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CFD Enterprise
CFD Premium

CHEMEKIN Enterprise

Fluent Chemkin-Pro

* 0-D, 1-D, 2-D reactor models
* Flame simulators

* General flow simulation

* PDF combustion models Forte

* Solid, liquid, gaseous fuels * CFD for IC Engine * Table generators
* Radiation modeling * Automatic, * Reaction Path Analysis
* Real Gas modeling adaptive mesh * Uncertainty analysis
* Particulate and pollutant * Spark ignition, * Real-gas
modeling Flame tracking .
CFX * Spray physics Energice

* Automated reactor-network
analysis for emissions

* Turbomachinery * Detailed kinetics

Model Fuel
Library Reaction Workbench

* Fuel model preparation
and reduction

Image courtesy of GE Aviation

CFD-centric Chemistry-centric
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gas turbines combustion, furnaces, coal combustion, internal combustion
reformers, boilers, chemical & materials processing, batteries engines

ANSYS CFD for Reacting Flow

Fluent Forte

Flow simulation (steady/unsteady, LES/RANS/Laminar) * IC Engine CFD

Full range of PDF combustion models (premixed, partially * Automatic meshing
premixed, non-premixed) Adaptive meshing
Solid, liquid, gaseous fuels - Spark ignition

Real Gas modeling ~ 2 Flame-front tracking
Radiation modeling iy . Particles 7,
Particulate and pollutant modeling >

Electrochemistry and battery models  imaze courtesy of GE Aviztion

ANSYS Chemkin: Chemkin-Pro, Reaction Workbench, Energico, MFL

0-D, 1-D reactor models and flames, reactor networks, fully detailed fuel kinetics
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) ) Turbulence
° FTE BRI Multiphase flow
e JRIRITWT Thermodynamics Boundary Layer theory

Heat Transfer

I.Numerical Turbulent Combustion

2.Meodeling of Droplet Evaporation and Combustion
Viscous flow

Gasdynamics —» Mumerical Heat transfer

Computational Fluid Dynamics

3.Chemical Kinetics

4. Aerothermodynamics
5.Combustion Instability
6.5ynthesis of Nanoparticles
7.Combustion of solid propellant

- T

Statistical Physics
Quantum Mechanics

Combustion theory
Chemical Kinetics

Physical Chemistry
Quantum Chemistry
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C.H, +a(0, +3.76N,) — xCO, + (v/2)H,0+3.76aN,
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K,=exp(-AG/R,T)
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C.H, +a(0, +3.76N,) — xCO, + (v/2)H,0+ 3.76aN,
a=x+yl/4.
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H+0O,+M— HO,+M

WS | EDSK

PERA GLOBAL



2 2R
WENNZF

A 1) T
SVELRONE S HE T R

MBS . ArrhensiusRBR,

ATz JEIE eaY R
TR B R

N

Y

-
Kﬂ@%
diAl_ IR T I B A L

No. of collisions

Probability that a

dt

A and B molecules kmol of A
collision leads to ;

Unit volume - unit time No. of molecules of A

reaction

8k, T
k(T)= pN,, 02, {—B

1/2
] exp[—-E,/RT]
u
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HWENHZF
YA \% == A E, Temperature Range
* /f”t%}im E/\J LE Reaction ((em?¥/ gmol)™-1/s)? b (kJ/gmol) (K)
’ — H+0,—-0OH+0 1.2-107 -0.91 69.1 300-2500
o BN, FEITRM OH+0—0,+H 18- 10" 0 0 300-2500
\ O+H,—OH+H 1.5-107 2.0 316 300-2500
o REPFEL. ArrhensiusR AR OH+H,—HO+H 1.5 10° 1.6 138 300-2500
H+H,0 - OH+H, 46108 1.6 N 300-2500
0 +H,0 - OH+OH 1.5- 10" 1.14 72.2 300-2500
H+H+M—-H,+M
M = Ar (low P) 6.4 107 -1.0 0 300-5000
M =H, (low P) 0.7 - 10' -0.6 0 100-5000
H,+M—-H+H+M
Ry F-RELEH BT LA LEIEEIArrhensiusskR /AR M=Ar(ow P) 2210 0 402 2500-8000
M=H, (low P) 8.8-10" 0 402 2500-8000
H+OH+M —=H,0+M
M=H,0 (low P) 1.4.10% -2.0 0 1000-3000
k(T)= AT” exp(—E /R T) ’
HO+M—-H+OH+M
M=H,0 (low P) 1.6- 107 0 478 2000-5000
0+0+M—-0,+M
M = Ar (low P) 1.0- 107 -1.0 0 300-5000
0,+M—-0+0+M
M = Ar (low P) 1.2- 10" 0 451 2000-10.000
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 Chemkin RS9 irRA%53F1980,
B3 ESandia =23&cE=aYKee RJ F
ANmB,

« J&3kdReaction Designz3i4k g
F-ak LRI K

o 2014=ANSYS#kmg, Reaction
Design,

« BArirA2020R1

Chemkin

B Chemkin 2019 R3

B8 Energico 2019 R3

7 Model Fuel Library 2019 R2
[ Reaction Workbench 2019 R3

Forte

B Forte 2019 R3

& Forte Monitor 2019 R3
B Forte Simulate 2019 R3
Bl Forte Visualize 2019 R3
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J Chermkin I

H Chemklﬂ EUIQ Project Edit View Utility Help
Dejsps|odexs & an

E Model Fuel L|brar}r2019 R3 —> E y Dlopmmiiemaille: oo s an
B Reaction Workbench 2019 R3 =1 ANSYS
| 2019 R3
Closed 0-D Reactors
. . . “
*  Supports large chemical kinetics %
meCha n Isms Open 0-D Reactors
1000s of species s
10000s of reactions Flow Reactors
. .
* Fast simulation and fast setup Flame Simulators
(~minutes to solution) “‘g
No meshing required cv;ﬁfi;
&)
*  Provides accurate information about ceﬁeﬂcww
the reacting SyStem L PCYD Remctors ‘ Zoom ‘ ‘ [E streamiine | ‘ Uncluster Display Options | Print | Update Project
Open Projects Models
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Iﬂﬁg 0-D, 1-D and 2-D approximations of industrial flow conditions
Y
= W -
time Plug-flow Reactor (PFR), 1-D
Equilibrium Calculator 0-D Batch and Stirred Reactors

S

Opposed-flow Pre-mixed Flame, 1-D
Diffusion Flame, 1-D

N

T
v
Laminar Flame-
speed Calculation
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Shear-Flow and Plug-Flow Reactors

- —

LPCVD Thermal Analyzer and Furnace
Rotating Disk CVD Reactor
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r | /= Diagram View {reactor_network_gas_furbine) i fEEE G EEEDSHE 0f
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Open 0D Reactors ‘_h—@ L
[Pk =

Finw REactors

BoED || =a]
:

Fame Simulators

CVD Reactors H & I | [*

E‘ : 0T | Estmanilm T Oplions l Prriml | Wpdate Project |

| Open Projects | HMadels ;
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File Help

Color by
- Side species

- Heat flux

-l

Aheolute Rate of Production C3HE
GCIHArH<==MN-C3HT +H2
CEHBeH =S| CIHTHE
CIHA{ M= rCHI CIHE W)
CAHA+ = ~h-CAHT+0H
CEHESO==Sl CAHOH
CIHAHOH== = LC3HTHHID
CAHARHOZ ez =0 CIHT +HI 02
G3H3+HOZ==2|. CIHT+H20F
CIHQHOQH == MO HTHH 20
e o= O AT < HOD
CIHERO 2e=x - CIHTHHOD

‘&D

[T

Honrmialized Seneilhity C3H2
GHI+OZ%==CHZ0+0H

CAHE K== CH 2+ T HE(+ M)
JCHI+ Wl=== CZHE M)
H#diZa=r0H+ 0
CAHE+HO2===0H+GIHZ+ CHR]
CIHA+DH===C2HI+HIO
CAHE+OH==2 CIHS+H 20
CH3+HOZ==2CH30+0H
CIHE+H===-CIHT+H2

HCO =0 e==00+HO

| [Sodtion Mo
| | v vaniabia: Tesimiperatuire (K] -

|| % variae: Tiwe: (8ec)

|| Solution | Preferences |

)| | Spocies Selection | Species List |

Start End

C3HE ]

o2

;| Blement Filter Ay Elemeit -

| Max Species Count 10

R p—

x| a0id y 1270.472

‘| Compasttion at Selectad Location

i Oumnnsil'ii Hili Hii ii =
| |AR

I

=

&
———m
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| [ Log 5cale
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Kﬂl‘lgﬁ
ab
Ihee
-~ 65 Validated Fuel Components
Biodiesel Components
Diesel and Jet-Fuel Surrogates
SR ITIERY

YRFF IR G LR
Gasoline Surrogates

Gaseous Fuels / Emissions

Detailed Particle-based and
Pseudo-gas Soot Models
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N7 E
Process improvement,

meet environmental
regulations (e.g. emissions)

Refining and Chemical Production

Improve combustion
efficiency of gas turbines

Aerospace

Increase engine performance
and
emission reduction

Automotive

Investigate surface chemistry
to improve thin film
production

Semiconductors and Materials

Investigation of combustion
phenomena

Academia

Improve efficiency of
combustion processes for
wide ranges of fuels

Power Generation
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Burners i
Boilers Flares Furnaces Gas Turbi
as Turbines
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Exhaust

Refrigeration and
Semiconductors and Materials Oil and Gas Aftertreatment

Air Conditioning

Chemical Vapor Deposition (CVD), Atomic

Catalysts i
Layer Deposition (ALD), Thin films and Hydrocracking Fiiel Tifection Flam.mablhty
vapor coatings, Plasma processing Pyrolysis SCR studies

Coal gasification
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«  FJHContinuationsIHETTEEAN [T HG X 208 H4 K JE L FE B 52 )

e SN AR L e BT D9 298K IR R B 1k

Ahg (K)/Kgg,q) Ahg (k) /Kg, ;) (OIF),;* (kg/kg) L0 (K)
CH, +air -55.528 —3.066 17.11 2226
H,+ 0, —142919 —15,880 8.0 3079
Cis) + air —32.794 —2.645 11.4 2301
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o« BAEHWHE (heating value) JESUNME  0kew)
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PURTIRERR N & R K IGIRTE
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1) 1Z4TCHEMKIN, s Project>New, i

AN H % #rcase0l, SETHAE.

Project Edit

View Utility Help
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24
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Cpen Projects

Mew Project

Please enter Project Hame

casel

OK

Cancel
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2) ATS5 2 F 1 5 L e B s
Mode iR, miid
Bquilibriumf&lks, BEREE O
F2HDiagram Viewd I ¥H
BB I8 s B s A5
B, EATEOA TAEDG
HjUpdate Projectd%4l.

Miscellaneous
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it

Cl

osed 0-D Reactors

i

oD

P
h=d

me Si

T
9

mulators

g
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Shock Tube Reactors

[0]0][®T]

Flow Reactor:

CVD Reactors
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—
—
s,

LPCVD Reactors
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—

Q‘-
A=
v
: [Ei Diagram View (case01) =
Eguilibriurm
iy il
Display Options Print Update Project
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BIFLR

3) LB ZE AT 5542 2 H 3 Dk
£ 0pen Projectsi&li, X}
tdiPre—Processing, #fHiPre—
Processing®& 1. 7EWorking
Dir—I R H A PRAF I H B8 A%
, WNEFR. 28)a midiNew
Chemistry Seti%H, B
S IR VNS

en Projects
case0

Diagram View
Pre-Processing
C1

o= Equilibrium

1 "
k|| B Pre-Processing (case01) :

MlI” Chemistry Set r\garflechanlsm Viewer rflechanlsmParameters

Working Dir  |D:\cased

Chemistry Set

New
Chemistry

Set
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BREZE
4) #EShort NameF=#i Ah2-air. Bl Select File to Read or Create

5) M tiGas—Phase Kinetics FilesHify Lok In: | caset
st I Browse &, e A Fchem. inp, [ chem.ng

i tiOpen/CreatefZ 4 Bl % NS AHZE) 77
FARAE A
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= Kﬂl‘lyﬁ
=]
REL R
Look In: ‘|j data
lj_r“ .
6 ) A iiThermodynamic Data = F——
FlleEfLﬂuﬁ E‘JBI‘OWSGH%H_O %E [} grimech30_thermo.dat
[} grimech30_transport.dat
R 1 R 2 st AT [ onat_torm.
[} mixedcase_therm.dat
K Mechanism Data, %R [ species._library.dat
. [ therm.dat
E)ﬁfﬁ&ﬁtherm- dat, ;'{—:—'\H?l [ tran.dat
Open/CreatefZ 4 Bl 4 N\ #4717
%ﬁ*}%j’ﬁ: o Short Name h2-air
Description
Gas-Phase Kinetics File  |D:\casel\chem.inp | 2
Surface Kinetics File |
Thermodynamics Data File |(C:\Program Files\ANSYS Incw195\reaction\dataltherm.dat Sl 2
Gas Transport Data File &l
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7) fEPre-Processing® [ )5 midiSave
As---%Z4H, FEFHIE H i MidSaved’
H, PABGARI S A MR AR ORAF, 5EAK
Ja FH W B s .

Working Dir  |D:\case1

Chemistry Set|D:\case1\h2-air.cks

K
7] 17

Hewr Edit
Chemistry Chemistry Run Pre-Processor
Set Set

Hide Detail

S

A=
\"4
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BIFLR

8) fEPre-Processing®i 1, fi | I
diRun Pre—ProcessorfZ4Hiz4T ﬁ Open Projects | Models | :

N o — s
ﬁjﬂ\iﬁ’ e H ETﬁ?fn 'D‘T/_‘Em Chemistry Set Updated: D\case1th2-air.cks
ﬁﬁﬂ\fﬁﬁﬁﬁj ﬁﬁﬂ\iﬁﬁ/‘]é;ﬂi%ﬁ Pre-Frocessing Successful for Dicase\h2-air.cks run in Dicase
DATE T i stz 4 View
Results - &EE.
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o ik A
BREDIR
9) XiiEquilibrium (C1) , #TJF
Cl Equilibrium, Afl]3#H Reactor
PhYSical Properties\ Reactant SpeCieS\ Problem Type Constant Pressure Enthalpy ‘v‘
Constrained Species=A &, fFReactor e S
1 Frozen Species Composition
Physical Propert ies ':F' &EﬁDF [ | Species Remain Initial Phase
. @ Temperature 300K
a) Problem TypeHi%#tConstant | ‘I |8
1 Enthalpy
Pressure Ehthalpy; ) Energy
\. W
b) MiiTemperature, #iA300, HAIK; * Pressure e HEEI

c) miihPressure, #Al, Eflatm;
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_ AN /1=
T?Eﬂzﬁg% v
10) FEH 73 H R IR H ik B

a) M ifiReactant SpeciesifIiif<;

b) Unit Selectioni&ffmole fraction; reactant

Unit Selection: |mo|efraction {or mole) | - |

ﬂmmhs“ ‘v|Dma| | Add

H2, 2, AdrAddd%4l;
‘ N2 376
02, 1, AiFAddFz4H; 02

1.0
Hz2
N2, 3.76, riiiAdd4Z4l .

c) Species | %A AR IR B -

20
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11) Wi fES5 £ Continuations, 3
HSet Number of New RunsFi[fl,

wEITHBH N2, SffE .

Cpen Projects
¢- casel
Diagram View
Pre-Processing
¢ Equilibrium (C1)
C1_ Equilibrium
Solver
OQutput Control
Continuations
Run Calculations

7e Results

Monitor Project Run

i
k Pre-Processing (case01)

Chemistry Set r ‘v Mechanism Viewer I/ M

-

Setup Mew Runs

==

Please Enter The Total Number of New Runs

g

| oK || Cancel‘
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ANNE
S v
TEEVF& =
12) fEAME D H Sdistep
‘_"__4:_';‘ AY \)—L

3¥7K$ ’ uﬁTemperature STEP 1. Select Parameter Group |Reactor Properties -
%4001{’ 'J—_TEE‘Add IHpUt 1o STEP 2. Select Type Constant Pressure Enthalpy -

STEP 3. Select Parameter Temperature -

New Run, 5&j&New Runs #1
&Eo Temperature ‘ ‘ I 400@3

‘ Add Input to New Run H Import Input to New Run |

New Run #1 |’ New Run #2 |

Temperature C1_ Equilibrium — 400 K |
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AT
BFLR v

13) AdiE 0~ /A New Runs #2, WH
Temperatureff ~500K.

STEP 1. Select Parameter Group |Reactor Properties -
STEP 2. Select Type Constant Pressure Enthalpy A d
STEP 3. Select Parameter Temperature -

Temperature | | | 5{]{]||K -

| Add Input to New Run H Import Input to New Run ‘

Mew Run#1 | Mew Run #2 |

Temperature C1_ Equilibrium — 500 K
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N T
BET R
14) MWHAESSAERIRun calculations, fEA 1
. o [ Run calculations {case01)
g £ sl Beg iniE I .
i Model () Parameter Study ) Uncertainty
AR BRI AT . | eon_ || Diplay eta |

[Lopen Projects | Models |

Finish running Equilibrium (C1) success
Done running all jobs
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15) TFHE5ER)E, #itiAnalyze

Resultst [,

EFENext Stepf&4

. 9 Species/VariablesiEli-<
BRINEFE eI E, SEATH
Process Solution DataZ4H.

i Analyze Results (case01)

B select Post-Processing Variables :

Solution to View

Method of Analysis

Equilibrium (C1}

") Plot Results Using Previous Settings

i® Plot Results by Selecting New Settings

Hext Step...

[rData Selection rUnitsofMeasure |

Species/Variables

Top/Bottom N Values: Species

[] Getall species data including all-zero data sets

Filter selected species by mole fraction range:

1
L

Minimum ’m !

)

Maximum 1.0]

Variable Names

Select Var

temperature

pressure

internal_energy

enthalpy

entropy

specific_volume

sound_speed

Chapman_Jouguet_mach_number

H2

H

02

SEEE|EEEEE R

-

‘VH Find Variable ‘ | All Vars |

[ ] Use Excel to post-process ‘ Process Solution Data |
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16) 78 HANSYS Chemkin—Pro Visualizer%t
M, fEfLine PlotiZIKMX Variable#: H ik
$Initial Temperature , fEY Variablef:
Hi&#Equilibrium Temperature, miih N7
Creat Plot4%#fl, HI45 3| N & EHT 4R IR

BACH PSR i .

Y Filter

Y Variables

B v
K%

Initial_Temperature

Solution_No
Initial_Temperature
Equilibrium_Temperature
Initial_Pressure
Equilibrium_Pressure
Initial_Internal_energy
Equilibrium_Internal_energy
Initial_Enthalpy

[ T»
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2,400

2485

2480

2475

2470

2,485

2,460

2,455

2,450

2,445

perature ()

2.440

im_Tem

2,435

2430

2425

2420

2415

2410

2,405

2,400

2,395

2,390

Equilibrium_Temperature

290

300

310

320

330

340

350

360

370

380 300 400 410
Initial_Temperature (K)

& Equilioriurm_Temperature

420

430

440

450

460

470

480

4a0

500

510
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