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GASIFICATION OF BIOMASS OR WASTE

Application

Feedstock
preparation » Second conversion step by Partial OXidation to crack tars and
S
274 stage conversion (POX) convert Carbon from upstream Biomass or MSW gasification
Nonslagging . . .
gasification = Syngas cooling with heat recovery, steam generation and
\/ .
j=———— --- super-heating
I | Tarremoval, | ¥ 1 .
I | fullcarbon | £ 1 * Ash and slag handling
| conversion | & |
: - §: Simulation and Design
n O
I |syngas cooling 'é 1 - POX:
| with heat % 1 Radiant S Cool :
1 recovery 3 1 adlant syngas Looler
I — |

(RSC)

Syngas
cleaning
R

Synthesis: FT,
MeOH

e

= Aspen Plus® and GRI Mech 3.0 for gas phase reactions

= HSC Chemistry® for gas / particle reactions

= RSC: Ansys CFX for flow simulation and heat transfer

Reliable design process but no end-to-end simulation
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MODEL SET-UP

POX reactor
= Syngas + particles (Carbon, ash)
=  Chemical reactions
= Tar cracking
= Reaction of unconverted Carbon
and ash with syngas

Model

= Thermal, chemically reacting, transient, 3-dimensional
= Boundary conditions:

=  @Gas and particle at inlet

=  Thermal walls for heat extraction in RSC

* Flow condition at water sump that particles can
exit

Syngas Cooler
= Syngas + particles
=  Chemical reactions

= Cooling of syngas and particles Simplifications

= No reaction of ash with particles, only Carbon particles

Water Sump can react
= Evaporation by hot syngas
=  Solubility of syngas traces
= Ash falling into water sump and salt

formation

=  Water sump: no evaporation, solubility, salt formation
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GRI MECH 3.0 CHEMISTRY SET

¥ grimech30.dat () - GVIM - o b3
File Edit Tools Syntax Buffers Window Help
D@8 e +hblEe  BEZ A84|7? £

1 ] GRI-Mech Version 3. 7/30/99 CHEMKIN-II format
| See README3® file at anonymous FTP site unix.sri.com, directory gri;

= Well-known chemistry set for modeling natural gas 21 See READHESD file at sno :
: - - : e e e L e
combustion openly available for download in Chemkin-II S 1 or waditional infoimstson, comtacter amd diaclainer

ELEMENTS
format o Hc u
9 SPECIES
= http://www.me.berkeley.edu/gri mech/ HE w  on  one an  ow
12 HCO CH20 CH20H CH30 CH30H C2H C2H2 C2H3
. . . . 13 C2H4 C2HS C2He HCCO CH2CO HCCOH N NH
= Gregory P. Smith, David M. Golden, Michael Frenklach, Nigel o .
W. Moriarty, Boris Eiteneer, Mikhail Goldenberg, C. Thomas AR G GBS CHICHO CHCHO
Bowman, Ronald K. Hanson, Soonho Song, William C. Gardiner, 15 Mt cat-nech thermodynamics here or use in default file
Jr., Vitali V. Lissianski, and Zhiwei Qin 20 reacrzons
22 20+M<=>02+M 1.208E+17 -1.000 .ee

23 H2/ 2.40/ H20/15.40/ CH4/ 2.08/ CO/ 1.75/ C02/ 3.60/ C2H&/ 3.00/ AR/ .83/

= 325 reactions involving 53 gas species 5 e/ o0) 130/6.00/ CHs/2.00/ CO/L.50/ €02/ 0] Cate/3.00] AR/ 70/

26 0+H2<=>H+0H .870E+04 2.700 6260.00

w

27 0+HO2<=>0H+02 2.000E+13 .e00 .00

28 0+H202<=>0H+HO2 S9.630E+06 2.000 4600.00

29 0+CH<=>H+C0 5.700E+13 .gee .ee

38 0+CH2<=>H+HCO 8.000E+13 .00 .00

31 0+CH2(S)<=>H2+CO 1.500E+13 .e00 .00

32 0+CH2(S)<=>H+HCO 1.500E+13 .0ee .00

33 0+CH3<=>H+CH20 5.060E+13 .gee .ee

34 0+CH4<=>0H+CH3 1.020E+09 1.508 8600.00

35 0+CO(+M)<=>C02(+M) 1.800E+10 .e00 2385.00

36 LOW/ 6.820E+14 .0ee 3000.00/

37 H2/2.e@/ 02/6.8@/ H20/6.0@/ CH4/2.@@/ CO/1.5@/ C02/3.5@/ C2H6/3.0@/ AR/ .50/
38 0+HCO<=>0H+CO 3.000E+13 .00 .00

39 0+HCO<=>H+C02 3.000E+13 .008 .00
[grimech3@.dat 1,1 Top|

"grimech3@.dat" 449L, 29583B written
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USING CANTERA AS A TRANSLATION LAYER

= Cantera was used to translate the original GRI Mech 3.0
reaction set into Barracuda’s project file format

= Cantera has GRI Mech 3.0 included in its distribution,
which makes accessing information about species,
reactions, and kinetics more convenient

= Python scripts were used to generate sections of the
Barracuda Virtual Reactor project file for:
= Base material definitions (properties for all species)
= Reaction rate coefficients
= Reaction definitions
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l Cantera Install Tutorials Examples Community Scienc e Documentation Blog
===

Cantera is an open-source suite of tools for problems involving
chemical kinetics, thermodynamics, and transport processes.

Automation Object-Oriented Multiple Broad

Cantera utilizes object- Interfaces Applications
oriented concepts for Cantera can be used from  Cantera i
robust yet flexible phase Python and Matlab, or in for
models, and algorithms are  applications written -
e so that users C/C++ and Fortran elect
can explore different phase o
models with minimal fuel
changes to their overall aq
d  and th
film deposit
Tutorials Examples Installing & Compiling
New? Start here! What can Cantera do? Instructions o install pre-built
Cantera bl to build
inked below will get We have a number of examples antera binaries or to bul
Cantera from the source
era on se of Cantera

nt dem:

Python  Matlab  Convert Python  Matlab  Jupyter

Input Files Notebook

Science Documentation Open Binder
https://cantera.org
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GRI MECH 3.0 REACTION SET IN BARRACUDA

= 634 reactions total (325 forward and 309 reverse)

= Largest chemistry set known to have been
implemented in a Barracuda Virtual Reactor
model

= Validated by comparing single-cell Virtual Reactor
simulation results with reaction rates calculated
by Cantera at a known condition
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] Barracuda Virtual Reactor with Chemistry - 26.0.0 - 2025-07-15_gri_single_cell/2025-07-15_gri_mech_3.0_single_cell.orj

X
| File View Setup Run Graphicsand Output Post-processing Help
iRE e DR @
[ Project Summary Chemistry Reactions Manager
@ Setup Grid
@ Global Settings o Reaction Type Rate Equation Comment o
 Base Materials = (K298[CH2CHO][H2))* (K615) CH3CHO + H <=> CH2CHO + H2 (reverse)
© ees Particles v 616 VA: Stoichiometric Equation: CH2CHO => CH2CO + H
+@ Drag Models R616 = (K303[CH2CHO])*(k616) CH2CO +H (+M) <=> CH2CHO (+M) (reverse)
& Volatiles v 617 VA: Stoichiometric Equation: CH3 + HCO => CH2CHO +H
= (k307[CH3][HCO])*(k617) CH2CHO + H <=> CH3 + HCO (reverse)
 WBEaTideS pocied v 618 VA: Stoichiometric Equation: CH2CO + H2 => CH2CHO + H
v > Initial Conditions 618 = (K30B[CH2CO][H2])*(k618) CH2CHO + H <=> CH2CO + H2 (reverse)
4 Fluid ICs v 619 VA: Stoichiometric Equation: CH2CO + H20 => CH2CHO + OH
ws Particle ICs 9= (k309[CH2CO][H20])*(k619) CH2CHO + OH <=> CH2CO0 + H20 (reverse)
v [ Boundary Conditions v 620 VA: Stoichiometric Equation: CH20H + HCO => CH2CHO + OH
Pressure BCs R620=  (K310[CH2OHITHCOT)*(k620) CH2CHO + OH <=> CH20H + HCO (reverse)
Flow BCs 621 VA: Stoichiometric Equation: C3HS => C2H5 + CH3
Injection BCs 21=  (k311[C3HB])*(k621) C2HS + CH3 (+M) <=> C3H8 (+M) (reverse)
Thermal Wall BCs 622 VA: Stoichiometric Equation: C3H7 + OH => C3H8 + 0
v %4 BC Connections = (K312[C3HT](OH))*(k622) C3HB + 0 <=> C3H7 + OH (reverse)
Secondary Feeds v 623 VA: Stoichiometric Equation: C3H7 +H2 => C3H8 +H
Secondary Exits = (k313[C3H7][H2])*(k623) C3H8 + H <=> C3H7 + H2 (reverse)
BC Connectors v 624 VA: Stoichiometric Equation: C3H7 + H20 => C3H8 + OH
v . Chemistry R624 =  (K314[C3H7][H20])*(k624) C3H8 + OH <=> C3H7 + H20 (reverse)
B Rate Coefficents v 625 VA: Stoichiometric Equation: C3HS +HO2 => C3H7 + H202
[ Readions | 25=  (k315[C3HS][HO2))" (k625) C3H7 + H202 <=> C3H8 + HO2 (reverse)
% Numerics v 626 VA: Stoichiometric Equation: C3H7 + CH4 => C3H8 + CH3
o R626 = (K316[C3H7)(CH4))(K626) C3HB + CH3 <=> CIH7 + CH4 (reverse)
© Time Controls 627 VA: Stoichiometric Equation: C3H7 => C2H4 + CH3
v & Data Output R627 =  (k317[C3H7])*(k627) C2H4 + CH3 (+M) <=> C3H7 (+M) (reverse)
14 Flux Planes 628 VA: Stoichiometric Equation: C2HS + CH20 => C3H7 + 0
A% Visualization Data = (k318[C2HS][CH20])*(k628) C3H7 + 0 <=> C2HS + CH20 (reverse)
v 629 VA: Stoichiometric Equation: C3H8 => C3H7 + H
= (k319[C3H8])*(k629) C3H7 + H (+M) <=> C3H8 (+M) (reverse)
A~ Data Points v 630 VA: Stoichiometric Equation: C2HS + CH3 => C3H7 + H
= Wall Impact . R630 =  (k320[C2HS][CH3])*(k630) C3H7 + H <=> C2H5 + CH3 (reverse)
+ee Particle Attrition v 631 VA: Stoichiometric Equation: C2HS + CH20H => C3H7 + OH
R631=  (K321[C2HS]ICH20H])* (K631) C3H7 + OH <=> C2HS + CH20H (reverse)
Rl et v 632 VA: Stoichiometric Equation: C3H8 + 02 => C3H7 + HO2
# Population Data = (k322[C3H8](02])*(K632) C3H7 + HO2 <=> C3H8 + 02 (reverse)
© Solver Output Units v 633 VA: Stoichiometric Equation: 2.000000 C2HS => C3H7 + CH3 1
= Run = (K324[C2HS]"2.00000e+00)7(k633) C3H7 + CH3 <=> 2 C2HS (reverse) b
+ Post-Run
Add Edit Copy Delete L4

LK K AN

2025-07-15_gri_mech_3.0_single_cell.prj

C:/2025-07-15_gri_single_cell
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UDES EXTENSIVELY USED FOR RATE COEFFICIENTS

= UDEs provide flexibility when defining reaction rate
coefficients in Barracuda Virtual Reactor

= GRI Mech 3.0 includes several complex types of rate
coefficients:
= Three-body Arrhenius
» Lindemann Falloff
* Troe Falloff

= Reverse rates based on Gibbs free energy
expressions
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Chemistry Coefficient Editor (on dingo) x

[~ Coefficient Properties

Name: k288

Type: | User-defined Expression =

Coefficient is for reaction type: (@ Volume-Average = Discrete

[~ User-defined
R =8314.5;
nc = pressure /R nempr
M_specified = nc * (0.7*nf_AR + 3. U‘nf C2H6 + 2. u'nr CH4 + L.5°nf_CO + 2.0*nf_CO2 + 2.0*nf_H2 + 6.0*nf_H20);

M_others = nc-+ (1- (nf AR + nf_CZHG + nf CHA + 1 CO + 1 COZ + hM_H2 + nf H20):
specified + M_others;

19*tempE -2 X L ssure im
k mc 1970000000, owouoz‘umpr"n As'exptlselsuuo O/R/tempF);
Pr=kosM/kinf; /o

a1 = expl-tempF/122.0) * (1-0. 576)

a2 = expl-tempF/2535.0) * 0.578;

a3 = expl-0365.0/tempF);

Fcent=al +a2 +a3

€= 0.4 0.67*log10(F_cent);

N =075 - 1.27*leg10(F_cent);

.1 = (log10(F 1) + ©) / (N-0.14%(log10(F_1} + C;

F = 10~(log10(F_cent)/(1+f 1°2));

return k_inf* P/ (1+ P+ F;

Chemistry Coefficient Editor (on dingo) x

~Caeflicient Properti
Name: k325

Type: Userdefined Expression ~
Coeficient is for reaction type: (&) Volume-Average (| Discrete.

& Expression

R=83145; /) bn
H_0= ifitempF >=1000.0,
2.56942078-8. 591d11372<ﬂ§f2"h1mp'1—4 10484580e-08/3*tempF ~2-1.00177799e-11/4*tempF ~ 3+1.22833691e-15/5*tempF ~ 4+20217.! 5791R¢mpl

3.1682671-0.0032° P pF " 2-6.1: pF~3+2.11265971 pF "+,
H_02= if(tempF >=1000.0,
3.28253784+0.00148308 pF-7.5796666¢ pF ~2+2.09470555 pF~3-2.16717794e- 1088.45772/tempF .
3.78245636-0.0029967: pl .84730201 -9.681295¢ pF ~3+3.24372837e- l?tiﬁtampf"ﬂrl,oﬁl 94356/tempF);
5_0= ifitempF >=1000.0.
2.5694 PF)-8.5974113 pF+4. P21 00177799¢-11/3-1OMpF 3412203369 1e-15(41ompF ~4+4 70433364,
3168267 p p p PF~3+2 1126597 1e-12/4"tempF ~4+2.05183346):

5_02= ifitempF >=1000.0,
3.28253

PF)+0. pF-7. pF~2+2.094 PF~3-2.167177" 4+5.45323129,
tempF +9.847. PF ~2-9.681. pF~343. 214 tampF~4+3.05767573);

. PF)-0.
deltaH = (H_02) - (2.0 H_O);
deltas = (5_02) - (2.0 *5_0):
Kp= np<deltas deltar);
alpha =-1.0;
Ke=kKp* (ln]izﬁjk,‘lnmpr)"alpha
return 1/ Kc:

Functions: abs(valuel) ~  Variables: Re -

:
e |

Reverse coaff for 2 0 + M <=> 02 + M

Comment ‘

#ox || Xcancel || 5iHelp
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SIMULATION SPEED

Average simulation speed: 3.5 seconds per day
Number of real cells: 780,000

Number of clouds: 5 million

Total simulation time to reach t = 60 s: 16 days

Computer hardware used:
AMD EPYC 9174F CPU with 16 cores at 4.1 GHz (up to 4.4 GHz boost)
2 x NVIDIA RTX 6000 Ada GPU cards
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GAS SPECIES FLOW RATES AT POX EXIT

= Flux plane records mass

flow rate of each gas
species

= Barracuda simulation
confirms Aspen Plus®
simulation using GRI
Mech 3.0 database,
which was validated
against experimental
data.
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3D VIEWS OF FLUID AND PARTICLE BEHAVIOR

Fluid temperature (K) Fluid speed (m/s) Residence time (s) Particle temperature (K) Mass fraction C(S) 0.00s
——— =
o )
o) . s
v _— R {
§
| @
= *- »
- | }
]
o
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HEAT TRANSFER IN RADIANT SYNGAS

COOLER

= 1st approach: specify heat flux as
boundary condition in RSC

= Target heat flux met after 20sec
for area 2 and 3, but not for
areal

= Calculated wall temperatures of
RSC do not match with SCS own
simulations

= 2nd approach: specify wall
temperatures as BC in RSC

= Calculated heat flux deviates +
50% from SCS design tools,
which are validated over several
decades.
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Simulation results of 1st approach
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DETAILED ANALYSIS OF HEAT TRANSFER

Convective Heat Transfer

= Reference case is a similar RSC geometry, which was
simulated using Ansys CFX. Simulation results match
well with SCS tools.

- -SCS
—Barracuda

Heat transferred by convection

= Convective heat transfer: trend of Barracuda’s results
match with SCS reference case, but in total more heat is
transferred by convection L . . e e

Section

= Radiative heat transfer: after adjusting gas absorption
coefficients in Barracuda material database, trend is
comparable with SCS reference, but total radiative heat .
transfer is underpredicted. el -

Radiation Heat Transfer

= Further detailed analysis required

- -5Cs
——Barracuda

k//

1 2 3 4 5 6 7 8
Section

Transferred heat
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CONCLUSIONS
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First implementation of GRI Mech 3.0 within Barracuda
Successful modeling with 634 reactions

Gas phase reactions results at POX reactor outlet were consistent with other
models previously developed and validated by ARVOS

Reaction rate and conversion of carbon particles confirm previous ARVOS
assumptions

Simulation provides a better understanding of the fluid-particle flow and
particle separation

Further analysis required to improve heat transfer
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