New Features in Barracuda

Overview and Selected Examples
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Selected New Features

 Boundary Condition (BC) Connections
 Drag models: user-defined expressions, drag multiplier tables
 Baffles

 Chemistry: distribution of heat of reaction, age factor, catalyst deactivation,
table-based rate coefficients

e Solver options (run window)
* Save Case As

* Area specification for injection BCs
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BC Connections
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BC Connections

* Used to recycle materials (fluid and/or particles) from an
outlet BC to an inlet BC.

* Internal recycle — cyclone/dipleg combinations
* External recycle

 Submodels — ability to maintain material within the
computational domain

e Capability to combine with an exterior input (i.e. carrier gas,
solids makeup)

 Many different options for particle and fluid control
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BC Connections — Example Setup

 Wednesday gasifier from Barracuda training (coal
gasification unit with internal cyclone/diplegs)

* Previously, entrained coal and char particles were
returned to the unit through overall mass control or

simple control loop. Particle and gas properties
were estimated.

 BC connectors allow recycle of exact particles and
gas — improved simplicity, accuracy, and control.
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BC Connections — Example Setup (contmued)

[ Fiow BC Editor P =

Flow boundary condition

Location Flow direction Fluid behavior at boundary Particle behavior at boundary
i1 0 i2 22 ) x-direction fi @ @ @
() x-direction flow ® Use BC Camector data @ Use BC Connector data
il j2 _
= ks 7 y-direction f () Mo particle exit
[} .
ki 12 k2 12 ~/ y-directan flow @ Flow fle |feed_from_cydones.sff Edit - . ,
() Partide out flow
Flux plane options @ z-direction flow @ (™) Spedfy values Partide radius(m) range allowed to exit: @
Flux plane name:  FLUXBC_cydone_1_dipleg @ %fy/z variation angle 50 degrees Velodity flow ~ | [0 m/s @ Min = |0 to Max = |UNLIMITED
5as spedes flux plane behavior: . = =
(7)) Mormal to surface flow | Mormal Limit - Pressure |0 Fa @ () Particle feed (Slip and vol frac)
[Mass Fraction - ] .
(") Partide feed (Slip and mass flux)
[[] subdivide by radius ~ Radius divisions (100 %] @) Direction flow vector @ Temp | 300 K @ -
- () Particle feed (Slip and mass flow rate)
Output raw partice data ' "
[ Output raw pa ulo v [0 w1 Fluid composition Edit partice feed
Comment Force absolute direction Applied fluids: Define fluids
- - Particle Feed Control @
Partice feed from cydone dipleg 1 Vector variation angle | 15 degrees
n Reference grid K, ] [ Cancel ]
. ~

* Flow BC for dipleg — set up the geometry as normal. For fluid and
particle behavior at boundary, select new option “Use BC Connector
data”
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BC Connections — Example Setup (continued)

(7 Barracuda VR with Chemistry - Wednesday_gasifier.prj o Bl &

Eile View Setup PRun Graphics and Output Post-processing  Help

mE o 0D ¥eE &= i
Project Tree =

{7 Barracuda VR with Chemistry  »
% Setup Grid ¥ ID Enabled Mame Comment Time delay Termnp control fluid Temp factor fluid  Fluid filter  Temp control particle  Temp factor
@ Global Settings
7 Base Materials

4 weo Particles

*4} Drag Models
) Volatiles
o Particle Species
4 "> Initial Conditions
£ Fluid ICs
sso Particle ICs
4 [1] Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
4 % BC Connections
Secondary Feeds
BC Connectors

& BC Connector Manager

4 o Chemistry
H4 Rate Coefficients
4§ Reactions N
}{f Numerics \\|\ M | J
(& Time Controls L A add ] [ Edit ] [ Copy J Delete
e [ & | % | |
|Wednesd ay_gasifier.prj | Ci/ftraining/Wednesday_gasifier/my_setup

 Add a new BC Connector to simulate the dipleg return.
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BC Connections — Example Setup (continued)

r BC Connector Editor = | [=] &2
Enabled
BC Connection Input fram Domain (outlet BCs) BC Connection Qutput to Domain (inlet BCs)
Fa Fa

ID  Flux plane name BCtype Particle split factor ID  Flux plane name BC type Using connector fluid  Using connector
BC Connector Properties
MName:
Comment:
Time delay: 0 5

Fluid temperature control:

Fluid temperature factor; 1
( Fluid Filter (SCALE) |

Particle temperature control:

Particle temperature factor; 1

[] Reset particle residence

r BC Connector Input Editor =18 =

Draw connectars for post-processing

[7] Advanced feature: Flow BC flux planes available as inputs

[ Add A—L Edit ] [ Copy ] [ Delete ] Available flux planes (select one):

i} Flux plane name BC type

000 FLUXBC_cyclone_1_pressure Pressure BC
001 FLUXBC_cyclone_2_pressure Pressure BC
002 FLUXBC_cyclone_3_pressure Pressure BC

 The BC connector will read outlet flux 003 FLUXBC cyclone 4_presure Pressure BC
plane data (flow rates and gas/particle ——
properties) as an inlet to the connector. sartde st facar: 1
Here, “Add” the flux plane from the o) [ con
Pressure BC at cyclone #1.

Flux plane properties

i
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BC Connections — Example Setup (continued)

r BC Connector Editor = | E] 2
Enabled
BC Connection Input fram Domain (outlet BCs) BC Connection Qutput to Domain (inlet BCs)
o Flux plane name BC type Particle split factor D Flux plane name BC type Using connector fluid
000 FLUXBC_cyclone 1_pressure Pressure BC 1 BC Connector Properties

Mame:
Comment:
Time delay: 0 5

Fluid temperature contral:

Fluid temperature factor: 1

[ Fluid Filter (SCALE) |

Particle temperature control:

Particle temperature factor: 1

[7] Reset partide residence

] 1 3
| | Draw connectors for post-processing
[7] advanced feature: Flow BC flux planes available as inputs 4| L] [ BC Connector Qutput Editor L o B 3% J
C e e ) cwm ) owe ] TN re——
\ Available flux planes (select one):
y
€ Hebp S [ BC type
s < 000 FLUXBC cyclone 1_diple Flow BC
oy pleg

001 _cyclone2 dipieg ow BC
002 FLUXBC_cyclone_3_dipleg Flow BC
003 FLUXBC_cyclone_1_dipleg_10 Flow BC

e Now, add the outlet from the BC
Connector (providing input to the i e i1 s 1

Particle mass flow limit (kg/s): 1e+20 Fluid mass flow limit (kg/s): 1e+20

d i p I eg ret u rn in Iet F I OW BC) . Particde mass threshold off (kg): 0 Particle mass threshold on (g): 0

General properties

Particle split factor: 1

o) [ome
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BC Connections — Example Setup (continued)

([=[E] = )

r BC Connector Editor

Enabled
BC Connection Input from Domain (outlet BCs)

D Flux plane name BC type
000 FLUXBC _cyclone 1_pressure Pressure BC 1

Particle split factor

T

ol

F.

(
\Q;wa-dnne 1 connection

¢

[T advanced feature: Flow BC flux planes available as inputs

[ Ak J[ eat  J[ coy |

Delete

)

&9 Help

BC Connection Output to Domain (inlet BCs)

BC Conne
ame: COMM_cydone_1

Time delay: 0

Fluid temperature contral; [SCALE - ]

Fluid temperature factor: 1

[ Fluid Filter (SCALE) |
Particle temperature control: [SCALE - ]

Particle temperature factor: 1

i Flux plane name BC type
000 FLUXBC cyclone 1 _dipleg Flow BC

mnnectors for post-processing

Using connector fluid

on

P

[ Add | Edit |

J|

Delete

)

[

Ok

H Cancel

)

* |n the center of the dialog, define a Name (which will be the name of the flux
plane file for the BC Connection) and an optional Comment.

* “Draw connector for post-processing” allows the connections to be seen in
Run => View Boundary Conditions.
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BC Connections — Other Options

r BC Connector Editor [':' | (=] | 2 ]
Enabled
BC Connection Input from Domain (outlet BCs) BC Connection Output to Domain (inlet BCs)
D Flux plane name BC type Particle split factor i Flux plane name BC type Using connector fluid
000 FLUXBC _cyclone 1_pressure Pressure BC 1 BC Connector Properties 000 FLUXBC cyclone 1 _dipleg Flow BC on
Mame: COMM_cydone_1
Comment:  Cydone 1 connection
@alay: 0 )
Fluid temperature contral; [SCALE -
Fluid temperature factor: 1
[ Fluid Filter (SCALE) |
Particle temperature control: [SCALE - ]
Particle temperature factor: 1
[7] Rezet partide residence
‘ | " | 4 Draw connectors for post-processing
[T advanced feature: Flow BC flux planes available as inputs 1 | Ll | 4
[ Add | Ediit [ Copy || Delete | [ Add | Edit | Copy || Delete |
(o (o

* Time delay specifies an interval before materials are returned to the
system through the BC Connector outlet.
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BC Connections — Other Options (continued)

([=[E] = )

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 i Flux plane name BC type Using connector fluid
000 FLUXBC _cyclone 1_pressure Pressure BC 1 BC Connector Properties 000 FLUXBC cyclone 1 _dipleg Flow BC on
Mame: COMM_cydone_1

Comment:  Cydone 1 connection

Time delay: 0 s

<mtanperamre control: [SCALE - ‘>
jd temperature factor: 1 /

Fluid Filter (SCALE)
< Particle temperature control: | SCALE - )
Q@emp&ramre factor: 1 /

[7] Rezet partide residence
Draw connectors for post-processing

4 ] | 3

[T advanced feature: Flow BC flux planes available as inputs 4| m | r

[ Add | Ediit [ Copy || Delete | [ Add | Edit | Copy || Delete |

[ o J[ cone |

* Fluid temperature control allows the user to scale (multiply) the incoming fluid
temperature by the temperature factor, set the outgoing fluid temperature to
the temperature factor, or offset (add or subtract) the incoming fluid
temperature by the temperature factor.

e Can perform similar operations independently for temperature of particles.
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BC Connections — Other Options (continued)

r BC Connector Editor

([=[E] = )

Enabled
BC Connection Input from Domain (outlet BCs) BC Connection Output to Domain (inlet BCs)
D Flux plane name BC type Particle split factor i Flux plane name BC type Using connector fluid
000 FLUXBC _cyclone 1_pressure Pressure BC 1 BC Connector Properties 000 FLUXBC cyclone 1 _dipleg Flow BC on
Mame: COMM_cydone_1
Comment:  Cydone 1 connection
Time delay: 0 g
Fluid temperature contral; [SCALE - ]
Fluid temperatyre factor: 1
C Fluid Filter (SCALE) — | D
Particle temperature control: [SCALE ﬁ \
4 1 |
[T advanced feature: Flow BC flux planes available as inputs * I— Filter properties
T

[ Add | Ediit [ Copy || Delete |

&9 Help

Filter type: |SCALE ~ | Scale factor: 0,02

l [DK][::ancel]I

* The Fluid Filter allows the user to return only a portion of the outgoing gas (a very

common application). Here, the fluid filter is set to return 2% of the exiting gas through
the dipleg.

Reset particle residence can be selected to track freshly recycled particles. Otherwise,
particles “remember” their residence time from being previously in the domain.
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BC Connections — Other Options (contlnued)

r BC Connector Editor

=N HE N

[¥] Enabled

r BC Connector Qutput Editor

HNEIE

Flux plane properties

Available flux planes (select ane):

i Flux plane name BC type
000 FLUXBC cyclone_1_dipleg Flow BC
001 FLUXBC cyclone 2 dipleg Flow BC

002 FLUXBC cyclone_3_dipleg Flow BC
003 FLUXBC_cyclone 1_dipleg 10 Flow BC

Feed limits

d Partide wolume fraction limit: 1 Slip:

—

Partide mass flow limit (ka/s): 1e+20

Particle mass threshold off (ka): 0

General properties

Particle split factor: 1

Fluid mass flow limit (kg/s):
Particle mass threshold on (ka): 0

1e+20

[

oK

| [ cancel |

/'

nnector Properties

COMM_cydone_1
ent:  Cydone 1 connection
Elay: 0 5

d

lemperature co + | SCALE
e re factor: 1

Fluid Filter (SCALE)

)

e temperature contral; [SCALE

d

e temperature factor: 1
set particle residence

aw connectors for post-processing

BC Connection Output to Domain (inlet BCs)

i Flux plane name BC type

000 FLUXBC cyclone 1 _dipleg Flow BC
~

Using connector fluid

on

P

[ Add | Edit |

J|

Delete ]

[

Ok

|| cancel |

* |n the Output Editor, the user can set Slip to increase (>1) or decrease (<1) particle speed

relative to fluid speed.

* The user can decrease the Particle volume fraction limit to limit particle feed to packed cells.
For example, if the volume fraction limit is set to 0.4, particles will not be fed to a cell beyond

40% of the total cell volume. This limit can promote smoother overall particle feed.
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BC Connections — Other Options (contlnued)

=N HE N

r BC Connector Editor
[¥] Enabled
(" BC Connector Output Editor M= BC [iunnechun Output to Domain (inlet BCs)
(] Flux plane name BC type Using connector fluid
Fl ti ; .
HETEREELS nnector Properties 000 FLUXBC_cyclone_1_dipleg Flow BC on
Available flux planes (select ane): CONN_cydone_1 -
i Flux plane name BC type snt:  Cydone 1 connection
000 FLUXBC cyclone_1_dipleg Flow BC
001 FLUXBC cyclone 2 dipleg  Flow BC Elay: 0 5
002 FLUXBC cyclone 3 dipleg  Flow BC emperature co " |SCALE - ]
003 FLUXBC_cyclone 1_dipleg 10 Flow BC
e re factor: 1
o |
—— e Fluid Filter (SCALE) |
Partide wolume fraction limit: 1 Slip: 1 = temperature control: [SCN‘E v ]
ide mass flow limit (kag/s): 1e+20 Fluid mass flow limit (kg/s): o420 ___>|F temperature factor: 1
article mass threshold off (ka): 0 Particle mass threshold on (ka): 0 set particle residence
aw connectors for post-processing
' T | 3
General properties
Particle split factor: 1 [ Add ] [ Edit ] [ Copy ] [ Delete ]
o) (o] (o [ o

)

* In the Output Editor, the user can limit total flow of fluid and/or particles (red).

Default limits are very high, allowing unlimited flow.

* User can also set on/off mass thresholds (green). Typical example: flapper
valve on secondary dipleg for intermittent release — flow commences when a

certain mass accumulates in the dipleg.
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BC Connections — Other Options (continued)

* The Fluid volume fraction limit allows
the fluid return to be scaled to the — BC Somneciar S -

rate of particle return. In this —BC Connection Input from Domain (outlet BCs) —BC Connection Output to Domain (inlet BCs)

example, fluid will be returned at a 05 FLONBC sy T pressire PesmneBE 1 /'D 550 FLUYGE. cyeione T i Fiom st on o

maximum volume fraction of 0.5; this

might be a realistic representation of

dense dipleg particle return.

BC Connector Output Editor x

— Flux plane properti

=
Comment: [Cyclune 1 connection ]
Available flux planes (select one):

Time delay: 5
D Flux plane name EC type ¥ [ 0 ]

000 FLUXBC cyclone 1 dipleg Flow BC S " -
001 FLUXBC_cyclone 2 dipleg Flow BC Fluid temper‘ature control: [ SCALE -
002 FLUXBC cyclone_3_dipleg Flow BC

003 FLUXBC_cyclone_4_dipleg Flow BC Fluid temperature factor:

[ Fluid Filter {SCALE) ]

Particle temperature control: m
Particle temperature factor:

Feed limits

Particle volume fraction limit: Slip:

Reset particle residence
Particle mass flow limit {kg/s): Fluid mass flow limit (ka/s):

o ¢
/’ +'| Draw connectors for post-processing
|
Particle mass threshold off (kg): D Particle mass threshold

Fluid volume fraction limit: h;_
k)— | Advanced feature: Flow BC flux planes available as inputs [ 4 |

] e : [ — ] [ Edit l [ Copy ] [ Delete | [ Add l [ Edit ] [ Copy ] [ Delete ]

Particle split factor:

Qo[ @= Qe
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BC Connections — Secondary Feeds

ida VR with Che

Bar stry - 17.0.3 - baffpic.prj

File Wiew Setup Run  Graphics and Cutput  Post-processing Help

T?BEh°A$@¢duﬂ

;TE:ET;:: .g —S: r:uxn:::n: n:‘me = Applied Fluids  Applied Species | Fluid mass rate | Fluidtemp | Particle massrate | Particle temp | Par - S e | e Ct ”S e CO n d a ry Fe e d S” = > Ad d °
- (¥ Global sett...
o e -- Specify fluid/particles for
| s secondary feed as for any Flow BC.
- g% Fluid ICs
H'“Fpt;zfi- -- Secondary feed can be combined
o with recycle in “BC Connectors”
* editor.
— Secondary Feed Edi
Add — Behavior at boundary — Flux plane properties
Jdataljdata_john/supporf Flux plane name: ® Flow file [can-ier_gas_sﬁ ] [ et ] Gas species flux plane behavior:
[Flux_carrier_gas ] (1 Specify values:
Comment: [ Mass Flow Rate =
[Carrier gas for bed recycle ] i mass o :] s

SR [:] " [+| Output raw particle data
Applied fluid materials:

Particle mass flow: :] ka/s - .
[ Nz l [+| Subdivide by radius

Divisions: | 100 [« ]
Murmn particles per cell: :] -ﬂ

Applied particle species:

Carrier gas for
bed recycle

[ 1- Sand |

eHelp A |°(_:ancel | ogx
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Enhancements to Drag Models

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE cpfdiE

cpfd-software.com

18

CPFD Software, LLC - Sept. 30 - Oct. 2, 2015 - Hyatt Regency Tamaya - Santa Ana Pueblo, NM USA



User-Defined Drag Models

t Drag Model Editor x

Barracuda VR with Chemistry - 108-followup3.prj
Fle View Setup Run Graphicsand Output Postprocessing  Help Mame: [ User specified example ] Comment: [h'.’en-‘r’u with Sauter mean correlation ]
y > LI ey = 1
B =8 vo 23 K€ va i \ — Constants:
Pr.ujecl Tree ) — Drag Model Manager -
(‘ Barracuda VR... || NamE ".faIUE
3 Setup Grid Name Source Description
Global Sett...
H 1 |Constant Systemn  Constant drag model
+7 Base Mater... 1 co 1
=l sss Particles 2 |Stokes System Stokes drag model
b Volatiles 3 | Wenu Systern  Wen-fu drag model 2|cl 0.15
i g Particle 5...
= [+ Initial Cond... 4 | Ergun Systern  Ergun drag model
. ¥ Fluid ICs
' wso Particle ICs 5 |Wenyu-Ergun System  Wen'u-Ergun blended drag model 3|l 0.44
=l Eﬁ Boundary C... i i
- Pressure BCs 6 |Turton-Levenspiel System Turton-Levenspiel drag model
| e 4|n0 -2.65
i+ Injection BCs 7 |Richardson-Davidson-Harrison | System  Richardson-Davidson-Harrison drag model
i Thermal Wall ...
*- Passive Scalar... i i i i
& |Haider-Levenspiel System Haider-Levenspiel drag model
=1 &4 BC Connect... p u . . 5|nl 0.687
¢ i Secondary Fe...
i BC Connectors 9 |EMMS5-Yang-2004 System  EMMS-Yang-2004 drag model
= & Chemistry
’ B Rate Coe... 10 | Nonspherical-Ganser System  Nonspherical-Ganser drag model
J,T Reactions =
X 11 | Monspherical-Haider-Levenspiel System  Nonspherical-Haider-Levenspiel drag model N
¢ Wumerics ‘ &y Add Row ‘ ‘ & Remove Row | @ Switch To Text Entry
. k'_.‘ Time Contr... L p¥ ] User specified example E Wen-Yu with Sauter mean correlation
=} 44 Data Output
}--'"_ Flux Planes
- & GMV Outp... ) ) — Drag Model Definition
Average ... Specify user-defined §rag models here.
; 20 Plot D... . ] k‘
- /v Transient ... [ ( Add E\Edit; [ Copy I Delete | Fcustum': }: i
KIE 3k 263 — :
. . ——
108-foll 3.prj data2/data_john/alon/108- t-folls -3 I M
| 108-followup3.prj | /dataz/data_john/alon/108-current-followup IF{ (Re*diamSauterP/diamP+yolfracF) < 1000,

> 1 + 0.15*%Re*diamSauterP/diamP=volfracF)™0.687 .
0.44/24 * (Re*diamSauterP/diamP*volfracF) )*volfracF™-2.65*{diamP/diamSauterP)™ 2

Drag model editor includes parsing of user-
defined expressions. Functions, variables,

and operators can be selected from e
IIMOdeI TOOIS” SeCtiOn at bottom ) Functions: [ABS[uaIlJ = ] Variables: @ Operators: |

Cancel 0K
Qo || &

Forag=3Npdp{Us — Us)Fausioml)

o Check Madel

COMPUTATIONAL
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Predefined Drag Multipliers

File  View 5Setup Run  Graphics and Output  Post-processing  Help Particle SPECiES' PI'D|]E!I'tiE!5-
. 1 =3 oy [ y |
o H E ‘ o ==—1 "\ @ ‘ "j !J ﬂ § ) — Drag Maodel
Species-1D:
FIERTEE — Particle Species Manager -
(' Barracuda VR... [« Madel Name: [ ¥ Wen-Yu - l 0
" % Setup Grid Species-ID | Comment = Materials = Min radius Max radius | Sphericity = Emissivity = Drag model = Agglomeration Comment: [ Sand ]
3 Global Sett... Sand 5i02:1 lakesand.sze.sff .
. . . Mame Link To Default Value =
17 Base Mater... Materials: [ Applied Materials ]
Particles 0 7 L |
. ) ' C ke
. "< Drag Mod . — Particle Size -
L Velatiles T [ Add I Edit Copy ] | Delete |
nz, n \\ Predefined PS0: [ : ] cl +'| Linked
|exz_prj | aata1/data_jonn/supportiex2 \ |

-- Predefined drag multipliers are available . e
o o o lakesand sze sff Tt m
for a set Of typ|ca| fIU|d|Zed bEd | . P @ Muttiplier (predefined): | Circuiating Fiuidized Bed *]@

hydrodynamic regimes. ) watiter rom e | 4 N

— Agglomeration

-- Selection of the predefined multiplier [ | il | P } e
generates a text table of drag ratios based on || =" | —— |

the energy minimization multi-scale (EMMS) | ™" ol =
method.

() Multiplier {constant): [ ]

-- The multiplying factors are applied to the
base Wen-Yu drag model.
INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE cpfdiE

cpfd-software.com

CPFD Software, LLC - Sept. 30 - Oct. 2, 2015 - Hyatt Regency Tamaya - Santa Ana Pueblo, NM USA

20



Species-ID:

Predefined Drag Multipliers (continued)

Circulating Fluidized-Bed

Comment: [ Sand

Materials: [

Applied Materials

— Particle Size

Predefined PSD: [

PSD Filename:

lakesand.sze.sff

| (&) (4

Particle Species Properties

— Drag Model

Model Name: [ ¥y Wen-fu

Name Link To Default

0 | Linked
cl | Linked
2 | Linked
no | Linked

(") Multiplier {constant): :]

(@ Multiplier {predefined): [gCircuIating Fluidized Bed

(") Multiplier {from file):

Minimum Maximum - j k?
— | Agglomeration
| I jm -
J Radius Cut Point: ] i U
Sphericity: [1 ] Effective Particle Size Filename:
Emissivity: |1 | @ | =

| e Cancel

r=a

0.4
0.5 0.6

0.7
V°idage 0.8

0.9

10 O

-- Drag multiplier values have been generated as a function of voidage and Reynolds number (particle slip velocity).
-- Stored as a .txt table for use as the simulation runs.

-- CPFD also has the capacity to generate custom drag coefficient tables for user-defined conditions, using the EMMS software.
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Baffles
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Baffles (continued)

-- Baffles are zero-thickness subgrid structures
that can affect fluid and particle flow. They do not
need to be resolved by the grid as regular
geometry.

Directional flow resistance
or fluids o
|
|
|
|
|
|

\

-- Fluids can experience flow resistance (pressure '

drop) through application of a k-factor. The k-
factor can be specified independently in the x-, y-,
and z-directions. Note: if no k-factor is specified,
the fluid is not affected by the baffle.

-- Pressure drop is a function of k-factor:
AP =% kpv?

-- Particles interact with baffles as if they are solid
walls.

9

/

AN AN

a A

I
/ |
P 1
v
e O

Particles bounce
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Baffles (continued)

What baffles do not do Fluid flow in opposite
directions on either

side of baffle — not

-- Baffles d t fully split cell thi Is); :
affles do not fully split cells (as thin walls) possible

all the fluid within the cell experiences the
same forces and thermal/chemical effects.

-- The direction of flow is not directly altered T‘ T| T|
by the baffle surface; however, directional

flow resistance and particle-fluid drag can act \ \ \ \

|

|

indirectly to change flow. I
I
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Baffles — Example Setup

ANNNNNNNN

il

-«
Cylinder with upwards fluid flow Desire to add layers of chevron
and downward particle injection flow internals
(circled)
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Baffles — Example Setup (continued)

Barracuda VR with Chemistry - 17.0.3 - baffpic.prj

- e -- Baffle Maker has predefined shapes (arc,
Dipdve2»e smH chevron, I-Beam, U-Beam, plate

Project Tree = @

BTN | e -- Dimension specifications differ for each baffle
...~ Base Mater... Filename Enabled Visible Color x-Kfact y-Kfact 2-Kfact x-MBL y-MBL z-MBL x-Rep E]

T el rog Mo <= Remoue Bafle_| 7L uni m geometry

5 & :::itll:II:SS... [m YZ unit: m

= i‘ :i::a_ldclzzd... [ ] impart “ Eh{ l Baffle Generator
ui
N

" weo Particle ICs

= [7] Boundary C... Shape: [ /" Chevron Baffle Unit: m
- Pressure BCs
- Flow BCs T
- Injection BCs [ [ [+] & 6 [90

M= [N e | Geometry | Baffies | Grid Controls | Grid lines | X L (1

- | Import Grid =) Unde ™ Redo ﬂi 1.ViewSTLs | 2 CheckGrid (3 3.Generate Grid ﬂix&t_ View Qutput  Docks ﬂ

Ak

- Passive Scalar...
! &4 BC Connect...

- Secondary Fe... - - - - I [1
. BC Connectars y |x=0_529299 y=0.583473 ||=22 j=22 z x=4.35841 z=4.79646 ||=22 k=103 Z y=402212 z=4.74336 |]=22 k=102 I 2 [

JUUe

= & Chemistry — —
i Rate Coe... P L
J,-,T‘ Reactions 7 N
. Numerics Fi
~(* Time Contr...
=} 4., Data Output f y
> 1 . Flux Planes
~ & GMV Outp...
- I Average ..

o Transient ...
I Wall Erosion K rd
- se Particle A, N -
.[:. Raw Data

ol -]
EIE'3E 213 . . ;

| baffpic.prj /datal/data_johnfsupport/baffpic

Depth and Directicn
d |1 ]

Align with:

[:-axis b l

Baffles window under “Setup Grid” B e ——

Save Settings

[' _Load Settings

[ * Close l l MGenerate
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Baffles — Example Setup (continued)

Baffle Generator

shepe: [ 7 crewron 3 N ) -- Set geometry: d =1m; |, =1, =0.05m;

~r [e & 1 angle = 60°; alighed with y-axis.
% I, [0.05 |
I, [0.05 J

3

f Depth and Direction \
d|1 |

Align with:

[ y-axis

——— / -- Save settings to use the same geometry on
future setups; load settings to retrieve them.

| " |Load Settings

| * Close | HGenerate

/' Save Settings

"™N -- Generate to create a baffle stl file for use in main
baffles window.
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File  View Setup

Project Tree

B ®

-+ Base Materials

[=] wss Particles

"o} Drag Models

1) Volatiles

& Particle Spec...

=T Initial Conditi...

. f% Fluid ICs

weo Particle ICs

=[] Boundary Con...

i Pressure BCs

- Flow BCs

i Injection BCs

- Thermal Wall BCs
- Passive Scalar BCs

L] ﬁ BC Connections

. Secondary Feeds

- BC Connectors

a Chemistry
ﬂ Rate Coeffici...
- JF Reactions
@ ,{ Numerics

-~ ( Time Controls
= .‘ Data Output
Tl Flux Planes
- M1 GMV Output ..
- IM Average Dala
[ 2D Plot Data
+ /v Transient Data
T Wall Erosion
++ Particle Attrit...

[+, Raw Data
‘. Solver Outpu...
.‘: Run

- L Post-Run

- - Plot Manager

EIE 3K 213

"' Barracuda VR wi... —
Baffles
Global Settings

Barracuda VR with Chemistry - 17.0.3 - baffpic.prj

Baffles — Example Setup (continued)

| baffpic.prj

Ty WL L,
mportGrid =V undo " Redo AN 1. View STLs |, 2.CheckGrid Q) 3. Generate Grid A 4. view output ) Docks_ e /
1
Filename Enabled Visible Color x-Kfact y-Kfact z-Kfact *-MBL y-MBL z-MBL [W] ! Dmmmm"l“m
[chev2.5ll2d LOOn ” &\5 Visible n.green S [o 0 ] 0 0 35 . ij‘m ‘
e e = =
[ \ 1
Gty _sates | oo | Gt \ -- Baffle has been generated from sub-window.
Y [%=0.571843 y=-0.296023 [=22]=5 Z [x=1.42943 z=3.68187 [i=22 k=19 / L E I evatio n h a S bee n Set to 3 . 5 m ete rS .
my ™ & / -- Single baffle can be seen in x-y and x-z views
/ N . . .
/ X -- Next step is to replicate the baffles across the unit.
// \\
\ /
N ¥
N /
N P
[ /ataLidata_john/supportibafipic
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Baffles — Example Setup (continued)

Barracuda VR with Chemistry - 17.0.3 - baffpic.pr]

File View Setup Run Graphics and Output  Post-processing  Help

© ' =E vo 2 K€ ¢6a i

Project Tree [

Docksv 9

Barracuda VR wi i
Baffles
Global Settings
Visible Color xKfact | y-Kfact = z-Kfact =~ x-MBL | y-MBL | zMBL  x-Rep  y-Rep = z-Rep  xIntrni | yintrdl | z-Intrvi < Add Baffle

.. Base Materials Filename Enabled
: chevastza | (@)on " 2\ visible [ o= femove sare | .
|- =) Drag Models @& = Remove Bafle | STL unit: m
) Volatiles . Baffle Maker XYZ unit: m

1 e o 1 2 3 [(Dimet | e

" g% Fluid ICs

- weo Particle ICs
=[] Boundary Con...
- Pressure BCs §
Flow BCs
- Injection BCs [4] h

| Import Grid =) Undo  #™ Redo ‘i LViewSTLs . 2. CheckGrid O 3. Generate Grid ‘i 4. View Output

=] wes Particles

Woeen 2 lo 0 0 0.45 0 35 10 1 1 0.1 1 1

- Thermal Wall BCs
e eolarBes | |_Geomety | Baffles | Grid Controls | Grid lines

=) ﬂ BC Connections
- Secondary Feeds
 BC Connectors

Chemistry
ﬂ Rate Coeffici..
\a’_‘ Reactions [ ]
- _,{ Numerics 1 =N
-1+ Time Controls P ne
= .g Data Output rd A
T Flux Planes [/ ]
- Al GMV Output .. y -
- I Average Dala
[ 2D Plot Data
- /v Transient Data H e nmEEREEEEERSE

Y [x=-0.309493 y=-0.534638 [i=5 =0 Z  [x=0.605173 2=3.45795 1[i=22 k=75 Z [y=157037 z=2.08658 [i=22 k=35

Il Wall Erosion 1
- esw Particle Attrit...

[, Raw Data 1
-‘. Solver Qutpu...
t Run

£ Post-Run ALALALN AN

L

—

| baffpic.prj

[ /aata1/data_jonrysupportibatipic

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE epfid-software.com

1. Master baffle location (MBL) is set
to -0.45 in x-direction.

2. Set to 10 repetitions in x-direction.

3. Interval of 0.1 m between centers
of repeating units in x-direction.

AAARAAAAAA

Baffles as generated by
Run => Solver Setup
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Baffles — Example Setup (continued)

Barracuda VR with Chemistry - 17.0.3 - baffpic.prj -

S A G L S Goal: create a second layer of baffles, rotated

© 1 =E vo 9D KE &a H

Project Tree : F I . = ) i, . . 900 t — 3 O

- S5 JmportGrid | “Nundo % pedo AW 1ViewSTls | 2.CheckGrid () 3. Generate Grid A\ 4. View Output Docks e ) a Z _— . m .
Barracuda VR wi... | | =~ h T

. Baffles 1

E: E::?E:II::W“D' Visible Color x-Kfact y-Kfact z-Kfact *-MBL y-MBL z-MBL *-Rep y-Rep  z-Rep wintrvl | y-intrvl | z-Intrvl | x-Scale y-Scale z-5cale x-Rot y-Rot z-Rot [ o Add Baffle l 1 . U S e IIAd d B a ffl e” a n d s e I e Ct p revi O u S I y

= i .
Visible green o o o -0.45 o 35 10 1 1 01 1 .
-4} Drag Models H! z I = Remove Baffle | STL unit: m
-
B

- (1) Valatiles ][ & visible H.green lu [ [ o 045 |3 1 10 1 1 1 1 1 1 0 0 90 ][m‘ R ge n e rate d Stl 2 d fi | e .
]

“ Particle Spec...
4 [ < Import ” Export ]

= [+ Initial Conditi... N o
- 4% Fluid ICs
- weu Particle ICs | |

2. Set new master baffle locations, starting at
ITIH:cn:Da’l‘\?vgiECs l[‘(;lmmehy | Eamesl\ Grid Controls | Grid lines | = minimum Y'Value.

Passive Scalar BCs
:- Secondary Feeds vy =0, i= = x=0. ] Iz=I .I e |=I e =-0. z=4. = b T H H H H
5 " Chem“hnye | Yy 0.700225 y=0.205639 I 22 j=15 z 0.500218 3.53666 22 k=786 z y=-0.0954738 4.13026 —I]QI(BB 3. Set repetltlons and Spaclng In y_dlrectlon.

i:’E" Reactions [ — T |

& o ot T - 4. Rotate about the z-axis.

[ 4% Data Output r | Y

b ut ... W

- Xn Mwerage Data p I I I | 1 kY
- [E5] 2D Plot Data i

o i ;

| baffpic. prj Jdatal/data_john/support/baffpic
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Chemistry
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Chemistry — Distribution of Heat of Reaction

-- Applies to discrete particle reactions (volume-average chemistry heat of

reaction goes to gas phase).

-- New default (automatic) method of heat

Distribution is based on Musser et al, Constitutive
equation for heat transfer caused by mass transfer,

Chemical Engineering Science, 123: 436-443.

-- New method is physically more accurate and

numerically more stable.

-- Legacy method may still be used by selecting

“Manual” and specifying heat distribution.
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File View Setup Run  Graphics and Output  Post-processing Help
A [E e & : 1
© ' =2E o 23 K€ va it
Project Tree ®
' Barracuda VR wi... - istry
- %9 Setup Grid ) . . e
@ Global Settings I e e
-7 Base Mate
- s Particles efficients ine R ]
C g M ions - Define Reactions
-~ (&) Volatil
il |ease note that b ing an
- B sal will requi hemi
— Import Chemistry Setir
. 'mport Materials/Chemistry from another proj ect
, T — Volume-Average Chemistry Reaction
- When using ¢ Ire: k -
T reactions of one type, Stoichiometric rate equations or Species rate equations.
Reaction type: (@ Stoichiometric es
> — port Limiter-
B mass transfer through a boundary On Off
(0
'_ P — Distribute Sensible Heat from Reaction to 5E
11 Flux Plan —
A’ GMV Output ... e
- Lm Average Data :
- [E2 2D Plot Data Automatic
- /v Transient Data
I Wall Erosion ual :I;]
- +se Particle Attrit... k
- [*. RawData
- g Solver Oul — y ODE Settings
t n Relative Tolerance __1&-09
4 Post-Run
i Pt Mg ot irace
umber Steps | 200000
| ex2.prj /datal/data_john/support/ex2 l
nnnnnnnnnnnnn
Cpfd pppppppp




Chemistry — Distribution of Heat of Reaction

Example discrete reaction: A(g) + B(s) = C(g) +
Tg initial = 400K
.. . : > .. TC,finaI = TB,initiaI = 400K .
O » @
® . ® Tp final IS determined
by heat of reaction
TA,initiaI = 300K TA,finaI = TA,initiaI = 300K

* Unreacted gases retain their original temperature (subject to other energy calculations in
the cell, including particle-fluid heat transfer).

e Reaction product gases have the original temperature of the solid reactant.

 Reacting particle has final temperature as calculated from net heat of reaction.
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Chemistry — Age Factor

-- Applies to discrete particle reactions with solid original mass terms (m,, m/mg, 1-m/m,) for
particle materials.

-- Allows the user to specify particles (initial or feed) that have already partially reacted.

-- The original mass is equal to the current mass multiplied by the age factor:

Applied Materials Manager

m,=m * (Age Factor) JP—
Age Factor > 1 for partially reacted material Hoss cionssum SR
ID %  Name State Mass Frac Density {kg/m™3) Age Factor

| ool Tio2 5 0.5 4230

-- Specified under Applied - -
Materials Manager for [
particle composition.

'
Add Edit l[ Capy | Delete |

Mass fraction amount: | 0.5 » particle density
/ @ Automatically calculated: 2894.56 kg/m?*
e — )

(C) Manually entered: [ l

k [ Material Properties Library ] E

[ 0K ] [ Cancel ] l L0 Volatiles Manager
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Run Window Options and File Systems
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Run Window Options

A number of options have been added to the run window:

Barracuda VR with Chemistry - 17.0.3 - baffl.prj

et ;ﬁ@‘ — e Which GPU card to run on —
] © = C o I =W o = .
T @® // screen prompt, automatic, or

' Barracuda VR wi...

‘ — Verify Setup — Run Calculation
e :T:::I':'n::ﬂngs — Solver Launch Options / p re S e | e Ct e d

-7 Base Materials Note: Run Solver Setup will cause some output
[=] wss Particles files to be medified. If you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.
files, preserve them by using the File menu, Save
'ﬂ Drag_MDdels I:aseliﬂs feature, anuséhen gun Solver Setup in (") CPU Serial ° °
' * |fthereis an error with the GPU
" gig Particle Spec... (@ GPU Parallel (GPU add-on license and NVIDIA GPU required) /
= T+ Initial Conditi... -

; . E GPU cptions

- 4% Fuid ICs O 1 ' Run Solver Setup (1 time step) kj

- ewo Particle ICs NVIDIA CUDA device to run on: prompt = r u n a a C to
= [ Boundary Con... V4

- — Check Setup
- Pressure BCs Fallback to CPU behavior if CUDA error:

Flaw BCs t m t 1 | | m t
Injection BCs ote: IEshng Solver MEMOory requIrements will Cause some output files to be modified. If you have a u O a I Ca y O r p ro p

 Possive Sealar BC d q View Initial Particles, Volume Fraction important output files, preserve them by using the File menu, Save Case As feature, and then test the

" Passive Scalar BCs

= ﬂ BC Connections l
Secondary Peeds [Test solver GPU memory requirgments with current settings {option: -dryrun) <
~ BC Connectors

Ly | 1 Trepmmem—— — ¢ Check GPU memory

— Universal Options

J Rate Coeffici...
! Kﬁﬂi&:;tﬁ:s ° If existing transient output files found: : Does not apply to restart. re q u i re m e ntS fO r p ro p O S e d r u n

- Time Controls N q View Boundary Conditions If chemistry mass imbalance: continue 3
Data Output i

Y

.. Flux Planes Minimum disk space percent check:
- A" GMV Output ...

D e dq View Flux Planes e e | ) ¢ A u to mad t i Ca I Iy overwr i te or

-« /v Transient Data

1# Wall Erosion Command line to run egquivalent solver based on input above (copyable to terminal): M M

- - append to transient aata fTiles
Toe Farticie At cpfd.x.17 -gpu -fallback wait -ow -cc baffl.prj p p

Raw Data d q View Transient Data Points

- @ Solver Qutpu...

% :ﬂ$ Run Solver | “ i Restart Solver ‘ |G} Interact
i L) Post-Run z

. Plot Manager

B3k 3K 2E3

| baffl.prj | idatal/data_john/support/vafrl
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Run Window Options (continued)

A number of options have been added to the run window:

Barracuda VR with Chemistry - 17.0.3 - baffl.prj

File View  Setup Run  Graphics and Qutput  Post-processing Help

® @8 9o o223 K€ o mw i

Project Tree (5]
" Barracuda VR wi...
‘ Setup Grid — Verify Setup — Run Calculation
L] L] L]
2T D * Continue run with chemistr
-7 Base Materials Note: Run Solver Setup will cause some output
[=] wss Particles files to be medified. If you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.
files, preserve them by using the File menu, Save O
B] Model: ~
¢ e Case As feature, and then Run Solver Setup in () CPU Serial m a SS I m b a I a n Ce
4 bhlaples the new case directory. ) /|
“ ks Particle Spec... (@ GPU Parallel (GPU add-on license and NVIDIA GPU required) Y/
= 7[> Initial Conditi... i /
; . — GPU options
¥ Fuuid ICs :: 1 ' Run Solver Setup {1 time step) . . .
@“ Particle ICs NVIDIA CUDA device ta run on: prompt = Y
=[] Boundary Con... — Check Setup I I u I
Elr:f;gacs Fallback to CPU behavior if CUDA error: /

Injection BCs
Thermal Wall BCs
" Passive Scalar BCs
= ﬂ BC Connections

Mote: Testing solver GPU memory requirements will cause some output files to be m

d q View Initial Particles, Violume Fraction important output files, preserve them by using the File menu, Save Case As feg
i GPU memory requirements in that new case directory.

ed. If you have
e, and then test the o

prompt for continued simulation

Secondary Peeds Test solver GPU memary requirements with current settings (option: -d%] l
- BC Connectors / °

] Chemist it 1 :

P b ety || | | [l e i souces ~Universal Opions / ~ e The selections above are used to
" Reactions If existing transient cutput files found: overwrite & : Does not a o restart.

- #. Numerics

- (7 Time Controls Nq View Boundary Conditions I chemistry mass imbalance: continue | % a u tO m a t i Ca I Iy ge n e ra te a

[~ 4. Data Output

:

- "‘__ Flux Planes Minimum disk space percent check: [ 1% }%l I . h . h
% ;E’}E?EE;B‘%EE m q View Flux Planes Advanced command line ﬂags EDDtiDI'IBl]: [ ] / CO a n I n e’ W I C Ca n e
a

-« /v Transient Data

5 von roon Commans e 1 un cquvien soerbose o nputsbou (copyaie o teminal used to start runs from the

Particle Attrit...

'_" article ALt cpfd.x.17 -gpu -fallback wait -ow -cc baffl.prj
. Raw Data d q View Transient Data Points

- @ Solver Qutpu... .

o — e @i || v terminal.

Plet Manager

B3k 3K 2E3

| baffl.prj | idatal/data_john/support/vafrl
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Save Case As

-- Makes it easier to run variations of a simulation.

-- The project (prj) file, along with other user-selected file types, are copied to a
new directory.

-- These selections (including the r
generated grid) have been made to Source Directory :  ota1/dota johisuppertie
start a new parametric run. et Direcony . ftalisoa jnisupporfes

P - Filter
/
1 ’ + Project Files  *.prj \
-- Can also copy results, and other o [E———
selected files or subdirectories. o Woames  wstas
41 ||+ sff Files *sff
P | Serpties | emteclmoy 3
o] |4 Atriute Fles ot por
7 \ +| Grid Files 00=VIEWGRID. gmv;grid.log
8 ([ | Fluxfles  FLux*
9 Transient Fles | trans*
1E~ GMV Files GMY* y
Add Files... | | J Add Folder... +| Set saved case as working project | e Cancel & Save
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Conclusion

-- Thank you!

-- All CPFD staff are available to answer questions, discuss features in
more depth, or address specific applications.
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