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In the present study, the effects of several global chemical kinetics in 3-dimensional numerical
simulation of methane combustion in a horizontal combustion chamber which has lifted flame by a set
of open source code OpenFOAM, are compared. The purpose of this comparison is to study the effects
of 1, 2 and 4 step global kinetics on velocity, temperature and species distribution. In this simulation,
conservation and state equations are solved simultaneously. Partial differential equations are discreted
by finite volume method. The effects of turbulence by standard k-e, radiation by P1 model and
turbulence-combustion interaction by PaSR are modeled. The results of numerical simulations have
been validated by cylindrical combustion chamber experimental data. The results show that the
chemical kinetics have considerable differences in the results of velocity, temperature and species in the
final third of the chamber where the flame is located, and predict locations of the flame differently.
According to these results, 4-step mechanisms were more accurate than the 2-step type. Between 4 step
mechanisms, JL is more accurate than Kim overall; however, its calculation time is higher than the Kim.
Single step chemical kinetics were not able to keep the lifted flame. Towards the experimental results,
2-step model predicts the flame in downward and Kim mechanism estimates the flame in the upward.
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Table 4 Parameters of Rate Coefficients and reaction orders of Kim et al. [1]
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Fig. 1 Cell structure in partially stirred reactor model, PaSR [32]
[32] 52 semseual o8 25Ty g, 50 (Slomlne Jshoo S Jlislo 1 S

® Limiting species
© mixing-rate constant

8 o)laibs 17 0931396 oLT (Hurde Suilfo wie

F5y slaasi e @alimol)  ° (Kbem¥molyisy S5
[CH,]°5 [04]*% 30000 O 4.4e13.25 (R-4)
[CH,][H:0] 30000 O 3ell (R-5)
[COI[H.0] 20000 0 2.75e12 (R-6)
0.5 2.25
[H] [O?E 2.5e18.25
[H20] 40000 -1 (R-7)
[H2]°% [0,]*5 6.8e17.25

51 oolitul b a5 dges cdalice g 0,5 solitwl 60 Lusle aisuus] s ué
5 el ;3380 JL 0355506 4 Cos Hy § CO clale pasw ;o EDC o,
75 e Gl i oo Sl gol (g yo 1) polie ul IL Jos
Sl cde o)l 65 oo pess 0 IL Juw dx T S oo (S
aisS (asd po IL & o Ol e @l Syl gl 5o 03l ol
4 bgrpe Sl 4 5l pae 5 (09 pdbl iS5l 5 5 [1] @S ille
30 &S 4sSler (R-10) O; L CO STy cpiizmad ol o 28Ty S50
by (R-6) ol b mauSly 4y Cand ls S52g 5 (R-3) 28y

el oo
CH; +0.50, - CO + 2H, (R-8)
CH; + H,0 - CO + 3H, (R-9)
CO+0.50;,- CO, (R- 10)
H,+0.5 0, = Hx0 (R-11)

[ &y Gl 398 sloiaSly oo 5 25Ty 255 wmlpo sloyual )y
o bl e ile 2ol jo il (53 Lls .l sael 4 Jgaz yo
1545 5,5 lolid [ YL Ll b sla gzl 5 STy Tl 50T

ol ooy aisls ) 4 [29]

8l g (SolisT S oy -2-2
8o b slaJae b 5 ol oo Hlos oauay Gl il g (Suas] aaS ol
3B0b gl el Wil co Sygorplpwd jo wd )8 a0l Gl el
sl 4 Glgiee ony (nl Giledoe slr @l o e 5l ogl
slasl Ploresl b oS saly » 45 PaSR § EDC EDM EBU
2,5 o Ll (ki axas]

STy 25 50 Puye GRS sond 45 05l 00 2,8 EBU (g, 5o
JpsS wiis] glbes o by bass liwgie (iSly 75 9 S Dls
855 ookl o5l 5 eyl Gy b s sk Olyiss 4z S 05 se
sl Jolw wad o 2,8 EDC by, j0 [19] 05 o,y Siew @l L
5 30, e e BLLI Jlw 5 LSl cend 2 4 Slasle
balds )5 Plasd! Jomo a5 daylislogy, o hid olos o zsTs
P2 SIS EDC Jaw glgl (5 0 bjlislun, pl aes o (59, ol
ol ledas @lp yols S5 s [30] wites Tamsesl SlS ol STy
. ooliiwl PaSR 35> (saisuel o 2iSTy Jow 5l conuay

PaSR b9, -1-2-2
4ol 59 4 ol Joho o 5 28,5 IS5 EDC Jao slise p Joe !
OHgods STy 4l [31] 0gd co paands Ron L2iSly g LaSTy 8

! Sandia flame D

2 Sensitivity analysis

3 Fine structure

4 Perfectly stirred reactor (PSR)

110


https://dorl.net/dor/20.1001.1.10275940.1396.17.8.40.4
https://mme.modares.ac.ir/article-15-9840-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1396.17.8.40.4 ]

S )2lbe s jo9aS 9 WM el

Fig. 3 Designed geometry of combustion chamber
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