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Coal Gasifier 2D Reactor

* This model simulates the gasification of coal particles in a thin “2D” reactor

* The coal particles consist of carbon, ash, and volatile components trapped

inside the coal |<—‘

* The volatile components in the coal particles will devolatilize from the coal

Outlet
* The carbon in the coal and devolatilized methane will participate in the
, S P =10 atm
following reactions:
e Steam gasification: C+ H,0 €5 CO +H,
* CO2 gasification: C+ CO, <> 2 CO Coal
*  Methanation: 0.5 C+H, <> 0.5 CH, Feed

e Carbon combustion: 2 C+ 0, - 2 CO
e Water gas-shift: CO + H,0 <> CO, + H,

* Reversible reactions will be broken into forward and reverse directions,
with separate reaction rates given for each direction

* Simulation includes thermal calculations |<—‘

\ Ash
/

Recycle
Air + Steam
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Outline for Simulation Setup

* Use a diagram of system information to set up flow and pressure BCs

* Discuss best ways to define fluid-only and fluid + solid flow BCs

* How to handle different solid species, i.e. fresh coal feed and ash recycle
* Convert reaction rates from format(s) given in open literature to “Barracuda format”

* The main source used for defining the chemistry is Syamlal et al (1992).

* Carbon combustion is from Yoon (1978), and water gas-shift is from Bustamante (2004, 2005)
* Select GMV output variables, transient data points, and any other output data

*  Which parameters are important to monitor?

* How do you want to display the results of the simulation?
Verify that problem setup is correct and run the simulation.

* View boundary conditions to make sure BCs are defined correctly
* Look in the info.log file to verify that chemistry is set up correctly

* Briefly review results of simulation that has been previously run and post-processed
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System Diagram

100 cm —— System Pressure = 1.0x10° Pa
* The diagram on the right summarizes the conditions for
92 i i
the problem flow and pressure BCs - _ Light Volatiles
Mass fraction
H “ ” "« ” 10 cm wide N 0.56 CH4
* There are no default species for “Coal” or “Ash” in 1 o doep 0.15 H,
Barracuda. Use “C:1”, carbon, as coal. Copy the coal 'Cf)“ti_a'ocgcéngiﬂon 8-52 28
material as a starting point for “Ash” O, = 0.02 Ash ' 2
T=1200 K
* Notice that the Air + steam inlet is defined using the
proper mass ratios of N, and O,, instead of the built-in Coal Feed = 2 g/s
“A|IR” species Mass fraction
0.4014 C
. . . . . . 0.3298 light volatil
* For all particles, use the default FCC size distribution in 0ITHO
Barracuda 0.0461 Ash
N, =0.1g9/s
* The solids feed BCs have both “C” and “Ash” being fed T=300K
in. How do you specify ratios such as this?
sz5em DE— RECYCLE
* The mass fractions used for “Volatile Material” are Solids = 100 g/s
based on information from Yoon (1978). Hrass fraction
0.99 Ash
* The system is initially filled with “Ash” at a volume 155 em - | N, = 0.2 g/s
fraction of 0.02. It is a good idea to define this as a T=1200K
separate particle species so that the “Ash” fed at the Air + H,0 = 2 gIs
flow BCs can be tracked independently Mass fraction
O0Ocm 0.17 02
I 0.58 N,
0.25 H,0
T = 1200 K
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Summary of Barracuda Rate Equations

Reaction St0|ch|or_netr|c Reaction Rate Expression (mol m?s™) Source
Equation

C(s)+H,0 — CO+H, I, =6.36m.T exp(ﬂj[H .0]

Steam Syamlal,
gasification _6.319 1992
CO+H, — C(s)+H,0 I, =5.218x107* mCTZexp( ! —17.29)[H2][CO]
C(s)+CO, — 2CO r, =6.36m.T exp(%)[coz]
co e L. T Syamlal,
» gasification 1992
2C0 — C(s)+CO, I, =5.218x10""m.T 2exp(_ 2,363 _ 20.92}[(:0]2
0.5C(s)+H, — 0.5CH; I3 = 6.838x10°° m.T exp(_&078 - 7.087J[H2]
M . T Syamlal,
ethanation 1992
0.5CH; — 0.5C(s)+H, I, =0.755m T °'5exp(@—0.372j[CH %0
Combustion 2C(s)+0, — 2CO r,=4.34x10"6.T exp[ﬂj[Oz] Yoon, 1978
CO+H,0 — COs#H, Iy = 7.68><101°exp(—_ 3?640j[c0]°-5[H201 Bustaante.
Water gas- shift
COp+H, — CO+H,0 Iy, =6.4x10° exp(—_ 3g’zeoj[H2]0'5[C02] B“s;%rgzme’

The chemical kinetics shown are for demonstration or education purpose only and have not been validated, nor are they recommended for any application. Development,
validation, and use of chemical kinetics is the User's responsibility, and CPFD Software, LLC, does not warrant or endorse these chemical kinetics for any purpose.
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Grid Generation

* Create a grid of about 1200 cells or less Grid Setup Completed Grid
* Show the instructor your grid before proceeding
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Define Base Materials in Project File

* Based on the summary of reactions and
rate equations on the previous slide, define
the materials in your project

* Any species used in the chemical reactions

. . - - f Barracuda Virtual Reactor with Chernistry - 17.3.0 - /C\training\&_Opticnal_Training\2_2D_Gasification\my_setup\gasifier_2d.prj - a x
m ust be d efl ned I n the ProjeCt materlal File View Setup Run Graphics and Qutput Post-processing  Help
list G 'md 9o uxd € oay
Pl."oject Tree &) Base Materials Manager
° A. . . d d h h f h H d 5 ‘Ba;r;cud: _\';'lrtual Seact__ i Add materials to the Project Material List that can be used throughout project setup. Note that if the material is not added to the project materials,
| r |S | nt rO U Ce t I"OUg O n e 0 t e Sl e a Glo:apl S:attings it will not be available for selection later. For example, Farticle Species can use solid materials added to Base Materials
H H 5 Project Material List Material Properties Library
inlets, and at the bottom inlet. In © haso Materal
’. ~ "“:a;t'dﬁ i Chemical name State Description Description = | |Contains  ~
=<} Drag Models
chemistry problems, you should not use ® Vi ash S CCARBON SOLID GRAPHITE REFERE) E—
o ” H H H . & Particle Species < s C CARBON. SOLID GRAPHITE REF ELE C CARBON. SOLID GRAPHITE REF ELEMENT
the “AIR” material listed in the Material « * Irital Conditions Ct S METHAIE SAUE AS THE AllAR C ANORPHOLS CARBON, ACETYLENE BLACK, LAMP 8LACK
& Fluid ICs co G CO CARBON-MOMNOXIDE CALCULATED) <- Import o "
library, but instead use N2 and 02. Then e Fartle Cs con G Con CARRONDIONIE mcamon
. . . ~ [l Boundary Conditions w0 G H20 <-Replace->| |C4HSN CYCLOPROPANE CARBONITRILE. C3H5-CN
define any flow BCs for air with the correct | o e - CAN2 CARBON SLBNITRD. (2 SUTHNGDITLE)
ratio Of N a nd O Tnjection BCs 2 < OZCALONATED ERGWDRETHACVA CH3+ METHYLCARBONIUM ION
2 2 Thermal Wall BCs < z CO CARBON MOMNOXIDE
Passive Scalar BCs CO2 CARBON DIOXIDE
H “« ” . . . v & BC Connections i £t oy Dekete €OCl CARBONYL CHLORIDE
* Thereis no “Ash species included in the :ﬁzﬂﬁfg :i‘ss Praperties Eggl;c:;;ﬁ:«]_isg;%ﬂ?tz FLUORIDE
. . .
d efa u It M ate rl al Ilb ra ry SO u Se SO I I d BC Connectors A.veragmg method for ﬂulFI mixture pruperpes .(a.pphes to o CP CARBON PHOSPHIDE
’ v . Chemistry viscosity, thermal conductivity, and mass diffusivity): CS CARBON SULFIDE
1 1 1 [ Rate Coefficients @® Mole average O Mass average CS2 CARBOM DISULFIDE
Ca rbon as a Sta rtl ng pOInt and mOd Ify the g’ Reactions MgCO32 SOLID MAGNESIUM CARBONATE
H H #. Numerics Flow Type
Chemical name to create a new species & Time Gontrots -
“ ” ~ L& Data Output ® Compressible
Ca I I Ed AS h 1 Flux Planes O Incompressible {generally liquids only) < >
&' GMV Output Options
Zmn Average Data v B: |0 Pref: |0 bearracuda{l?.3.U{cpfdHQ,’props{cpfd_prop.prp Browse

* While you are importing the species from <[+ [+
the Material library, check the properties
to make sure they are valid. If you know
better values for any of the properties,
modify those properties. Also, ensure the
molecular weights used will conserve mass
when reacting.

‘ gasifier_2d.prj | C:/training/6_Optional_Training/3_2D_Gasification/my_setup
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Volatiles

Add the volatile materials to the
project file as two separate volatile
species:

Name the first species “light
volatiles”

Set the Specific heat to 1000 J/Kg K

Select the Release gases: CH,, H,, CO,
and CO, specifying the mass fraction
of each as shown on the right

Set ¢, to “7.5e13”
Set E to “30000”

Add a second volatile species and
name it “water”

Set the Specific heat to 1000 J/Kg K

Select the Release gases: H,O with a
mass fraction of 1

Set ¢, to “2.2e18”
Set E to “30000”

COMPUTATIONAL
ICLE

cEfd i

[ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training\6_Optional_Training\3_2D_Gasification\my_setup\gasifier_2d.prj — u] X

File View Setup Run Graphics and Output Post-processing Help

B =mEd 9o 3 K€ o6 a I

Prj)ject TEE = = Volatiles Manager
(7 Barracuda Virtual React... ~
% Setup Grid D Name Density (kg/m~3) Rate
ings volatil ns| .9e+13 e - +
o(ilohalsett' 0oo light volatiles Ui ified 7.5e+13 e~ -30000 /T +0)
¥ Base Materials @ Volatile Editor ? % | [P npplied materials ? X
+ = Particles
=4} Drag Models Volatile Material Properties
@ volatiles / Applied materials
& Particle Species Name: |light volatiles Erachonsls 10

Y e e - oo |
£ Fluid ICs SRR [ kg V Material State Fra
wso Particle ICs Heat of devolatilization at 298.15K: q 000 CH4 G 0.56
~ [ Boundary Conditions 001 H2 G 0.15
Specify Density: kg/m”™ (
Prassure BCs W) ey ey g/ 002 Co 6 023
Flow BCs Release gases: |CH4, H2, @0, CO2! 003 co2 G 0.06
Injection BCs
vall
Thermal Wall BCs ues
Fassive Scalar- BCs Rate of release: &l =-km [kg/s]
v & BC Connections di
Secondary Feeds Rate coefficient: k= €, T pc2 pfca e—EfT+E[I [1/s]
Secondary Exits : ‘
BC Connectors Q= |7.Se+13 ‘ Add material Edit Delete
v a Chemistry _
=0 .
54 Rate Coefficients G | ‘ Fraction type
i Reacions G = |[I ‘ @ Mass fraction Mole fraction
#. Numerics _ |n ‘
(. Time Controls G =
~ 4t Data Output E= |3gugg ‘ oK Cancel
T Flux Planes
Al GMy Output Options EO = |U ‘ En Start with Chemistry is set to Off, then Volatiles will not be calculated.
I Average Data v Copy Delete
P Y - > oK Cancel =
|gasiﬁerﬁ2d.pq’ T YO UPTONAL TTEITITg, S0 THy_sewp
[ Volatile Editor ? x

Volatile Material Properties

Specific heat (Cp): | 1000 J/kg K
N)f devolatilization at 298.15K: Cl Jfkg

[ Specify Density: kg/m"~
Release gases: H20
Values
Rate of release: j_;n =-km [kg/s]

Rate coefficient: k = Cq T pc2 pr3 eij'HEﬂ [1/s]

@ = [2.2¢+18 |
€= ‘ﬂ |
G = ‘0 |
6= |
E = 30000 |
E0=[o |

Cancel
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- - 7 Applied Materials Manager ? x
Particle Species
Add Materials using the buttons below. All Mass Fractions should sum to 1.0.
Mass Fractions sum to: 1.0
D Name State Mass Frac Density (kg/m~3) Age Factor
o ¢ s 0.4014 2150 1
001 Ash s 0.0461 2850 1
H H 002 light volatiles Volatile 0.3298 Unspecified NfA
* Add the Particle Species for the coal feed, the recycle ash, and | & &= eme oo oo a
the initial ash particles in
the system
{
* Refer to slide # 4, if needed, for the mass fractions composition
M . | Add | Edit Copy Delete
In eac h f Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\6_Opticnal_Training3_2D_Gasification Overall particle ddhsity X
File View Setup Run Graphics and Output Post-processing Help Automatically fJalculated: UNKNOWN kg/m?
[ ] Set the denslty of r'J A B ‘13 u o T :.i * ‘ !_) H_' ﬂ @® Manually entefed: 1050 kg/m?
the Coal Feed to FITEETTES Z X/ Particle Species Manager @ Volaties Ma”4' oK Cancel
“w ” (" Barracuda Virtual React... ~ ¥
1050 kg/m3 % Setup Grid Species-ID  Comment Materials Min ra'ius Max radius  Sphericity Emissivity Drag model Agglomeration
@ Global Settings 001 Coal Feed C, Ash, light volatiles, water psd_fcc.sff 1 1 Wen-Yu off
¢ Base Materials /002 Recycle Ash Ash, C psd_fec.sff 1 1 Wen-Yu Off
v weo Particles / 003 Ash Initially in System Ash, C psd_fec.sff 1 1 Wen-Yu Off
=4} Drag Models q
4 Volatiles
& Particle Species
v [» Initial Conditig,
& Flmq ].:CS i Applied Materials Manager ? x
B Applied Materials Manager / ? *
lied Materials
Applied Materials Add Materials using the buttons below. All Mass Fractions should sum to 1.0.
Add Materials using the buttons below. All Mass Fractions should sum to 1.0. Mass Fractions sum to: 1.0
Mass Fractions sum to: L0 ] Hame State Mass Frac Density (kg/m"3) Age Factor
D Name State Mass Frac Density (ka/m~3) Age Factor 0oo Ash = 0.99 2850 1
oo Ash S 0.99 2850 1 001 c 5 0.01 2150 1
001 C s 0.01 2150 1
< >
< >
Add Edit G Delet
I L e Add Edit Copy Delete
Owerall particle density
Overall particle density
® Automatically calculated: 2840.75 kg/m?
® Automatically calculated: 2840.75 kg/m?
Manually entered: kg/m?
Manually entered: kg/m? »
1) Volatiles Manager oK Cancel Add lete
'+ Volatiles Manager 0K Cancel
el o d Bl T
gasifier_2d.prj | C:/ftraining/6_Optional_Training/3_2D_Gasification/my_setup
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Some Finer Points in this Project [ e

File View Setup Run Graphics and Output Post-processing Help

B '=md 9o 23 %€ & m
Project Tree = £
(7 Barracuda Virtual React... ~ Time Controls

. . . . . . % Setup Grid hi ion allow i £ the ti ke duri
* The solution of the chemistry ODEs is what limits the time- & siobal settings Hirbrys e e e
v Base Materials Subsequent rows can be entered to have different time steps for

step in this simulation. While the simulation is running, notice ~ =755 e s
that the CFL is near unity. However, if you increase the time- %

Volatiles 2-5 over simulation time.
~ [+ Initial Con

Species

Time step and duration settings

step too much, the ODE solver will fail and the simulation will o o
StOp Vmp:’g';ﬂagsc"""m““ < 1. [0.0005 Z s 10 s
I s

Flow BCs
Injection BCs
Thermal Wall BCs

* Since the initial particle volume fraction is low (0.02), a low nP Fasse Sclr 5cs | s | s
|

~ 5 BC Connections

can be used for the particle initialization T

BC Connectors

“ & Chemistry Restart file intervals
i4 Rate Coefficients

JF Reactions Restart interval (IC_###) I:l simulation seconds

Advanced time step settings

[ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /Ci\training6_Optienal_Training\3_2D_Gasification\my_setup\gasifier_2d.prj - O X
#. Numerics Backtrack interval (IC __ realtime minutes
File View Setup Run Graphicsand Qutput Post-processing Help (" Time Controls <)
A NN 9
CEELR LY T E:;
@ L A4 L4
FoEEEs # X/l Particle IC Manager v . " N N
[7 Barracuda Virtual React... ~ ‘gasﬂer_zd.prj |C:ftrammgfﬁ_t)ptlonaI_Trammgf3_2D_Gasmcanom’my_setup
% Setup 6rid jul Oon x x yl y2 z1 22 Description G
4] Global Settings 000 0 011 0 0.01 0 0.9999 Volume fraction (legacy), species = 003 - Ash Initially in System, volum 00 K, nP = 3:Np per cell
7 Base Materials
v ee Particles
=< Drag Model. 2 : :
T)V;‘ai”eg s {7 Particle feed settings ? X
% Particle Species
v I Initial Conditions
£ Fluid ICs Particle Species
eeo Particle ICs < B
vl y Conditi D Species-ID Fraction Comment Materials
Pressure BCs Add Edit Copy Delete . .
Flow BCs . i i i . 000 001 1 Coal Feed C, Ash, light volatiles, water
Injection BCs Automatically calculated _ ‘ Distribution
Thermal Wall BCs parcels per cell I ! ! L L Options
o lar D hd (Global Slider) Low Medium High
<« 4+ 4 >
|gas\ﬂer72d.prj ‘ C:/training/6_Optional_Training/3_2D_Gasification/my_setup
Add Edit Delete
.
° B the mass fl te of particles at th | feed fl
ecause the mass flow rate of particles at the coal feed flow N

BC is fairly low, it is necessary to use a high nP (number of Sold fraction MossFracton -
particles per cell) to ensure that enough computational Partice/fuid slp rato ]
particles are introduced. The same applies to the recycle ash Partice feed per ave volume ~ ((_|20000

stream. Discuss this with your instructor. Partcl feed mass flow rate (ky/s) |0.000895

e e e e

oK Cancel

SIMULATE > UNDERSTAND > OPTIMIZE

VIRTUAL REACTOR

COMPUTATIONAL
PARTICLE



Define Rate Coefficients

* Define the reaction rate coefficients k- kg
* Refer to slide #5 for reaction rate equations

* Remember to define the solids dependence of the reaction rate. It should only depend on carbon

r.‘ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\6_Optional_Training\3_20_Gasification\my_setup\gasifier_2d.prj - O *

File View Setup Run Graphics and Output Post-processing Help
B ‘=4 @ o ::1:—$-*(W —

Pf_f’j"d Tree & X | ChemistrfRate Coefficients Manager \
(" Barracuda Virtual React... »

= Setup Grid p D Mame Reaction Type Coefficient Type Expression Comment
3 Global Settings 00 ki Volume-Average Arrhenius Chem Rate 1.272 T~1 e[ -22645/ T ) m_C~1
¢ Base Materials 01 k1 Volume-Average Arrhenius Chem Rate 0.00010436 T2 e™( -6319 / T +-17.29 ) m_C~1
v eso Particles 02 k2 Volume-Average Arrhenius Chem Rate 1.272 T~1 e( -22645/ T ) m_C"~1
*¢} Drag Models 03 k3 Volume-Average  Arrhenius Chem Rate 0.00010436 T2 e™( -2363 / T +-20.92 ) m_C"™1
(&) Volatiles 04 k4 Volume-Average  Arrhenius Chem Rate 0.001368 T~1 e~ -8078 [ T +-7.087 ) m_C"1
% Particle Species 05 k3 Volume-Average  Arrhenius Chem Rate  0.151 T"0.5 e™(-13578 / T +-0.372 ) m_C"1
v [» Initial Conditions 06 ko Volume-Average Arrhenius Chem Rate 1.47e+08 T~1 e”~(-13590 / T ) wf_C™1
£ Fluid ICs 07 k7 Volume-Average Arrhenius Chem Rate 7.68e+10 e™(-36640 /T )
weu Particle ICs ~\ 08 k8 Volume-Average Arrhenius Chem Rate  6.4e+09 e™( -39260 /T )

v [ Boundary Conditions
Pressure BCs
Flow BCs
Injection BCs
Thermal Wall BCs
Passive Scalar BCs

v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors

¥ a Chemistry
i Rate Coefficients
JF Reactions

#. Numerics
(* Time Controls

v 4.4 Data Output
7. Flux Planes
A GMV Output Options
Zn Average Data
= 2D Plot Data

e Tranciont Data Y Add Edit Copy Delete & W
<« * A4 =
| gasifier_2d.prj | C:/training/6_0Optional_Training/3_2D_Gasification/my_setup |
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Define Chemical Reactions

* Define the chemical reactions and their rates. Refer to slide # 6 for reaction rate equations
* In the Chemistry tab, make sure that Stoichiometric reaction mode is selected

* Also make sure that Gas species units are set to mol/m?3

r'\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\6_Opticnal_Training\3_20_Gasification\my_setup\gasifier_2d.prj - O X

File View Setup Run Graphics and Output Post-processing Help

O ' md9ond o mfF

Project Tree g x

(" Barracuda Virtual React... ~
% Setup Grid )
3 Global Settings

CWS Manager

7
D Reaction Type Rate
v 00 VA: Stoichiometric Equation:

Equation

C(5)+H20 => CO +H2

- Base Materials ROO = (ko[H20])
v eso Particles ¥ 01 VA: Stoichiometric Equation: CO +H2 => C(5) + H20
*4} Drag Models RO1 = (ki[H2][COT)
) Volatiles v 02 VA: Stoichiometric Equation: C(S)+C02 =>2CO
W Particle Specie ROZ = (k2[coz])
v [» Initial Conditio ¥ 03 VA: Stoichiometric Equation: 2 CO => C(5) + C02
£ Fluid ICs RO3 = (k3[CO]"2)
eso Particle ICs v 04 VA: Stoichiometric Equation: 0.5 C(S) + H2 => 0.5 CH4
v [ Boundary Condjtions RO4 = (k4[H2])
Pressure BCs ~ 05 VA: Stoichiometric Equation: 0.5 CH4 == 0.5 C(5) +H2
Flow BCs RO5 = (k5[CH4]~0.5)
Injection BCs v 06 VA: Stoichiometric Equation: 2 C(S)+02 =>2CO

Thermal Wall BCs
Passive Scalar BCs
v & BC Connections
Secondary Feeds
Secondary Exits
BC Connectors
v a Chemistry
8 Rate Coefficients
J5 Reactions
#. Numerics
(** Time Controls
v 4. Data Output
7. Flux Flanes
A GMV Output Options
Zm Average Data
= 2D Plot Data

See Tranciant Data

< + v »

ROG6 =

RO7 =

RO8 =

v 07 VA: Stoichiometric Equation:

08 VA: Stoichiometric Equation:

(ke[02])
CO +H20 =» COZ +H2
(k7[CO]~0.5[H20])

CO2 +H2 => CO +H20
(k8[H2]~0.5[CO2])

Add <

Edit Copy

Delete

4 ¥

| gasifier_2d.prj

| C:/training/6_Optional_Training/3_2D_Gasification/my_setup
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Select GMV Output Options

Iﬁ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /CAtraining\B_Optional_Training\3_20_Gasification\.rmy_setupgasifier_2d.prj — O X

File Wiew Setup Run Graphics and Qutput Post-processing Help

B =3 9o a2 € va it

Project Tree g X
(7 Barracuda Virtual... ~ i .
% Setup Grid 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 durin
3 clobal Settings ) p y g
I~ Base Materials post-processing. Values inside parenthesis are the field names of the variables within GM\.
v ess Particles Dutput file interval
=€) Drag Models Plot interval: |0.02 | 5 Mumber of files produced using current end time of 10s: 502
) Volatiles )
& Particle Species Eulerian (Cell} Output Data
+ - Initial Conditions Particle volume fraction (p-volFra) [ Particle bulk density (p-dens) [ dp/dx (dp/dx) Map part|C|e
£ Fluid ICs Fluid velocity (U, \, W) [ Turbulent viscosity (ViscTurb) d
. Vi p/dy (dp/dy)
eso Particle ICs _ _ tem peratu re to
v Bl Boundary Condi [ Particle velocity (P_[xyz]vel) [J cFrL (TR dp/dz (dp/dz)
Pressure BCs Pressure (Pressure) [] Particle species (Species) Particle mass flux (P_| the g rld
Flow BCs [] Dynamic pressure (DynPres) Fluid temperature (f-Temp) Fluid ma ey | R
InjectionBCs || — . o-T T T T TS S
Td:rr::; WaTI BCs Fluid density (f-dens) (~Particle temperature (p-Temp} Wall heat transfer (wallHeat)
Passive Scalar BCs [ cell indices (i, j, k) ] cell volume Ec?alﬁ.r'al}—

~ & BC Connections

Lagrangian (Particle) Output Data
Secondary Feeds

Secondary Exits Particle volume fraction (VolFrac) Particle material (Material) velocity (vel[xyz])
BC Connectors Particle speed (Speed) [ Particle density (Density) [] Residence time (ResTime)
Yoa af:h:";séwﬁ et Particle radius in microns (rad) Particle species (Species) Residence time by species (ResTime##)
il Rate Coefficients
J7 Reactions ] Constant color (Particle) [ Unique particle ID (pid) Temperature (Temperat)
4 Numerics [ orag (drag) [ Liquid fraction total (ligFrac) [ Liquid mass total (ligMass)
o Time Controls [ cloud mass (cldMass) [ Particles per cloud (npCloud) [ Particle mass (mass)
v & Data Output
¥ Flux Planes Gas Species Options
Al GMV Output Op... () Mass fraction (<species>.mf) (O Mole fraction (<species>.nf) (] Compress graphics output (not common)

Zm Average Data
2D Plot Data

See Tranciant Nata

i . A

| gasifier_2d.prj | C:/ftraining/6_Optional_Training/3_2D0_Gasification/my_setup

(® Mass concentration (<species>.mc) ) Mole concentration (<species=.nc) [ Generate predefined GMV attribute files
L
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Select Transient Data Points

° Select the desir‘ed tr‘a nsient data {'\ Barracuda Virtual Reactor with Chemistry - 17.3.0 - /C\training\6_Optional_Training\3_2D_Gasification\my_setup\gasifier_2d.prj - O *
File View Setup Run Graphicsand Output Post-processing Help
; B]  [= o | T 3
 Suggested transient data type =0 o n® K€ 6w
H | d . SR TGS = = Transient Data Output
INcluaes: (" Barracuda Virtual R...
% Setup Grid Output file name |trans.data | | Browse |
@ clobal Settings - - ”
* p Vol Frac 5} Base Matarials Type x(m)/ y(m)/] z(m)/k Comment
 veo Particles p Vol Frac ~|xz ~||0.085 0 0.325
. =€} Drag Models Fluid temp v ||xyz ~+||0.095 0 0.325
® Fluid temp L Volatiles Gasmole conc ¥ |xyz  ~ [0.095 0 0.325
&% Particle Species -
v ' TInitial Conditions Stoich eq rate T |xyz v [0.095 0 0.325
* Gas mole conc £ Fluid 1Cs pVolFrac  ~|wz ~|[0.095 0 0.1
es Particle ICs Fluid temp v |xz ~|0.005 0 0.1
1 el Icomany Conatim Gas mole = ¥ | 0.095 0 0.1
° StO|Ch eq rate Pressure BCs male conc Xz - -
Flow BCs Stoich eq rate T |xyz v [0.095 0 0.1
. . Injection BCs p Vol Frac v xyz ~|[0.005 0 0.15
* Suggested transient data points Thermal Wl 8Cs Fudteme <z <[o05 - N
. Passive Scalar BCs
include: v & BC Connections Gasmoleconc  + xyz ~|[0.005 0 0.15
Secondary Feeds Stoicheqrate v |xyz ~ |[0.095 0 0.15
Secondary Bxits Vol Fi e > ||0.095 0 0.2
° X = O 095 BC Connectors d rac Xz : :
' v . Chemistry Fluid temp v |z v ||0.095 0 0.2
il Rate Coefficients Gasmole conc ¥ |xyz v |0.095 0 0.2
* y=0.0 e Stoich eq rate  ~ ~ [0.005 0 0.2
. % Numerics oich eq rate XyZ X .
(*- Time Controls p Vol Frac T |xyz v [0.095 0 0.4
* z=0.325t0z=0.92 at v & Data output Fudtemp gz ~ [0.095 0 0.4
" Flux Planes
H A7 GMV Output Options Gas mole conc v |xyz ~|0.095 0 0.4
reasonable intervals put Op
Zm Average Data Stoich eq rate v |xyz ~|0.095 0 0.4
[ 2D Plot Data p Vol Frac v %z ~|0.005 0 0.5
Jv- Transient Data Fluid t - <I[0.005 0 05
1 Wall Erosion uid temp Xz . .
+++ Particle Attrition Gas mole conc v xyz ¥ ||0.095 0 0.5
- Raw Data Stoicheqrate  ~ ||xyz v | 0.005 0 0.5
es Population Data o - +[o.005 2 06
@ Solver Output Units p rac Xz . .
2 Run Fluid temp v |xyz ¥ |0.095 0 0.6
£ Post-Run Gasmole conc ¥ |xyz v |0.095 0 0.6
- Plot Manager .
Stoich eq rate T |xyz v [0.095 0 0.6 v
EKIRENEAES
| gasifier_2d.prj | C:/training/6_Optional_Training/3_20_Gasification/my_setup
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Start and Monitor the Simulation

77 Untitled <2> 3 g .

File Data Plot Options Help
G0: X, Y = [10.8014, 0.579706]

* Save your project file and start the Barracuda simulation

. . . . . Draw_| Gas Species Mass Frations at Qutlet
* How do you know if the simulation is running correctly, A CBFD 25 Casir
i.e. that flow BCs were defined as you intended, that F= =1 P M S B s
chemistry is occurring, etc.? YT 1
AutoT T
* Barracuda outputs several useful text files with data ﬁ Los | T O
about the simulation Ml 5T F| i et g e ]
mpl| Corl il e
* For mass flow rates at flow BCs, use the flux plane files to o % - (g o S f
confirm correct setup £ " i 7 A
* For chemistry, use transient data points to monitor Volume Frac.
reaction rates. Use the last three columns in the File Data Plot Options | 04
history.log file to verify that the ODE solver is running ‘[*;’:“([”-*’59"2-3“4“” ' [0.36
acceptabl S Chemistry ODE Solver ltera
P y %ﬁ 5 CPFD 2-D Gasifier 0%
: : ; : ; = [ e s mamases. [ B
* Also, you can visually inspect the simulation using Gmv [ hEnim
post-processing techniques sutor | roz
AutoOl 1ok
% . . Mﬂl g 0.2
* Explore some of the early Gmv.00* output files with Gmv | axja = e
to make sure that things look as expected. Make sure EIE P '
. : o] Ly ~-0.12
that all necessary variables are being output to the Gmv |5 5
. CW:0
files Exit | 0.08
(T TTLACT AN TN T T LA 00
Y P R TR IR TR T TP ’
O 1 2 3 4 5 6 7 8
Bar 0
Time (s) C
linux-dvav0, :0.0, Tue Jan 10 11:47:36 2012, Untitled

" COMPUTATIONAL
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Chemistry Data and ODE Solver Info

* The plots below show information about the performance of chemical reactions

* On the left, the stoichiometric reaction rates are shown for the 9 reactions. This data is contained in
trans.data files. RO6 and RO7 seem to dominate the system

* Onthe right, information from history.log is plotted to show how the ODE solver performed over the
course of the simulation

Stoichiometric Reaction Rates Chemistry ODE Solver lterations
CPFD 2-D Gasifier (i,j,k = 10,1,10) CPFD 2-D Gasifier
1 , . 15
——- Ro00 | —— Ave ODE Solver Internal Steps
— - Rol " Barracuda inemal ODE heratons
08 RO2
—— RO03
- R4
K — Ro5 10
= — R
g o noo .
% ——- Ros .%
s 2
504} h
: |
o
0.2 r
TTURTERLET AR TORT TN T T TAD o e
0 0 P NI ST [ S S S S S NS S ST (TSN N S S S S S HET S B SR
0 5 10 15 0 1 2 3 4 5 6 7 8 9 10
Time (s) Barracuda Time (s) Barracuda
CPFD GPFD
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Gas Species Mass Fractions at Outlet

* The plot shows gas mass fraction data for the
pressure outlet at the top of the vessel Gas Species Mass Frations at Outlet

* In an experimental unit, this would likely be

CPFD 2-D Gasifier
the location with instrumentation to measure |

1 T T T T

the outlet composition of the various gas gs
species S
P 0.8 | - :20 |
e This data is collected in a FLUXBC_file for the - CcOo
pressure BC and written for every time step ' co2 |
——- CH4

o
(o2}
T
I

* The simulation arrives at a fairly “steady state”
by about 2 seconds. The gas concentrations do
not change significantly after this time

o©
N
T

Reaction Rate (kmolz’sfms)

\ r
S ST T VR Vo
I ' r.. 3 ST L i" ﬂ' A '”" "‘i ]1 ' «
i b “ét A Y i Wy Mdﬂ i f‘ﬂr" ; 1,' s lir‘f“‘ v Hplid

02 |
A
MV VAL MV AATA L L LA AT A
O L 1 al . . i _
0 2 4 6 8 10
Time (s) Barracuda
CPFD
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Post-Processing the Results

* GMV allows you to visualize what is happening inside the vessel. The particle behavior is complex,
the fluid temperature varies, and the chemical reactions cause the gas species to interact in
complex ways

1.5002273e+00 1.5002273e+00 1.5002273e+00 1.5002273e+00 1.5002273e+00 1.5002273e+00 1.5002273e+00

Volume Frac. . Cells f-Temp Cells CH4.mc Cells CO.me¢ Cells H2.mc Cells H20.m¢ Cells 02.mc
0.4 1400 14 0.65 0.36 15 0.5
0.36 1300 1.26 0.585 0.324 1.35 0.45
—0.32 —1200 -1.12 —0.52 ' —0.288 —-1.2 —-04
—0.28 —=1100 —0.98 =0.455 —=0.252 -=1.05 —=0.35
—0.24 —1000 —0.39 —0.216 —0.9

0.2 ' 0.325 0.18 0.75

0.16 0.26 0.144 0.6

0.12 0.195 0.108 0.45

0.08 0.13 0.072 0.3

0.04 0.065 0.036 0.15

0 0 0 0

o a® o
Fdotete®

.,
08020
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Conclusions for 2D Gasifier Example

* This example shows how the complexity of a simulation can increase significantly when multiple
chemical reactions and multi-fluid / solids flow BCs are used, even in a simple geometry

* Setting up the chemistry in Barracuda is not difficult. It is more challenging to make sure that you have
good reaction rate expressions to model the chemistry accurately

* The diagram provided in this example gave all flow rates in Barracuda Sl units, but usually you will have to
interpret boundary condition information from less consistent sources. Defining multi-component flow
BCs requires care with conversions and mass fraction calculations, so be sure to verify with flux plane data
that you are getting the flow rates you expect for each species.

* The Barracuda simulation provides a great deal of information about the system

* Particle and fluid flow behavior, as well as the dynamic nature of gas species concentrations, can be
visualized with GMV

* (Quantitative data is available in several forms, including flux plane data, transient data points, and 2-D data
files. These files provide valuable information that would be very difficult (and sometimes impossible) to
obtain experimentally.
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