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Cyclone

This training example demonstrates how to simulate a lightly loaded
cyclones.

Features used in this example: .
 Merge and remove in Setup Grid Advanced options \

* Agglomeration model in Particle Species Editor
* Bin by particle size at flux planes

This knowledge base post contains additional discussion:
https://cpfd-software.com/things-to-consider-when-simulating-cyclones/
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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

[®] New Project >

Make a new compressible project file R
in the supplemental training directory: m— .

Save as type: |§Projeds (*.pr] *.PRJ) V|
\cyclone\my_setup " et ] e
With the project name: e -
°
p j Flow type for simulation:
® Compressible
° Fluid domain can contain: Gases and vapors
cyc I o n e p rj Particles can contain: Solids, liquids, and volatiles
°
Bubbles are not available for compressible simulations.
O Incompressible
Fluid domain can contain: Ligquids 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 cyclone.stl

Grid Controls tab

Set STL file units to m
Set uniform grid to 130,000 cells

Select Merge and remove small
cells in the Advanced options
dialog

Modify x and y to add major grid
lines to resolve vortex tube walls

Modify z to add major grid lines
for vortex tub, inlet horn, and
dipleg discharge chamber

BARRACUDA VIRTUAL REACTOR

[®] add ST file X
T+ « cyclone » my_setup v O ' Search my_setup
Organize + MNew folder Bz - @ o
MName Date modified Type Size

@ cyclonest 2/6/2023 2:44 PM STLFile 115KB

File name: | | stl *STL |

| Open | | Cancel ‘

Grid Controls 8
Options Grid lines View controls (remove STL triangles outside of bounds) Generated grid info

STL file units: m | Total cells: 121520 Real cells: 37362
Cresctviens] | i} xvaxc Wo1 |

[ Modify x [] Delete

Display units: (! - Hide triangles:
Coordinates location:  Pointer | Modify y L] Move Front y-Min[l
[] Modify z Back

7] Baffles zMinfl)

| ‘#" Advanced options | | - Set uniform grid |

Total cells: 121520

y-Max . Generated: Tue Feb 14 08:48:11 202
choc Wi |

Geometry  Baffles  Grid Controls = Grid lines
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Global Settings

Set Gravity in the z-direction

Select Isothermal at 300 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

x-direction: | D| m/s? y-direction: D| m/s?

Thermal Settings

@ Isothermal

Temperature: K

(O Thermal

Heat Transfer Coefficients
Radiation Model

None Near 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

cpfd-software.com

z-direction:

-9.8| m/s?
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Base Materials

Import AIR

Add Chalk
e Phase: Solid
« MW =1 g/mol

Project Material List

Materiarname Phase(s) Description
AIR G AIR CALCULATED FROM INGREDIENTS
Chalk S Chalk powder
<
Add Edit Copy Delete
Properties

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

® Mole average () Mass average

* Density = 2730 kg/m3

MW of Chalk does not have to be realistic in this
example because we are not using chemistry

BARRACUDA VIRTUAL REACTOR

Material Properties Library

AIR CALCULATED FROM INC

)

Name ~ | |Contains |
Material nan/'l\e Phase(s) Description
<- Import
AIR G
Al S Al REF ELEMENT (S)
<- Replace Al L Al REF ELEMENT (L)
Al G Al
Base Materials Editor - Chalk (S) x
Name: |Cha|k | Phase(s): Solid ~
Description: |Cha|k powder ‘
Material  Solid Phase
Density: 12730 kg/m? |

0/kg

Heat of formation:

Heat capacity: Edit expression

Enthalpy: View expression

Thermal conductivity: Edit expression

Import properties from other material

OK Cancel

{UM MONOXII

JM OXIDE (S,
JM OXIDE (L)
JM OXIDE

>

E Browse

cpfd
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Particles

Set Close pack volume fraction: 0.5
Normal-to-wall momentum retention: 0.3

Tangent-to-wall momentum retention: 0.99

* Using a very high value will allow the
particles to slide around the cyclone barrel
without losing too much speed

BARRACUDA VIRTUAL REACTOR

cpfd-software.com

Particles

Contact and Collision Models

Close pack volume fraction:
Maximum momentum redirection from collision:

] Blended acceleration madel for the contact force

Transfer liquid mass on collision

Stress Model Options

Wall Interactions

Normal-to-wall momentum retention:
Tangent-to-wall momentum retention:
Diffuse bounce:

Cloud Options

Allow clouds to represent fractional particles

Dense Fluid Forces

] Enable virtual mass force

[] Enable lift force

cpfd

8


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

Particle Species Manager

Particle Species

Species-ID Comment Materials Size

Sphericity  Emissivity Drag model

Agglomeration

001 - Chalk Chalk psd_chalk.sff 1 1 WenYu-Ergun On
° ° Add Edit Co Delet
Create the chalk particle species: | i S o | =
* Chalk, 100% Chalk, psd_chalk.sff, Agglomeration, WenYu-Ergun
P Particle Species Editor %
PSD file iS inCIUdEd Species-1D: 001  Drag Model
° Co t: |Chalk Model N : 7 WenYu-E e
in the supplemental | ™™ —— | odel Name (G Wentu Ergn |
. . . Materials: ‘ Applied Materials | Name Link To Default
trainin g directo ry Size Distribution @ e
® File: ‘psd_chalk.sff | Edit | cl Linked
Import Preset Distribution: v | 2 Linked
O Size Range: c3 Linked
Minimum: Maximum: micron-diameter cé Linked
Surface and Shape Agglomeration no Linked
Sphericity: Size Cut Paint: |36 ‘ |micron—diameter A ‘ @ Multiplier (constant):
Emissivity: Effective Size Filename: O Multiplier (predefined): v
Scattering Factor: | | Edit | O Multiplier (from file): | = e
| OK | | Cancel | | Help ‘
BARRACUDA VIRTUAL REACTOR cpfd
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Fluid IC

I[(®] Fluid IC Editor X

Initial Conditions

FIUid Ic Temperature: 300 K
* Fluid species = 100% AIR | Fesue [ otss)ee

Velocity: | 0| 0| 0| m/s

Fluid species: Mixture X

[ ] Initial Conditions from File

Available Components Mixture
IC file:
Component i Component Fraction
Region “7 | AIR(G) 1
<
| Set Cell Region (m) |

Xonin ‘ min‘ Kmax | max|

. ‘ min‘ o | max| Specify mixture by: |Mass fraction ~ | Sum of fractions: 1

e ‘ min‘ zm| max| Iﬂ‘ ‘ oK ‘ ‘ Cancel ‘ | Help
Comment

OK || Cancel || Help

BARRACUDA VIRTUAL REACTOR cpfd
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Pressure BC Editor > Pressure BC Editor >
Location  FluxPlane  Fluid Partides  Tracers Location  FluxPlane  Fluid Particles Tracers
P reSS u re BC Reglon Name: |FLUXBC_pressure_top_outlet
| Set Cell Region (m) | Fluid species behavior:
Kenin min| Xrmax ‘ max‘ ‘No output v |
Yorin min| Yo ‘ max‘ Bin by particle size bins
Ad d a p ress u re BC Wit h Zpvin max| Zinax ‘ max‘ L] Output raw particle data
. . (| Output tracer data
information shown here Directon
O x-direction Pressure BC Editor > Pressure BC Editor >
for cyclone outlet O y-direction
® z-direction Location  FluxPlane  Fluid  Particles  Tracers Location  FluxPlane  Fluid Particles  Tracers
. Flow Conditions Behavior at Boundary
Use 100% AIR for AppIIEd @ Transient file: O No outflow
fl U id S |Dressure_outlet.sff Edit = ® Outflow with size filtering:
Comment: I: O specify values: : Minimum: | D|
Area fraction: 1 Maximum: | UNLIMITED |
Pressure: 0 Pa — Units: micron-diameter -~
Temperature: 300K (O Feed specified as volume fraction
{7 Pressure Boundary Conditions Editor *® K-factor- = O Feed specified as mass flux
Time (s)  Pressure (Pa)  Temperature (K)  Area Fraction Particle Feed K-Factor (O Feed specified as mass flow rate
10 101325 300 1 @Dﬁ 0 Fluid Composition _
2 @on Fluid inflow properties:  Interior cell values Feed Settings
Applied fluids: Define Fluids Edit Feed = Feed Control
< Add Row == Delete Row «” Check Data B Graph & Update Simulation
File: |pressure_outlet.sff | [ [save | ldsave as | EdClose Help Comment: | Comment: | |
Cancel Help Cancel Help
BARRACUDA VIRTUAL REACTOR cpt
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F I OW BC Flow BC Editor X Flow BC Editor X

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

Region
Name: |FLUXBC_ﬂow_cycIone_inlet

Add fI OW BC With | Set Cell Region (m) ‘ Fluid species behavior:

H - Xenin min‘ Konax | max| ‘No output v |
Informatlon Shown here for Yin Min | Yo | min | [ Bin by particle size | 100 /2| bins
CyC I o n e i N Iet Zonin min ‘ Zimax | max| (] Output raw particle data

Direction L] Output tracer data

(O Normal to surface: 'Normal Limit

O x-direction
@® y-direction
O z-direction
O Direction vector
u: 0 w: 0 w: 1

Force absolute direction
Variation angle: degrees

Transient File Transient File

Edit . 4 Edit .«

Comment; ‘ Comment: |

OK || Cancel || Help | OK H Cancel H Help ‘

BARRACUDA VIRTUAL REACTOR cpfd
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Flow BC

Use 100% AIR for Applied fluids

Use 100% Chalk for Particle feed

Transient File

3 @ Feed specified as mass flow rate
Feed Settings

5| EditFeed Feed Control

Transient File

Flow BC Editor X Flow BC Editor
Location  FluxPlane  Fluid  Particles  Tracers Location  FluxPlane  Fluid Particles  Tracers
Flow Conditions [4 Use transient file
1]@) Use transient file (O Use BC Connector data
(O Use BC Connector data O No outflow
© specify values: (O Outflow with size filtering:

Velocity flow 0 m/s Minimum: 0
Pressure: LG Maximum: UNLIMITED
Temperature: 00| K Units: micron-diameter

Fluid Composition Exit control: |Edit
Z] Applied fluids: (O Feed specified as volume fraction
(O Feed specified as mass flux

| Edit

‘cyclone_inlet.sﬁ

6 | [dit]

r Flow Boundary Conditions Editor x
Time (s) Mass Flow Rate (kg/s) Temperature (K) Pressure (Pa) Particle Feed Number Density Manual  Particle Slip Particle Mass Flow Rate (kg/s) ‘ OK ‘ ‘ Cancel ‘ ‘ Help
10 0.048 300 101325 OOn 100000 1 0.002
2 @on
‘ & Add Row ‘ | == Delete Row ‘ | +” Check Data | | B Graph | ‘ € Update Simulation ‘
File: |cyclone_inlet.sff || kdsave | JAsaveAs EdClose = Help |
BARRACUDA VIRTUAL REACTOR cpfd
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Time Controls

Time Controls

Set Ti m e Ste p a n d E n d 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
reguired. 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. |0.0005 |s 110 |s
2. | s | s
3. | s | s
4. | s | s
5. | s | s

‘Advanced time step settings|

Restart file intervals

Restart interval (IC_###) simulation seconds

Backtrack interval (IC_) |120 realtime minutes

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
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Flux Planes

Define one flux plane to track flow
through the dipleg

Select Bin by particle size

BARRACUDA VIRTUAL REACTOR

cpfd-software.com
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Flux Plane Editor

Location

MNormal Direction ‘z

| Select plane (m)

z 042

Ko |min | e ‘max

Yein |min | ¥ o ‘max

Flux plane options

Name: |FLUX_dipIeg

Fluid species behavior:

|N0 output ~ |

Bin by particle size bins

] Output raw particle data

] Output tracer data

] Reset particle residence time
[] Reset tracer residence time

] Directional flux

Comment

Dipleg

OK | Cancel |

Help

cpfd
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Visualization Data

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

BARRACUDA VIRTUAL REACTOR

Visualization Data Output

Output formats
Tecplot (*.plt files)

Output file interval

(1 GMV (Gmv.* files)

Plot interval: |D.D5 | s MNumber of files produced using current end time of 10s: 201
Cell Data
Available Data ~ Selected Data

Bulk density Cell indices
Cell ID Cell volume
Clouds per cell CFL
Convective wall heat transfer P Fluid density
dp/dx Fluid mass flux
dp/dy < Fluid velocity
dp/dz Particle mass flux
Dynamic pressure Particle velocity
Fluid composition mass concentration Particle volume fraction
Fluid composition mass fraction v Pressure

Particle Data

Available Data ~ Selected Data

Cell ID Cloud ID
Cloud mass Particle size
Drag Particle speed
Liquid fraction total P Particle velocity
Liquid mass total Particle volume fraction
P1 radiation flux < Residence time
Particle density
Particle mass
Particle material
Particle species v

cpfd-software.com

cpfd
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Run

Run Configuration .} '

If NVIDIA GPU card is available, ] CPU paralll (Parallel license requirec)
SEIECt GPU Para"el Thread count: 7 >

GPU Parallel (Parallel license required)
@® Prompt at Solver startup

Ru n SO IVe r Set u p a n d Vi EW SEtu p (O Automatic selection: Available memory ~ GPUcount: 1 =

O Use specified GPUs: all
List GPUs | Advanced GPU Options

Once you have checked the setup,
Run Solver to start the simulation

Run Options \CPFD\Barracuda\22.1.1\bin\cpfd.x.exe" -gpu cyclone.prj
Check Setup

E’i‘[ 'Run Solver Setup dq View Setup

Wait until the simulation has

Run Simulation

reached at least 5 seconds before 5 e (G e a
starting the post-processing S— |
oxercises o b=

BARRACUDA VIRTUAL REACTOR epfd-software.com cpfd

17


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

Post-Processing: Streamtraces 5

Follow along with this video to create a view of streamtraces in
the cyclone

ENWROO @O

https://cpfd-software.com/tecplot-for-barracuda-creating-
streamtraces/

BARRACUDA VIRTUAL REACTOR cpfd
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Post-Processing: Using flux2psd

100

Follow along with this Knowledge Base o

post to use flux2psd to compare the PSD of SOF
the chalk coming into the system at the 70 /
Flow BC, to the PSD of the chalk leaving the
system at the Pressure BC, and the PSD of
the chalk going through the flux plane in
the dipleg.

Flow BC PSD
Pressure BC PSD
Dipleg PSD

60

50 F

40

cumulative (%)

30

20

https://cpfd-software.com/calculating-psd-
at-a-flux-plane-using-flux2psd/ 10

| I | ] | I | | ] I
20 40 60

diameter (micron)

BARRACUDA VIRTUAL REACTOR cpfd
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Post-Processing: Cyclone Efficiency

Follow along with this video and "—

check the efficiency of the
cyclone with an averaging time
from 5-10 s

https://cpfd-
software.com/tecplot-for-
barracuda-calculating-cyclone-

efficiency/

BARRACUDA VIRTUAL REACTOR
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Summary

This model showed a lightly loaded cyclone based on literature.

Important setup parameters were highlighted:
 Merge and remove small cells
* Agglomeration
* Bin by particle size

Post-processing of the cyclone included:
* Creating streamtraces to visualize the fluid flow path

e Using flux2psd to calculate the PSD of the particles entering and exiting the
cyclone

* Calculating the efficiency of the cyclone

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
21


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

	Slide 1:  Cyclone: Setup and Analysis
	Slide 2: Cyclone
	Slide 3: How to Get More Information
	Slide 4: Project File
	Slide 5: Setup Grid
	Slide 6: Global Settings
	Slide 7: Base Materials
	Slide 8: Particles
	Slide 9: Particle Species
	Slide 10: Fluid IC
	Slide 11: Pressure BC
	Slide 12: Flow BC
	Slide 13: Flow BC
	Slide 14: Time Controls
	Slide 15: Flux Planes
	Slide 16: Visualization Data 
	Slide 17: Run
	Slide 18: Post-Processing: Streamtraces
	Slide 19: Post-Processing: Using flux2psd
	Slide 20: Post-Processing: Cyclone Efficiency
	Slide 21: Summary

