Advanced Training: Recent Features,
Output Analysis and Current Best Practices
Part 1

Bryan Tomsula
CPED, LLC

2019 Barracuda Virtual Reactor Users Conference
June 27-28, 2019
Chicago, IL

BARRACUDA VIRTUAL REACTOR cpfd
CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA f CPFD, LLC

cpfd-software.com

1


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

Outline of Topics

Graphical Selection of ICs and BCs A I J

Base Materials
 Updated Base Materials Editor
* “Interpolated from SFF File”

 Material Property Limiters

Plotting Pressure Profiles

Example based on
Wednesday Gasifier from
Barracuda training class

Initial Conditions from IC files
New GMYV Output Options

Chemistry Reaction Rate Coefficient User-Defined
Expression Parser
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Graphical Selection of ICs and BCs

s Select Region - O %

Grid Controls

Ad d e d i n re I e a Se 1 7 3 0 —Options —View Controls (remove STL triangles outside of bounds)
° °

Display units: E} Hide triangles:
. . . Coordinateslocation: VTR Y'Mi"-_ y-Max=-
k
No longer using lJK cell indices to s —— | o

locate ICs and BCs WEEE i cortrots |

Now using XYZ physical coordinates = '

* Will not change when grid i -
resolution is increased or decreased

ol
=it =
I

* Graphical point-and-click selection i i A A mm Bt i
of IC and BC locations |
* Quicker and easier to define S ' :
: i
Clear Hview Selection [eganceIH ‘gl( ]
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Selecting Pressure BC for Cyclone Inlets

—Pressure boundary condition

—Region — Fluid behavior at boundary — Particle behavior at boundary

‘ Direction: E] @ No particle exit

' Pressure file: l ] Edit -

@ Specify values:

[ Select region (m)

gl %

Area fraction [1 l I Particle out flow

9
P Pa
»d V1 [ ] V2 [ e [ l g Farticle radius(m) range allowed to exit:
A0 | L <O e (Tt mar [ |
. . K-factor 0 (1]
Cth on SeleCt region —Flux plane options , [ l T _ Particle feed (Slip and vol frac)
—Properties

Gas species behavior: * Particle feed (Slip and mass flux)

Fluid properties if inflow [Interiur cell values 2%

Subdivide by radius Divisions ~ Particle feed (Slip and mass flow rate)

Output raw particle data

Applied fluid species [ Define fluid species l

Edit particle feed

—Comment

9

|

l

l

l

Name: | i)
o0 [

l

Particle Feed Control I 1 I

| egancel ‘ | 0gl(
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Selecting Pressure BC for Cyclone Inlets

Click and drag to graphically select the cyclone inlet horn face

N Select Region - 0O x

Baffles
Filename Visible
STL unit: in
XYZ unit: m
Baffles | Grid Controls
[T h @
=
T "\,“‘3%\‘
n N N
vl ~
/ A -
1 ] \\ i 3
>k | 1/ RN ‘ ; B
[ Clear ] [View Selection] [anncel ] l ng( ]
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Selecting Pressure BC for Cyclone Inlets

—Pressure boundary condition
—Region —Fluid behavior at boundary — Particle behavior at boundary
®P file: [BC t <ff || Edit _
‘ Sirection: E] ‘ ® Pressure file [ _top_pressure.s ] [ ] /- ©) No particle exit
‘Il Specify values:
Area fraction [ l g @ Particle out flow
o~ -0.0383119 0.0588749 " |
d l x [ N Pressure [ ] Pa |&D . _ _
Vi [0.866912 l va [12?41? l — Particle radius{m) range allowed to exit:
Temperature [ ] K |&D .
p ) K-factor [ ] (1]
/’ —Flux plane options , T ) Particle feed (Slip and vol frac)
— Properties
MName: [FLUKBC_cyCIDne_l _pressure l[ﬁ]
X,V Zz automatlcally Gas species behavior: ) Particle feed (Slip and mass flux)
populated from [Mass Time Cumulative - l Fluid properties if inflow [Interior cell values % l
graphlcal selection ¥| Subdivide by radius Divisions . Particle feed (Slip and mass flow rate)
Output raw particle data Applied fluid species [ Define fluid species l
Edit particle feed
—Comment
CYCIGHE‘ 1 presgure BC l Par'tIC|E F'E'Ed CDI"ltI’D| I i I
| anncel | | JQK
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Updated Base Materials Editor

Added in release 17.3.0

Name N2 | state =
More compact and logical arrangement Description N2 NITROGEN. REF ELEMENT |
of properties in the GUI ~Properties
Molecular weight 28.0134 g/mol| Heat of formation 0 )/kg
Color_coded Iabels Density | | Critical temperature Dl-i
[ Viscosity ] [ Heat Capacity ]
* Green = properties are valid across | Mass Diffusivity | [ Themmal Conductvity |
entire temperature range Vapor Pressure | Enthalpy |
* Red = properties are invalid at some (@ cancel|| Pox
temperatures
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Material Properties “Interpolated from SFF File”

Added in release 17.3.0

New functional form available for
all material properties

* “Interpolated from SFF file”

“Input” is temperature in the user-
selected units

“Output” is the current property in
the user-selected units

Linear interpolation between rows

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

Material: N2 1 (G)
Property: Viscosity

Property units: Pa-s

Material Property Editor

Input Output

Temperature units: |K
—Expression )
[Interpnlated from SFF File
[ n2_viscosity.sff
—+| Temperature Limits
Min. Max. | 1000
—Verification
Display units as: @ Specified
T= 300K 1.
0K 2000 K
—Messages

Expression is valid

Lookup Table Editor

i 200 1.337e-05
2 300 1.763e-05
3 400 2.169e-05
4 1500 2.555e-05
3 600 2.922e-05
6 700 3.269e-05
7 800 3.596e-05
8 900 3.903e-05
9 1000 4.190e-05
10

‘ iﬂi.ﬂ.dd Row ‘ ‘ @ Delete Row ‘ ‘ 4 Check Data ‘ ‘ Bl Graph ‘

File: |n2_vis:nsity.sff ‘ ‘ HSave ‘ ‘ HSave As ‘ ‘ Clcse ‘

|°gancel|| ngc |

cpfd-software.com
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Material Property Temperature and Value Limits

Example: the 4t"-order polynomial expression for the
viscosity of N2 goes negative at about 4900 K 2 — A
 Negative viscosity (or other material properties) can :n:]pwttsm {f }
lead to invalid results and/or solver crashes F;:::”mm” .
426064006 + 4.7525¢-08 | -9.8826e12 0 0

Temperature and/or Value Limits allow for bounds to —————
be placed for each property < Min. [150 | Max

—Verification

N

 If T < Min. value, property is evaluated at T=Min. isolay units 3s: & Specifed (5
* If T > Max. value, property is evaluated at T=Max. - 3";‘: mDKmm'i"a‘S |
* Min. and Max. Value Limits can also be defined — o
Expression is valid
Built-in database materials have limits pre-applied (@ concel | Pox |

when available from the reference sources

»» cpfd
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Material Property Limiter Example: N2 Viscosity

No Temperature Limits

Untitled

@

File Data Plot Options

- 0 X

Help

GO: X, Y = [/238.62, 4.49518e-05]

=
2
!J

NZ

NZ NITROGEN. REF ELEMENT

0.0001 B . | . | . n

[€ 1t N2
=& | &

I |
=1 =
— -
c |
< [

He—05

B3

HEEE]

]
=
=

—be—-05b

-0.0001 & ' ' ' : ' u
0 2000 4000 BOOO

Ternperature (K}

horse, 7.0, Mon Jun 17 11:25:08 2019, Untitled
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With Temperature Limits

Untitled

B

File Data FPlot Options

- 0 X

Help

GO: X, Y = [939.56, -8.482e-06]

NZ

NZ NITROGEM. REF ELEMENT
HBe—0b B . I ' |

[ 1* N2
= 4 |~ |2

> | =
=8 IS
-t -
e |
o |-

o

4e—05

2
2
Viscasity (Pa's)

2e—05

O “ | | | |

2000 4000
k Termnperature (K}

horse, 7.0, Mon Jun 17 11:25:16 2019, Untitled
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Plotting Pressure Profiles

Transient data points defined along the vertical
axis of the vessel

* Record pressure every time-step
* Analogous to physical pressure taps

For convenience, space points evenly at 1-meter
intervals

* This makes apparent bed density calculations
very easy, since Az is simply 1 m

BARRACUDA VIRTUAL REACTOR
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z=7.5m

z=6.5m

z=55m

z=45m

z=35m

z=2.5m

z=15m

z=0.5m
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B4 Untitled - O x

Transient Pressure Data e
ﬁ Fressure Taps

Plot Manager can be used to plot T 2 156405 B— | . . —_

pressure data recorded by the — _ — |
— P32

transient data points Auits0 | i
x| Y] 2.1e+05 | i —

© —— PB
T - o : -
L
ot Operations ﬂlﬂl L I Pg |
Ay £ 3D b
Name [Pressu re Taps ] X-Axis Title [Tlme (5) CW:0 $
Y-Axis Title [Pressure (Pa) ; o
. Exit
Title | Pressure Taps | Make Image of Plot Ea| 2.05e+05 —

: Mote: Image will be updated duri
A2 [ ] 'Make Image" and "Plot" operati
Legend @ On O Off Image Name:[ ]

File Preview X Y Line Name Color Style Width At et -

1 [trans.data{]()][ Q l 1 6 z=0.5m lBIack S ][ Solid = " Small-Medium 3 2ets 0O 20 A0 6&} T B0 | 150

2 [trans.dataﬂﬂ][ Q l 1 7 z=15m lﬁed S ][ Solid S " Small-Medium 2 Tirne (s)

3 [trans.dataﬂol[ Q l 1 8 z=25m lGreen = ][ Solid = " Small-Medium %

4 [trans.dataﬂol[ Q, l 1 9 z=35m lBIue > ][ Solid S " small-Medium 2| horse, 7.0, Fri Jun 21 16:24:25 2019, Untitled

i . = 1 — .  — if - - T ]
[4] | b
[ Add ] [ Remove ] [ Copy l [Check Datal / Make Image l - Plot l [ogancel l l ogl( l
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Plotting the Pressure Profile at a Specific Time

Python can be used to perform data analysis on the transient pressure data
e Select data for a certain time-period: 90 to 100 s
* Perform a time-average for each location
* Plot the pressure profile vs height

Start a Jupyter Notebook in the simulation directory:

Jupyter-notebook pressure profile example.ipynb

Start with a typical “import” cell in the Jupyter notebook:

In [1]: %=matplotlib inline
from future  import print function
from future  import division
import matplotlib.pyplot as plt
import numpy as np

BARRACUDA VIRTUAL REACTOR
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Read from trans.data00 and Calculate Time-Average

.18390e-01" "PI"
.47646e+00" "P2"
.52164e+0@" "P3"
.46846e+00"  "P4"
.50997e+0@" "P3"
.45679e+00" "PB"
.49830e+00" "P7"

In [2]: # Read data from transient data file
# Variable name Units 1jk xyz(m)
# _________________________________________________________________________________________
#a 1 "Time" st
#@ .
#@ 6 "Pressure" "Pa" " 17 19 g" " 3.75307e-092 3.58722e-092
#@ 7 "Pressure" "Pa" " 17 19 18" " 3.75307e-02 3.58722e-02
#28 & "Pressure" "Pa" " 17 19 29" " 3.75307e-82 3.58722e-02
#@ 9 "Pressure" "Pa" “ 17 19 39" " 3.75307e-082 3.58722e-02
#2 10 "Pressure" "Pa" " 17 19 58" " 3.75307e-02 3.587272e-02
#2 11 "Pressure" "Pa" " 17 19 fa" " 3.75307e-02 3.58722e-02
#2 12 "Pressure" "Pa" “17 19 71" " 3.75307e-82 3.58722e-02
#2 13 "Pressure" "Pa" " 17 19 81" " 3.75307e-02 3.587272e-02

# List of data columns we want to read:
dataColumnList = [6, 7, &, 9, 18, 11, 12, 13]

# Array of height values corresponding to each transient data point:
ZArray = np.array([®.5, 1.5, 2.5, 3.5, 4.5, 5.5, 6.5, 7.5]}

# Min and max time values we want to use for calculating average pressure:
tMin 90 # (s)
tMax = 100 # (s)

# Array to hold calculated average pressure values:
avePressureArray = np.zeros like(zArray)

for i, dataColumn in enumerate(dataColumnList):
t, P = np.genfromtxt('trans.data@@’', usecols=(06,dataColumn-1), unpack=True)
tFilter = (t = tMin) & (t == tMax) «—

Oy Un dan L by ks Ln

.46836e+00" "P8"

avePressureArray[i] = np.mean(P[tFilter])

BARRACUDA VIRTUAL REACTOR

How to filter for a specific time period:
tFilter = (t > tMin) & (t <= tMax)

You can then use this as a filter on any other data
array with matching dimensions:

myAverage = np.mean (P[tFilter])

cpfd
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Plot the Average Pressure Profile, 90 s to 100 s

In [3]: # Plot the pressure profile calculated above
fig, ax = plt.subplots()
ax.plot(avePressureArray, zArray, linewidth=2)
ax.set title('Pressure Profile from 90 s to 100 s')
ax.set xlabel('Pressure (Pa)"')
ax.set ylabel('Height (m)')
p = 'pressure profile 90 s to 100 s'
fig.savefig(p + '.png', format='png')
fig.savefig(p + '.pdf', format='pdf')

Pressure Profile from 90 s to 100 s

Height (m)
=

.D i i i i i
200000 201000 202000 203000 204000 205000 206000
Pressure (Pa)

BARRACUDA VIRTUAL REACTOR cpfd
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Plotting Pressure Profile vs Time

Useful to assess whether steady state
has been reached 8

Pressure Profile Over Time

Lines are colored using a “colormap”

* Matplotlib includes many useful
colormaps, see the web page
Colormap reference

Height im)
=]
Simulation Time (s)

A color bar is placed on the right-

[ ] [ ] [ ] u . . . . - .
hand side of the plot to indicate the A I
time value of each line

BARRACUDA VIRTUAL REACTOR cpfd
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Define Time Periods and Read trans.data00

In [1]: %=matplotlib inline
from future  import print function
from future  import division
import matplotlib.pyplot as plt
import numpy as np - Import the cm module to use colormaps
from matplotlib import cm

In [4]: | # Define minimum and maximum time, and number of lines you want to plot

tMin = @
tMax = 28
N =20

# For our plot, let's use "center" values for each time period
tArray = np.linspace(tMin, tMax,N+1)

tMinArray = tArray[:-1]

tMaxArray = tArray[1l:]

tCenters = (tMinArray + tMaxArray) / 2

#print(tCenters)

# Read transient data into a 2-dimensional array *once* (don't want to read multiple times in for loops)
# Use unpack=True so that individual columns can be accessed easily
transData = np.genfromtxt('trans.datad®', unpack=True)

T

transData is a 2-dimensional array

»» cpfd
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Create Plot for Pressure Profile Over Time

plt.subplots()
cn.jet «———— Set the desired colormap here

t = transDatal@]

In [5]: fig, ax
my cmap

Outer loop is for time values

for tMin, tMax in zip(tMinArray, tMaxArray): "””””’—
tFilter = (t == tMin) & (t = tMax)

avePressureArray = np.zeros like(zArray)

Inner loop is for data columns

for i, dataColumn in enumerate(dataColumnList): 4”””””’
P = transData[dataColumn-1]
avePressureArray[i] = np.mean(P[tFilter])

myTime = (tMin + tMax) / 2
myColor = (myTime - min(tArray)) / (max(tArray) - min(tArray))
ax.plot(avePressureArray / 1000, zArray, linewidth=2, color=my cmap(myColor))

# Create a colorbar to put on the right side of the plot Pressure Profile Over Time

my norm = plt.Normalize(vmin=min(tArray), vmax=max(tArray))
sm = cm.ScalarMappable(norm=my norm,cmap=my cmap)
sm.set_array([])

cbar = fig.colorbar(sm, ticks=tArray[::5])

cbar.set label('Simulation Time (s)')

# Set the usual axis labels

ax.set title('Pressure Profile Over Time')
ax.set xlabel('Pressure (kPa)')

ax.set ylabel( 'Height (m)")

p = 'pressure profile ® s to 20 s’
fig.savefig(p + '.png', format='png')
fig.savefig(p + '.pdf', format='pdf')

Height {m)

o i i i i i
200 201 202 203 204 205
Pressure (kPa)

206

207

20

Simulation Time (s)
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Fluid and Particle ICs: “Initialize from IC file”

Added in release 17.3.0

Use results from a previous Barracuda simulation as fluid and
particle ICs for a new simulation (not a restart)

 Run a “base case” to steady state
e Start variations based on the base case steady state results
* All fluid and particle properties are used for the ICs

Current example using Wednesday Gasifier:
* Add additional Injection BC locations
 Add a new internal flux plane
e Select additional GMV output variables

BARRACUDA VIRTUAL REACTOR

cpfd-software.com

—| Initial conditions

Particle IC x

[Initialize from IC file

IC file |IC_base_case_1.000e+02

Temperature [ 1300

Reset particle residence time

—Region

[ Select region (m)

x1 |-1.524 | %2 [1.52242

y1|-1.524 |y2 [1.52361

21 |1.85943e-16 |z [9.11321

(U W W S

—Comment

‘ egancel ‘ ‘ ‘gi(

cpfd
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Save Case As...

BARRACUDA VIRTUAL REACTOR

Barracuda Virtual Reactor with Chemistry - 17.4.0 - 2019 uc_wednesday gasifier/Wednesday Gasifier.prj
View Setup Run Graphics and Output Post-processing Help

New Project
=4 Open Project
© Recent Projects

Import from Project

4 Save Project

Ctrl+N
Ctri+0

Ctrl+5

-

#%¢ v =

nager

Flux plane name

Type Particle Velocity

Particle Mass Flow

Particle Temp

Fluid Velocity/Area

feed FLUXBC fresh_coal feed (P)(F) fresh coal feed_particle_injection.sff Using file

Using file

fresh_coal feed fluic

rger FLUXBC_steam_sparger (F)

(&) Quit

Ctri+Q

Towee Faracie mes
= [7] Boundary ...
- Pressure BCs
- Flow BCs

- Thermal Wal...
- Passive Scal...
£ &% BC Conne...
-~ Secondary F...
- Secondary E...
- BC Connectors
= » Chemistry
- Rate Coe...
-5 Reactions
- #. Numerics
-i- Time Cont...
=45 Data Outp...
-1 Flux Planes
- &1 GMV Qut..,
- Im AVerage ...
-2 2D Plot D...
- Transient...
-z1; Wall Eros...
- +e» Particle A...
- *. Raw Data
-wsu Populatio...
- @ Solver O...
-3 Run

- ) Post-Run

- .. Plot Mana...

BC_sparger_injectior

[

Add

|

Copy

Delete ]

‘ Wednesday_Gasifier.prj

[fdatanrosemar),r.clarklzole_uc_wednesday_gasiﬁer
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Remember to Select IC file

Save Case As

Source Directory : | /data3/rosemary.clark/2019 uc_wednesday _gasifier

Target Directory : | /data3/rosemary.clark/2019_uc_wednesday_gasifier save_case_as

x

Files Filter
1 |¥ Project Files *.prj
2 |« STL Files * st
3 |« Baffles *.stl2d
4 ||¢ sff Files * sff
5 |+ BC/PSD Files * % 578
6 |+ Drag Multiplier Files *.txt
7 ||+ Script Files ¥ shy* tcl*.py
8 |+ Attribute Files * attr;*.par
9 ||+ Grid Files Dﬂ*.gmv;@gﬁd.grd;grid.lng;"-.-’lEWGRID.gmv
10 |« Custom Selection /data3/rosemary.clark/2019_uc_wednesday_gasifier/IC_1.000e+02
11 Flux Files FLUX*:list_outputfiles.log
12 Transient Files trans#*;list_outputfiles.log
13 GMV Files GMV*:00GmvFileTime.rc
J_' Add Files... ‘ ‘ y Add Folder... | v/ Set saved case as working project ‘ anncel | ‘ &gaue{

BARRACUDA VIRTUAL REACTOR
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Edit Fluid IC

& Barracuda Virtual Reactor with Chemistry - 17.4.0 - 2019 uc_wednesday gasifier save case as/Wednesday Gasifier.prj - O x

File View Setup Run Graphics and Output Post-processing Help

A Ed ®wo oD @‘ o - r{-‘- Fluid IC Editor: 000 x

Project Tree . e .
- J - — | ~Fluid IC Manager—————— /| Initial Conditions
(" Barracuda Virtual React... [+]
% Setup Grid 1D on x1 X2 Temperature 1300 K | ' yWel zVel Temperature Pressure IC File Comment
& Global Settings 000 -1.524 1.52242 - ] ] 1300 2e+05
- Base Materials Pressure 200000 Fa
E|...., Particles Select an IC_ file to use for initial conditions
=4} Drag Models Fluid species Define fluids

() Volatiles Look in: [!data3frosemary:cla..._wednesday_gasiﬁer :] «9 4L E‘

&% Particle Species Velocity E] E] E] m/fs

£ I+ Initial Conditions

+| Initial conditions from file
“-es0 Particle ICs /TIC File[ l Q:

= [ Boundary Conditions
- Pressure BCs

- Flow BCs —Region
-Injection BCs

- Thermal Wall BCs [
- Passive Scalar BCs

= % BC Connections xi |-1.524 | %2 |1.52242
-Secondary Feeds

- Secondary Exits y1-152361 | y2|1.52361
~BC Connectors

~ a Chemistry 21 [1.85943e-16 | 2 [9.11321
- Rate Coefficients
5 Reactions

- #. Numerics —Comment

-\ Time Controls

= 4 Data Output File name: |IC_1.000e+02
~ %1 Flux Planes

- A" GMV Output Options

- Zm Average Data

- 2D Plot Data

- - Transient Data l legancel H 09'( l I ‘

IC_1.000e+02

Select region (m)

Files of type: [IC Files {IC_*)}

[4]

== Wall Erosion Add Copy l [ Delete ]
e | & [ ¥ | »

| Wednesday_Gasifier.prj [!datanrosemarycIark,fz019_uc_wednesday_gasiﬁer_save_case_as ]
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Edit Particle IC

& Barracuda Virtual Reactor
File View Setup Run Graphics and Qutput

'@ E vo oD KE
Project Tree ]

(7 Barracuda Virtual React... [+

- % Setup Grid ID

- (% Global Settings

- Base Materials

= «s« Particles

i «4j Drag Models

(4 Volatiles

g% Particle Species

=T+ Initial Conditions
. f* Fluid ICs

=t | ] Boundary Conditions

- Pressure BCs

- Flow BCs

- Injection BCs

- Thermal Wall BCs

- Passive Scalar BCs

= & BC Connections

- Secondary Feeds

- Secondary Exits

- BC Connectors

£ o Chemistry
- I Rate Coefficients
¥ Reactions

- /4 Numerics

-+ Time Controls

= 4: Data Output

— Particle IC M3

On S
000 H -

11 Flux Planes L |
- &1 GMV Qutput Options [:
- Zn Average Data

~[E 2D Plot Data

i S Transient Data Global cloud

(4]

2= Wall Erosion

e | & | ¥ |

Jdata3

‘ Wednesday Gasifier.prj

—+/ Initial conditions

Particle IC

Initialize mass in region

Lt

ign in region

Initialize by cell volume fraction (legacy)

Wednesday Gasifier.prj - O

—Region
[ select region (m) 4.]_-
x1 |-1.524 | %2 [1.52242 |
y1 |-1.52361 |y2 [1.52361 |
21 [1.85943e-16 |z (1815 |

— Cloud resolution

@ Use global resolution

1 Use local resolution

) Specify resolution

L1

—Special settings

+| Random cloud initialization

No particle momentum

—Comment

es = 001 - initial char in bed, mass = 4800 kg, T =

— Select full domain, either
with GUI click-and-drag
or by using [ and ]
shortcut keys in the
Region text boxes

Py | |

; —'| | Distribution
Options
High L "

Delete ]

legancel l l @ ox ]
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Add Injection BCs

Barracuda Virtual Reactor with Chemistry - 17.4.0 - 2019_uc_wednesday_gasifier_save_case_as/Wednesday_Gasifier.prj - o x

utput  Post-processing  Help

File View Setup Run Graphics and O

L H W o 113

Injection BC Editor

Injection name: [Fresh_coal_feed ] —Flux plane options

Project Tree ® i
(" Barracuda Virtual React... (<] |Comment: [ ] Name: [FI_UKBC_fresh_coaI_feed l
- % Setup Grid Gas species behavior:

—+ ParticlefTracer Injection

-9 Global Settings

.~ Base Materials Use BC Connector data —Injection type | No Output 4 |
H?-za[;g‘;liﬂsndels =3t Type Particle = ] Subdivide by radius Divisions [:@
& F;.I-?igll:SSpe_:-c_ies 1 Use specified values E— Output raw particle data
= [\ll»n::ﬁ:j (I:cg;ndmons velocity :]mfs [002 fresh coal feed a ] —¥| Fluid Injection
" wee Particle ICs Use BC Connector data

= [ Boundary Conditions Mass flow kg/s —Angle Expansion || @ use file [_coal_feed_ﬂuid_injection.sffl

- Pressure BCs
- Flow BCs B, [ 15 ]uBEz [ 15 ]u ) Use specified values

Injection BCs Temperature K — Fiuid ition —

- Thermal Wall BCs : : = :]mfs ICRCEI S I

.. Passive Scalar BCs —Angle Orientation aee ;

4§ BC Connactions number density(5 ] |5 @)= [ k5| Define fuids
~Secondary Feeds Temperature [ ]K

- Secondary Exits

“-BC Connectors —Locations (4 of 4 injections are active)
Ha Chemistry . Name On/Off X (m) Y (m) Z{m) nx ny nz Particle Mass Weight Particle Temp Multiplier Fluid Mass Weight d Temp Multip (=
-4 Rate Coefficients
. #F Reactions 1|Feed [ On 1.5 0 175 -1 0 -1 1 1 1 1
- #. Numerics e
o 2 |Feed2 |¥] On |-1.5 |D 1.75 |1 (0 |-1 |1 1 1 1

- Time Controls K| N
=« Data Output 3 Feed3 ¥/ On 0 15 175 0 -1 -1 1 1 1 1

4 (Feed4 |[v] On |D -1.5 |1.75 |0 (1 |-1 |1 1 1 1

L4

— Average Data : . |
= 2D Plot Data | & Add Row " &= Delete Row " 4 Check Table " /Importn L'Exportl Particle weight sumD Fluid weight sumD
- n Transient Data - -
.7 Wall Erosion B3 [ - |
Reference Grid || </ Expand Locations Table ] l e Cancel ] [ oK l
ERE SE ARG ~ ¢
| Wednesday Gasifier.prj [ fdata3/rosemary.clark/2019 uc_wednesday gasifier save case as l
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Add Flux Plane

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

Barracuda Virtual Reactor with Chemistry - 17.4.0 - 2019 uc_wednesday gasifier save case as/Wednesday Gasifier.prj

File View Setup Run

Graphics and Output

Post-processing  Help

BHE wo 9% K€ . H

Project Tree Ed]

(7 Barracuda Virtual Reactor ...
- % Setup Grid
- (9 Global Settings
- Base Materials
=-»ss Particles
=4 Drag Models
-4 Volatiles
5% Particle Species
== Initial Conditions
£ Fluid ICs
e Particle ICs
= ] Boundary Conditions
- Pressure BCs
~ Flow BCs
~Injection BCs
- Thermal Wall BCs
- Passive Scalar BCs
= ¢ BC Connections
- Secondary Feeds
- Secondary Exits
“-BC Connectors
= o Chemistry
- Rate Coefficients
Vg Reactions
- # Numerics
- Time Controls
- 44 Data Output
- A" GMV Qutput Options
- Zm Average Data
-4 2D Plot Data
-~ Transient Data
-I1; Wall Erosion
- #s¢ Particle Attrition
. Raw Data
-wss Population Data
@ Solver Output Units
-2 Run
-4 Post-Run
- - Plot Manager

> |

|« [ & [ @ |

D

—Flux Planes Manager

Direction

¥ Filename

000 FLUX_early

Surface plane direction

loc Nod i1
Flux Plane Editor

Directional flux

—Plane Location

Enter Location by XYz

L1

x1 [-1.5255 m x2 [1.5255 m
yl[-1.5255 m y2 [1.5255 m

m

—Flux plane options

Name: | FLUX_above_heating_coils

1

Gas species behavior:

[No Output

=

+| Subdivide by radius
Output raw particle data

+ Reset particle residence time

Divisions (100 [}

—Comment

Flux plane above heating coils|

lﬂﬁeference Grid l legancel ] [_OQK l

j1 j2 k1 k2 Sub radius

Cc

p255 -1.5255 1.5255 6 6 on
5255 -1.5255 1.5255 3

(4]

[+)

Note: For location indices, "min" or "[* denote the first possible value, while "max" or "]" denote the last possible value.

[

Add ] [ Edit

|

Copy l [ Delete

‘ Wednesday_Gasifier.prj

[{dataBirosemary,clarkfz019_uc_wednesday_gasiﬁer_

save_case_as

cpfd-software.com
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GMV Output Options

Barracuda Virtual Reactor with Chemistry - 17.4.0 - 2019 uc wednesday gasifier save case as/Wednesday Gasifier.prj

File Wiew Setup Run

A E @ o
Project Tree
= T+ Initial Conditions
- 4% Fluid ICs
" eso Particle ICs
= [[] Boundary Conditions
- Pressure BCs
- Flow BCs
-~ Injection BCs
- Thermal Wall BCs
- Passive Scalar BCs
= &% BC Connections
- Secondary Feeds
- Secondary Exits
- BC Connectors
= o Chemistry
- I Rate Coefficients
~JF Reactions
- # Numerics
@ Time Controls
-4t Data Output
-7 Flux Planes

Graphics and Output Post-processing Help

™ = @( & = H

&

-

- A" GMV Output Options

- Zm Average Data

- 2D Plot Data

- Transient Data

-z Wall Erosion

-+++ Particle Attrition
Raw Data

-wsu Population Data

- @ Solver Output Units

-2 Run

-+ Post-Run

- .. Plot Manager

<. +| Cloud mass (cldMass)

-

EKIEYE 2R

—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 GMV.

— Output file interval
Plot interval: [0.2 l 5

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

—Eulerian (Cell) Output Data

+| Particle volume fraction (p-volFra) Particle bulk density (p-dens) dp/dx (dp/dx)
dp/dy (dp/dy)
¥ dp/dz (dp/dz)

Particle mass flux (P_[xyz]Mass)

+| Fluid velocity (U, v, W}
¥| Particle velocity (P_[xyz]Vel)

Turbulent viscosity (ViscTurb)
+| CFL (CFL)
+| Pressure (Pressure) Particle species (Species)

Dynamic pressure (DynPres) +| Fluid temperature (fFTemp) Fluid mass flux (F_[xyz]Mass)
+| Fluid density (~dens)

v| Cell indices (i, j, k)

«| Particle temperature (p-Temp) + Wall heat transfer (wallHeat)

+ Cell velume (cellVol)

—Lagrangian (Particle) Output Data
+| Particle volume fraction (VolFrac)

¥| Particle speed (Speed)

+| Particle material (Material) +| Velocity (vel[xyz])

Particle density (Density) ¥| Residence time (ResTime)

+ Particle radius in microns (rad) ¥| Particle species (Species) Residence time by species (ResTime##)

Constant color (Particle) +| Temperature (Temperat)

+| Unique particle ID (pid)
Dfﬁﬂ {dranl i i

Liquid fraction total (ligFrac) Liquid mass total (ligMass)

+| Particles per cloud (npCloud)

Particle mass (mass)

Options
Compress graphics output (not common)

—Gas Species

_) Mass fraction (<species>.mf) @ Mole fraction (<species>.nf)

1 Mass concentration (<species=.mc) ' Mole concentration (<species=.nc) Generate predefined GMV attribute files

| Wednesday Gasifier.prj

BARRACUDA VIRTUAL REACTOR
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Run for a Single Time-Step to Verify Changes

New coal feed Injection BC locations have been added
* Original simulation had 1 Injection BC for coal feed
 New simulation has 4 Injection BCs for coal feed

New internal flux plane has been added /’7 f"\
sy

New GMYV variables have been added

Fields
wrvelx

wrvely

wvelz

—
—l wrnpC loud

)
+5I7E [
: 1

G~ ot Zaby
< F1drale Az | £ 3
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It's Not a Restart!

Goooozatgemz )

This is a new simulation, not a
restart.

e Original simulation att=100s

Particles VolFrac

0.6

0.5400132

—0.4800264

e Save Case As... simulation with
changesatt=0s

—0.4200397

—0.4200396

0.3600529

0.3600528

The IC file from the original
simulation was only used to define
the initial fluid and particle fields in

0.3000661

0.3000661

0.2400793

0.2400793

the new simulation R R
0.1201057 0.1201057
006011891 0.0601189
0.0001321155 0.0001321155
BARRACUDA VIRTUAL REACTOR' cpfd
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User-Defined Expressions for Reaction Rate Coefficients

New feature in 17.4.0

 Same parser interface as updated
User-Defined Drag Model GUI

Interface is improved to allow user to = i s
simply and clearly define chemical
reaction rate coefficients

e Subexpressions can be used

 Much more flexible and powerful
than older constants-based input

method

BARRACUDA VIRTUAL REACTOR

CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA

Passive Scalar BCs
b ﬂ BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
¥ o Chemistry
4 Rate Coefficients
JF Reactions
#. Numerics
(" Time Controls
v 4. Data Output
T Flux Planes

r Barracuda Virtual Reactor with Chemistry - 17.4.0 - new_chemistry_parser/p.prj - O X
File View Setup Run _Granhirs and Cuitnut  Past-nrocessing Heln
. {7 Chemistry Coefficient Editor ? X
A
= E 99
Project Tree | Coefficient Properties
(7 Barracuda Virtual Re| Name: ko
% Setup Grid
& Global Settings Type: |User-defined Expression
7 Base Materials Coeffig Arhenius Chem Rate ) Volume-Average ® Discrete
+ eeo Particles Palynomial
<& Drag Model User{ Table Based Chemistry
ragl odels ——| Catalyst Deactivation
(& Volatiles Wl Uscr-defined Expression ghed "
&% Particle Species Sh =20, A0 ate tonstan
~ [+ Initial Conditions D_ab = 5.054e-09 * temp
£ Fluid Ics k_g =5Sh * D_ab / diam_all;
Mw = 18.0 * 1e-03;
v [ Boundary Conditior / Fartiol pressure correlation for waler from Yaws (1999
al = 29.8605;
Pressure BCs al = -3.15226+03;
SILi a2 =-7.3037;
Injection BCs a3 = 2.4247e-09; .
Thermal Wall BCs ~A — 1 0A0AA N,
<

Functions: |ab5(va|ue1}

>

Messages

No errors.

Comment

Rate coefficient for C_H20lig term (kg/s)

ok | cancel

Zm Average Data
=1 2D Plot Data

/v- Transient Data
= Wall Erosion
+++ Particle Attrition

A1 GMV Output Options

<

>
#[ || Add | | Edit | | Copy | | Delete ||§|

EIENENEN

p.pr]

| C:/data_sam/training/2019_users_conference/evaporation/new_chemistry_parser |

cpfd
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Example: Evaporation of Water Droplets

See CPFD Support Site post Evaporation Model for 10°)

Partial Pressure of Water

F[ — Yaws, 1999

Low Temp Approximation
Full Range Approximation

Droplets and Solid Particle Drying (Updated) < 107}
% 10°
In previous versions of Barracuda: = /
. . £ 107
* The expression for partial pressure of water £ty
(Yaws, 1999) could not be entered directly. A o 4
curve-fit approximation was needed. 1056300 350 400 450 500 550 600 650
Temperature(K)
15 ’ )
long:29.8605—31 2?’{10 —7.303710g,, T +2.4247x10° T +1.8090x10°T"
* Implementing the time-step stability term A KCrons —KRT,'F, exp(—4/T,)

required multiple inter-related rate coefficient

C . di
definitions. !

BARRACUDA VIRTUAL REACTOR cpfd-software.com
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Reaction Definitions Using pre-17.4.0 Input (Arrhenius)

Project Tree

File View Setup Run

'mEd wo ® XK€ a B

Graphics and Cutput

— | pod

Iﬂ Barracuda Virtual Reactor with Chernistry - 17.4.0 - cld_method/p.prj

Post-processing  Help

q X

Secondary Feeds
Secondary Exits
BC Connectors

v a» Chemistry

~ ¢4 BC Connections

Chemistry Rate Coefficients Manager

~

00 k2
01 k3
02 k4

Discrete
Discrete
Discrete

D Name Reaction Type

Coefficient Type Expression Comment

Arrhenius Chem Rate 7298.74 T~-1.5 e[ -4822.21 / T ) m_all™-1 d_all*1 Liquid Droplet, version 3, CPFD Software
Arrhenius Chem Rate 5.7223e-10 T1.5 d_all™~1 Liquid Droplet, wersion 3, CPFD Software
Arrhenius Chem Rate 2.8566 T"0.5 e™( -4822.21 /T ) d_all"~1 Liquid Droplet, version 3, CPFD Software

i Rate Coefficients

JF Reactions
#. Numerics
- Time Controls
v 4. Data Output
71 Flux Planes

ol W L T L i

« | & | @

File View Setup Run
1210 X

Froject Tree

Graphics and Output

13 € U= i

=]

Iﬂ Barracuda Virtual Reactor with Chemistry - 17.4.0 - old_method/p.prj

Post-processing  Help

p.pri

v % BC Connections
Secondary Feeds
Secondary Exits
BC Connectors

¥ o Chemistry
i Rate Coefficients
/5" Reactions

#. Numerics
i Time Controls

v 4. Data Output

7 Flux Planes

AL SR AVE b WO P

~

Chemistry Reactions Manager

D Reaction Type  Rate Equation Comment
~ 00 Discrete d[H20(5)]/dt = {(-1k4 + k3[H207)*(1 + k2)~-1: Liquid Droplet, version 3, CPFD Software
00 d[H20(G)]/dt = -1 d[H20(S)]/dt

e e O 4

Add - Edit Copy Delete

4 v

p.pri

| C:/data_sam/training/2019_users_conference/evaporation/old_method

BARRACUDA VIRTUAL REACTOR
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Reaction Definitions with User-Defined Expressions

File VWiew Setup Run
3 ®o

Project Tree

Graphics and QOutput

Iﬂ Barracuda Virtual Reactor with Chernistry - 17.4.0 - new_chemistry_parser/p.prj

Post-processing  Help

dw

r=—— == Ak, My (Cy o —

dt

>
CHED,bu]k )

v

Secondary Feeds
Secondary Exits
BC Connectors
v a» Chemistry
i Rate Coefficients

= Chemistry Rate Coefficients Manager /
s
D Mame Reaction Type  Coefficient Type  Expression Comment
oo k{] _____________ Discrete User-defined area_all * k_g * Mw * C_H20liq / (1 + tau_sim / tau_evap) Rate coefficient f
01 k1 Discrete User-defined area_all * k_g * Mw / (1 + tau_sim [ tau_evap) Rate coefficient f

3 M€ & H

User-defined expression is
much closer to the way we

naturally write the reaction rate

with variables.

JF Reactions
#. Numerics

~ o, Data Output
¥ Flux Planes

- Time Controls| File View Setup Run

'Ed wo ® € O T

Graphics and Cutput

Iﬁ Barracuda Virtual Reactor with Chemistry - 17.4.0 - new_chemistry_parser/p.prj

Post-processing  Help

“« | & | ¥

Project Tree g X

p.pri

Secondary Feeds A
Secondary Exits
BC Connectors
v a» Chemistry
54 Rate Coefficients
/5 Reactions
#. Numerics
(- Time Controls
~ . Data Output
%! Flux Planes v

Chemistry Reactions Manager

1] Reaction Type Rate

w00 Discrete

:d[H20(S)]/dt =

Equation
 (-1kD)+{k1[H20]) Evaporation of water

Comment

0o

¢« | & | ¥ | »

d[H20(G)]/dt = -1 d[H20(S)]/dt

Add

Edit

Delete

4 ¥

| p.pri

| C:/data_sam/training/2019_users_conference/evaporation/new_chemistry_parser
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(7 Chemistry Coefficient Editor ? -

Coefficient Properties

Syntax of User-Defined | =

Type: |User—deﬁned Expression v|

EX p reSS I O n S Coefficient is for reaction type: O Volume-Average (® Discrete

User-defined Expression

h= ;
° ° [S} ah2 05 054e-09 * tempP"l 5

C-like |np|Jt k_g = Sh * D_ab / diam_all;
L ¥ P ral=

Mw—lﬂﬂ * 1&-[]3

Partial pressur rralating far weatar fram Vaueo 70940)

[ Pressuinge Ooc CIgLrLay ror FraLcy Hronil Fdve | L7727

* End statements with ; 20 = 20.8605;

al =-3.1522e+03;
. a2 =-7.3037;
* Final return statement B
a4 = 1.8090e-06;
P_H20 = 10-«[30 + alftempP + az*loglﬂ[temPP} + a3*tempP + a4*tempP~2); /' 7 [mmia) T (K]
R = 8.3145; versal gas consta

Sy nt ax h i g h | i g hti n g c H.Iﬂﬁq =p HFED 133 322 :,".[R’-‘tempP}, Convert from mmHg to Fa by multiplier of 133.322 for units of (mol/m=3)

L

(=3 :'.C:.' '_'_'_-\__f .".--

tau_sim = 1e-03;
C_p=4184; / Heat
deltaH_v = 4L'IL'IEIEI;
Comments are su pported PO = 4.15040e+10;
beta = 4822.21; ia value in temperature expe t
gamma = P0 * beta f tempP~2 * exp(-beta / tempP}, gamma for ’: term
* Use // tau_evap = c_p * mass_all * R * tempP [ (deltaH_v * gamma * k_g * area :all},
return area_all * k_g * Mw * C_H20lig / (1 + tau_sim [ tau_evap);

Functions: |abs[va|uel} - | Variables: |Fle v| o

Real time error-checking

Messages

Mo errors.

Comment
Rate coefficient for C_H20lig term (kg/s) |

ok | cancel |
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cpfd-software.com
CPFD Software = 1255 Enclave Parkway, Suite E = Houston, TX 77077 USA 33


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

