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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, a numerical method to extract rate coefficients of multi-step global reactions for
Received 17 September 2015 combustion of hydrocarbon fuels with air regarding combustor operating conditions is presented and
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; - implemented. The numerical procedure is based on simultaneous interactions of two solvers including a
Available Online 30 December 2015

solver for combustive field and another solver as numerical optimizer. A simple reactor solver, namely
Perfectly Stirred Reactor (PSR) is employed as a solver for reactive flow, and chemical kinetics such as

gf\mﬁggzmba, mechanisms detailed, skeletal or reduced can be considered as benchmark mechanism. Considering rate coefficients
Differential evolution optimizer of predefined multi-step global reactions as design variables for Differential Evolution (DE) optimizer
Perfectly stirred reactor and the difference between product concentrations obtained from benchmark mechanism and multi-step
Computational fluid dynamics mechanism as cost function gives optimized values of rate coefficients regarding desired conditions. To

Full GR1.3 mechanism confirm reliability and applicability of the present method, three different five-step models are

generated for methane-air combustion under three different operating pressures (1.0, 6.28, and 30.0
atm.) and equivalence ratio ranges between 0.4-1.0 for predicting NO and CO emissions. Product
concentrations such as NO and CO and flame temperature obtained from the presented five-step
mechanisms are in close agreement with results obtained from the full GRI-3.0 mechanism. A
comparative numerical study by means of Computational Fluid Dynamics (CFD) code has been
performed for a laboratory scale combustor employing the generated five-step model and an eight-step
pressure-dependent global mechanism (suggested by Novosselov) under operating pressure of 6.28
(atm.).
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Table 3 Rate coefficients of the five-step mechanism of natural

gas combustion for operating condition with pressure of 30 atm.

(units are moles, cubic centimeters, seconds, Kelvin)
Re. No. A B C D

1 2.46E+18 1.70986 0.596584 12276
2 9.04 E+20 1.57258 1.786810 30594
3 557 E+14 1.00381 163184
4 9.66 E+34 3.82085 0.245818 189571
5 7.75 E+16 41727
1.0 atm
30.0 atm
[¢B]
(&}
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|
60 80

Generations
Fig. 2 Convergence of the optimized five -step global
mechanisms
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Table 1 Base operating conditions
Case T o] To P m

No.  (ms) ) (K)  (bar) (kg/s) Ref.
1 20 0410 600 100 - [
2 40 066 573 650  04BE-03  [16]

3 20  06-1.0 600  30.0 . [1]

lgo b a5 1l (sl Lo (sl o ity 5050 2 Jgur
Table 2 Base five-step* mechanism for natural gas combustion

13
[ ] No. Reaction Description Reaction Rate [mole/cm?/s]
1 CH,+1.50, =>CO+2H,0 AL[CH4]P1[02]%exp(-D1/RA/T)
2 C0+0.50, =>CO, A, [COTR,[0]Cexp(-Do/RYT)
3 CO,=>C0+0.50, A3[CO,]%:exp(-Ds/R/T)
4 N,+0O, =>2NO A, [02]%,[COI sexp(-D4/RIT)
5 No+0, =>2NO As T%5 [N2] [O2] exp(-Ds/Ry/T)

*This mechanism contains seventeen unknowns
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Fig. 4 NO concentrations versus & in the PSR based on the
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Fig. 7 Flame temperature versus @ in the PSR based on the
generated five-step mechanism for methane-air combustion
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Fig. 8 CO, concentrations versus @ in the PSR based on the
generated five-step mechanism for methane-air combustion in
the PSR, comparing with GRI 3.0, KF, and 5-step of

Mallampalli at z= 2.0 ms, T;=600 K, P=30.0 atm
odd 3y p3ilSle ulusl 2 (65 08 S o (S nSTlis0 cile B IS

3=yl b amlio conds bglsea MlS ;5551 j3 (anss 5I5 Gl >l (sl
7=2.0 ms, To=600 K, P=30.00 atm couv JLoYl o SUSl

5linl EVgame CBlE g alad glos i o Li] 5 i a5 ebplen
0 5ulSe oS el pdvtr g ool 18] wolil gla Juol, bl s
(318 5250 U955 pilsn & Comas | (5 2o 31 (sla JIS00], 45)  JLoVLo
Pl YL Glaslre anje aldl oS &l ) (gl (e
sloslitul 4 g po SSe (izmod § (5935 0l a4 Connd JLVLe
19 e bmslome Sl ool cloaS o JaVlo 050l STy (slag
(D)9 fdeS g s> & SVgame plo cdile S@ds (pesd blis

el 3ile ol lS sl adlas Aol

169

Equivalence ratio
Fig. 6 CO concentrations versus @ in the PSR based on the
generated five-step mechanism for methane-air combustion in
the PSR, comparing with GRI 3.0, KF, and 5-step of
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Fig. 9 H,O concentrations versus @ in the PSR based on the
generated five-step mechanism for methane-air combustion in
the PSR, comparing with GRI 3.0, KF, and 5-step of
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Fig. 10 O, concentrations versus @ in the PSR based on the
generated five-step mechanism for methane-air combustion in
the PSR, comparing with GRI 3.0, KF, and 5-step of
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Fig. 11. NO concentrations versus redial coordinate in the JSR
at fixed axial position (13.46 mm) based on the generated five-
step mechanism for CH,-air combustion in the PSR, and eight-
step mechanism of Novosselov, comparing with the
experiment and CFD simulation at 7= 4.0 ms, Ty=573 K,
P=6.28 atm
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Fig. 12. CO concentrations versus redial coordinate in the JSR
at fixed axial position (13.46 mm) based on the generated five-
step mechanism for CHy-air combustion in the PSR, and eight-
step mechanism of Novosselov, comparing with the
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