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Introduction to Example Simulation: Wednesday Gasifier

 From Barracuda VR Training Course
* Coal gasification example

 Chemistry: 9 volume-average chemical reactions
from open literature

 Thermal: flow streams at various temperatures,
and heating coils within fluidized bed

 Multiple multi-material particle species
* |nitial char bed
* Fresh coal feed
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Goal 1: Plot Profile of Temperature vs Height

* Achieving Goal 1: Using 2D Plot Data
* |ntroduction to 2D Plot Data

* Creating a basic 2D data plot using Plot
Manager

* Calculating a spatially-averaged
temperature profile using Python
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over an entire plane within the simulation domain.
e 2D Plot Data is output at a user-specified time interval during a

e 2D Plot Data gives you information about a selected variable
e 2D Plot Data is available for many variables, including
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How to Enable Output of 2D Plot Data

Barracuda VR with Chemistry - wednesday_gasifier.prj

File View Setup FRun Graphics and Qutput  Post-processing  Help

& ‘=43 9o

Project Tree H X

3 M€ & i

Thermal Wall BCs
Passive Scalar BCs

4 % BC Connections
Secondary Feeds
BC Connectors

4 o Chemistry
# Rate Coefficients
U5 Reactions

Choose the orientation(s) and
location(s) for 2D Plot Data.

utput Uptions

[ 2D Plot Data I

S Transient Data

1:1# Wall Erosion

+## Particle Attrition

.*. Raw Data

& Solver Qutput Units
l\ Run
£ Post-Run
= Plot Manager

]

20 Plot Qutput
2D Plot Data
[ Plotxy  kindex nzf2
[ JPlotxz  j4ndex ny2
[ JPlotyx  kindex nzf2
[ ] Plot yz i-ndex nf2

\

I Plotzx  jdndex ny/2
[ ] Plot zy i-ndex nf2
[ ] Indude boundary data in 20 plot
Plot Interval Options

I Time interval 20
If plot interval = 0, use mesh viewer in
Max # of columns: | 29 =

s # A4 d

2D Data to Display

[ ] Fluid volume fraction
[] Particle volume fraction
|:| Pressure

[ ] Fluid velodty

Partide velodty

[ ] Gas spedes chemical reaction rate
] Ave partide volume fraction

|:| Ave pressure

[ ] Ave fluid velodty

Fluid temperature

[ ] Ave partide veloci
Ave fluid temperature

[ ] Ave partide temperature

Choose the variable(s) for which
2D Plot Data should be created.

[ ] Partide density
Output Gas Spedes
|:| Gas specdes
Output Format
®) Mass fraction

Mass concentration

|:| Ave gas species

Muole fraction

Maole concentration

|wednesd ay_gasifierprj

Specify the time interval at which ]

D:fdata_samfusers_conferenl 2D Plot Data should be generated. J
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Choosing the 2D Plot Data Orientation

XY

e 2D Plot Data can be
output in any combination
of the 6 orientations
shown at right.

* Choosing the correct
orientation can make data vx_
processing much easier.

 The arrows indicate the
arrangement of data
columns in output files.
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Output Format of 2D Plot Data

* Each 2D Plot Data file contains text data in space-separated columns

This example is a “zx” 2D Plot Data file. It covers a y-plane.

# Time = 2.00015e+01 (s) V The data is fluid temperature.
# vy = -1.52578e-03 (m) (j=17) ——

# First column z-distance (m). Following columns are temperature (K) at x-locations
# 1 z

# 2 x=-1.45617e+00m (i= 1) “zx” means the first data column has z-values, and
#3 x=-1.25138e+00m (1= 3) subsequent columns hold data at evenly-spaced

# 4 x=-1.06082e+00m (i= 5) .

# 5 x=-8.66964e-01m (i= 7) X-positions. )
# . more column headers ...

5.109293e-02 1.300826e+03 1.303385e+03 1.303440e+03 . more columns of data
1.532788e-01 1.299528e+03 1.301458e+03 1.300700e+03 . more columns of data
2.543134e-01 1.299502e+03 1.301873e+03 1.301868e+03 . more columns of data
3.544176e-01 1.298454e+03 1.301121e+03 1.301696e+03 . more columns of data
4.597586e-01 1.297426e+03 1.294514e+03 1.301106e+03 . more columns of data
5.756338e-01 1.296742e+03 1.294430e+03 1.299496e+03 . more columns of data
7.030965e-01 1.296732e+03 1.296648e+03 1.298808e+03 . more columns of data
8.433054e-01 1.296276e+03 1.300004e+03 1.297590e+03 . more columns of data

more rows of data
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Plot Temperature Profiles at Left Side, Center, and Right Side

Center

* Using 2D Plot Data output files, we will plot ~ teftside | Rightside
instantaneous and time-average temperature il
profile curves.

 We will plot data att =100 s.

* To visualize the temperature variation across
the reactor, we will plot profiles at the Left
Side, Center, and Right Side of the vessel.
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Use Plot Manager in the Barracuda VR GUI

& Barracuda VR with Chemistry - 17.0.2 - wednesday_gasifier.prj

File View Setup Run Graphics and Output  Post-processing  Help

mE 9o ) KE s i

FEETEE T X List of Plots:
4 wou Particles
""_;D:g odele Name Plot Title X-AxisTitle Y-Auis Title Plot Image Name ./ Make Image Launch Plot
A Volatiles
2 Plot Operations ?

X-Axis Title |Temperature (K} |

Name |In513r113r1eou5 2D Data Temperature Profiles |
Y-Axis Tite | Height (m)| |

| [] Make Image of Plot

Title | Instantaneous Temperature Profiles

| MNote: Image will be updated during each "Make Image™ and

Subtitle | Advanced Post-Processing "Plot™ operation

Legend @) on () Off Image Mame: Eps v
File Preview X ¥ Line Mame Color Style Width Symbol
1 ‘ Browse... ” Cﬁ. ‘1 1 Black ¥ | Solid "HSmaII-Medium v|I‘\\Ione b
Add | | Remove | | Copy | | Chedk Data | f Make Image s Plot | | oK | | Cancel
7v[Tansient Uata
'l# Wall Erosion
**# Particle Attrition
.*. Raw Data

& Solver Qutput Units

1 t Run ¢
£ Post-Run ] ) ] 2
Q |J Flot M. r | Spedify desired plotting here. @

II“I' v > | 4 Add Plot /| | / Edit Plot | | Copy Flot | | @ Delete Plot | |J Image MI| |¢. Graph AII|

|wed nesday_gasifier.prj

COMPUTATIONAL

| D:/data_sam/users_conference/2015/Wednesday_gasifier |
Crafd PARTICLE

FLUID DYNAMICS
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Select the Instantaneous Fluid Temperature File at t=100 s

* Note the file naming

convention:

 TO indicates instantaneous
fluid temperature data.

* The simulation time,
t =100.003 s, is embedded

in the file name.

* Atable listing all 2D Plot
Data output file names is
available in the Barracuda

User’s Manual

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE

Open File

T 10 <« datal (I¢) » data_sam » users_conference b 2013 » Wednesday_gasifier

Organize »

. data (bacon) ™
. datal (newton)
4 data2 (newton)

4 Libraries
@ Documents

J! Music

[E5| Pictures

E Videos

1@ Heomegroup

1M Computer
&, Local Disk (C)
a datal (D:)
ca data? (F)
ar A360 Drive w

File name: “

CPFD Software, LLC - Sept. 30 - Oct. 2, 2015 - Hyatt Regency Tamaya -
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Mame

|| psd_particle_frem_cyclone_diplegs.sff

[ T0_2 00DD0.D00.dat
[ T0_zx_00020.000.dat
[ TO_z%_00040.003.dat
[ T0_2_00DE0.D03.dat
[ T0_2 00D20.001.dat

Date modified
6/2/2015 3:44 PM
8/21/2015 3:31 PM
8/21/2015 4:38 PM
872172015 5:46 PM
8/21/2015 &:53 PM
8/21/2015 7:38 PM

Type
SFF File

DAT File
DAT File
DAT File
DAT File
DAT File

W

Size

1KB
13 KB
13 KB
13 KB
13 KB
13 KB

[ T0_2 00100.003.dat

&/21/2015 9:05 PM

DAT File

13 KB

[ TAv0_zx_DDD00.000.dat
[ TAVD_z¢_0DD20.000.dat
[ TAv0_z_00040.003.dat
[ TAv0_zx_DD060.003.dat
[ TAVD 2 0D080.001.dat
[ TAvO_z_00100.003.dat
|| trans.data00

|| trans.data01

| warning.log

8/21/2015 3:31 PM
8/21/2015 4:38 PM
8/21/2015 5:46 PM
8/21/2015 8:53 PM
8/21/2015 T:58 PM
8/21/2015 9:05 PM
8/21/2015 9:05 PM
8/21/2015 905 PM
8/21/2015 9:05 PM

DAT File
DAT File
DAT File
DAT File
DAT File
DAT File

DATAQD File
DATADT File
Text Document

13 KB
13 KB
13 KB
13 KB
13 KB
13 KB

1,830 KB
2,208 KB
296 KB

4= -

Search Wednesday_gasifier o

[ @

v| |Common Output/Input Files (F v|

Cancel |

cpfd

~

L
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http://cpfd-software.com/user-manual/data_output_09

Use Preview to Choose Data Columns for Plotting

* The Preview button quickly displays the header
section of a data file.

- ; -
Y - d L
‘- ® f‘:' .";.
) . ] "y e g e ae 8
& Preview ' st
-8 s 1. . e : :
L ] I B * & &
§ Time = 1.00003e+02 (=) 1Rl
§ y = -1_53578e-03 (m) (j=17) B CCLHEE - DB
i’.“ § First column z-distance (m). Following columns are 5; : . 9 : . : .. ’.-‘.
temperature (E) at x-locations : * %8 B ’&\' 'I; i
S B & - a8
F 1l = I..’Q'Coitprio
$ 2 wx=-1_45617e+00m (i= 13‘! H - mBesse o e
Mame |Ir|s13n13r1euusZ]DaiﬁTemperathe Profiles £ 3 x=-1_25138e+00m (i= 3) Left Slde, I_ll COlumn 2 : A : : : : : : il
£ 4 x=-1.0808Ze+00m (i= 5) I EELEE SRR
. & " % & 8 & 2
Tile | Instantaneous Temperature Profiles # 5 x=-8.88364e-01m (i= 7) FREREERERENE
$ & wx=—6_63088e-01lm (i= 9) AR R R R
" 2 8 9 % 2 2 aoa
_ _ § 7 w=4.5921%e-01lm {(i=11) o
Subtltle |.ﬁ.d1.-'ar1n::ed PﬂSt‘PrﬂCESSl”g £ 8 x=-2_55238e-01lm (i=132) : : : : : : : - : : : :
$ 9 w=-5_14624e-02m {i=15) Center NREEEREEERER
Legend (®) On () Off £ 10 x= 1.5241%e-01lm (i=17) - ittt
| |
$ 11 = 3.56288e-01lm (i=19) BEESEEEEEERTE
£ 12 w= 5_&0164e-01lm {i=21) — NEEEEEEEERE
File Preview X Yol £ 13 x= 7.5403%-01m (i=23) ss s cessesouan
— £ 14 x= 3. 64748e-01m (i=23) — :E: :;::%: :E:
1 1 TO o 00100.003.dat]| ‘e 1 1 £ 15 x= 1.15596e+00m (i=27) M R4S = 8438 » 848 ¢ o8 §
' § 16 x= 1_34459e+00m 1i=2534 nght Side o TierRiiii
TR
1 HItHHH z
ShowEntreFle| | OK secisscassss
TR RLE ‘
T EEERE R R R
* 8 2 F A S PR ESR
% % 8 S & 2B 8N X
( } * 8 D PR FEED
L NN
:t:::i{._agfe:g
| Add | | Remove | | Copy | | Chedk Data | 0 f Make Image o Plot | | oK | | Cancel sesesfecaniial
o ¥ Smree
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Define the X and Y Columns for Plotting

Data Column 9
2 Data Column 2 l Data Column 16
¥ ¥

(@ Plot Operations

CRR

X-Axis Title |Temperah.|re ) |

Mame |In513n13nenus 2D Data Temperature Profiles |

¥-Axis Title | Height (m) | aiEEE N |
Tite  |Instantanecus Temperature Profiles | [ ] Make Image of Plot ': e EE ¥ E?: .
Subitle |.ﬁ.d1.rar1ced postProcessing | r.:j.:l,;?; .irg:;;aeﬁﬂl. be updated during each "Make Image” and é ’ é % :E ; 3 ; § gé j
File Preview X ¥  Line Name Color Style Width Symbol CEECERENE
1|T0_=00100.003.dat | . |2 1  LeftSide |Black v Solid *  Small-Medium ¥ | None v 1
2 (TO00100003.dat| . |9 1  Center | Red ~ | Solid ~ | Small-Medium ~ | Mone M
3 | T2 00100.003.dat| . |16 1  RightSide | Green ~ | Solid ~ | Small-Medium ~ | Mone -
| TTHHHHHE
- > T
Add || Remove || Copy | | CheckData | (] f MakeImage | lcPot || ok || cancel | E; ‘s ; : E 5 : E; .
FaEa: FiER1
Use the Copy Click Plot to launch Click OK to exit the AL Z
button to create the plotting utility Plot Operations "MTHHHN ‘
rows 2 and 3 (Xmgr / qtGrace) dialog X
R sadaeet

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE cpfdi.
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Interpreting the 2D Plot Data Instantaneous Temperature Profile

qgtGrace: Untitled

F=|
-

* Three curves are plotted, as defined  @x-monns
in the Plot Operations dialog. S
108 : i . i 2
* Values of 0 or -1 are reported for e St | ]
null cells. - |
. . . | [zv] §
* A low-temperature spike is seen in ]
the Center profile, correspondingto 2° | ]
the steam sparger Injection BC. |
o8 I 5{|]0 I Temp ;gllt[)l(:re ® 1 sloo 2000
cEfdEi..
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Use the Zoom Tool to Select a Smaller Region for Plotting

* The 0 and -1 values are not valid O RTRTRR TR ———
temperature data. We want to focus on — |
the temperature region above T=1000 K. 132 S

10 T I T I T T -

* Click the Zoom tool (magnifying glass) L= e

(+) GO R e Right Side - |

* Draw a rectangle around the region of ot
. | AutoO | - 6 =
Interest. 2| E |

* You can specify exact x- and y-ranges using _ _
“World Scaling” o 5 |

* On Windows: Plot =2 Graph Appearance 2> T - |
Vi e W p O rt | Exit | 0 20 Temp::gl?gre (K) 1300 2000
* On Linux: Plot = World scaling |
INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE cpfam:
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Final View of Instantaneous Fluid Temperature (2D Plot Data)

@) qtGrace: Untitled (modified) o
* The Center curve has a low- e S b e e e |
temperature spike at the location of Intanancons Temperature Proies
the steam sparger. (= =
=
* The Left Side is at the lowest _ 1
temperature in the upper portion of : |
the vessel. :
e Devolatilization of fresh coal feed o -
(endothermic) ' | |
* The Center and Right Side are hotter, T e’
and more uniform from top to bottom. ...
cpfdar:

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

CPFD Software, LLC - Sept. 30 - Oct. 2, 2015 - Hyatt Regency Tamaya - Santa Ana Pueblo, NM USA 16



Time-Averaged Temperature Profiles from 2D Plot Data

* Previous plot was instantaneous
data at t =100 s.

* |n this simulation, time averaging
was started at t =50 s.

 Time-average data is often very
useful in Barracuda VR simulations,
because it can better represent
“steady state” behavior.

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE

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

17

@ Barracuda VR with Chemistry - wednesday_gasifier.prj

File View Setup Run | Graphics and Dutput| Post-processing  Help

CEREERTIEEEY (L k:;

Project Tree B X

- o

Thermal Wall BCs L
Paszive Scalar BCs
4 % BC Connections
Secondary Feeds
BC Connectors
4 o Chemistry
I Rate Coefficients
Y5 Reactions
#. Numerics
(- Time Controls
4 o Data Output
t{. Flux Planes
Al GMV Output Options
Znl Average Data
20 Plot Data
Se Transient Data
1# Wall Erasion
#=s Particle Attrition
.*. Raw Data
& Solver Qutput Units
t Run
<! Post-Run

= Plot Manager W

cpfd-software.com

EIENENES

Average Data Qutput

Start time for average:

50

Minimum partice wolume fraction for averaging partice data: ||:|

Output Options

[] Partide volume fraction

[ ] Pressure

[ Fluid velocity

[ ] Particle velocity

[ ] solid mass flux (kgfz m*2)
[ ] Fluid mass flux (kgfz m*2)
Fluid temperature

[] Partide temperature

(] dpfdx

[ dp/dy

[ dpfdz

[ ] wall heat transfer rate/flux

|:| Gas spedes

|wedn esday_gasifierpr

| D:/data_sam/users_conference/2015/ Wednesday_gasifier




Select the Time-Average Fluid Temperature File at t=100 s

* Use the Plot Manager procedure from previous slides and choose
time-average file instead of instantaneous file

o o . . @ Open File
° T . <« datal(D:) » data_sam » users_conference » 2015 » Wednesday_gasifier v O Search Wednesday_gasifier
* Note the file naming convention

p
. . . . Organize « New folder GRS 2 m 7]
* TAVO indicates time-average fluid o A v :
4 datal (newton) || psd_particle_from_cyclone_diplegs.sff 6/2/2015 3:44 PM SFF File 1KE
t t d t L data2 (newton) [ TO_z¢_0D0DOD.000.dat 8/21/20153:31PM  DAT File 13 KB
e m p e ra u re a a . (& T0_zx_00020.000.dat 8/21/20154:38PM  DAT File 13KB
= Libraries [ TO_z_00040.003.dat 8/21/20155:46 PM  DAT File 13KB
PY Th e S i m u I at i O n ti m e t — 100 003 S [Z Documents [ T0_=zx_00D60.003.dat 8/21/20156:53PM  DAT File 13KB
) - ° ) o' Music [ T0_z_00020.001.dat 8/21/20157:58PM  DAT File 13KB
. . . [&] Pictures [ T0_z_00100.003.dat 8/21/2015%:05PM  DAT File 13KB
| S e m b e d d e d | n t h e fl I e n a m e . B videos [ TawvD_2¢_000D0.000.dat 8/21/20153:31PM  DAT File 13 KB
[ TAwD_zx_00020.000.dat 8/21/20154:38PM  DAT File 13KB
* Homegroup [ TAvD_2 00040.003.dat 8/21/2013 3:46 PM  DAT File 13 KB
. [ TAwD_zx_DDDE0.003.dat 8/21/20156:53PM  DAT File 13KB
[ ] U S e t h e Co fe a t u re I n P I ot 18 Computer [ TAwD_z_00080.001.dat 8/21/20157:58 PM  DAT File 13 KB
py 2, Local Disk (C:) ([ TAv0_2 00100.003.dat 8/21/20159:05PM  DAT File 13 KB
o o o — datal (D3) |_] trans.datadD 8/21/2015%:05PM  DATADO File 1,830 KB
IVI a n a e r S I n C e t h I S I Ot I S Ve r — data2 (F) || trans.data01 8/21/20159:05PM  DATADT File 2,208 KB
) ¥ A360 Drive v || waminglog 8/21/20159:05PM  Text Documen t 296 KB

File name: || v| |Comm0n Output/Input Files (F V|

similar to the previous one. e

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE cpfdi.
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Final View of Time-Average Fluid Temperature (2D Plot Data)

. @ qtGrace: Untitled (modified) - o
* Lines are more smooth than i |
instantaneous data (as expected). Time-Average Temperature Profiles
'z Advanced Post-Processing
° . . ° E [ ' I ' [ ' I =
* Left Side is still showing a lower = -
temperature than Center and Right _ il |
Side. -
. 2o 2
* When plotting 2D Data:
e Values of 0 and -1 are reported for null | . 1 R |
cells. L e
. . 1050 1100 11 Tjgmpera[ure t IH{(;O 1250 1300
* Use the Zoom feature (magnifying
glass) to select the region of interest. e
cpfd&E

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE epfid-software.com
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When Plot Manager is not enough

 More complex data analysis may require
using a different tool

e Spatial averaging of multiple columns of 2D
Plot Data is not supported in Plot Manager

 There are many options for approaching
this task, including:

Excel

Matlab
Mathematica
Ensight
Python

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE
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About Python

* Python is a programming language that is popular among engineers
and scientists due to its numerical analysis capabilities.

* Python can be freely downloaded. The distribution we recommend
is from http://continuum.io/downloads

* A great deal of information about Python is available online and in
print
* https://docs.python.org/3/
* https://wiki.python.org/moin/PythonBooks

pygthon
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Calculating Spatial Averages from 2D Plot Data

* Previous plots were for specific x-locations.

10 All Columns from 2D Plot Data

e Sometimes it is desirable to calculate a
single spatially-averaged profile based on °f

all x-locations from the 2D Plot Data output
file.

 The 2D Plot Data output file contains 15
columns of data at different x-positions.

Height (m)

0 I 1 : : n s
1000 1050 1100 1150 1200 1250 1300

® We Wi” CaICUIate a ”Simple_mindEd” Temperature (K)
average of the values in the 2D data file. No
weighting based on cell volumes.
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Open a Command Window in the Current Directory
* On Windows: Shift + Right-click 2 Open command window here

* On Linux: open a terminal in the normal way

RN AT Didata_sam\users_conference\2015\Wednesday_gasifier = =
Hame Share View v @
@ - 1 |« datal(D:) » data_sam » users_conference » 2015 » Wednesday_gasifier » v & Search Wednesday_gasifier
¢ Favorites Marme ° Date modified Type Size )
B Desktop | Platlmages 8/24/20159%:00 PM  File folder
& Downloads || .gui_vars 8/26/2015 ::34 PM  GUI_VARS File TKB
"5l Recent places L .prj~ 8/26/2015 5:34 PM PRJ~ File 192 KB
| Dropbox (CPFD Software, LLC) || DDcells.grmv 8/21/2015 3:30 PM GMV File 3,144 KB
. datal (bacon) || ODdrawcells.gmv 8/21/2015 3:30 PM GMV File 175 KB
. datad (bacon) || DOGrmvFileTime.rc 8/21/20159:05 PM R File 13 KB
4 datal (newton) || O0grid.grd 8/21/2015 3:30 PM GRD File 14,648 KB
4 data? (newton) || ODgridstl.gmwv 8/21/2015 3:30 PM GMV File 10,113 KE
| O0mat.gmv 8/21/2015 3:30 PM GMV File 175 KB
4 Libraries || D0nodes.gmv 8/21/2015 3:30 PM GMV File 635 KB
% Documents || O0pely.gmv 8/21/20153:31PM  GMV File 978 KB
J’ Music || bootp 8/21/2015 3:31 PM OTP File 530 KB View
[&] Pictures || BC_bottom_flow.sff 6/2/2015 3:16 PM SFF File 1KB Sert by
B videos || BC_fresh_coal_feed.sff 6/2/2015 3:16 PM SFF File 1KB Group by
|| BC_heating_coils.sff B/2/2015 3:16 PM SFF File 1KB Refresh
@ Homegroup || BC_particle_feed_from_cyclones.sff 6/2/2015 316 PM SFF File TKB
[ BC_sparger_injection.sff 6/2/2015%16PM  SFFFile 1KB Customize this folder...
18 Computer || be_thermWall.otp 8/21/2015 3:31 PM OTP File TKB Paste
i, Local Disk (C:) || BC_top_pressure.sff 6/2/2015 316 PM SFF File TKB Paste shortcut
[@a datal (D) || be_visc.otp 8/21/2015 331 PM OTP File 3,387 KB Undo Copy Ctrl+Z
< BD-RE Drive (E:) Audio CD || beconnections.log 8/21/2015%05PM  Text Document 2KB Open command window here
s data2 (F) | cellloc.otp 8/21/2015 3:31 PM OTP File 2,698 KB Toermaris
& A360 Drive || cells_f-Temp.attr T/23/2014 221 PM  ATTR File 17KB
641 items  State: 3B Shared New
Properties
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Start the iPython Notebook Server

* |n the command window, type:
ipython notebook example.ipynb

o) ipython notebook example.ipynb

D:“data_sam~users_conference~2B8155\Wednesday_gasifier>ipython notebook example.ipynh
:4@:45_.366 Notehookfippl Using MathJax f o
.383 NotebhookfAppl Serving noteboo {5am| - b
.383 MNotebookAppl B active kerneld

.383 Notebookfipp] ! ST =
.383 Notebhookfippl o i . R m —
Notehookfipp] Kernel started: [ C' A [ localhost:8888/notebooks/example.ipynb# Y ﬂ =
JU pyter example Last Checkpoint: 42 minutes ago (unsaved changes) F
File Edit View nsert Cell Kemnel Help |Fythcn 30
B + = @B 4+ ¥+ B C|code v Cell Toolbar: | None v

In [ ]: | *¥matplotlib inline
import matplotlib.pyplot as plt
import numpy as np
import numpy.ma as ma

Your default

web browser

should start
automatically.

Goal 1: Plotting Fluid Temperature Profile in Gasifier

Demo 1.1: How to Plot All Available Data from the 2D Plot Data File

Using numpy's genfromtxt function, we can quickly read in all columns of data from the 2D Plot Data file. Then, we can use
a Python for loop to iterate through the columns of temperature data, adding each column of data as a line in our final plot.

In [ ]: |# Use the numpy function "genfromtxt"™ to read all data from the 2D Plot
# This will create a 2-dimensional array, where the first col is
# and the following colu are fluid tempergture values at differen

data = np.genfromtxt('T8_zx_88188.0884.dat", unpack=True) -
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cpfoE

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

cpfd-software.com

24




Example iPython Notebook Overview

* The first cell has several import commands to bring in the functions
we’ll be using for reading data, creating plots, etc.

In [ ]: | #¥matplotlib inline
import matplotlib.pyplot as plt
import numpy as np
import numpy.ma as ma

Instead of remembering the exact syntax of the\

import commands, it is recommended that you
keep a template somewhere on your system as
. @ starting point for new iPython notebooks. D

* Any additional Python modules you need can be imported similarly,
and by convention should be imported at the top of the notebook.
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Demo 1.1: Plotting All Data from a 2D Plot Data File

* The next cell shows how to plot all of the available data from the

instantaneous 2D Plot Data file.

In [ ]: |# Use the numpy function "genfromtxt™ to read all data from the 2D Plot Data file
# This will creagte g 2-dimensional array, where the first column is z-position,
# and the following columns are fluid temperature values at different x-positions.
data = np.genfromtxt({ 'Te zx 881ea.884.dat’, unpack=True)

numColumns = data.shape[8]

—" Use this syntax wh
fig, ax = plt.subplots()  e— . se this syntax whenever
ax.set_title('All Columns from 2D Plot Data') lyOU want to start a new plOt

J

ax.set xlabel('Temperaturse (K)')
ax.set ylabel{ 'Height (m)")

for i in range(l, numColumns):
® = data[i]

y - data[e] Add lines to the plot by using
validData = (x > @)
ax.plot(x[validData], y[validData]) the ax.plot( ) command.

p = "all data columns_from instantaneous 2d plot data”
fig.savefig(p + ".png’', format="png', dpi=288)
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Demo 1.2: Calculating a Spatial Average of 2D Plot Data

* The next cell shows how to use a special feature of numpy called

“masked arrays” to calculate a spatial average of the instantaneous
2D Plot Data for fluid temperature.

Spatially Averaged Temperature Profile

In [ ]: |# The vessel height is the first column of the 2-dimensional “data"” array. 10 IBased oanstantaPeous 2D|Pkn:Dat§
height = data[@]

# We can use numpy ‘s *masked array*® feature to calculate a spatial average sl
# and intentionally ignore values of 8 and -1 reported at null cells in

# Barracuda's 20 Plot Data output files.

x = ma.masked_less_equal(data[1:], @) These two lines calculate the spatial z 6l

averageTemperature = ma.average(x, axis=8) . . =
average, ignoring values £ 0. £

fig, ax = plt.subplots() L2 o4l

ax.set title('Spatially Averaged Temperature Profile\nBased on Instantaneous 2D Plot Data')
ax.set xlabel('Temparaturse (K)')

ax.set ylabel('Height (m)") 2L
ax.plot{averageTemperature, height)

D

p = "spatial average of instantaneous 2d plot data™ 0 ' ‘ : : ‘
fig.savefig(p + '.png', format='png', dpi=200) 1230 1240 1250 ] 126tO (K)127o 1280 1290
emperature
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Demo 1.3: Spatial Average of Time-Average 2D Plot Data

The next cell is very similar, but in this case we use the time-average

2D Plot Data file.

# Following the principles above, we can calculate the spatial average
# for *time-average™ temperature data.

data = np.genfromtxt( TAve zx 88186.004.dat’, unpack=True)

height = data[@]

¥ = ma.masked less equal(data[l:], &)
averageTemperature = ma.average x, axis=8)

The file name passed to
genfromtxt() is the only change.

fig, ax = plt.subplots()
ax.set_title('Spatially Averaged Temperature Profile‘nBased on Time-Average 2D Plot Data')
ax.set xlabel(' ' Temperature (K)")

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

ax.plot{averageTemperature, height);

p = "spatial average of time-average 2d plot data"
fig.savefig(p + ".png’', format="png', dpi=288)
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Further Reading for Better Spatial Averaging | . o

e As stated previously, the spatial average
calculated here using the 2D Plot Data is
“simple-minded”

 Numerical average of the data

* No weighting based on cell size

* Only uses data from one 2D plane

More sophisticated methods are available for
calculating spatial averages to address these
shortcomings. One specific method is discussed
in the CPFD Support Site post Data-Mining GMV
Files Using gmv2txt.py. See this post for
complete details.

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE
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Search the Knowledge Base

Q

Still want to call us? Call us at 505-275-3849. Our business operating hours are 9am-5pm MST (G5T -6), but feel
free to email us anytime (suppert@cpfd-software.com).

{ Go Back to Knowledge Base

Data-mining GMV files using gmv2txt.py

August 14,2014 | Last Updated: September 23, 2014 | Categories: Recently Updated, Post-Processing

One method of data-mining GMV files is presented in this post. This method relies on converting
the GMV files 1o text format. A warning before we get started: GMV files are binary (which makes
them space-efficient for holding large amounts of data), and converting them to text format results
in dramatically larger file sizes. For example, if you have 100 GB of Gmv* files, you would probably
need about 400 GB of free space to hold the resulting text files. Please ensure that you have
enough hard drive space available before running gmv2txt py on many GMV input files. The
resulting text files can quickly fill up a hard drive, which can cause many problems for your system.

Step 1: Convert GMV Binary Files To Text Format
Using Gmv2txt.Py

Attached to this post (in gmv_data_mining_scripts.zip) is a Python script called gmv2txt.py, which
extracts the cell and particle data from binary Gmv files and writes it out to space-separated
column-formatted text data files. To convert all Gmy* files in your directory, use a command like
this:

gmv2txt.py Gmv*

Or, if you only wanted to convert Gmv files numbered 400-500, you could use a command like this:

CPFD Software, LLC - Sept. 30 - Oct. 2, 2015 - Hyatt Regency Tamaya - Santa Ana Pueblo, NM USA
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Goal 2: Residence Time Distribution (RTD) of Particles Exiting System

* Achieving Goal 2: Using Raw Particle Residence Time Distributon o
Data at Flux Planes | | | |
* |ntroduction to Raw Particle Data 0.08
e Whatisit? > 0.06 All Cyclones
* How to enable it? fé
* Calculating and plotting RTD using Python

0 20 40 60 80 100
Time (s)
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Raw Particle Data at Boundary Condition Flux Planes

[&f DAdata_sam\users_conference\201 S\Wednesday_gasifier\FLUXBC _cyclone_1_pressure_raw_particle - Notepad++ -
File Edit Search View Encoding Language Settings Macro Run  Plugins Window 7 X

cEHERGE iRl nyax BEE S1[ERELEEDR G| |[Ee

e Detailed information is recorded

|=| FLUXEC cyclone 1 pressure_raw_particle Ei|

[] ° 1 # Cyclone 1 pressure BC
for each computational particle n
3 e 1 "Time"™ ng™
4 @ 2 "Unigue particle ID" e
that crosses the BC flux plane {3 oo cios s
° & B 4 "Particle radius" "micron®
T #@ 5 "Particle density" "kg/m3"
° . . 8 #@ & "Mumber of particles in cloud™ o
* Time at which particle crossed plane | @ &  =mmxaion.
10 #@ & "Species" o
. . 11 %@ 9 "Particle x-velocity" "m/a"
L4 U n I q u e pa rt I C | e I D 12 #@ 10 "Particle y-velocity"™ "mSs"
12 #E@ 11 "Particle z-velocity"™ "mSs"
14 #@ 12 T"Particle temperature™ mE"
([ CIOUd maSS 15 #@ 13 "Mass fract:i.cnn of snl:i.d mater:i.al (Bsh) " we
16 #@ 14 "Mass fraction of =o0lid material (C)" mm
17 #@ 15 "HMas=s fraction of non-solid material (Volatiles)™ mn
[ ] Pa rt i C I e ra d i u S i8 T.376225%e+00 394898 1.184436e-03 2.2T73B64e+01 B.2126B0e+02 2.9284597e+07 3.047600e+00 2 3.
19 T7.508660e+00 394952 9.154500e-04 4.275332e+01 8.264344e+02 3.383983e+06 3.08133%e+00 2 4.
20 7.518589%=+00 393263 £8.805444e-04 5.391718e+01 £.006598e+02 1.675071e+06 5.019400e+00 2 4.
Y ReS i d e n Ce ti m e 21 T7.6127042400 394030 1.185897e-03 4.076749%e=+01 £.067776e402 E5.179636e+06 4.925256e400 2 3.
22 T7.621108e400 393070 1.128864e-03 5.7071%0e+01 7.983230e402 1.815965e+06 5.171338e400 2 4.
23 T.754625e+00 394895 B.774637e-04 2.2213892e+01 7.991253e+02 2.391387e+07 3.433623e+00 PE
L4 24 T.772742e+00 394896 2.865401e-04 7.215038e+01 8.073552e+02 6£.979580e+05 3.451741e+00 2 4.
L SpeCIES 25 7.792435e+00 393690 1.088730e-03 5.346482e+01 7.977591e+02 2.131845e+06 5.236681le+00 2 4.
26 7.820005e400 394832 0.012132e-04 3.397386e+01 7.935011e402 6£.914433e+06 3.616411e400 2 3.
° . ° 27 T7.839698=400 393249 £.636590e-04 7.070242e+01 T7.85303%e402 7.428703e+05 5.34009%e400 2 4.
® Mate rlal Com pOS|t|0n 28 7.844621e+00 394875 8.4018072-04 2.022194e+01 7.873912e+02 3.080529e+07 3.561802e+00 2 3.
29 T7.859391e+00 394841 9.892950e-04 3.501765e+01 7T.881765e+02 £.978352e+06 3.644092e+00 2 3.
30 7.864314e+00 394854 9.148053e-04 4.186526e+01 7.97300%=+02 3.732988e+06 3.623293e+00 2 2.
31 7.950361e400 394845 D0.50989%¢6e-04 5.568040e+01 7.981462e402 1.647774e+06 3.725416e400 2 3.
< CoTT T o o T [ oo T T T
Maormal text file length: 4231739 lines: 21493 Ln:1 Col:1 Sel:0|0 Dos\Windows UTF-8 w/o BOM INS

COMPUTATIONAL
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Enabling Raw Particle Data Output for BC Flux Planes

* Pressure, Flow, and Injection BCs support Raw Particle Data output.

- ?
[ Pressure BC Editor :
Pressure boundary condition

Location Fluid behavior at boundary Particle behavior at boundary

Direction: IEI (1) (®) Pressure file: |tuijrE55urE.S'FF| | Edit | = ] ) Mo partide exit 1)

a6 ] els ] Osewas

(®) Partide out flow
Flux plane options ﬂ Min = ICI to Max = | UMLIMITED
H H Temperature K
[ Specify a Flux file name L ’ 0
Flux file name: |FLUXEC_C}'dDﬂE_1J:IrESSUFE | ﬂ - o I:::I Partice feed (Slip and val frac)
k-factor i}
Gas spedes flux plane behavior:
|I'~"Iass Time Cumulative - | Properties (") Partide feed (Slip and mass flux)

«| Subdivide by radi Radius divisi
uDdivide Dy radils adlls divisians Fluid properties if inflow |Ir1terior cell values v| O () Partide feed (Slip and mass flow rate)

Click the checkbox. L .

Edit particle feed

Comment Applied fluid species | Define fluid spedes |

|Cydone 1 pressure BC | Farticle Feed Control &
|n Reference grid| K | | Cancel |
INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE cpfdiE
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Demo 2.1: Plotting Residence Time Distribution (Single Cyclone)

* This cell demonstrates the basic procedure for plotting RTD as a
histogram.

In [ ]: |# From the flux plane raw particle data, we only care about these columns:

e = Residence Time Distribution of
#@ 8 “Species Fresh Coal Feed Particles
# Note that genfromtxt’'s usecols function requires columns counted from 8, 0.09 w w
# so subtract 1 from the Barracuda header numbers, which start at 1. 0.0sL |
resTime, species = np.genfromtxt('FLUXBC cyclone_1 pressure_raw_particle', usecols=(6,7), unpack=True) '
0.07 | .
# We only care agbout *Species 2* particles, Fresh Coal Feed |
selectedSpecies = (species == 2) File naming convention. ] 0.06 Cyclone 1 Only 1
>
= 0.05
print{"Number of data points all species = ", len(resTime)}) o
print{"Number of data points (species 2) = ", len(resTime[selectedSpecies])) 8 0.04
o
fig, ax = plt.subplots() 0.03
ax.set title('Residence Time Distribution of‘nFresh Coal Feed Particles') 0.02
ax.set _xlabel('Time (s)")
ax.set_ylabel('Probability’) 0.01
ax.annotate( 'Cyclone 1 Only', xy=(608,8.86))
ax.hist{resTime[selectedSpecies], bins=28, normed=True}; 0'000 20 40 60 80 100
Time (s)
p = "pdf _rtd of fresh coal feed particles cyclone 1"
fig.savefig(p + ".png', format="png', dpi=288)
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Demo 2.2: Plotting RTD Based on Data from All Cyclones

* The next cell extends the plot to include data from all 4 cyclones.

In [ ]: fList = ['FLUXBC cyclone_1 pressure_raw_particle’,
"FLUXBC cyclone 2 pressure_raw_particle’,
"FLUXBC cyclone 3 pressure raw_particle’,

'FLUXBC_cyclone_4 pressure_raw_particle'] ResFider;]C(e: TiIinFe D(;SE)rilr?tl_Jtion of
0.10 | resh Coal Feed Particles

resTime = []
spacies = []
for £ in flist: 0.08 i
resTime = np.concatenate((resTime, np.genfromixt(f, usecols=(6))))
species = np.concatenate((species, np.genfromitxt(f, usecols=(7))))
All Cyclones |

e
o
)

selectedSpecies = (species == 2)

Probability

print{"Number of data points all species
print{"Number of data points (species 2)

", len(resTime))
", len(resTime[selectedSpecies]))

0.04

fig, ax = plt.subplots() 0.02
ax.set title('Residence Time Distribution of‘\nFresh Coal Feed Particles')
ax.set _xlabel('Time (s)")
ax.set ylabel( ' 'Probability’) 0.00
ax.annotate('All Cyclones', xy=(6@,8.86)) 0 20 40 60 80 100
ax.hist(resTime[selectedSpecies], bins=28, normed=True); Time (s)
p = "pdf _rtd of fresh coal feed particles all cyclones™
fig.savefig(p + ".png', format="png', dpi=288)
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Demo 2.3: Plotting RTD as a Cumulative Distribution Function

* The final cell shows:
e How to plot RTD as a cumulative distribution

function
* The concept of using data calculated in a
: . Cumulative RTD of
previous iPython notebook cell y Fresh Coa Feed Particles
All Cyclones
0.8}
In [ ]: fig, ax = plt.subplots()
ax.set title( 'Cumulative RTD of\nFresh Coal Feed Particles')
ax.set_xlabel( 'Time (s)") > 0.6
ax.set ylabel{ ' 'Probability’) %
ax.annotate('All Cyclones', xy=(18,8.9)) 8
ax.hist{resTime[selectedSpecies], bins=28, normed=True, cumulative=True}; £ 04
p = "cdf_rtd of fresh coal feed particles all cyclones™ . "
fig.savefig(p + '.png', format='png', dpi=288@) USIﬂg the cumulative 0.2
option changes plot from
probability to cumulative. 0.0 o %0 o0 50 N0

Time (s)
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How to Run the Notebook

e The entire notebook can

-
f o

be run at once by using: |-

ipython_notebook_examp x

=1 - - N

= C A [3 localhost:8888/notebooks/ipython_notebook_example.ipynb

v B} =

Cell = Run All

* An individual cell can be
run by using:
 Cell 2 Run
o Ctrl + Enter

= Ju pyter ipython_notebook_example Last Checkpoint: an hour ago (autosaved)

File Edit
+ | =
In [ ]
In [ ]

View Insert

SN G N

#matplotlib inl
import matplotl
import numpy as
import CPFDfung

# Use the nump)
# This will cre
# and the foll¢
data = np.genfr
numColumns = d:

Run

Run and Select Below

Run and Insert Below
Run All

Cell Kemel Help

L

Cell Toolbar:  Nane

Run All Above

| Run all cells in the notebook i

Run All Below

Cell Type

Current Output
All Output

13

L]

fig, ax = cpfd.newPlot()

for i in range(l, numColumns}:

x = data[i]
y = data[e@]

validData = (x > @)

ax.plot(x[validData], y[validData])
localhost:8888/notebooks/ipython_notebook_example.ipynb®

-

' to read all data from the 2D Plot Data file
rray, where the first column is z-position,
v 1 temperature values at different x-positions.

3.dat', unpack=True)

A

| Python 3 O

3
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Other Notable Features of iPython Noteboook

* Tab-completion of commands and ‘ In [ 1

# Filename Tab-Completion
historyFile = "hist|
%hist

filenames

 When typing, press Tab and a dropdown
will appear with available options

whistory
history.log

e Markdown

* Cell 2 Cell Type =2 Markdown
e Allows you to document your work

# My first heading
## My second heading

My equation: $d = ‘\sqrt{x"2 + y“z}ﬁ

* Supports LaTeX equations
* Supports headers and other formatting

My first heading

My second heading
My equation: d = /x2 + 9?

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE

cpfd-software.com

ooooooooooooo
nnnnnnnn

CPFD Software, LLC - Sept. 30 - Oct. 2, 2015 - Hyatt Regency Tamaya - Santa Ana Pueblo, NM USA 37



Goal 3: Viewing a Single P

* Achieving Goal 3: Using
Particle Select in GMV

* Selecting based on multiple
criteria

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE

Introduction to Particle Select

article Species in GMV

- o N

GMV V4.6.2 built 2015-05-19

cpfd

COMPUTATIONAL

PARTICLE
FLUID DYNAMICS

GMV V462 built 2015-05-19 = © GMV V462 built 2015-05-19 =
File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections  View ‘ File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections View ‘ File Display Calculate Ctl-1 Ctl-2 Ctl-3 Reflections Yiew
£ file: weddidata_samd/uzers_conferences2015/ Uednesday_gasifi £ file: veld/data_sam/users_conference/2015/lednesday_gasifi [ file: wedd/data_sam/uzers_conference/2015/lednesday_gasifi
Elev, 3.5 Elev, 9.5 Elev, [ e [T 8.5
fizim, [ [ fizm, [ 86D fizim, [T [86.D
Mag, Mag, Mag.,
9.9802765e+01 9.9802765e+01 9.9802765e+01
T . .
Particles ResTime Particles ResTime Particles ResTime

100 100 100

90 20 90

E.OZ ﬁ.OZ E‘UZ
—80 —80 —80
—70 —70 —70
60 60 80
30 50 S0
40 40 40
30 30 30
20 20 20
10 10 10
0 All Particles o Only Species 2 0 Species 2, ResTime <= 10
cpfd-software.com
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Varlables Used in GMV Must Be Selected in GMV Output Optlons

Barracuda VR with Chemistry - wednesday_gasifier.prj

File View Setup Run Graphics and Output  Post-processing  Help

» WG & m it

© 1=E w0

Project Tree B X

Injection BCs
Thermal Wall BC=
Passive Scalar BCs
4 % BC Connections
Secondary Feeds
BC Connectors
4 o Chemistry
i Rate Coefficients
J5 Reactions
. Numerics
(- Time Controls
4 o Data Qutput
t}_ Flux Planes
|&" GMV Output Options |
Zm Average Data
20 Plot Data
S Transient Data
1:1# Wall Erosion
+#¢ Particle Attrition
.*. Raw Data
& Solver Output Units
l\ Run
L' Post-Run
- Plot Manager

]

L

¢ | &+ | ¥ | P

General Mesh View Data Qutput 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 GMY.

Qutput file interval
Plotinterval: 0.2

Eulerian (Cell) Cutput Data
Partide volume fraction (p-volFra)
Fluid velodity (U, ¥, W)

Partide velocity (P_[xyz]vel)
Pressure (Pressure)

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

Cell indices {, i, k)

Lagrangian {Partide) Qutput Data
Partide volume fraction (VolFrac)
Partide speed (Speed)

Particle radius in microns (rad)
[ | Constant color (Partice)

[ ] Drag

Gas Spedes
(®) Mass fraction {<spedes=.mf)

() Mass concentration {<species=.mc) |

5 Mumber of files produced using current end time of 100s; 501

[] Partide bulk density {(p-dens)
[ ] Turbulent viscosity {ViscTurb)
CFL (CFL)

[ ] Particle specdies (Species)
Fluid temperature (f-Temp)
Partide temperature (p-Temp)
Cell volume (cellval)

Particle material (Material)
[ ] Partide density (Density)

Partide spedes (Spedes)

Unigue particle ID

I Maole fraction (<spedes:=.nf)

NS

) Mole concentration (<spedes>.nc)

[ dpjdx (dp/ex)

(] dp/dy (dp/dy)

dp/dz (dp/dz)

[ ] Partide mass flux (P_[xyz]Mass)
[ ] Fluid mass flux (F_[xyz]Mass)
Wall heat transfer (walHeat)

Velodty (vel[xyz])

2 Residence time (ResTime)
[ ] Residence time by spedes (ResTime##)
Temperature (Temperat)

Options

[ ] compress graphics output {not common)
[ ] Generate predefined GMV attribute files

|wv.=_-d nesday_gasifier.prj

D:/data_sam/users_conference/2015/Wednesday_gasifier
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Particle Sele

I:ll:usel Apply 8

} select Particle Fieldl ! 4

On
. - - EaTh Data Range
SINg Farticie seleCt 10 SNOW Unly species | 4 Select seoch
Cloze On Sphere
[ Barracuda VR with Chemistry - 17.0.3 - wedn: GMV V462 built 2015-05-19 - O fpply o 5= et F'Naur‘mthiecrl:|
File View Setup Run Graphicsand Qutput Postprocessing Help File Displaultalculate Ctl-1 Ctl=2 Ctl-3  Refl N - =

i ] B - | I:I 1 =
r'-‘J ,ﬂ' ka t o 1 .i * ‘ !‘} H H 2 Nodes rent file; we/d/data_samusers_conferer Nane —n : Particle Select - Part...

Cells st | I Cl
: w |_ oze| Set
Project Tree & Post-Run Analysis Polygons |y, | I #*Regular Points _I _I
Thermal ... » .
Passive 5c... Default post-processor &M"‘“ | JE - Spheres Field: Species 5
: - Surfaces
4 5 BC Conn.. _ Ma Mew Fielc_t‘IC
e ™ =B
@ () Ensic — M
Secondary. ® GMV as default post-processor * Launch GMY ) EnSic RaL 1.0000429e+02 " HUMDErS Hine 1
BC Conne... | I P w Yalues Max: 2
. Utilities View Results =
4 a Chemistr Particles ResTime Poi : : RANGE
B RateC.. P B ) i ~wPoints with SIZE radiu Hins
! View Particle Data View Ce ng I?
: ) o Plotutiity
¥ Reacti.., 100.0043 Fields RS Iz
#. Numerics Particle £
(" Time Co... —:: View Log Files A] | Violume Fraction L 90.00386 wiolFrac @I
4 4k DataOu.. . ' :I pid Reset A1l
Y FluxPl. e i e —80.00343 wrrad §.. — O =
i .
Al GMY . Use a Post-Run shortcut —70.003 ~Species Cl
M Avera.., ~ {L B
20 Plo.. whenever possible as a | 60.00257 wnf-fish
Se= Transi.. . . ) P YolFrac
wrmf— .
1#[:; Wall E... Startlng p0|nt. 0 50.00214 Fi pid
see Particl {L ) e
articl.. <, Convertimage | ! 2
. Raw D.. [EL, or animation &] q Partide a0.00172 Select A
& Solver. | Residence Time mE-C
x o+ Convert GMV | _JHiztaor .
T Run BT o Ensight files : {l 30.00129 Y nE-volatile
& Post-Run A] _IT_artde o Back tofo Temperat
— | Temperature .
. Plot Ma... ., £ Create i - 20.00086 Stride r ResTime
e = support file Speed
10.00043 Read Histary Files| el
aalb-dA AL < : : vely
| = . : 1.9259858—08 | .- [T History Points On -
wednesday_gasifier.prj D:/data_sarn/users_conference/2013/Wednesday_gasif c17E
(] f— COMPUTATIONAL
INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE cpfdi-
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Selecting Particles Based on Multiple Criteria M vaszouoisoss -

File Display Calculate Ctl-1 Ctl-2 Ctl-3 Refl

GMV V4.6.2 built 2015-05-19 - B L Current file: wedd/data_samuzers_conferer
ile izpla alculate = = = = ( . . \ ( . . \ Q Tuist | —
e Teelay feedae BT R R [ View resulting from steps View resulting from steps Elev, | ;
£ Current file: vesd/data_sam/users_conferet . B . . :
| y Tist] — shown on previous slide. shown on this slide. Only Azim. | —1
El: _l_l—‘—' Only particles with particles with Species = 2 and e 1.0000429e+02
- Species = 2 are shown. I\ ResTime < 10 are shown.
| LoD 7 < Particles ResTime /.
Particles ResTime - 100.0043 ' '
100.0043 Particle Select - Part... s.. - B Particle Select 90.00386
j 90.00386 Elu:usel EI Close Elu:usel ﬁpplglﬂ ‘ j —R0.00343
—80.00343 {elds RasTi YolFrac a1 I™ Select Particle Fi 1d|
Field: RezTime 1 i On aEailsg Ean;z —70.003
—70.003 Hew Fiel rad I Select Search
Ming 1,9259848614e-05 S 2 i ssﬁ;ﬁe —60.00257
— 8000257 Maxy 100, 00428772 mf-Azh
RANGE nf-C - Select Particle [L.00 50.00214
[L.00 I»so.oozm Hir: [ 3 wF-volatile O Mumbers |
Hax: . Temperat. o Select 5 h —40.00172
| a0.00172 LN Min=0 | | oem——"2 O e |
Resetl
Max=10 Speed —30.00129
—30.00129 Reset mll : ue}x
vely
20.00086 velz 20.00086
SIZE
10.00043 1 10.00043
1.925985e-06 1.925985e-06
INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE cpfdiE
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Goal 4: Creating a Spinning Movie

* Achieving Goal 4: Using BATCHMOVIE.sh

 |ntroduction to BATCHMOVIE.sh

* Creating a spinning movie using the —azim
flag in BATCHMOVIE.sh

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE
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GMV V4.6.2 built 2015-05-19 - B

Save an AttribUte File File | Dizplay Calculate Ctl-1 Ctl-2 Ctl-3 Refl

Fead GHY File -

file: wesds/data_samduzers_conferer

Put. Attributes i Put Attnbutes
Let Attributes [
Read GHY RAY File - Filier
Y BATC H IVI OVI E h t Snapshot d/data_samsuzers_conference/ 2015/ lednesday_gaszifier *attr
SN creates
Cave guvrc 1.0000429e+02

Directaories Files

images for each Gmv* file iite Vricbles AT | [ — o T

UuIT sTime CPFI_trans_tracers_res_time,attr

by using an attribute file 1000043 il | Ryt
describing the view. [

cel ls_f-Temp,attr
tracers_volfrac, attr

80.00386

=l
=l

j —B80.00393

* Create the view you want in
GMV, then use the menu: —860.00257

| JR = = JE =

Selection

i/llednesday_gaszifierdparticles_species_2_restime_le_10,attd]

. . oo™ 50.00214
File = Put Attributes Lﬂ ] el el [
e Use a good, descriptive

name (with no spaces) for oo |
the attribute file. pa—_—
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fcygdrive/d/data_sam/users_conference/2015/Wednesda... — =

Hain Optionz YT Options YT Fonts

lobolwatt
N |

Start a Terminal

md.exe - xterm -

reserved.

_gasifier>xterm
Set conversion

e BATCHMOVIE.sh is a command-
line utility, so we need toopena 7§’
terminal in the current project’s ™3 =

<
Passive Sc... Default p
I 1 4 T4 BC Conn } i
d I re Cto ry to u S e I t ° Secondary.. ®) GMV as default post-processor * Launch GMV ! EnSight as default post-processor ‘ Launch EnSight
BC Conne...
4 o Chemistry Utilities View Results
o “d Rate C.. ! Plot Uity View Partide Data View Cell Data View Average Cell Data
* |n Windows: e |l
° #. Mumerics | Partide _
(" Time Co... — | ViewLog Files Violume Fraction | cel | cell Average
> I I l i 4 *& Data Ou é Volume Fraction I‘.g Violume Fraction
° P t_ R O T I f . 1 Particle

OS u n e n e r I n a 4 FlucPL. a Open terminal | Solid Region

& GMV .., /

Cell Cell Average

N Avera... - | |
* In cmd.exe enter: xterm = || T Al A e _—
] . v Transi... \m\ﬂew !ma%es
ar animauons i
oo Wall E... & |:;$1E5 & | Cel & | Cell Average

+#+ Particl.. ) Convertimage Pressure Gradient Pressure Gradient

[ ]
® I n L n u ° Raw D... Cl—. or animation Partide
I X ° & Solver.. é |

Residence Time
2 Run gy Convert GV Cell Cell Average
° . I Post-Run ©F to Ensight files | Particle & | Fluid Temperature f:ﬁ Fluid Temperature
- Te i
Post-Run = Open Termina Pt M Erveanse

@ % suppart file

G 4V »

wednesday_gasifier.prj D:/data_sam/users_conference/2015/Wednesday_gasifier
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Basic BATCHMOVIE.sh Command

* Create a “regular” movie:

BATCHMOVIE.sh particles species 2 restime le 10.attr

Jcyadrive/d/data_sam/users_conference/2015/Wednesda... — =

Hain Options Y¥T Optionsz YT Fonts

loboBwatt

% BATCHMOMIE,=h particles_species_2_restime_le_10,attr
llzing mencoder

Attribute File: particles_species_2_restime_le_10,attr

attr): 298x477

Image Prefix: particles_species_Z_restime_le_10

Target Directory: particles_species_2_restime_le_10
Animation Mame: particles_species_?_restime_le_10,.mpg

How creating: particles_species_Z_restime_le_10Gmw, 00000, jpg
Mow creating: particlez_species_?_restime_le_10Gmy, 00001, jpg
How creating: particles_species_Z_restime_le_10Gmw, 00002, ipg
Mow creating: particlez_species_?_restime_le_10Gmy, 00003, ipg
Mow creating: particlez_species_?_restime_le_10Gmy, 00004, ipg
How creating: particles_species_Z_restime_le_10Gmw, 00005, jpg
Mow creating: particles_species_?_restime_le_10Gmy, 00006, jpg
Mow creating: particlez_species_Z_restime_le_10Gmy, 00007, ipg
How creating: particles_species_Z_restime_le_10Gmw, 00008, jpg

Uzing window zize embedded in attribute file (particles_species_2_restime_le_10,

BATCHMOVIE.sh will process\

all Gmv* files in the current
directory, creating images

and a final animation based

on the specified attribute fiIeJ

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE

Particles ResTime

100.0043

90.00387

—80.00344

—70.00301

—80.00258

r

kand ResTime < 10 will be shown.

The resulting movie will match

the view defined in the attribute 000129
file, including particle selection. 20.00086
Only particles with Species = 2 10.00043

1.925985e-06
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Using the -azim Option to Create a Spinning Movie

e BATCHMOVIE.sh hasa —azim option to rotate the movie as time
progresses. In this example, let’s spin the geometry two full turns over

the course of the 100 s of simulation time.
* |n order to use the —azim optionin Windows, the tc1sh package must be

installed in Cygwin. If this package is not already on your system, see this
knowledge base post for details about how to install it.
* Let’s also use the —name option, to give the resulting images and movie

a different prefix than they would have by default.

BATCHMOVIE.sh particles species 2 restime le 10.attr -azim 0 720

—name spinning movie
Put this BATCHMOVIE.sh command
on a single line in the terminal.

nnnnnnnnn
nnnnnnnn
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http://cpfd-software.com/customer-support/knowledge-base/installing-extra-packages-for-cygwin

Final Spinning Movie

e BATCHMOVIE.sh will run, creating the images
and final movie with spinning geometry.

T fcygdnve/d/data_sam/users_conference/2015/Wednesday_gasifier = =

Hain Options YT Options YT Fonts

lobo@watt

% BATCHMOMIE,sh particles_species_2_restime_le_10,attr —azim O 720 —name spinning_movie
lzing mencoder

Attribute Filet particles_species_?_restime_le_10,attr

Uzing window size embedded in attribute file (particles_species_2_restime_le_10,attr): 2989x477
Image Prefix: spinning_movie

Target Directory: spinning_movie

Animation Mame: spinning_movie,mpg

Mow creating: spinning_moyielGmy, 00000, jpg

Mow creating: spinning_movielGmy, 00001, ipg

How creating: spinning_movieGmy, 00002, jpg

Mow creating: spinning_moyielGmy, 00003, jpg

Mow creating: spinning_movielGmy, 00004, ipg

How creating: spinning_movieGmy, 00005, jpg

INAUGURAL BARRACUDA VIRTUAL REACTOR USERS’ CONFERENCE
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8.2023840e+00
iﬁff’] vawx\‘

Particles ResTime  / ' N
100.0043 ). b
90.00387 5 -

—80.00344
—70.00301

—60.00258 R

50.00215

40.00172

- —30.00129

20.000886

10.00043

1.925985e-06 ' «j
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Further Tools for Creating Fancy Movies

e -mp4 flag for BATCHMOVIE.sh, and standalone script jpg2mp4

 The .mpg files generated by BATCHMOVIE.sh sometimes cannot be played by Windows Media Player or
Microsoft PowerPoint

* You can create a .mp4 file instead, which will usually be able to play successfully on Windows

e MULTIFRAME.tcl
e Script distributed with Barracuda VR
e Can combine frames from multiple animations into a single final animation
* See Barracuda VR Training Materials for details, or this support site post.

e CEl EnSight
e Alternative post-processor that supports GMV files

* Modern GUI design with many features
e Also scriptable through a built-in Python interface
e Sold and distributed by CEI
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