature |1123.15 K
Hiin | min | e | max| Region
. Vo | i | Y | max| | Set Point Region (m) |
Particle IC 22 | min| 2z | max| | ] Yo | m—

Comment Yerin | min | Yrnaxe | max|

* Initialize mass in region 2o o] 2| 1)
* Species = Sand Cost et

® Use global resolution |

oK | cancel | Help

+ Mass = 80,000 kg e r——

() Specify resolution Clouds per cell “| |Auto

* Set region to min, max for x- and y-, and z-max to 1.3 m i

Random cloud initialization [lino particle momentum;

Comment

ok | cancel = Help

BARRACUDA VIRTUAL REACTOR cpfd
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[@] Pressure BC Editor * [@] Pressure BC Editor >
Location  FluxPlane  Fluid = Particles  Tracers Location ~ FluxFlane  Fluid  Particles  Tracers
Region
Mame: |FLU){BC_pressure_outIet
Select region (m
| egion (m) | Fluid species behavior:
Hoin min | Honax | mﬂx| |N0 ou_tpu_t v|
Yo m|n| Yo | max| Bin by particle size | 100 |2 bins
d d BC o h Farn max| T | max| L] output raw particle data
A a p re SS u re W It Direction [] Output tracer data
information shown here O xdrecton
O y-direction
f I I (® z-direction
or cycione outiet.
E‘ Pressure BC Editor x E‘ Pressure BC Editor
(1) Location Flux Plane  Fluid Particles  Tracers Location Flux Plane  Fluid Particles  Tracers
Use 100% AIR for
Flow Conditions Behavior at Boundary
° ° Cq
Applled fIUIdS (® Transient file: ) No outflow
. |pressure—out|et_sﬁf | | Edit | | - | @ :Outflow with size filtering:
O Specify values: Minimum: | 0 |
Area fraction: 1 Maximum: | UNLIMITED |
[ Pressure Boundary Conditions Editor X Pressure: 0l Pa Units: | TrEReitETTEEE |
Time (s}  Pressure (Pa)  Temperature (K)  Area Fraction Particle Feed K-Factor Temperature: 1123.15 | K () Feed specified as volume fraction
10 101175 1123.15 1 0 . , O Feed specified as mass flux
K-factor: 0
2 O Feed specified as mass flow rate
Fluid Composition
Fuid inf ies: |Int - val | Feed Settings
| 4 Add Row | | &= Delete Row | | «” Check Data | | B Graph | |CUpdate Simulationl tic inflow properties: erior cefl values :
_ . g Edit Feed Feed Control
File: |pressure_outlet.sff | [ EHsave | |ldlsave As| | EdClose || Help | Applied fluids: Define Fluids
Comment: |top pressure outlet | Comment: |top pressure outlet
OK | | Cancel | | Help | OK | | Cancel | | Help

BARRACUDA VIRTUAL REACTOR
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[] Flow BC Editor *® [@] Flow BC Editor *®
Location Flux Plane  Fluid Particles  Tracers Location Flux Plane  Fluid Particles  Tracers
Region
J Name: |FLU)(EIC_ﬂow_primary_inIet
Set Cell Reqi
F I OW B‘ S | & egion (m) | Fluid species behaviar:
Hoin min | Fonax | max| |N0 Ou'tpu't o
Yorin M| Yenax | max| [ Bin by particle size 100 > hins
Fin min | B | min | (] output raw particle data
Direction ] Qutput tracer data
Add flo BC ith (O Normal to surface: | Mormal Limit
© x-direction [®] Flow BC Editor X [®] Flow BC Editor X
° f t' h h O y-direction
I n o rm a Io n S own e re ® z-direction Location  FluxPlane  Fluid  Particles  Tracers Location  FluxPlane  Fluid = Particles  Tracers
for primary air inlet O orectanecr || Fow Condo
: H B v: © Use transient file (0 Use BC Connector data
Force absolute dird © Use BC Connector data @ No outflow
O Specify values:
Use 100% AIR for Applied | === | T o] m oo vty sze feroa
elocity flow m/s
o p p Minimum: ]
° . . Pressure: 0| Pa
fl I d S Transient File Maximum: UNLIMITED
u Temperature: 1123.15 | K —
|ﬂow_primar',r_inlet.sf‘f . Units: micron-diameter -~
Fluid Composition — Exit control: | Edit
Comment: |Primary air inlet _ ) - et
Applied fluids: | O Feed specified as volume fraction
. (O Feed specified as mass flux
(O Feed specified as mass flow rate
Feed Settings
f Flow Boundary Conditions Editor > Edit Feed Eead Contral
Time (s)  Mass Flow Rate (kg/s)  Temperature (K) Pressure (Pa)
10 13.65 1123.15 101175
2 Transient File Transient File
|ﬂow_primar‘,r_inlet.sf’f | |Edi't| |ﬂow_primary_in|et.sﬁ | |Edi‘t|
| < Add Row | |-Delete Row | | «” Check Data | | B Graph | |CUpdate Simulation|
File: |ﬁnw_primary_inlet.sﬁ | [ kdsave | |_H5avehs| | £ Close | | Help | Comment: |Pr|mary air inlet | Comment: |Primary air inlet |
OK | Cancel |  Help OK | Cancel | Help
BARRACUDA VIRTUAL REACTOR cpfd
cpfd-software.com
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Flow BCs

air inlets.

Use information in the table

[@] Flow BC Editar [@] Flow BC Editar *®
Location Flux Plane  Fluid Particles  Tracers Location Flux Plane Fluid Particles  Tracers
Region
Mame: |FLUXBC_flow_secondary_inlet_1
Set Cell Region (m) Fluid species behavior:
Ko | 5.8 | Ko | 55 | Mo output ~
Yo | _D'2| Yores | D'1| [ Bin by particle size 100 = bins
Zni | 1.8 | v | 2.3 | [ output raw particle data
Add flow BCs for 4 secondar S
y ® Normal to surface: | Normal Limit ~
O x-direction
O y-direction
O z-direction
(O Direction vector
u: 0 w: 0] we
to set the cell region and Flux
Variation angle: 15 | degrees
Plane Name for each flow BC.
Transient File Transient File
|ﬂ0w_sec0ndary_in|et.sf’t’ Edit | | =4 |ﬂ0w_sec0ndary_in|et.sf’t’ Edit | | =4
Comment: |sec0ndary inlet 1 Comment: |sec0ndary inlet 1
Cancel Help Cancel Help
Secondary Inlet | xmin | xmax | ymin | ymax | zmin | zmax Flux Plane Name
1 -5.95 -5.52 -1.63 -1.44 1.9 2.32 FLUXBC_flow_secondary_inlet_1
2 -5.95 -5.52 max max 1.9 2.32 FLUXBC_flow_secondary_inlet_2
3 -6.57 -6.37 1.3 1.58 -2 -1.57 FLUXBC_flow_secondary_inlet_3
4 -6.57 -6.36 -0.53 -0.3 -2 -1.57 FLUXBC_flow_secondary_inlet_4

BARRACUDA VIRTUAL REACTOR

cpfd-software.com
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[ Flow BC Editor ¥ @] Flow BC Editor *®
Location Flux Plane Fluid Particles  Tracers Location  FluxPlane  Fluid  Particles  Tracers
F I OW B‘ S Flow Conditions 4 ] Use transient file
[1 ® Use transient file (O Use BC Connector data
O Use BC Connector data ) No outflows [®] Particle Feed Settings ®
O Specify values: O outflow with size filtering: |  Particle Species
Velocity flow ol m/s Minimum: Available Components Mixture

(] [ [ [ ° Pressure: 0l Pa Maximum: Component = Compaonent Fraction

Fill in the information in | | s o ommyan o
Temperature: 1123.15 | K Units: micron- 003: Bottom Ash  0.33333
Exit control: | Edit
e n u m e re O r e r Fluid Composition Sum of fractions: 1
O Feed specified as volume fi
° Applied fluids: | Define Fluids i
shown here for the Fluid (2" O et pested et 200
3 @® Feed specified as mass flol Solid fraction Mass Fraction v
a n d Pa rti c I e s ta bs Feed Settings Particle/fluid slip ratio 0.5
°
5 Edit Feed Feed Particle feed per average volume 125
Particle feed mass flow rate 0

Use 100% AIR for Applied

Transient File
. . .
fI u I d S o Transient File |ﬂ0w_secondary_inlet.sff 6 Edit | =

|ﬂow_secondary_in|et.s|°f Edit | | [

Comment: |secondar‘_.r inlet 1

Comment: |secondar'_.r inlet 1 | Cancel Help

Use the same particle

SPECIes m |Xtu re a nd r Flow Boundary Conditions Editor X
fI ow Seco n d a ry i n Iet ° Sff Time (s)  Mass Flow Rate (kgfs)  Temperature (K)  Pressure (Pa) Farticle Feed Mumber Density Manual ~ Particle Slip  Particle Mass Flow Rate
. - 10 4.8514 1123.15 101175 O[}n 2000 1 0.1736
for all 4 BCs. ) @
< >
< Add Row == Delete Row «” Check Data 8 Graph € Update Simulation
File: |ﬁnw_semndary_inlet.sﬁ | | kdsave | llsave As  EdClose Help fd
BARRACUDA VIRTUAL REACTOR T §
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[@] Flow BC Editar X | | [® Flow BC Editor x

Location Flux Plane Fluid Particles  Tracers Location Flux Flane Fluid Particles  Tracers

Region

Mame: |FLUXBC_flow_seal_pot

Set Cell Region (m)
Fluid species behavior:
W S . -1.96651 | X | 0.820299 |

Mo output ~
Yo 0720207 | Ynee | U'?4345| [ Bin by particle size 100 = bins
Farin _0'164238| B | 0'255995| [ output raw particle data
Direction O Output tracer data

() Normal to surface:  Mormal Limit

Ad d fl OW BC Wit h O x-direction @] Flow BC Editor X | | [@] Flow BC Editor

O y-direction
information Shown here @® 2-direction Location  FluxPlane  Fluid  Particles  Tracers Location  FluxPlane  Fluid  Particles  Tracers

() Direction vector Flow Conditions Use transient file

for seal pot air inlet. ® tse onsent e

() Use BC Connector data
Force absolu (O Use BC Connector data ® No outflow

— ] Speci lues:
o _ O Specify values O Outflow with size filtering:
Variation angle: E

Use Set Cell Region to — ;
graphically select the e
bottom surface of the seal — e A | oo [

Temperature: 1123.15 | K
Applied fluids: | Define Fluids — O Feed specified as volume fraction

pot (O Feed specified as mass flux
° |

(O Feed specified as mass flow rate

Units: micron-diameter

r Flow Boundary Conditions Editor X )
Feed Settings

L] Ti (s) ] Fl Rate (kg/s) T t (K) P (Pa) Edit Feed Feed Control
Use 100% AI R fOr AppIIEd 10 o 0.6::; . 11::1p:ra b 1011;:%”& E' o E—
fluids 2

4 Add Row == Delete Row < Check Data| MGraph | |{& Update Simulation

Transient File
Edit | | [ fl I_pot.sff Edit | | [
File: |ﬁnw_seal_pnt.sff || kdsave | Mdsave As | EdClose Help ] - | e || | |co

Comment: [Seal pot inlet Comment: |Sea| pot inlet |

OK Cancel Help OK Cancel Help

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
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Time Controls

Time Controls

Set Ti me Step a nd E nd ti m e This section allows configuration of the time step size to take during a

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

Time step and duration settings

Time step End time
1. |0.002 |'s 40 |'s
2. | | s | | s
3. | | 5 | | 5
4. | | s | | s
2. | | 5 | | 5
|Aduanced time step setlings|

Restart file intervals

Restart interval (IC_###) |1EIEI | simulation seconds
Backtrack interval (IC_) |12[] | realtime minutes

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com

16


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

Flux Planes

Define 3 internal flux
planes to track flow:
cyclone inlet, dipleg, and
above bed

BARRACUDA VIRTUAL REACTOR

E‘ Flux Plane Editor X E‘ Flux Plane Editor X E‘ Flux Plane Editor X

Location Location Location
Normal Direction |x V| Mormal Direction |z v| Normal Direction |z v|
| Select plane (m) | | Select plane (m) | | Select plane (m) |
x |29 | z [1045 | z |8 |
Yinin |U | Yonax |max | Fonin |—U.8 | Fonax |U-:“'8 | Henin ||"|"|i|"I | Honax |'4 |
Zgnin |1? | Lo |23 | Yonin |'U-? | ¥inax |U-? | Yinin ||"|"|i|"I | Yonax |max |
Flux plane options Flux plane options Flux plane options

Name: |FLU:{_qrcIone_inIet | Name: |FLU){_qthone_dipIeg | Name: |FLU:(_above_bed |

Fluid species behavior: Fluid species behavior: Fluid species behavior:

| No output ~ | | No output ~ | | No output ~ |

[ Bin by particle size 100 5| bins [ Bin by particle size 100 | bins [ ein by particle size 100 5| bins

(] output raw particle data [] Output raw particle data [ output raw particle data

(] output tracer data [] Output tracer data (] output tracer data

(] Reset particle residence time [] Reset particle residence time (] Reset particle residence time

(] Reset tracer residence time [] Reset tracer residence time (] Reset tracer residence time

(] pirectional flux [] Directional flux ] pirectional flux
Comment Comment Comment

Cyclone inlet Cyclone dipleg Above bed

| oK | | Cancel | | Help | oK | | Cancel | | Help oK | | Cancel | | Help
cpfd
cpfd-software.com
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Visualization Data Output

Set Output file interval and select the
options shown for Visualization Data
Output.

BARRACUDA VIRTUAL REACTOR

cpfd-software.com

Visualization Data Output

Output formats
Tecplat (*.plt files)

Output file interval

Plot interval: |U.25 | 5

Cell Data

L] GMV (Gmwv.™ files)

Mumber of files produced using current end time of 40s:

161

Available Data
Cell volume
Clouds per cell
Convective wall heat transfer
dp/dx
dp/dy
Dynamic pressure

Fluid composition mass fraction

Fluid composition mole fraction

Fluid composition mass concentration

Fluid composition mole concentration

& Selected Data

Cell indices

CFL

dp/dz

s Fluid density

Fluid mass flux

<« Fluid velocity

Particle mass flux
Particle velocity
Farticle volume fraction
. Pressure

Particle Data

Available Data

Cell I

Drag

Liquid fraction total
Liquid mass total

P1 radiation flux
Particle mass
Particle material
Particle temperature
Particles per cloud

Selected Data
Cloud 1D
Cloud mass
Farticle density
£ Particle size
Particle species
< Particle speed
Particle velocity
Farticle volume fraction
Residence time

cpfd
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Wall Erosion

Enable Wall Erosion

Graph input Text input
10 - -- I U B - -- - -- - Em- 8 sing Angle Weight
1 o || eee 0ele
Select Enable Wall Erosion M
% S AN U | AU | I | R | AU IR (IR | AN | U I 1|0,
 mm 1157020127

Set the angular dependence for refractory L T e es
baSEd on thiS rEference: (- el Bl Bl el Bl I 23.6° 0.4 [0.262

|
|
|
|
|
04 - - - - - - .. _=mm _ __ __ __ _ 300°050.333 |
|
|
|
|
|

oo oo ™ o oo oo - || 360 0.6 010
httpS://Cpfd'SOftwa re.com/hOW'dO'i'SEt' 02 - --[ --| - =m- --- Cao oo oo oo oo o 44407 0493
wall-erosion-parameters-for-my-unit/ ! B e e B L s :
0 0.2 :i:B 0.6 0.8 1.0 o 10
Staita;::czt::li:st:::stime:|20 E :Tiie angle between the particle

Wear Exponents vector and wall tangent, i.e.:
normal: 8=90°
1.5 3.5
m-—xu
tangent: 6=0°

Mass exponent|l.5 | Velocity exponent|3.5
Minimum Limit Angle weight is a coefficient of the
Limit "’E”“E‘|U | impact (wear) as a function of 8.
Help
BARRACUDA VIRTUAL REACTOR cpfd
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Run

Run Configuration

If NVIDIA GPU card is available, 0w e icense requre)
SEIECt GPU Parallel Thread count:

[+ GPU Parallel (Parallel license required)

® Prompt at Solver startup

Run Solver Setup and View O Automaic selecton: Aiaebe emeny ] GPU count 1 %

() Use spedified GPUs: |a|| |

SEtUp | ListGPUs | Advanced GPU Options|

PFD\Barracuda\22.1.1\bin\cpfd.x exe" -gpu cfb_erosion.prj
Once you have checked the e

setup, Run Solver to start the 1 run sover setp | A view setup

simulation for Case 1 Sun Smuaton
#) Run Solver R.eslartSuh.rer g Interact

BARRACUDA VIRTUAL REACTOR cpfd
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Save Case As...

The modified geometry project
directory can be created from the
existing project directory using
Save Case As...

Select 02-modified as the target
directory

Ensure Files 1-9 are selected and
click Save

BARRACUDA VIRTUAL REACTOR

@ Barracuda Virtual Reactor with Chemistry - 22.1.7 - 01-baseline/cfb_erosion.prj

File View Setup Run Graphics and Output Post-processing Help

- i

wew Particle ICs

Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs

v [1] Boundary Conditions

_ Mew Project Ctrl+N
|4 Open Project Ctrl+0
@ Recent Projects
Import from Project
4 Save Project Ctrl+5
d Save Project As.. Cirl+Alt+5
[l Save Case As... Ctrl+Shift+S
B quit Ctrl+Q
v I» Initial Conditions
£ Fluid ICs

BARRACUDA
VIRTUAL REACTOR

Passive Scalar BCs —
v BC Connections B Save Case Az %
Secondary Feeds
Secondary Exits -
Ez::”’:tmrs Source Directory : |C:‘\cfb_erc-siun".,my—setup".,ﬂl—baseline | [
¥ . mistry
? ::;Zic;zmqm Target Directory : |C:".,cfb_ercrsicrn".,my'—setup".,ﬂz—mc-diﬂed | =
#. Numerics
SEjunelContrns Files Filter ~
~ 4. Data Output . ,
A: \'jii):;:zgt?zn Data 1 PrD]ECt F”ES *'prj
In Average Data : i
[ Data Flanes 2 STL Files * st
/e Data Points
ﬁ\:;ilicir:o:it::tion 3 Baffles *.stl2d
<@ ¥ b4
mmﬁn 4 [ sffFiles = sff
5 BC/PSD Files *i;*.5ze
6 Drag Multiplier Files *.bt
7 Script Files *.sh;* tcl;*.py; =.mcr;*.ipynb
8 Attribute Files * attr;*.par; *.lay;*.sty
9 Grid Files grid.grd;viewgrid.plt;00*.gmv;00grid.grd; grid.log; VIEWGRID.gmv
W
Add Files... |, Add Folder... Set saved case as working project Cancel
cpfd
cpfd-software.com
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Case 2: Modified

In the 02-modified project, go to
Geometry tab of Setup Grid

Highlight orginal_baseline_1150mm.sti

and Remove Geometry

Add Geometry and select
modified_baseline_1350mm.stl

Generate the grid

BARRACUDA VIRTUAL REACTOR

cpfd-software.com
22

Geometry

Filename

original_baseline_1150mm.stl

Add Geomet
STL unit: mm
|-Fiemov-e Geometr‘,r| unit: m

¥

Geometry

Filename

maodified_baseline_1350mm.stl

| |

| 4 Add Geometry | -
L STL unit: mm
| == Remove Geometry Y7 unit: m

cpfd
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Case 2: Run

rtual Reactor - 22.1.1 - 0 - "CAPr exe p — m} *
_________________________________ o e i hhh i ddih eiiiif il ieh el il - ~
2.13703e+01 1.660e-83 682 2.95e-88 821 09.51e-88 626 9.8B6e-68 620 7.9%e-88 83 8.3%-87 1.81 26 2] e 2
you ave a ccess o wo 2.1371%e+061 1.660e-83 682 3.54e-88 821 8.82e-08 621 4.24e-88 621 4.76e-88 81 0.84e-87 1.81 27 2] e 2
2.13735e+01 1.6060e-083 06082 2.63e-08 821 8.27e-08 0622 7.12e-88 621 6.67e-08 85 0.45e-87 1.1 27 ] e 2
° 2.13751e+061 1.6060e-083 6082 2.63e-08 821 3.83e-08 0622 7.63e-88 621 5.56e-08 85 8.41e-87 1.1 27 ] e 2
2.13767e+01 1.6060e-083 682 2.59e-08 621 7.76e-08 622 5.64e-88 621 8.26e-88 85 6.73e-87 1.806 27 ] 6 2
Barracuda licenses, you can run s ssmunis e e
’ 3.13700e+81 1.6002-83 ER "Barracuda Virtual Reactor - 22.1.1 - 02-modified/cfb_erosion.prj" - "C:\Program Files\CPFD'\Barracuda\22.1.1\bin\cpfd.x.exe" cfb_erosion.prj — O x
2.13815e+081 1.600e-03| 1.71466e+01 1.600e-03 ©02 4.09e-88 019 6.19e-68 @18 3.92e-88 @18 5.15e-08 84 9.84e-07 1.14 21 e 8 2 A
L4 2.13831e+81 1.6806e-83
Case 1 and 2 at the same time = 4 L TN TN TN
2.13863e+81 1.6806e-03 5 s itr err itr err itr err itr err itr err CFL Low Med Hi R
t dt 1.71482e+61 1.660e-83 662 4.01e-08 618 0.36e-68 818 4.98e-08 817 8.54e-68 84 B.82e-67 1.11 18 e g 2
s s 1.71498e+81 1.660e-83 862 3.86e-08 819 3.06e-688 818 5.81e-88 818 3.53e-88 86 B8.98e-687 1.25 18 e g 2
————————————————————— 1.71514e+81 1.660e-863 062 3.52e-88 819 3.28e-88 617 7.75e-88 618 3.50e-068 86 8.24e-67 1.32 17 e e 2
2.13879%+061 1.680e-83| 1.71536e+61 1.6606e-83 662 3.76e-88 0618 4.71e-88 818 4.47e-88 817 7.98e-68 84 9.66e-87 1.40 20 e e 2
2.13895e+061 1.680e-03| 1.71546e+61 1.660Ge-83 662 3.76e-08 018 8.84e-08 018 4.52e-88 017 9.83e-08 85 8.85e-67 1.35 24 e 8 2
Ru n 0 ve r O n a Se 2.13911e+061 1.6060e-03| 1.71562e+61 1.660Ge-63 662 3.86e-08 018 3.86e-08 @018 3.50e-88 617 7.52e-088 84 9.77e-67 1.31 24 e 8 2
2.13927e+01 1.6060e-03| 1.71578e+61 1.660e-83 662 2.71e-88 018 5.41e-68 018 4.07e-88 017 6.75e-08 88 9.46e-067 1.33 22 e e 2
2.13943e+01 1.600e-03| 1.71594e+61 1.660e-03 6062 2.81e-08 018 4.48e-08 @17 7.74e-88 @17 7.26e-08 89 9.75e-07 1.23 27 e e 2
2.13959e+01 1.600e-03| 1.716106e+61 1.600e-83 002 2.63e-088 017 6.23e-08 @17 9.05e-88 @17 6.35e-08 88 9.06e-067 1.19 22 e e 2
2.13975e+081 1.600e-03| 1.71626e+01 1.600e-03 ©02 2.25e-88 017 8.53e-88 @17 7.28e-88 @17 4.52e-08 91 9.86e-07 1.10 24 e e 2
2.13991e+681 1.686e-83| 1.71642e+01 1.660e-63 662 2.34e-88 017 3.96e-88 @17 B8.78e-88 817 6.27e-088 98 8.86e-67 1.84 26 e 8 2
° ° 2.148087e+81 1.686e-83
2.14823e+81 1.680e-03 t dt Vol Vol u u % v W W p p
AI IOW bot h Ca ses to fl n I S h 2.1483%+081 1.680e-83 5 5 itr err itr err itr err itr err itr err CFL Low Med Hi R
t dt 1.71658e+81 1.668e-83 862 2.18e-88 817 4.37e-688 817 6.98e-08 816 9.28e-88 99 5.98e-67 ©.94 24 e g 2
L4 L s s 1.71674e+81 1.660e-83 062 2.22e-88 817 4.11e-88 617 4.68e-068 616 9.28e-68 986 6.84e-67 6.91 23 e e 2
ru n n I n e o re sta rtl n o n t e --------------------- 1.71690e+61 1.68@e-83 @82 2.74e-88 016 7.17e-88 017 6.24e-88 017 5.17e-88 88 8.34e-87 0.04 28 8 8 2
2.14655e+061 1.6060e-083| 1.71766e+861 1.660Ge-83 662 3.25e-088 017 5.12e-08 @17 5.01e-88 616 6.19e-088 85 8.83e-67 1.2 33 e 8 2
2.14671e+061 1.6060e-03| 1.71722e+61 1.660Ge-83 662 3.26e-08 016 0.98e-08 017 4.02e-88 617 3.094e-08 85 7.52e-67 1.16 34 e 8 2
Y 2.14087e+01 1.6060e-03| 1.71738e+61 1.6606e-63 662 3.46e-088 016 7.59e-68 @17 4.4%9e-88 016 8.30e-08 84 9.22e-67 1.14 33 e e 2
2.14103e+01 1.600e-03| 1.71754e+61 1.6606e-083 662 3.14e-088 017 5.04e-08 @17 3.06e-88 @16 7.58e-08 84 7.47e-067 1.09 29 e e 2
pos - p rocessl ng 2.14119e+01 1.600e-03| 1.71770e+61 1.600e-03 002 3.62e-088 016 7.13e-08 @17 3.25e-88 @17 4.22e-08 82 8.17e-067 1.08 29 e e 2
2.14135e+081 1.600e-03| 1.71786e+01 1.600e-03 ©02 3.22e-088 016 9.93e-08 @16 7.B86e-88 @16 9.084e-08 83 8.70e-07 1.07 28 e e 2
2.14151e+681 1.6686e-83| 1.71862e+01 1.660e-63 862 2.74e-88 017 4.14e-88 @16 6.9%9=-88 816 7.88e-088 85 9.57e-67 1.89 33 e 8 2
2.14167e+81 1.686e-83| 1.71818e+01 1.660e-63 862 2.67e-88 016 9.69e-88 @16 6.85e-88 817 5.33e-088 86 8.64e-67 1.13 34 e 8 2
t dt Vol Vol u u % v W W p p
s s itr err  itr err itr err  itr err itr err CFL Low Med Hi R
1.71834e+81 1.660e-83 062 2.12e-88 817 4.96e-88 616 5.42e-88 617 5.48e-068 89 9.95e-867 1.17 38 e e 2
1.71856e+81 1.660e-83 062 2.1%9e-88 817 4.43e-88 616 6.01e-88 618 2.27e-068 87 7.77e-87 1.23 24 e e 2
1.71866e+61 1.660e-063 062 2.087e-88 0617 3.87e-08 016 4.65e-08 618 4.31e-068 87 9.32e-67 1.27 23 e 8 2
1.71882e+61 1.660e-063 0062 2.41e-88 017 4.87e-08 016 6.50e-08 618 4.72e-08 85 8.88e-67 1.21 24 e 8 2
v
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Post-Processing: Cyclone Erosion

Follow along with this video to create your
own view of erosion. Compare the erosion
in the cyclone in Case 1 with Case 2.

https://cpfd-software.com/tecplot-for-
barracuda-using-isosurfaces-to-analyze-
erosion-results/

BARRACUDA VIRTUAL REACTOR

Impact

1E+09
9E+08
8E+08
7E+08
6E+08
5E+08

Case 1: Baseline

40.00 s

Impact

1E+09
9E+08
8E+08
7E+08
6E+08
5E+08

Case 2: Modified

40.00s

cpfd
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Post-Processing: Slices

Fluid velocity magnitude

Create a slice colored by fluid velocity magnitude through ?g
the center of the cyclone inlet 5

0
* Erosion is highly dependent on velocity so it is useful to
visualize the velocity in the cyclone inlet tube in both cases

This video shows how to create slices:

https://cpfd-software.com/tecplot-for-barracuda-
calculating-spatial-averages-on-slices/

BARRACUDA VIRTUAL REACTOR cpfd
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Post-Processing: Cyclone Efficiency

Miew Plot Insort Animate Data Frame Options Scripting Tools Analyze Help

e £ot
BEHE ks Qe PHOXNEE PNVVEERE A ABMAOCCCc B
an
AP

Follow along with this video to create an
Xy plot in Tecplot using flux plane data to
calculate cyclone efficiency.

e Calculate the efficiency for both cases

and compare
https://cpfd-software.com/tecplot-for- e EESEEEEEEt | —=i—
barracuda-calculating-cyclone- — | | Ee—— |
efficiency/ : i § E“
M L e [T B N S R TR R
J;JEF-WW"' T 3 Time (s)

BARRACUDA VIRTUAL REACTOR cpfd
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Summary

System Pressure = 101,175 Pa

This model showed an example of a CFB loop simulation o
based on a real industrial application. S

Post-processing techniques for viewing and comparing
erosion and cyclone efficiency were shown.

Particle Feed = 0.1736 kg/s
Mass fraction
0.667 fly ash
1 0.333 bottom ash
2 " Air=4.8514 ke/s
L * T=1123.15K
+141 , |P=101175Pa
Air = 0.64625 kg/s | a—
mir-1365kgs | 111

BARRACUDA VIRTUAL REACTOR cpfd
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