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Training Objectives

* This training exercise adds more realism and complexity to the gasifier model defined yesterday.
* More internal geometries are included: gas sparger and heating coils
* Injection points are added to introduce fresh coal and steam into the system
* Chemistry and thermal calculations are added

* BC Connection filters are used for advanced post-processing

* Set up a complex model based on a previously defined simplified model.
* Copy a project file to a new location using Save Case As...
* Modify the grid as necessary
* Adjust boundary condition definitions as necessary

* Add chemistry and thermal definitions to project

* Use several newly introduced features of Barracuda.
* Thermal calculations

* Injection BCs

e Chemical reactions
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Process Sheet

* Thermal calculations are enabled, initial temperature of
particles and gas in bed set to 1300 K.

* Chemical reactions are included.

Fluidizing Air Mass flow rate = 0.691 kg/s  None ' |
Temperature = 700 K
Gas (mass fractions): '
0.77N,,0.23 0,

Outlet pressure:
200 kPa

Steam Sparger Mass flow rate =0.296 kg/s  None

through 204 Velocity = 10 m/s . .
injection Temperature = 900 K Heating coils at
nozzles Gas: pure H,0 | T=1300 K
Fresh Coal Feed  Mass flow rate =5 g/s Fresh coal at 1 kg/s } / /
Velocity = 5 m/s ] ( : K |
Temperature = 500 K Al alllL] Ml . BC Connectors
Gas (mass fractions): 1 { 14 | / return pa rticles
CL11 W\ 002253 0 Il W from cyclones
Cyclone Diplegs  Velocity = 0.5 m/s Cyclone dipleg ,\
Temperature = 1300 K particles with flow ,r ( I Fresh coal feed
Gas: pure N, rate set to match y I (

4 |
elutriation into each Ay = = Vel _— Steam sparger
cyclone. " Fluidizing air
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Particle Properties

Particle Size Distributions

* [|nitial bed particles:
P Gasifier Training Problem

* Assumed to be already devolatilized. 100 S e—— .
=
* Particle composition (mass fractions): 90 | / 1
0.8999 Carbon (s), 0.1 Ash (s), and 0.0001 Volatiles (g) / ]
80 / .
 PSD will be same as Tuesday Gasifier with name / ::r.e.Sh Coal Feed ]
“« . . . ” / e |nitial Char in Bed
psd_initial_char_in_bed.sff”. o 70 Cyclone Diplegs ]
* Fresh coal particles: § 60 | .“f
* Multi-material including volatiles which are released. g 50 | /f" ]
* Particle composition (mass fractions): E_é 40 | ‘,‘"‘ ]
0.45 Carbon (s), 0.05 Ash (s), 0.5 Volatile 3
30 | | 1
* Volatile composition (mass fractions): / ]
0.4144 CH4, 0.1702 CO, 0.0444 C0O2,0.111 H2, 0.26 H20 20 | |
* PSD will be same as Tuesday Gasifier with name 10| .“""‘I 1
“psd_fresh _coal feed_particles.sff”. f
0 & I I 1 | 1
 Cyclone dipleg particles: 0 100 200 300 400 500

Particle Diameter (microns)
* Composition, temperature, and PSD will be

automatically determined by BC Connection. For material properties, assume that the fresh
coal particles have a density of 1450 kg/m3
and that the initial bed and cyclone dipleg
particles have a density of 725 kg/m3
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Chemical Reactions

Stoichiometric

Reaction . Reaction Rate Expression (mol m=s™) Source
Equation
C(s)tH,0 — CO+H, I ; =6.36m.T exp(ﬂj[HZO]
Steam T Syamlal,
gasification —6.319 1992
CO+H, —» C(s)+H,0 I, = 5.218x107*m.T 2exp( T —17.29)[H2][CO]
C(s)+CO, »2CO  I,; =6.36m.T exp(ﬂ][coz]
co e T Syamlal,
» gasification 1992
2CO0 — C(s)+CO,  I,, =5.218x10*m.T zexp(_ 2,363 _ 20.92)[CO]2
0.5C(s)+H, — 0.5CH, I, , =6.838x107°m.T exp(_&078 - 7.087][H2]
Methanation Snglzal'
0.5CH, — 0.5C(s)+H, I, =0.755m.T "*"exp(_ls’578 - 0.372)[CH4]°'5
Combustion 2C(s)+0, — 2CO r,=4.34x10"6.T exp(_lg’Sgoj[Oz] Yoon, 1978
CO+H,0 — COsH, Iy =7.68x10™ exp(—_sf_sl_’moj[CO]o"r’[HzO] Bustaante,
Water gas- shift
COz+H; — CO+H0 Iy, = 6.4x10° exp(—_ 32_’26OJ[H2]°'5[C02] Bustamante.
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What do we want to learn from this model?

* Always keep in mind why you are running any model.

* For the previous, simplified gasifier training problem, we wanted to learn the following:
* General fluidization characteristics

* Entrainment rate of particles

* For this more complex model, we would like to additionally study:
* Are there any hot-spots in the bed?

* What is the gas composition leaving the cyclones?

* Did the addition of thermal and chemistry affect the conclusions drawn based on studying results of the
simplified model?
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More Complex Geometry
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Final STL File with Internal Structures Subtracted

The cyclones, gas sparger, and

heating coils were subtracted

from the vessel.

The example here was made

with AutoDesk Inventor, using a

“Derived Part” based on an
assembly of the individual
parts.

This resulted in a solid model of |, 2%

the internal flow volume in
which particles and fluid can
travel.

Remember: we need a model
of the interior flow volume. We
do not want a “thin-walled”
geometry.
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Copy Tuesday Gasifier project using “"Save Case As...”

* Open the Tuesday gasifier project with Barracuda VR.
e Use the Barracuda GUI menu File =>Save Case As...

For the Target Directory, navigate to and select 5_Wednesday_Gasifier/my_setup

]"\ Barracuda Virtual Reactor with Cheristry - 17.3.0 - /C\training\3_Tuesday_Gasifier\my_setup\Tuesday_Gasifier.prj

File View Setup Run Graphics and Output Post-processing  Help

- [m] X

=@

News Project

Open Project

Ctrl+N
Ctrl+0

€ = it

@ Recent Projects
Import from Project

A Save Project
" As..

Save Case As...

Ctrl+s
Ctrl+Al+S

Ctrl+5hift+5

Ctrl+Q

£* Fluid ICs
»o 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
~ o Chemistry
J8 Rate Coefficients
+§ Reactions
#. Numerics
(> Time Controls
v 44 Data Output
1. Flux Planes
A GMV Output Options
Im Average Data
[E1 2D Flot Data
/v Transient Data
I Wall Erosion
+#+ Particle Attrition
. Raw Data
»=» Population Data
& Solver Output Units
2 Run

Project description (optional comments)

[0 Please Select Target Directory

&« (E_Wednesdayﬁasiﬁer @ v 0 Search my_setup
BARR‘ Organize « Mew folder

D“ 0 Mame

Date modified Type

Mo iterns match your search.

o o B AR

[ ]

Folder: | my_setup

Select Folder | ‘

Cancel

S KA

|Tu esday_Gasifier.prj

‘ C:/training/3_Tuesday_Gasifier/my_setup ‘

- BARRACUD

o®
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Selecting Files in the Save Case As... Dialog

e A full Barracuda VR project setup includes

the base project file (*ar), the geometry [ secoee (N
(*stl), transient boundary condition files e raeciy® [ onino' Tucaday Gasfiermy schio
(*sff), particle size distribution files (*sff), B B -
and potentially other files as well. fargetDirectery - Ci\raining|3_Wednesday_Gasifier my_setup
Files Filter B
* The Save Case As di.alog allows you to ) m o
select exactly which files you want to =~ f
include or exclude during the copy b= s
operation. Baffles * stl2d
* For the current case, keep: <ff Files st
*  Project Files Script Files  *.sh;™tch*.py
e sffFiles [ Attribute Files *.attr;*.par
e Script Files ["] Grid Files 00%VIEWGRID.gmv: grid.log
* Because the Wednesday Gasifier [ FluxFiles  FLUX®
geometry is different, do not keep: [] Transient Files trans®

e STL Files Add Files...] [ y Add Folder...] Set saved case as working project
* Grid Files

* Also, we don’t want to copy over any
results files (Flux, Transient, or GMV).

" BARRACUDA
coee .--'.,- SIMULATE > UNDERSTAND > OPTIMIZE
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Gridding: Add the New STL File

In the Setup Grid section, highlight
“gasifier_tuesday.stl” and click Remove.

Click Add and select the new geometry,
“gasifier_wednesday.stl”.

There are more internals in the current
STL file than in the Tuesday Gasifier.

Use Set uniform grid, and change the
total number of cells to 100,000. Be sure
to click on Keep all current major grid
lines, so that grid lines for the cyclone
horns and diplegs are not lost

If you generate the grid now, you can
inspect the STL geometry using View
Ouptut = View CAD.

Using View Output = View Transparent
Model, you can see the regions that
need attention during gridding.

8 Uniform Grid Cells ? *
X0 = |-60 | xn = |59.9378 |
yo = |-60 | yn = |59.0845 |

20 = |7.32058e-15 | zn = |358.788

| Reset min and max to the STL file(s) limits

- —u
q Keep all current major g@
I ——

[ Keep all current growth values

Total number cells =
0K

Cancel
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Modify the Grid to Capture Internal Structures

With this geometry, and with most real
systems, you will not be able to capture
everything perfectly.

Instead, try to capture everything fairly well,
without completely missing any structures.

The heating coils are too small to capture
using grid lines on all sides. Instead, use the
“cross” strategy of intersecting grid lines
inside the heating coils.

The sparger arms are big enough that you
should be able to hit most of them with grid
lines on all sides.

As guidelines, here are the number of real
and null cells in the grids for the pre-setup
versions of the Tuesday and Wednesday
gasifiers:

Tuesday: 28,556
Wednesday: 119,658

At left is a view of the pre-setup
grid, using the built-in shortcut
View Output, View Transparent
Model. Notice that not all of the
geometry is perfectly captured.
But, it is possible to not
completely miss any of the
internal structures.

Tip: To facilitate checking the
transparent model during
gridding, save the attribute file by
clicking on File = Put attributes.

Show your final grid to the
instructor before proceeding to
further project setup.

BARRACUDA
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Enable Thermal Flow

In the Global Settings section, choose the Thermal Flow radio button to enable thermal calculations.

It is possible to delay the start of thermal calculations by using the Start with Thermal: Off option.
However, for this training exercise, we will Start with thermal: On.

The Heat transfer coefficients
button can be used to adjust the
heat transfer coefficients between
wall-and-fluid and particles-and-
fluid (defaults used here).

When enabling thermal calculations,
it is important to check your Base
Materials section to make sure all
materials have valid thermal
properties.

Thermal conductivity, specific heat,
and viscosity are all described by
various methods in Barracuda VR.
It is important that these methods
are valid within the temperature
range expected in the simulation.

Start with chemistry “On”.

COMPUTATIONAL

[ Barracude Virtual Reactor with Chemistry - 17.3.0 - /C\training\5_Wednesday_Gasifier\my_setup\Tuesday_Gasifier.prj - O X

File View Setup Run Graphics and Output Post-processing Help
B "=md 9o 3 € o =m if

Project Tree e Global Settings

[ Barracuda Virtual React... ~
% Setup Grid
9 g:):::\dseatteh;;a‘glss * Gravity |D | mfs
+ «ss Particles y Gravity |D | m/s’

=4 Drag Models
) Volatiles Z Gravity |-9.8 | m/s?

Gravity settings

w Particle Species
v > Initial Conditions Thermal settings
£ Fluid ICs

wso Particle ICs

~ [] Boundary Conditions
Fressure BCs

K

othermal flow 1300

® Thermal flow Heat transfer coefficients

Flow BCs | tort onti
Injection BCs gl start options
jihermaliwalljBes Start with Thermal: O Off (turn on at restart)

Passive Scalar BCs
v 4 BC Connections

Secondary Feeds = " ing limit
Secondary Exits emperature warning limits

BC Connectors Minimum temperature warning (K): Maximum temperature warning (K): |6000

v » Chemistry

Starting temperature: 1300 K

i Rate Coefficients [] output minimum and maximum temperatures in system to MinMaxTemp.data log file
4§ Reactions
#. Numerics Chemistry settings

(* Time Controls
~ . Data Output
T, Flux Planes

A" GMV Output Options Start with Chemistry: ® on (1]

Im Average Data

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

20 Plot Data O off, ramp on from 0 s to 0 s
/v Transient Data i (O Off (can be turned on at restart)
s 4+ A4 »
Tuesday_Gasifier.prj | C:/training/5_Wednesday_Gasifier/my_setup
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Automated Plotting of Polynomial Material Properties

» This feature allows users to plot the expressions (Polynomial (4t order), Double Polynomial, Interpolated
from SFF File) for property data in Base Materials.

* Users can visualize property data over a range of temperatures present within a simulation.

* To view the plot for the polynomial, click on the Plot button in the GUI.

) . o [ . e & . —

r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training\53_Wednesday_Gasifier\my_setup\Tuesday_Gasifier.prj - O # qtGrace: Untitled o x
File Edit Data Plot View Window Help

GO: X, Y = [-159.716, 62.6061]

@ @E v D KC & m i =

File View Setup Run Graphics and Output Post-processing Help

Al 3
(TEETTES 5 B Base Materials Manager e Ash
(" Barracuda Virtual React... ~ ) . . ) ) o Z |z Ash for Coal
Set 2 materials to the Proj aterial List that can be used throughout project setup. Mote that if the material is not added to the 2 T T
- erid Add materials to the Project Material List that b d throughout project setup. Note that if th terial t added to th <= 2001 T
o IohaF: . project materials, it will not be available for selection later. For example, Farticle Species can use solid materials added to Base L i
G Sefttings Materials. T4
&3 Base Materials Project Material List 3 Al wor 7
+ ees Particles roject Material L [ Material Property Editor ? X (4160 L 1
=4 Drag Models e State Description o Ash () & 160 =
1) Volatiles aterial: 5| z
s Ash for Coal i AutoT = r 1
S LEailiclolspocion S CCARBON. SOLID GRAPHITE REF| Property: Thermal conductivity oo % i
(7 Base Materials Editor ? Property units: Wim/K b 7 7 Z 1
| Temperature units: K i ax| |ay ?j -
Hame |Ash ‘ State | Solid X 8 4
| Expressign PZ |Pu =
Description |Ash for Coal p g -

Polynomial (4th order) \ - Po |Cy
SD:1
Properties .
i |168.0106 + -0.13343 T + 3.765e-05 T°+ 0 T' = 0 T" pra owo
Molecular weight Heat of formation 03/kg \ 1.00

Temperature LI = e Limits

Density 2150 kg/m’ Critical temperature |0 K Fit
| Min. Max. [2000 Min. |0.0001  Max. 1

- - - 1000
Viscosity Heat Capacity B | Extt Temperature (K)
Verification

Mass Diffusivity Thermal Conductivity

—|  Display units as: @ Specified O SI

| hopper,, Untitled
: N 132,701 W1 T —r |

oK cang”™”
-0k T-o00k aT=1k | y
¥ & Data Output Flow Type \

Vapor Pressure Enthalpy

T Flux Planes I
4l GMY Output Options ® Compressible Expression is valid
Zn Average Data
&1 2D Plot Data O Incompressible (generally liquids only) —
/v Transient Data & B: 0 Pref: |0
L1
@ * ¥ o
|Tuesd ay_Gasifierprj | C:/training/s_Wednesday_Gasifier/my_setup
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Temperatures of Initial and Boundary Conditions

* When the Tuesday gasifier was set up as isothermal, it was not important to consider the
temperature specifications for initial and boundary conditions.

* However, when turning on thermal calculations, it is important to review the settings (some of
them may have been initialized to default values by Barracuda VR), and apply correct temperatures
to all initial and boundary conditions.

* One particular item to check is the initial condition temperature of the fluid and particles.
Barracuda VR initializes this to 300 K by default, which will cause extreme heat transfer difficulties
during start-up of this hot gasifier if it is not corrected.

* Initialize the system to a Temperature of “1300” K.

{7 Fluid IC Editor: 000 ? X [ ParticleIC T %

- - Initial conditions
Initial Conditions

Initialize mass in region <
Temperature | 1300 K /Ws 001 - initial char in bed
Pressure | 200000 Pa < Total particle mass |4EUU ‘ ka
M Temperature |13DU
Fluid species Define fluids T — —
Region
Velocity |D | |D | |D | mfs
" " Select region {m)
[ tnitial conditions from file
%t |-1.524 | %2 |1.52242 |
LelE =) yi|-1.52361 | v2 |1.52361 |
[ 1.85043¢-16 | 22 [1.815 |
Region
Cloud size

| Select region (m) | ® Use global slider

g |_1'524 | X2 |1'52242 | O Use local slider ) ‘ !
Y1 |'1-52361 | ¥z |1-52351 | O Specify cloud density |Clouds per cell  ~ | Auto
2, [1.85043e-16 | 22 [9.11321 | R
Random cloud initialization [ Wo particle momentum
Comment

Comment

Cancel oK (1)

15

Cancel oK
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Fresh Coal Feed Injection

* Instead of using a flow boundary on a face to introduce fresh coal into the system, we will use an
injection BC.

* This allows for injection of fluid and/or particles at a specific angle and location in the system.

» Before creating this injection BC, delete the fresh coal feed flow BC from the project.

r\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training\5_Wednesday_Gasifier\my_setup\Tuesday_Gasifier.prj - O x
File View Setup Run Graphics and Output Post-processing  Help
O @8 9o 3 K€ 6w I
Project Tree i = Flows BC Manager
3 Global Settings "
. Base Materials ID Dir x1 x2 vl y2 zl z2 Area Flow rate Temperature
v wso Particles 000 z -1.524 1.52242 -1.524 1.52361  1.85943e-16 0.0699553 1 BC_bottom_flow.sff Using file
=4 Drag Models /’ 001 x 1.45 1.6 0 0.15 1.75 1.9 1 BC_fresh_coal_feed.sff Using file
1) Volatiles 1 002 z 0.353437 0.741631 0.519806 0.876311 1.48369 1.57948 1 Using BC Connector Using BC Cor
oo Particle Species 003 z -0.813275 -0.581241 0.35185 0.703766 1.44934 1.59008 1 Using BC Connector Using BC Cor
~ . Initial Condigi 004 z -0.725908 -0.39804 -0.884441 -0.509357 1.46878 1.59936 1 Using BC Connector Using BC Cor
005 z 0.488399 0.856274 -0.734233 -0.344921 1.45606 1.58176 1 Using BC Connector Using BC Cor
Boundary Conditions
’ Pressure BCs
Flows BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits < g >
BC Connectors v Add Edit Copy ( Delete )
<« & A4 w»
| Tuesday_Gasifier.prj | C:/training/5_Wednesday_Gasifier/my_setup |
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Fresh Coal Feed Injection

Click on Injection BC:

[ ]

mass flow rate, and direction
[ ]

injection point locations
[ ]

* Eachinjection set can have:

* Particle or Tracer injection alone

* Fluid injection alone

* Both particle/tracer

The Injection BC page allows for the injection of fluid and/or particles to be specified at a given location, velocity,
One or more injection sets may be created in a project file and each injection set may consist of one or more

Injection points within an injection set will have a common composition and velocity

File WView Setup Run

and fluid injection  froecriee

Click on Add.

3 Global Settings
v Base Materials
v eso Particles
=4} Drag Models
(&) Volatiles
% Particle Species

v ‘> Initial Conditions

Start by entering an Injection | #ruwe
Name and Flux Plane.

=0 Particle ICs

Pressure BCs
Flow BCs
> Tnjection BCs
Thermal Wall BCs
Passive Scalar BCs
2 3 BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
Jd Rate Coefficients
¥s" Reactions
#. Numerics
(& Time Controls
v (. Data Output
'}_ Flux Flanes
A7 GMV Output Options
Im Average Data
=1 2D Plot Data
v Transient Data

f.\ Barracuda Virtual Reactor with Chemistry -

v [ Boundary Conditions

@« | & v | »

‘Tu esday_Gasifier.prj

r\ Injegti = ? b
Injection name: |Fresh_coa|_feed) | Flux plan i
Comment” | lux plane name: |FLUXEC_fresh_coaI_feed ) | 0
Graphics and ¢ [] particle/Tracer Injection Gas species flux plane behavior: | No Output =
© ‘=@ ®© 28 [ usesc connecor data Injection type [ Subdivide by radius Radius divisions: 100 3
8 % Injec] Lzl i) | Type Particle ~ &y [ output raw particle data
~ — Use specified values o
D Species [ Fluid Injection
Velocity 0 mfs 001 - initial char in bed N Use BC Connector data
Use file Edit | |
Mass flow 0 kg/s
T4 (oD B Use specified values
a0 %G, 0 € . -
Temperature |0 K B 0= L1} Velocity = 0 m/s Fluid composition
Angle Orientation Mass flow 0 kay
v g/s ;
Humber density 125 0 © ' Define fluids &y
COLey (1) Temperature |0 K
Locations (0 of 0 injections are active)
Name OnfOff X (m) Y (m) Z(m) nx ny nz
1 [ off
& Add Row == Delete Row «" Check Table - Import Export
& I Reference Grid | ! Expand Locations Table Cancel
€ >
Specify particle, tracer, or fluid injections here. o
v / Add Edit Copy Delete
| C:/training/5_Wednesday_Gasifier/my_setup
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Fresh Coal Feed Injection

. 7 Injection BC Edit ? X
 Select Particle/tracer [ Injection BC Editor
Injection Injection name:|Fresh_coaI_feed | Flux plane options
Comment: | | Flux plane name:|FLU:{EC_fresh_coa|_feed | o
e Use atransient (.Sff) f||e to EParticIej’Tracer Injection: iectionty Gas species flux plane behavior: Mo Output -
1 H L Jection type [ subdivide by radius Radius divisions: 00
specify the particle mass =T | =
p y . p <wﬁle Edit ||F9 ype Particle - 0 (] output raw particle data
ﬂOW rate: (O Use specitied varies o
Species [ Fluid Tnjection
e C(Click on Edit Velocity 0 m/s | 002 - fresh coal feed = Use BC Connector data
Use file Edit | | =
Mass flow 0 ko/s  Angle Expansion | -
. Use specified values
[ ]
Enter the appropriate 6a[15  |°6a[15 RS- i compostion
vaIues Temperature |0 elocity m/s
Angle Orientation Mass flow 0 kg/s FR
ity ' Define fluids
Mumber density| 125 0',51|0 |o 1) Temperature [0 ; (1)

* Save the file using a

Lacations (0 of 0 injections are active)

descriptive name
Mame OnfOff X(m) Y(m) Z(m) nx ny nz

Particle Mass Weight

Particle Temp Multiplier

* Select Particle and Fresh 1 O off

coal feed from the pull

down menus for Type and &~ Add Row == Delete Row |«* Check Table Import Export | Particle weight sum|0

SpECiES. f Particle Injection Boundary Conditions Editor ? » Cancel

. i /Off Temperature (K)  Velocity (m/s)  Mass Flow Rate (kg/s) Number Density Manual

* Set the Angle Expansion Tme ) L

to “15” g P ° 10 @on s 5 1 1000

) 2 O On
% Add Row == Delete Row «# Check Data M Graph € Update Simulation &§

—
File: |fr$h_cual_feed _parﬁcle_injecﬁun.sp

|}H save | M4 saveAs 4 Close

COMPUTATIONAL
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Fresh Coal Feed Injection

* Select Fluid Injection.
* Use a transient (.sff) file to specify the fluid mass flow rate:
* Click on Edit {7 Fluid Injection Boundary Conditions Editor 7 pd
. .
Enter the approprlate values Time (s) On/Off Temperature (K)  Velocity (m/s) Mass Flow Rate (kg/s)
* Save the file using a descriptive name 10 @on | s00 5 Se-3
. . ey 2 On
* Specify the Fluid Composition. @
¢ Add Row == Delete Row|  «* Check Data B Graph € update Simulation &9
? |njection BC Editer
(7 Injection o File: |ﬁmh_mal_feed_ﬂuid_injecﬁnn.sﬁ | | I save I l& save As| | ES Close
Injection name: |Fresh_coal_feed | Flux plane options I
Comment: | | Flux plane name:|FLU}{BC_fresh_coaI_feed \ | (1] |
Particle/Tracer Injection Gas species flux plane behavior: | No Qutput (7 Applied materials ? x
L] Use BC Connector data Iifettonivpe [ Subdivide by radius Radius divisions} | 100
® use file Edit || Type Particle \ [ output raw particle data Applied materials
O Use specified values Gpaces: Fluid Injection Fractions sum to: 1.0
Velocity 0 m/s | 002 - fresh coal feed - [] use BC Connector data 1D Material State Fraction
® Use file |fresh_coaI_feed_ﬂuid_injection.sFF |‘Edit If oon W2 G 0.77
Mass flow 0 kg/s  Angle Expansion ® o 001 02 C 0.23
951|15 |OBE|15 |o 0 i /5 Fluid compositi /
Temperature |0 Velocity =+ |0 my's PW
Nmber deneity[135 Angle Orientation EEE T 0 ka/s E— ﬂ
umber densi
al 0‘,51|0 |O (1) Temperature |0 K
Locations (0 of 0 injections are active)
Name On/Off X (m) Y(m) Z(m) nx ny nz Particle Mass Weight  Particle Temp Multiplier  Fluid Mass Weight ~ Fluid Temp Multipl
1 O off
< Edit Delete
4 Add Row| |== Delete Row| «# Check Table Import Export | Particle weight sum|:| Fluid weight sum|0

&9 I Reference Grid

! Expand Locations Table

Fraction type

oK Cance ®) Mass fraction

VIRTUAL REACTOR

PAf

cpfd
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() Mole fraction

Cancel
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Fresh Coal Feed Injection

* Specify the location of the fresh coal feed nozzle.

* Enter an appropriate Name for the injection point.

* Select “On”.

* Enter the x,y,z location and the directional vector for the nozzle.

* Enter avalue of “1” for:
* Particle Mass Weight

{7 Injection BC Editor

* Particle Temp Multiplier

Injection name: | Fresh_coal_feed

*  Fluid Mass Weight

Comment: |

Particle/Tracer Injection

*  Fluid Temp Multiplier

] use BC Connector data Injection type
e Click OK. ® use file |rticle_injection.sff|| Edit ||| Type Partide ~| @

() Use specified values

Species
Velocity 0 m/s 002 - fresh coal feed =
Mass flow 0 kg/s  Angle Expansion

Ba(15 ©8g(15 e
Temperature |0 K E1| | E| | 0

Angle Orientation
Number density| 125 CI'.E1|U |o 0

Locations (1 of 1 injections are active)

? *
| Flux plane options
| Flux plane name: |FLU)(EC_fresh_coaI_feed | o
Gas species flux plane behavior: | No Output -
[ subdivide by radius Radius divisions: 100 =
[ output raw particle data
Fluid Injection
[ use BC Connector data
® Use file |fresh_coaI_feed_ﬂuid_injection.sﬁf Edit | ||

(O Use specified values

Fluid composition

Velocity ~ | 0 m/s
Mass flow |0 k9/S [pefine fluids (1]
Temperature |0 K

\ Name OnfOff X(m) Y (m) Z(m) nx ny nz Particle Mass Weight
1 Feed on 1.5 O 175 -1 0 -1 1
2 [ off

% Add Row == Delete Row «” Check Table

0 4% Reference Grid| | ! Expand Locations Table

Import

1 1 1

Export | Particle weight sum|:| Fluid weight sum

Farticle Temp Multiplier  Fluid Mass Weight Fluid Temp Multiplier ™

L

oK Cancel

Pui
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Fresh Coal Feed Injection

[ ] B efo r‘e CO nti n u i n g Wit h th e p r‘oj e ct r Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training\3_Wednesday_Gasifier\my_setup\Tuesday_Gasifier.prj - O >

File View Setup Run Graphics and Output Post-processing Help

setup, check the Iocatiqn of the @ jeE oD KE Gm i
nozzle by running the simulation PojectTree 8o o e

® Global Set... ~

i i ¥ Solver Launch Options
fO r a SI ngle tl me Step. Brase Mak Note: Run Solver Setup will cause some output

v e Particles files to be modified. I you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.

=4 Drag Mod...
N Vi |gt-| files, preserve them by using the File menu, [ cpu Parallel (Parallel license required)
@ Volatiles Save Case As feature, and then Run Solver

"

* Under Run, click View Boundary & roces. || Sobip e Thvead Counts 72

v I Initial Con...

Conditions. £ Fudcs <’

GPU Parallel (Parallel license and NVIDIA GPU required)

ess Particle 105 N :=:1 Run Solver Setup (1 time step)
v [ Boundary ... NVIDIA CUDA device to run on: prompt -
Pressure BCs Check Setup
Elow BCs Fallback to CPU behavior if CUDA error: |auto ~
Injection BCs Note: Testing solver GPU memory requirements will cause some output files to be medified.
Thermal Wall... If you have important output files, preserve them by using the File menu, Save Case As

Passive Scala... feature, and then test the GPU memory requirements in that new case directory.

= Al q View Initial Particles, Volume Fraction
~ & BC Connec... -

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

Secondary F..
:gcgndaq;tEx.‘. Universal Options
onnectors
- Cloze
¥ a Chemistry Al q View Tnitial Particles, Species If temperature limits reached: | prompt = [ Quit on pi —I
s i Rate Coe... E §
P v ¥ Reactions If chemistry mass imbalance: |prompt - 1 Quit on lo
¥ il /< Numerics If minimum disk limit reached: |prompt = [ Quit on Fi
(* Time Cont... / -
v & Data Output ‘, Al q View Boundary Conditions Minimum disk space percent: (1% I~ Shaded
L Flux Planes i\ Advanced command line flags: | dlines
& GMV Out...
R ?;e;‘agten.u Command line to run equivalent solver based on input above (copyable Haterials:
B | [N ot D...
[ /v Transient... Al q View Flux Planes cpfd.x17.exe -gpu Tuesday_Gasifierprj M M
\ . e
~oa I Wall Eros... FlxPlane
see Particle A.. Project tag Floukt
- EZ;JE:E ‘Wednesday_gasmer Thermblal
© Solver O... Alq View Transient Data Points Store project path and filename as project tag Tranzien
2 Run S
< Post-Run C i
.. Plot Mana... v ,ﬂi;\ Run Solver t j Restart Solver ")
G| & |9 | »
& | |Tuesday7Gasiﬁer.prj |C:ftrainingf57Wednesday7Gasiﬁer{myﬁsetup

- . - Select Haterial
Tip: To view only the nozzle, / | fron e
click on Display = Polygons Fron S
. . 0
in the Gmv window, select T

Explode #

SolidJet and FluidJet only, o]
and click Apply. e, Orcer|

Alze Stipple Patterns

£e

CUDA
VIRTUAL REACTOR

SIMULATE > UNDERSTAND > OPTIMIZE
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Separate the Air and Steam BCs

* One simplification that was made in the
Tuesday gasifier was the exclusion of the gas Air (N, + 0,)

sparger geometry. " | introduced through

* Now that we are including the sparger, it is flow BC on bottom

necessary to separate the fluidizing air surface of vessel
(N,+0,) from the steam.

* Keep the bottom-most flow BC as a uniform
air distributor.

* Review the Process Sheet (slide 3) for air
mass flow rate and temperature.

* Create an injection BC on the bottom surface

of the sparger, and introduce 100% steam at | ' Steam introduced
this location through 204 nozzles. ‘ ¥ , 74 through 204
e See next slide for details. injection points
e NOTE: An injection BC requires that the user . located on the
input both the mass flow rate and a velocity. Sparger
Often, the mass flow information only is given /
and velocity must be calculated based on il ' /
nozzle diameter. Rt v o v .
s ' W

it .rlr‘.
.Iz‘-l-r- .;‘l ¥

SIMULATE > UNDERSTAND > OPTIMIZE
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Steam Injection BC

Create a new injection BC for the
steam sparger by clicking on Add
on the Injection BC page.

Enter an Injection Name and Flux
Plane name.

Select Fluid Injection.

Use a transient (.sff) file to specify
the fluid mass flow rate:

* Click on Edit
* Enter the appropriate values

e Save the file using a descriptive
name

Specify the fluid composition as
100% steam.

" COMPUTATIONAL
PAf

& InjectiorXEditor \ ? X
Injection name:‘l Steam_sparger | Flux plane optigns
Comment: | | Flux plane name: |FLU:{EC_steam_sparger | (1 ]
L] Particle/Tracer Injection Gas species flux plane behavior:  No Output -
Use BC Connector data Injection type [ Subdivide by radius Radius divisions: 100 =
e B Type Particle ~ &% (] output raw particle data
Use specified values
’ Species — Fluid Injection
Velocity o mfs | 001 - initial char in bed v L] use BC Connector data
se file |BC_sparger_injection. it | |0
@® Use file | BC_sparger_injection.sff Edit
Mass flow ’ ka/s - Angle Expansion (O Use specified values
= 0 8.0 o ) "
Temperature |0 K e O L1 Velocity ~ | 0 /= Fluid composition
Angle Orientation Mass flow 0 kg/
W af - q
Number density|125 0 o Define fluids| |§]
OLes L1 Temperature |0 K

Locations (0 of 0 injections are active)

Hame On/Off X(m) Y (m) Z(m) nx ny nz
1 [ off

Fluid Mass Weight

/Iuid Temp Multiplier

Iﬁ Fluid Injection Boundary Conditions Editor

/ 7 X

Time (s) On/Off Temperature (K)
dl10 @on o0
2 0.1 @on 900

Velocity (m/s)  Mass Flow Rate (kg/s)

0 o

oK Cancel

10 0.296

4» Add Row | &= Delete Row |« Check Data

8 Graph € Update Simulation €9

@C_sparger_injecﬁnn.@
—

|yH Save | YA Save As  E4 Close

23
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Steam Injection BC s T

File Preview: Ignore First Line (Usually Header Info)

2 3 4 3 6 7 8 9 i 11 12 "

* Creating and editing large sets of
location and direction data is most
conveniently done in Excel, Open
Office, or other spreadsheet

Drl 0.1 1.2 015 0 1 -1 1 1 1 1

2 ME_L2 On 0.2 1.25 015 0 -1 -1 1 1 1 1

3 ME_Z On 0.3 1.25 015 0 1 -1 1 1 1 1

application: 4 ME_4 On 0.4 125 015 0 -1 -1 1 1 1 1 v
. Select Correct Separator
* Data from the Locations table can Cancel

Separator Selection: ® Comma O Semicolon O Space
be exported as a comma-

separated value (CSV) file by [* OpenFile
CIlelng on the Export button II’\ f iection BC Edit A <« 5 Wednesday_Gasifier » my_setup v | Search my_setup gl ” %
the Barracuda VR GUI R | “
Injection name:E Organize ~ ST R =~ [ @
* Once the file has been edited, it conmert [| =" Neme Datemodified — Type e e
. H H Particle/Tracer » sparger_injection_bc_locations.csv 3/30/2016 &:08 PM  Microsoft Excel C... 8 KB hd
Ican tk:).e eaillgllmported into the e @ ) —
ocations table Usa file ;
. . .. Use specified v{
* To save time, a CSV file containing | \
. . . Velocity 0 2R
the Iocatlons and dlreCtlonS Of the ﬂf File name: |sparger_injection_bc_locations.csv V| csv File(™.csv) ~ j Edit | =
M W ] - - =
204 nozzles has already been o o i
created for this problem. femperanre 10 A OFienSton — — .
Number density 125 =l °[§) Tass D't‘l ) Kg_.s 6
. . = emperature
* Click on Import and select the file oentions (0070 ech . ’
.. . . ocations (0 of 0 injections are active
Sparger_lnjeCtlon_bC_|OcatI0nS.CSV, HMame OnfOff X(m) ¥ (m) Z(m) nx ny nz Fluid Mass Weight Fluid Temp Multiplier
which is located in the “my_setup” 1 [ off
folder.
< Add Row| == Delete Row| «* Check Table Import Export | Fluid weight sum|0
b Clle OK |n the |mp0rt dlalog. 0 i1 Reference Grid| | . Expand Locations Table 0K Cancel

\

SIMULATE > UNDERSTAND > OPTIMIZE
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Steam Injection BC

* Once the locations table has been imported, click OK
and run the simulation for a single time step to check
the location of the nozzles.

E::i: Rur Solver Setup (1 time step)

£
* Tip: To view only the nozzle, click on Display = Polygons ! II
in the Gmv window, select SolidJet and FluidJet only, : I|

and click Apply. | l|
|

|

|

#
V4 |I

N
Fietetee

- .BARRACUDA

SIMULATE > UNDERSTAND > OPTIMIZE
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Thermal Wall BCs: Heating Coils

* The gasification process requires input of heat.
We will define thermal wall BCs on the heating
coils, setting the temperature in a transient
input (.sff) file.

* Specifying the locations of thermal walls is
very similar to that of flow BCs.

* Use Normal to surface and avoid placing any
thermal wall BCs on the outer vessel wall or
cyclone diplegs. Hint: you will have to define
at least three separate thermal wall BC blocks.

* Keep the default option of outputting thermal
wall heat transfer information to a transient
data file. This will allow us to see how much
heat is being provided by the heating coils.

* Run Solver Setup (for 1 time-step), and verify
that the thermal wall BCs are applied
correctly. i

;="J1,- Run Solver Setup (1 time step)

D_L-_

ﬂi View Boundary Conditions

SIMULATE > UNDERSTAND > OPTIMIZE
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Chemistry

The gasification reactions listed

on Slide 5 need to be input to
the chemistry section.

For this training problem, we
will use stoichiometric,
volume-average chemistry.

Definitions and units for the
terms used on Slide 5 are:

* mc=mass concentration of

carbon (kg/m3)
e T =fluid temperature (K)

* 0O =carbon volume
fraction

* [X] = mole concentration
of species X (mol X/ m3
gas volume)

cpfd

File View Setup Run

Graphics and Output

Post-processing  Help

B =E 9o oxd K€ 6@ H

]ﬁ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training\.5_Wednesday_Gasifier\my_setup\Tuesday_Gasifier.prj

Project Tree = = Chemistry Rate Coefficients Manager
Thermal Wall BCs
Passive Scalar BCs D Name Reaction Type Coefficient Type Expression Comment
v & BC Connections 00 ko Volume-Average Arrhenius Chem Rate  6.36 T"1 e™( -22645 /T ) m_C™1 Steam gasification (forward)
Secondary Feeds 01 k1 Volume-Average  Arrhenius Chem Rate  0.0005218 T2 e~ -6319 /T +-17.29 } m_C~1 Steam gasification (reverse)
Secondary Exits 02 k2 Volume-Average  Arrhenius Chem Rate  6.36 T"1 e”(-22645 /T ) m_C"1 C02 gasification (forward)
BC Connectors 03 k3 Volume-Average Arrhenius Chem Rate 0.0005218 T2 e( -2363 / T +-20.92 ) m_C~1 CO2 gasification (reverse)
¥ a Chemistry 04 k4 Volume-Average  Arrhenius Chem Rate  0.006838 T~1 e~ -8078 / T +-7.087 ) m_C~1 Methanation (forward)
i Rate Coefficients 05 k3 Volume-Average  Arrhenius Chem Rate  0.755 T0.5 e™( -13578 / T +-0.372 ) m_C~1  Methanation (reverse)
JF Reactions 06 k6 Volume-Average Arrhenius Chem Rate  4.34e+07 T~1 e~ -13590 / T ) vf_C™1 Combustion
#. Numerics 07 k7 Volume-Average Arrhenius Chem Rate 7.68e+10 e™( -36640 /T ) WGS (forward)
(- Time Controls 08 ks Volume-Average Arrhenius Chem Rate  6.4e+09 e( -39260 / T ) WGS (reverse)
v & Data Output
T Flux Planes
A GMV Output Options
Im Average Data
2D Plot Data
/v Transient Data
1 Wall Erosion " Add Edit Copy Delete & ¥
< 4 hd >
| Tuesday_Gasifier.prj | C:/ftraining/s_Wednesday_Gasifier/my_setup |
r.\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training\5_Wednesday_Gasifier\my_setup'\Tuesday_Gasifier.prj — [m| X
File View Setup Run Graphics and Output Post-processing  Help
B =md 9o 22 € &
HEJEETIEE = = Chemistry Reactions Manager
Thermal Wall BCs A
Passive Scalar BCs D Reaction Type Rate Equation Comment
v & BC Connections ~ 00 VA: Stoichiometric Equation: C (S) +H20 => CO +H2
Secondary Feeds ROD = (ko[H20])
Secondary Exits v 01 VA: Stoichiometric Equation: CO +H2 => C(5) + H20
BC Connectors RO1 = (ki[H2][COT)
¥ a Chemistry v 02 VA: Stoichiometric Equation: C(S)+C02 == 2 CO
# Rate Coefficients RO2 = (k2[COo2])
J7 Reactions v 03 VA: Stoichiometric Equation: 2 CO == C(5) +C02
# Numerics RO3 = (k3[co]~2)
(- Time Controls v 04 VA: Stoichiometric Equation: 0.5 C (S) +H2 => 0.5 CH4
v . Data Output RO4 = (k4[H21)
7. Flux Planes v 05 VA: Stoichiometric Equation: 0.5 CH4 => 0.5 C(S) + H2
Al GMV Output Options ROS=  (kS[CH4]~0.5)
Zm Average Data v 06 VA: Stoichiometric Equation: 2 C(S) +02 == 2 CO
2D Plot Data RO6 =  (k6[02])
Jv Transient Data v 07 VA: Stoichiometric Equation: CO +H20 == C02 +H2
1 Wall Erosion RO7 =  (k7[CO]~0.5[H20])
+++ Particle Attrition v 08 VA: Stoichiometric Equation: CO2 +H2 => CO +H20
. Raw Data RO8 = (k8[H2]~0.5[CO2])
wsu Population Data
@ Solver Output Units v Add - — Copy —— 4 0
< 4 4 =
|Tuesday_Gaswﬁer.prj | C:/training/5_Wednesday_Gasifier/my_setup |
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Time Controls

* Leave the end-time at “100” s.

* When specifying an end-time, take into Timestep Gomparison

consideration the various physical time-scales 0.01 _ Gesfler Training Problems
of the system. How long will the fluidization .

. Isothermal, no chemistry
take to become steady? How long will thermal ——— Thermal, with chemistry
effects take? How long should chemical
equilibrium take?

0.008 | R

* Leave the time-step at “0.01” s.
0.006

*  When running this more complex case with
thermal and chemistry calculations, it is likely
that a smaller time-step will be required to
solve these additional equations.

0.004

Timestep, dt (s)

* Keep this initial guess of 0.01 s, but compare
the time-step actually used by the solver 0.002
during the run with that of the isothermal
Tuesday gasifier.

0
10 11 12 13 14 15 16 17 18 19 20
Time (s)

SIMULATE > UNDERSTAND > OPTIMIZE
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GMV Output Options

the data output settings. Make sure that all necessary output data is selected.

Since thermal and chemistry are now being incorporated into the model, it is important to review

File View Setup Run

Project Tree

Graphics and Output

Post-processing  Help

B mEdwoeo ) € uva i

](.\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /CA\training\3_Wednesday_Gasifier\my_setup\Tuesday_Gasifier.prj

g x

Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs
v f.-" BC Connections
Secondary Feeds
Secondary Exits
BC Connectars
¥ a Chemistry
i Rate Coefficients
JF Reactions
#. Numerics
- Time Controls
v ! Data Output
7| Flux Planes
A7 GMV Output Options
Zm Average Data
2D Plot Data
s Transient Data
I Wall Erosion
+#+ Particle Attrition
. Raw Data
ssw Population Data
@ Solver Qutput Units
2 Run
. Post-Run
-« Plot Manager

~

<« * 4

o

General Mesh View Data Output Options

Please select Eulerian and Lagrangian data for export to the General Mesh Viewer (GMV). Only data selected here can be viewed during

post-processing. Values inside parenthesis are the field names of the variables within GMW.

Output file interval

Plot interval: |U.2 | 5

Eulerian (Cell) Output Data
Particle volume fraction (p-volFra}
Fluid velocity (U, V, W)

Particle velocity (P_[xyz]Vel)
Pressure (Pressure)

[] pynamic pressure (DynPres)
Fluid density (f-dens)

Cell indices (i, j, k)

Lagrangian (Particle) Output Data
Particle volume fraction (VolFrac)
Particle speed (Speed)

Particle radius in microns (rad)
[] Constant color (Particle)

[ prag (drag)

[] Cloud mass (cldMass)

Gas Species

® Mass fraction (<species=.mf)

Mumber of files produced using current end time of 100s: 501

[ Particle bulk density (p-dens)
[ Turbulent viscosity (ViscTurb)
CFL (CFL)

[ Particle species (Species)
Fluid temperature (f-Temp)
Particle temperature (p-Temp)
Cell volume (cellVol}

Particle material (Material)

[ Particle density (Density)

Particle species (Species)

Unique particle ID (pid)

[ Liquid fraction total {ligFrac)

[ Particles per cloud (npCloud)

Options

O Mole fraction (<species>.nf)

(] dp/dx (dp/dx)

[ dp/dy (dp/dy)

dp/dz (dp/dz)

[ Particle mass flux (P_[xyz]Mass)
[ Fluid mass flux (F_[xyz]Mass)
Wall heat transfer (wallHeat)

Velocity (vellxyz])
Residence time (ResTime)

[ Residence time by species (ResTime##)

Temperature (Temperat)
[ Liquid mass total (ligMass)

[ Particle mass (mass)

[ Compress graphics output (not common)

(O Mass concentration (<species>.mc) O Male concentration (<species>.nc) [ Generate predefined GMV attribute files

| Tuesday_Gasifier.prj

| C:/training/5_Wednesday_Gasifier/my_setup

VIRTUAL REACTOR

cpfd

COMPUTATIONAL
PARTIS

PARTICLE
FLUID DYNAMICS
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Average Data

° Time_average data is very useful {7 Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training!5_Wed... — O X
when analyzing particle-fluid File View Setup Run Graphics and Output Post-processing Help
systems. Fluidized beds, for B =Ed 9o 3 € & H
instance, are dynamic by nature Project Tree 8 x
and will not reach a traditional Pressure BCs . ote Outout
. verage Data Outpu
“steady-state” condition. Flows BCs : g —
Injection BCs Averaging start time < 20 s
. . “u~A» Thermal Wall BCs
* Start t|me'averag|ng at “20" s. Passive Scalar BCs Minimum particle volume fraction
] v & BC Connections GMV Average Data Output
* Since we have now turned on Secondary Feeds _ |
thermal and chemistry, be sure to Secondary Exits Farticle volume fraction
. BC Connectors
check the boxes for Fluid v L Chemistry Wie=e
temperature, Particle I Rate Coefficients Fluid velocity
temperature and Gas species 5" Reactions Particle velocity
, .

#. Numerics
-+ Time Controls
v . Data Output [ Fluid mass flux (kg/s m~2)
¥ Flux Planes
A" GMV Output Options

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

Fluid temperature

T Average Data Particle temperature
2D Plot Data O] dp/dx
/v Transient Data
= Wall Erosion (1 dp/dy
«#+ Particle Attrition L] dp/dz
. Raw Data
ese Populztion Data L] wall heat transfer rate/flux
& Solver Output Units Gas species
2 Run
.’ Post-Run d

@« | & hd »

| Tuesday_Gasifier.prj | C:ftraining/5_Wednesday_Gasifier/my_setup

SIMULATE > UNDERSTAND > OPTIMIZE
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Transient Data

* Transient data points can be defined
to monitor many different variables ! Define 4 transient data

during the course of a simulation. points along the central axis

of the bed to monitor fluid
temperature.

* For this model, define several
transient data points to monitor the
fluid temperature (Fluid temp) at
different elevations in the bed.

* Note that transient data points can
be specified using either xyz or
Node locations. If you choose to use
xyz, the locations must be specified
in units of meters. Use reference
grid if needed.

Check that the transient data
points are at the desired locations.

‘& ] View Transient Data Points

2 .
- . BARRACUDA

= e ; SIMULATE > UNDERSTAND > OPTIMIZE
- VIRTUAL REACTOR . 31




4
Particles VolFrac [f % 3

Check Model Setup e

0.54

—0.48

* Save your project. o0

* Run the simulation for a single time-
Step. —0.18

0.12
* Check the boundary conditions.
0
L]
A re t h e fI OW B Cs a p pI Ied f Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C:\training\5_Wednesday_Gasifier\my_setup\Tuesday_Gasifier.prj - m] *
CO rrectly? File Wiew Setup Run Graphicsand Output Post-processing Help
CREERLEES L1
* Are the pressure BCs applied B X erty setup Run Calcuation
5 3 Global Settings | .
e jals Solver Launch Options
correCtly * v eun ::::te-'cl\:;tena Note: Run Solver Setup will cause some outp . i
files to be modified. If you have important output Note: These options apply to both Run Solver and Restart Solver unless otherwise specified.

.
4} Drag Models
; anagti\es files, preserve them by using the File menu, CPU Parallel (Parallel license required)

H%ST 141 Save Case As feature, and then Run Solver

¢ C h ec k t h e I n Itla I CO n d It I O n S . . &;.nliaﬁllgs Sdp::_cies Setup in the new case directory. Thread Count: Note: Maximum set automatically by detecting CPU.
v T ial Conditions

£ Fluid ICs

? Fartidle 1 “,_11 Run Solver Setup (1 time step) GPU Parallel (Parallel license and NVIDIA GPU required)
° H H H wso Particle ICs 2 un Solver Setup (1 time step!
Are partICIeS Inltlallzed properly' ~ [ Boundary Cond... = NVIDIA CUDA device to run on: prompt -
« ey P BC: Check Setu
DO yo u have th e correctin |t|a| bed F‘r:is;rces 2 F Fallback to CPU behavior if CUDA error: |auto ~
? Injection BCs Note: Testing solver GPU memory requirements will cause some output files to be modified.
m aSS H Thermal wall BCs If you have impartant output files, preserve them by using the File menu, Save Case As

Passive Scalar BCs feature, and then test the GPU memory requirements in that new case directory.

v % BC Connections

* Do you have all desired variablesin | o ——
t h e G mV. 00000 fi | e ? If yo U fo rgot i .Egr(:::ltztc:'rs ﬂq View Initial Particles, Species If temperature limits reached:  prompt - [ Quit on prompt

# Rate Coefficients

a ny O utp ut Va ria bles’ n OW is th e J¥ Reactions If chemistry mass imbalance: | prompt = [ Quit on lost license

# Numerics I minimum disk limit reached:  prompt - ] Quit on FE_INVALID

eaSieSt ti m e tO a d d th e m ! v ‘i &n:;?)?:;:?tb dq View Boundary Conditions Minimum disk space percent: | 1% 5

7. Flux Planes
A GMV Output O...

[ ] Revi eW th e p roj ect Set u p Wit h th e ,;;eF:IangtEthaata Command line to run equivalent solver based on input above (copyable to terminal):

&' q View Initial Particles, Volume Fraction
- Test solver GPU memaory requirements with current settings (option: -dryrun)

Advanced command line flags: ‘ |

i 1 7o Transient Data View Flux Planes cpfd.x.17.exe -omp 7 -gpu Tuesday_Gasifierprj
instructor, and start the project [ Torsert A vewrisce e o e e
+++ Particle Attrition roject tag

running when you are confident it is Rau D3 ey gestr

»so Population Data
&l q View Transient Data Points

Set u p CO rre Ctly. :.wﬁl;usno\ver Output ... Store project path and filename as project tag

£’ Post-Run ¢
.. Plot Manager " }i/\ Run Solver t j Restart Solver 6’) Interact
i S A
‘Tuesday_Gaswﬂer.pr]‘ |C:,ftram\ng,fS_Wednesday_Gaswﬂer{my_setup |
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“Particle Feed Deficit” Warning

e Early in the simulation, a warning will be written to the solver run window

E® "Barracuda Virtual Reactor - 17.3.0 - pre_setup/Wednesday_Gasifier.prj" - cpfdax.17.exe -omp 7 -gpu Wednesday_Gasifier.prj

# Decrease dt from CFL. Old = 1.868e-82 MNew = 8§.0880e-83 (18 3@ 4)
2.5006Be-81 ©5.808e-83 BB3 2.8b6e-088 688 1.60e-88 688 1.4%9e-088 888 2.18e-88 869 1.25e-86 856 9.98e-08
2.58060e-01 5.808e-83 883 1.87e-88 887 6.75e-83 6887 09.9%e-088 887 6.47e-083 BB9 9.70e-88 634 9.75e-08
2.0606Be-01 5.808e-83 883 1.84e-88 887 2.65e-83 687 3.41e-88 887 8.80e-83 BB8 5.98e-87 7J77 9.83e-08
2.7406Be-81 5.868e-03 BBS 1.85e-88 @By 8. 1Be B3 888 7.4%9e-89 887 4.98e-83 818 1.14e-86 ?29 9.97e-88
o iy .-..5

Injectlon [FLUXBC fresh_coal_feed]: [Feed] @ { 1.566e+B86, ©.860e+B0, 1. ?EBE+BB} has particle feed deficit.
A mass of 1.997e-@1 kg needs at least 1.911e-61 seconds to be recovered,
given the specified [1.8886868e+88 kg/s] and current [1.863488e+80 kg/s] rates of feed.

2.98008e-81
2.980068e-81
3.86008e-81

8.088e-83
8.088e-83
8.088e-83

aa3
aa3
aa3

3.75e-88
2.17e-88
2.54e-88

ga7 4.85e-88 @87
ga7 2.95e-88 @87
ga7 2.6le-88 @87

4.14e-88 887 2.81e-83 01@ 5.08e-07
2.42e-83 887 2.93e-83 089 2.62e-06
1.69e-838 887 1.58e-83 888 1.57e-86

9.93e-88
9.86e-88
8.94e-88

Vol Vol u u W v W W h h p p

arr

3.14888e-01 B8.8606e-83 3.77e-88 007 2.54e-0G8 007 1.78e-08 807 2.20e-08 @89 1.2le-87 9.96e-88

.53
.28
.22
17
.88

P e

.88
.88
.88
.88
.Ba

oD D@

- O s
-
1a7 8 g 2
183 8 g 2
128 8 g 2
132 8 g 2
129 8 g 2
122 a8 a 2

* This type of warning indicates that a particle feed BC cannot meet the specified mass flow rate.

can happen when:

This

* Trying to feed into a cell that already has a high concentration of particles (such as the initial packed bed in

the Wednesday Gasifier setup)
* Trying to feed a particle mass flow rate that is physically too high

* Barracuda always honors the close-pack volume fraction, and will not feed particles if the cell is too
full of particles

COMPUTATIONAL
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Recovering from Particle Feed Deficit

* The solver keeps track of the mass deficit, and tries to recover the mass at a later time if possible

* In the Wednesday Gasifier, the particle mass feed deficit is able to recover by aboutt=0.5s

qtGrace: Untitled - O x
File Edit Data Plot View Window Help
GO: X, Y =[1.12071, -0.220834]
Draw
& Ay Fresh Coal Feed
Zl |z ‘Wedensday Gasifier Training Problem
3“ T T | T | T | T =
- =
11 - Time period where feed is 1
al sl possible, and solver makes up |
(6o / mass deficit
| | , Early time period
AutoT 3 ~  where feed B
Auto0 S [ cannot meet 1
x| ey = 15| specified value -
A AY é
pz| pu g | i
rol [oy = 1L _
sSh:1 L R J
("] .
05 After t = 0.5 s, the specified |
1.00 . .
particle mass feed rate is met
Fit
OL | | 1 | | | | u
§ ] 0.2 0.4 0.6 0.8 1
Extt Time (s)
volta, , Untitled
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