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“ARG” in CFD (or how to take your
simulations to the next level)




Chemistry in CERFACS:
a brief history =
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—> So, “ARC” or Analytically Reduced Chewmistry
is a type of chemistry description ...



Reaction A n Ea

H+0y=0H+ 0O 3.52 x 1016 0.7 71.42
Ho+0=0H+H 5.06 x 100 267  26.32
Hs + OH=H-0+H 1.17 = 107 1.3 15.21

H,0 + O = 20H 7.06 x 107 384 5347

’, ” 2H + M = Hy + MP 1.30 x 10¥  -1.0 0.0
H+ OH + M = H20 + MP 4.00 x 102 20 0.0

7 20 + M = 02 + MP 6.17 x 10" -0.5 0.0

] H+ O+ M= OH+ MP 4.71 x 10"% 1.0 0.0

0O+ OH + M = HO, + MP 8.30 x 10 0.0 0.0

i i P H ” H L Collection of elementary reactions:
> Directly derives from aldetailed” kinetic scheme > ¥ ementary reactione;
—> Only retains the “most important” chewmistry information

—> Allows to capture finer chemistry details (NO, soot formation, fuel pyrolysis,
auto-ignition, ete.),

—> Reasonable CPV cost

—> In essence:

Detailed kinetics =
- Basically does everything ...

- Cheap, reliable - Gool useful options CPU cost
- Basic features (sl, Tad) (Pollutant formation)
- Low CPVU cost - Reasonable CPVU cost

Bugaf’ri Chiron

Mercedes 6
(663 AMG 6x6)

Kenault Clio



How do | derive these
“ARCs” ?

* Several steps are required:

(2) —> Rewmove “Unnecessary” species
Petailed —> Remove “unnecessary” reactions
—> Regroup information (lumping)

mechanism
(>100 specs.)

Skeletal

(1) mechanism
(10-40 specs.)

ARC

—> Start with a detailed

mechanism adapted to your needs (10-30 specs.)

—> Determtine targeted type of (3) |

applications (premixed/diffusion, —> Spot species with short lifespan

secondary dilution efe.) —> Spot species in small concentrations

—> Peterwmine operating range —> Re-express the concentrations of

(lean/rich, T range, etc.) these short living species (Loose the “ “ because
—> Pefine targets (soot precursors, now, the meaning of ARC

NO, ete.) is eristal clear)



How do | use these ARCs
in my CFD solver 7

* (Again) several steps are required:

—> Ensure the validity of your ARC : use a chemistry solver !l
—> Format the ARC properly:
- Requires an external routine for the computation of
the transported species
- Otten requires transport properties simplifications
- Might require specific stiffness management



So far we have seen:  wmeif
What exactly is an "ARC" 7
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How do | derive these “ARCs” 7

How do luse these ARCs in my CFD solver 2 |
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Can | do/learn more about-
all of this at CERFACS ?



ARC resources in the CFP
CERFACS team

* What exactly is an “ARG” 7

—> Learn all about it online: www.cerfacs.fr/cantera

CANTERA User's Guide

© NAVIGATION

Greetings !

This website is hosted by CERFACS, and is primarily intended as a chemistry
platform for numerical combustionists. The main featured "tool" is the chemistry
solver Cantera, an open source software that CERFACS has adapted 1o its specific
needs.

—> Read dedicated PhD thesis:

https:/pepiot.mae.cornell.edu/pdf/Pepiot_Thesis.pdf (P Pepiot)
hitp:/certacs.fr/wp-content/uploads/2017/08/CFD_THESE_FELDEN.pdf (A. Felden)
hitp:/certacs.fr/wp-content/uploads/2016/06/THESE_CFD_JARAVEL.pdf (T. Jaravel)



http://www.cerfacs.fr/cantera
https://pepiot.mae.cornell.edu/pdf/Pepiot_Thesis.pdf
http://cerfacs.fr/wp-content/uploads/2017/08/CFD_THESE_FELDEN.pdf
http://cerfacs.fr/wp-content/uploads/2016/06/THESE_CFD_JARAVEL.pdf

ARC resources in the CFP
CERFACS team

* How do | derive these “ARCs” 7

—> You don't necessarily have to... Check out the “mechanisms” section of
http:/www.cerfacsfricantera/mechanisms/ maybe there already
YOUur needs

. oy @ CANTERA User's Guide
|
w—

'BP

Hydrogen/air combustion ey ~
I SEERIILERRN TSGR AV IGATION l

e certacs website:

© INDEX

Greetings !

This website is hosted by CERFACS, and is primarily intended as a chemistry
platform for numerical combustionists. The main featured "tool" is the chemistry
solver Cantera, an open source software that CERFACS has adapted 1o its specific
R

—> If you need a “new” ARC: US@ YAKO !! Learn all about it on the YARC tutorial online:

www.cerfacs.fr/cantera/YARC/First_Tutorial.php. Also, use a detailed mechanism featured/
referenced on the website !!



http://www.cerfacs.fr/cantera/mechanisms/
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php

ARC resources in the CFP
CERFACS team

* How do | use these ARCs in my CFD solver?

—> Ensure the validity of ARG with CANTERA !! Check the “installation” section
www.cerfacs.fr/cantera/installation.php and the tutorials from the CERFACS’
CANTERA formation www.cerfacs.fr/cantera/docs/tutorials/CANTERA_HandsOn.pdf

CANTERA User's Guide
' ﬁ INSTALLATION

There are two different versions of Cantera at Cerfacs , both pre-compiled and ready to use :

o The 1.8 version, modified to inculde a simplified transport model (constant Sc and Pr numbers) and be able to
deal with analytically reduced chemistry (ARC).

o And the more recent 2.1.1 version, also modified.

There is also currently development on a more recent version (2.3), available via the CERFACS GitLab. E-malil
felden@cerfacs.fr or lapeyre @cerfacs.fr if you want to get involved ! :

Note that you should use the version 2.1.1 as much as possible, as this is the stable version !! Additionally,
frequently visit the 'Updates' section, to keep informed about the latest developments in the CERFACS version of the

L;_—_;.; Bee

© INDEX © NAVIGATION

CERFACS Resources:

o A quick presentation of Cantera.

Greetings !

o Tutorials from the CERFACS' Cantera formation.

o Help for the tutorials from the CERFACS' Cantera formation. | This website is hosted by CERFACS, and is primarily intended as a chemistry

I\ platform for numerical combustionists. The main featured "tool" is the chemistry

Web Resources: N > | solver Cantera, an open source software that CERFACS has adapted 10 its specific
eads

Official Cantera Documentation: This site contains documentation for the curf

history. ‘
Official Cantera discussion group: This site has a message board for discu :

e N0t@: The CANTERA formation is in NOVEMBER !



http://www.cerfacs.fr/cantera/installation.php
http://www.cerfacs.fr/cantera/docs/tutorials/CANTERA_HandsOn.pdf

ARC resources in the CFP
CERFACS team

* How do | use these ARCs in my CFD solver?

—> Format the ARC properly !! Use a “t90” routine. Find it online if you use an already
existing mechanism. Learn all about it on the YARC tutorial online:
www.cerfacs.fricantera/YARC/First_Tutorial.php.

—> Simplified “AVBP” transport: find proper constant values of Pr and Sc numbers.

Use the xml2av tool or find it online if you use an already existing mechanism.
—> Stitfness control ?
- Use a “sub-cyeling” or control the time step directly in AVBP
Check-out the AVBP website: hitp:/www.cerfacs.fr/avbpZx/HELF/avbphelp.php
- “Implicit” the computation of some stiff but necessary transported species.
Check-out the PhD thesis of A. Felden:
http:/cerfacs.fr/wp-content/uploads/2017/08/CFD_THESE_FELDEN.pdf



http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php
http://www.cerfacs.fr/avbp7x/HELP/avbphelp.php
http://cerfacs.fr/wp-content/uploads/2017/08/CFD_THESE_FELDEN.pdf

i 1 YES
um...
0K then. -

| am new
at CERFACS

Possibly
G

' YES
NO

———-} Get out.



http://www.cerfacs.fr/cantera
http://www.cerfacs.fr/cantera/installation.php
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php

What is next ?

AWAY A USE i1 e

—> ln AVBP:

* |nitialize your
—> canZav (1P a
—> glob2are (30

* (Control stiffne

—> Use SUb’cyc" © AVBP USERS : ALL ARC RELATED TOOLS

i" mixfure d Here you will find information about the various AVBP moulinettes relevant to ARC. They will be detailed in the fa
M. section:

|
1,

= - |
se ARC in AVBP |
& E r~ t
i' Tutorial 1D flame using ARC
[f

TUTORIALS MECHANISMS
I
1

* Monitor your computation:

—> In time: tool xm & tool x_we_spec_exact
Find dedicated AVBP “ARC

: : : tools” section online
* Visvalize chemistry-related stuff:

—> Store selected source terms in instantaneous and average solutions
with run.params keyword ‘save_source_spec”



An example !

Posslbly

YES NO
NO
YES/NO | |


http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php

An example !

(]) - Choose an adapted detailed mechanism: Narayanaswawmy, C&F 2010 for
ethylene/ air combustion. Contains 198 species.

- Choose targets and operating range: partially-premixed combustion, soot
investigations

(2) - Rewove unnecessary reactions and species.

(3) - Spot species with short lifespan.

—> ARC with 18 transported species !!

Perive an ARC with YARC |

Yeb/ND ~ Vedicated Phi thesis


http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php

An example !

0.60 .
LT, =300K| o™ —— N&B |-
0.50} - . P—3bar O ARC_NB| _
i ™\ Y\ P=5bars
_ 0.0} ' -
g i
E 0.30F -
» . 0.6 2700
P=10bars —  N&B P=3bars—¢=10-T,=300K |
0.20 n 0.5+ = ARC_NB _ - 42400
v/ RN - — T~
0.10/// Treoeslead T 12100 3
¥/ . M g i 3
0.5 1.0 1.5 2.0 25 | 2 1500 g
(a) Phi g 02 2 ] 1500 2
3178 10 3 0 O O B S R 2 : -1200,;
Perform tests with = OH(x10) 4900
CANTERA on your : 1600
operating range ... )
| \p N : g L. g . | . r—-- 1 e 300

04 08 12 16 20
Position [mm]

YES/NO



http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php

An example !

0.60 :
LT, =300K| 7™ —es |-
0.50F : \ " = 3 bar © ARC_NB|_
P = 5 bars
_ 0.40f i
&
= 0.30+ i
7 06 12700
0.20 P=10bars —— N&B P=3bars -¢=10-T,=300 K
' 0.5-_~ ARC_NB _ . {2400
" T_.
""""" i {2100
0.10 Z o4 -
g 11800 %
0.5 1.0 1.5 2.0 2.5 % 0.3 8
(a) Phi g " C02 (x2) 41500 2
2 02 : 41200 =
s =
/0H(x10) <4900
0.1
a 1600
0.0 boesedi s e r——e———J30
0.0 04 08 12 16 2.0
(€) Position [mm]

YES/NO



http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php

An example !

- Obtain “mixture_database” and omayzong  Seconday JIIONZO _,  5400.0
‘species_database” with xml2av

- Obtain “t90” routine with YARC

- Initialize computation from 29
simulation with glob2are !

Temperature [K]

- Visvalize !

Perform tests with
CANTERA on your
operating range ...

Axial velocity [m/s]

Perive an ARC with YARC

www.cerfacs.frieantera/
~ YARC/First_Tutorial.php

+

Pedicated PhP thesis

’, www.cerfaesfr/eantera/YARC/First_Totorial.php |



http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php

Cowmpilation of resources:

—> Quline:

www.cerfacs.frieantera CERFACS CANTERA website

www.cerfacs.fr/cantera/docs/tutorials/CANTERA_HandsOn.pdf Exhaustive
CANTERA Hands-On

www.cerfacs.fricantera/installation.php Use CANTER A at CERFACS
www.cerfacs.fr/cantera/YARC/First_Tutorial.php YARC tutorial
NOTE: YARC/AVBP sections online are protected by password !!!

(—> ask felden@certacs.fr)

—> PhD thesis:

https:/pepiot.mae.cornell.edu/pdf/Pepiot_Thesis.pdf (P Pepiot)
hitp:/certacs.fr/wp-content/uploads/2017/08/CFD_THESE_FELDEN.pdf (A. Felden)
hitp:/certacs.fr/wp-content/uploads/2016/06/THESE_CFD_JARAVEL.pdf (T. Jaravel)



http://www.cerfacs.fr/cantera
http://www.cerfacs.fr/cantera/docs/tutorials/CANTERA_HandsOn.pdf
http://www.cerfacs.fr/cantera/installation.php
http://www.cerfacs.fr/cantera/YARC/First_Tutorial.php
mailto:felden@cerfacs.fr
https://pepiot.mae.cornell.edu/pdf/Pepiot_Thesis.pdf
http://cerfacs.fr/wp-content/uploads/2017/08/CFD_THESE_FELDEN.pdf
http://cerfacs.fr/wp-content/uploads/2016/06/THESE_CFD_JARAVEL.pdf

Moulinette: glob2arc

—> Why this tool ?

Initialize ARC computation from global mechanism computation

Shorten the transient period
IT REQUIRES CANTERA with ARC features! .
28 solution from

Inputs CANTERA previous run

CANTERA: script AVEP: ‘glob2are £90"

‘generate_table.py”

2 flame tables (.h9): ARG initial

- 2§ table solution
- ARC table



—> Example of use:

Solution initiale
ARC

—> No sub-cycling necessary (with
add_spec: necessary)

—> Requires sowme user input !!

- Diseretization of the .h9 chewmistry tables
- Managewent of the “pure” fuel stream

I NXC7H16
5.762e

E -01
£0.45
Z0.3

I
From k. Colin



Moulinette: glob2arc

—> Example of use: 10 flame C2H4 Phi 0.8 PT atm

3
PGP ()P (--)[Pa] HeatRelease _ (-)[Jm s ]
3,010405 l l I 48407 | | |
Ja+05 TN — Ja07 : ------ —
e T =
30405 i < canzav vs 20407 |- _
2
4 .
30405 |- Y g|0bzal’c 10407 |- i
2,996+405 L l I « 1 I I
0,0005 0,001 0,0015 0,002 0 0,0005 0,001 0,0015 0,002
time (s) time (s)
HeatRelease SUm>s!
P o) P o) Prrg (P mear M2 ]
3,010+05 T T T . _' T -
30405 r
30405 -88+07 / -
38405 L4 /”ﬂ = .
2500 addspec VS ooal :
2980405 2 | 1
2,980405 ' ' ' g I 0 b arc B 00005  0g01 00015 0002
0 0,0005 0,001 0,0015 0,002 time (s}

time (s)



