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Overview of new capabilities in 2019 R1

Enhancements for flame and flamelet simulations
— New heat-loss options for premixed Flame Simulators
— Ability to specify an enthalpy deficit for Opposed Flow Flames

Improved CVD Reactor simulations
— More robust convergence with less sensitivity to initial grid

Usability enhancements

— Ability to specify the delimiter in *.csv files used in Chemkin

— Support of European number formats (allow non-standard radix)

— Ability to save Reaction Path Analyzer (RPA) results for future analysis

Improvements to the Surrogate Blend Optimizer (SBO)

— Guidelines and recommendations for SBO fuel selections are now built
into the Ul

— Improved estimation of RON/MON for blends with ethanol

Ability to handle internal walls in Energico
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New options for flame simulations: premixed flames

* Include effects of heat losses for non-adiabatic flames
and flamelets using the Flame Speed Calculator

Q C1_Flame Speed (flame_speed__freely_propagating:Flame_Speed {(C1})) :_
| Reactor Physical Properties | Grid Properties | Species-specific Properties |

) Fixed Composition for Inlet Species "ﬁ“ h

(® Flux Balance for Inlet Species
[] Skip Intermediate Fixed-Temperature Solution ‘&
[] Use Thermal Diffusion (Soret Effect)

® Use Mixture-averaged Transport
i Use Multicomponent Transport

) Use Lewis Number
) User Defined Mixture Average Transport Properties

Unburnt Gas Temperature 298.0(|K 'Ilﬁ?

) Automatic Estimated Temperature Profile

® User-specified Estimated Temperature |f|ame_s peed__... | - | 2 |o':¢-§]|

Optional User-defined Temperature Constraint 400.0/|K - |§?

Pressure 1.0| atm v 154
(@ Heat Flux Per Unit Length 0.0/{calicm-sec - 47 |Constant -
) Heat Transfer Coefficient
) Heat Loss User Routine

Ambient Temperature 298.0(K - Fi

Minimum for Product Estimates 0.0

Minimum for Estimated Intermediate Fraction | 0.0

Gas Reaction Rate Multiplier 1.0 |§5?

[] Use New Scheme Far Convective Flux
[] Use Extrapolation For Species Boundary
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New options for flame simulations: non-premixed flames

* Include effects of heat losses for non-adiabatic flames and
flamelets by specifying an inlet “delta”
— “delta” = percent of inlet enthalpy to be removed from the domain

E C1_ Extinction Flame (opposed-flow_flame__extinction:Extinction_Flame (C1}) §§§§ I:E = E I
ﬁ’ Reactor Physical Properties r Grid Properties |/ Species-specific Properties | ‘& F a me
Basic | Opposed Flow Model | Extinction
Calculator

) Fixed Composition for Inlet Species
® Flux Balance for Inlet Species

Lot Lo d
® Plateau Profile for Initial Guess .
Lailma
) Temperature Profile
Maximum Temperature for Initial Profile 2200.0/[K - Ilﬁ?

[] Skip Intermediate Fixed-Temperature Solution
[] Use Thermal Diffusion (Soret Effect)

Lk

® Use Mixture-averaged Transport

) Use Multicomponent Transport

) Use Lewis Number

_ User Defined Mixture Average Transport Properties

Opposed

Pressure 1.U|atm |v||§?|{30nstam |v| FIOW Flame
[ ]HeatLoss User Routine
Ambient Temperature 298.0/[K w || 817

Gas Reaction Rate Multiplier 1.0 B @
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New option improves convergence for CVD Reactors

* A grid that resolves the velocity profile is key to good convergence
behavior for stagnation flows and rotating disk simulations

* A new option allows weighting the velocity profile gradients in the
grid adaption to improve velocity resolution
— Avalue > 1.0 will increase the weight (recommended value is 2 for most cases)
— Removes sensitivity of convergence to the initial grid and grid-adaption criteria

Reactor Physical Properties Grid Properties } Species-specific Properties Bulk-phase-specific Properties

&>

®) Number of Uniform Grid Points 15 ’f.
User-specified Grid Profile t&
Maximum Number of Grid Points Allowed 100 B |
Number of Adaptive Grid Points 10 34:
Adaptive Grid Control Based On Solution Gradient 0.1 ’v:lﬁ?
Adaptive Grid Control Based On Solution Curvature 05 m{ t& A E
Starting Axial Position 0.0/lcm v ‘%.’ﬂ?
Estimated Center Position lcm v_
Ending Axial Position 6.2lcm l%.iﬂ?
Estimated Zone Width hcm v | ‘&
Mesh Refinement Weighting Factor for Velocity 1.0 l = iﬂ?
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Usability improvements in Chemkin-Pro

£ Select Import Data File

X

Look In: |ﬁ freely_propagating

oo
MEEIEEEES

[ test-profile.csv

) Mechanism Data
) System Data

) My Home

) My Samples

) My Preferred

) Working Dir

) surrogate_blend

® freely_propagating

CSV Format Options

Field Delimiter Character: D
Radix (Decimal) Character: D

File Name: |

Files of Type: |L|st directories and files with extension(s) ".csv' | - |

* Flexibility in CSV formats
— Specify preferred delimiter
e Defaultis comma

— Radix (decimal) character can
be set to something other than

{f)
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* Ability to save

g Analyze Results (flame_speed__freely_propagating)

and revisit

Solution to View

Method of Analysis

December 31, 2018

Reaction Path

Flame_Speed (C1) -

Analyzer results

— Eliminate the
@ Analyze Reaction Paths
B need to reparse
solution

) Plot Results by Selecting New Settings

Save Reaction Data Extracted from Solution File
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In Reaction Workbench, built-in guidance for blends

* Select from the recommended components (from the Model Fuel
Library) for a complex (>3 components) or simple surrogate

s znz EI|

l ... Surrogate Blend Optimization = New

Operation Setup Select Fuels rSeIec argets r elect Solver Settings r enerate Fuel Comp.

Cycloalkanes [] decalin Decalin 44 . .

Cycloalkanes mch Methylcyclohexane 225 H Ig h | Ig hts S h OW

Ether []ETBE Ethyl tert-butyl ether 24

Ether [] ch3och3 Dimethyl ether (DME) 55 recommen d e d

Ether [] mtbe Methyl tert-butyl ether (MTBE) 24

Hydrogen [Ih2 Hydrogen 0 CO m po n e nts fo r

Methyl-ester [ I mb Methyl butanoate 30

Methyl-ester [] mb2d Methyl crotonate 0 t h e ta rget fu e I

Methyl-ester [] mhd Methyl palmitate 85.9

Methyl-ester [ ] mod Methyl stearate 101

Methyl-ester [ ] mod9d Methyl oleate 57

Methyl-ester [] mod9d12d Methyl linoleate 38.2

Methyl-ester [ mod9d12d15d Methyl linolenate 22.7

Sulfur compounds [In2s Hydrogen sulfide Se I ect t h e ta rget
iso-Alkanes [] hmn Heptamethylnonane 15 .
iso-Alkanes []ic12n26 iso-Dodecane 9 fu e I a n d d eS I re d
iso-Alkanes []ic4n10 iso-Butane 0 .
iso-Alkanes []ic5h12 iso-Pentane 25 IeVEI Of Com pIeXIty
iso-Alkanes []ic6h14 iso-Hexane 34.0

iso-Alkanes icBh18 iso-Octane 14

4| I |

Highlight Recommended Components

® Gasoline ) JetFuel O Diesel Recommendation Level: -

4 fuels have been selected.
cBh5ch3, mch, icBh18, nc7h16

Summary of
selections

Previous || Next |

e
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Improved RON/MON estimation for ethanol blends

* Updated the non-linear blending rules based on new data for
ethanol-gasoline blends

* Average error for blends reduced to < 1.5% for RON and MON

RON Errorin Ethanol Blends; SBO vs. Experiment

pt)

e
o

RON_Ex

Abs (RON_SBO -
=
o

E 0 = = =m0 moE. am - lI o _I e N |
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
(Proprietary) Blend #

o
m
L

B 2019R1 m19.2

2 —  MON Errorin Ethanol Blends; SBO vs. Experiment
v a
%' 3, 15
S g 10
as
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0
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Improved flexibility for Energico applications

* Energico now recognizes zero-thickness walls within the CFD
simulation
— Will enforce separation of fluid regions during zone creation

Ero - m] x
File Edit View Utility Help

[Djs|8e[els =(a]d/ = &lwa « Blaxa
Yﬂodel.‘emp ERN Analysis | LBOAn... 3 :

E Model & Chemistry Setup
& %4 SelectFiles
& @ select Volume
o B‘ Map Species Names
& 5 Map variable Names.
o & {7 wentity Boundaries
& Define Inlet Conditions

Example: baffles
represented as zero-
thickness walls in
ANSYS Fluent

Boundaries (44) | Zones (1) | Flames |

{77 vatfies =]
[] vaffies-shadow

¥ ] bofa-axial

¥ ] bofa-axial_bofa-zone.

¥ ] bofa-axial_bofa-zone.

1§ ] bofa-axial_bofa-zone
] bofa-axial_bofa-zone
] bofa-axial_bofa-zone

.

] bofa-axial_bofa-zone

L A

. =condition inlet_var_unit = "primary-ai##Mass Flow##ko/sec” value = "84.78"=
] bota-axial_bofa-zone. <Jcondition=

] bota swir <finletconditions=
</boundaries>

] bofa-swirl_bofa-zone.

$ ] bofa-swirl_bofa-zone.

¥ ] bofa-swirl_bofa-zone.

$ ] bofa-swirl_bofa-zone.

Checking mesh validity.
Mesh ol

J31L4W 9BLEG

] bofa-swirl_bofa-zone
] pofa-swiri_bofa-zone
] bofa-swirl_bofa-zone
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