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1. Jet stirred reactor (JSR)
2. Residence times
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3. Euler- Lagrangian Method
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Table 1- Chemical mechanism of decomposition of nitrogen dioxide into nitric oxide and oxygen[29]

First step 2NO, - NO; + NO
Second step NO; - NO+ 0,
Net reaction 2NO, - 2NO + 0,
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1. The steady-state approximation
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Table 2- Chemical mechanism of oxidation hydrogen gas

H, + %02 - H,0 AH® = —242 kj/mol

1)H,+0, > HO, -+H- Chain initiation

2) H, + HO, -» HO - +H,0 Chain propagaton

3)H-+0, > HO-+0- Chain propagaton + Branching
4)0-+H, > HO-+H- Chain propagaton + Branching
5)HO-+H, - H,0+H- Chain propagaton
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1. Pre-exponential factor or Frequency factor
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Table 3- The first chemical mechanism[30]

No. k = AT’exp(—E/RT) A (1/s) b E (cal/mole)
1 | Np+CpHy; > 12CH+ LIH+ N, | 435E+09 | 0.0 30000
2f CH+H, + N, - 2NH + CH 1.00E + 15 0.0 78000
2b CH+2NH > CH+H, + N, 195E+15 | 0.0 0
3 H, + OH & H + H,0 2.16E + 08 1.5 3430

H, + 0 e H+ OH 3.87E + 04 2.7 6260
5 H+0, &0+ OH 2.65E + 16 -0.7 17041
6f N,+ 0, - 20+ N, 1.00E + 18 0.0 122239

6b H, + 20 — 0,H, LO0E+18 | 0.0 0

7 H, + 2H & 2H, 9.00E + 16 -0.6 0
H+ 0, < HO, 1.00E+15 | —1.01 0
H+HO, o H, + 0, 448E+13 | 0.0 1068

10 0+ HO, & OH+ 0, 2.00E + 13 0.0 0
11 CO + HO, & CO, + OH 1.50E + 14 0.0 23600
12 CO+ OH < CO, +H 4.76E + 07 1.2 70
13 CH+0< CO+H 5.70E + 13 0.0 0
14 CH+ OH & CO + H, 3.00E + 13 0.0 0
15 CH + NO & NH + CO 1.00E + 11 0.0 0
16 N, + 2CH & C,H, + N2 LOOE+14 | 0.0 0
17 C,H, + 0, » 2CO + H, 3.00E+16 | 0.0 19000
18 N, +0 & N+ NO 6.50E + 13 0.0 75000
19 N+0, NO+O0 9.00E + 09 1.0 6500
20 N+ OH & NO+H 3.36E + 13 0.0 385
21 NH + NO & N,0+H 3.65E + 14 -0.5 0
22 N,0 + OH & N, + HO, 200E+12 | 00 21060
23 N,0 + 0 & 2NO 2.90E + 13 0.0 23150
24 N,0 +0 & N, + 0, 140E+12 | 0.0 10810
25 N,0+H < N, + OH 3.87E + 14 0.0 18880
26 NH+ 0 & NO+H 4.00E + 13 0.0 0

1. Discrete transfer radiation model
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Table 4- The second chemical mechanism [31
No. k = AT®exp(—E/RT) A (1/s) b E (cal/mole)
1 | C,Hys + 0, > 5C,H, + C,Hs + O, 30199.52 1.5 15698
2 Cy,Hys + OH - 6C,H, + 0 19952623.15 1.0 8942
3 C,H,+H - C,H, +H, 30199517204.02 | 0.0 18878
4 H+H+M ->H,+M 1995262314968.88 | —1.0 0.0
5 0+0+M ->0,+M 100000000000 -1.0 0.0
6 H+OH+M - H,0+M 70794578438413.8 | —1.0 0.0
7 H+0, >0H+0 223872113856.84 0.0 16692
8 O+H,>0H+H 17378008287.5 0.0 9400
9 CO+OH - CO,+H 1.78E — 15 7.0 —13910
10 H+H,0 - OH+H, 83176377110.27 0.0 19971
11 CH; + 0, - CH,0 + OH 1000000000 0.0 7948
12 HO,+M - H+0,+M 2089296130854.04 | 0.0 45705
13 HO, +H - OH + OH 7762471166.29 0.0 1888
14 CH,0+ OH - H,0+ HCO 79432823472.4 0.0 4213
15 0+H,0 - OH+OH 57543993733.71 0.0 17884
16 N, +0 - NO+N 1000000000 0.0 49680
17 N+0,->NO+0 100000 1.0 3974
18 N+ OH - NO+H 1000000000 0.0 0.0
19 HCO + 0, —» HO, + CO 30199517204.02 0.0 13910
20 HCO + OH - H,0+ CO 19952623149.69 0.0 0.0
21 C,H, + OH - C,H; + H,0 6025595860.743 | 0.0 3478
22 CH,0+ HO, —» HCO + OH + OH 1000000000 0.0 8942
23 C,H, + HO, — HCO + CH,0 1995262314.97 0.0 10930
24 C,H, + 0, - C,H, + HO, 1698243652.46 0.0 9936
25 NO + HO, - NO, + OH 1000 1.0 0.0
26 C,H, + 0 — CH; + HCO 8511380382.024 0.0 2980
27 C,H, + HO, - CH; + HCO + OH 7943282347.243 0.0 9936
28 H, + CH, > CH, +H 10000000 —15 14190
29 C,H, + OH -» CH; + CO 158489319.25 0.0 4968
30 CH;+0 - CH,0+H 128824955169.31 0.0 1987
[¥¥] pgms (o2 loons 559300 =0 Jguir
Table 5- The third chemical mechanism [32]
No. k = AT’exp(—E/RT) A (1/s) b E (cal/mole)
1 H,+OH< H+H,0 1.17E+ 11 1.1 3626
2 H,+0 o H+ OH 2.50E + 15 0 6000
3 H+0, ©0+O0H 4.00E + 14 0 18000
4f N,+ 0,520+ N, 1.00E+18 | 0 122239
4b H, +20 > 0, +H, 5.00E+17 | 05 0
5 H, + 2H o 2H, 400E+20 | -1 0
6 H+ 0, & HO, 1.00E+15 | —1.1 0
7 0+ HO, © OH+ O, 1.50E +13 0 0
8 H+HO, o H, + 0, 150E+13 | 0 0
9 CO+0OHe CO,+H 417E+11 0 1000
10 CO + HO, & CO, + OH 5.80E + 13 0 22934
11 CH+0«< CO+H 1.00E + 10 0.5 0
12 CH + NO & NH + CO 1.00E + 11 0 0
13 CH+ 0, © CO+OH 3.00E+10 0 0
14 C,H, + 0, & 2CO + 2H 3.00E+12 | 0 49000
15 N, +2No N, +N, 1.00E+15 | 0 0
16 N+0, ©NO+O0O 6.30E + 09 1.0 6300
17 N+ OH< NO+H 3.00E +13 0 0
18 NH+0 < NO+H 1.50E + 13 0 0
20 NH +NO & N, + OH 2.00E+15 | —0.8 0
21 O+N, +HO,>2NO+0O+H 1.50E + 07 1.0 45900
22 2NO+H < N, + HO, 2.50E+10 | 0.16 8000
23f N, +0 < NO+ N 4.75E+10 | 0.29 75010
23b N+NO< N, +0 3.00E +12 0.2 0
24f N, + H, + 2CH - 2CH + 2NH 1.00E + 16 0 78000
24b 2CH+2NH - N, + H, + 2CH 1.95E 4+ 15 0 0
25 | C,Hp + N, > 11IH+6C,H, + N, | 250E4+09 | 0 30000
26 | C,Hps + N, 5 12CH+ 11H+N, | 250E+10 | 0 30000
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Table 6- Specification of case studies

Chemical Number of Number of | Number of Last scalar
Cases . : ) S
Kkinetics species reactions flamelet dissipation
Case — A Table (3) 17 26 28 13
Case — B Table (4) 21 30 3 0.01
Case — C Table (5) 16 26 11 19.1
Slslo 5>

AlSS 65, ‘ksi..w}u sl dolee J> ol D oo ‘BL?L;‘ [\\c]\\f CSedd ] d)lj'élra).; Ko 5o 5b> giledns
2 Sl OYolas gl co ooliiul da dw ;0 Sgdome p> b, 5l ole,S miald g atllS B Blsl Juw OYoles
.. -5 e . e e . . . L.

A Vet oVolae o ol Ken sl igd oo (iladinnS 90 e Ojgods g GiluhS Ged Ojgeh Ol
Sloaasie coie @ly S e e ) HLid g Cop pite [VE]C Jron 0,5 g oo dan | CewaVl
S5 Slr SFLSY gm¥gad So g 09d o0 ST atgn B sly 6rhgl Homm¥gep Ko wlhad 5 5B (Sslio
@ ataly slabezai> wlg 5l 5 baisS o5y sle,S arubre (slp 09 o Jloe! atann 518 Sioliyoge s Jld, 5 o5 >
aile 5l 5L NOy aculns (sl dgd oo dlbe 558 5 5,1,> NOy g5 90 il IS o 095 o ool Les
NO, Jsies 5 [¥8logs o oolinal Sio Jobss (5,8 51 OH 50 sla JlGol, acule sl o [¥Olgugoal; aidlasnugs
NOy acslns s pgas ,o yiin SOl oS sl ] o Comody [PV]Cygus Laugs oasasl)l alal, 575,68

g aislgs auas [Y8] g [VE] ] ool e

Sy bulyd g dwiin

il by ledasin cwyp lp TNl 5 9,0l Joe glaslginl 5l abime awais jl ol alie o
Sl 1y Jae gl aliiss gladasin V sz 5 oo sl aliise olgmyb ¥ S5 ol oad oslizal ST
iload Blod (29,5 jLid 9 6899 (02 Ghz i fa Slasle aisle (2955 9 6999 10 550 byl ams o
lodd (5,8 il pac g 95,02 o A e lps S g g (2o S (550 Ll

e 1

320 |
| o B0 20
hr i § l

'\ X X

Fuel Injector

—— B

57 19 50

— R
Dome 4!,3! l°|

Dilution Jet
Diameter: 9.5

Primary Jet
Diameter: 7

Figure 2- Schematic view of the model model combustor (dimensions in mm) [11]
VW] (o o Slrst ) Joko 31y alihio 0,ylg0 ybo - JSCio

1. ANSYS Fluent 16.0
2. Central Difference
3. Upwind

4. Prompt NO,

M



slpgule Gole sz g (2l 0 Sloew ¢ Slieb 203k 5,8

Jow @l pio! alrdxo aasie -V Jgo
Table 7- Specifications of the model combustor

Parameter Value
Combustor’s diameter (m) 0.08
Combustor’s length (m) 0.32
Type of fuel Jet—A
Operation pressure (m) 1
) ) 0.019
Swirler diameter (m) 0.057
Swirl number 1.4
Spray angle (degree) 60
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Figure 5- Comparison of present profiles of mean axial velocity (cases A to C) and experiment in a non- reactive flow
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Figure 9- Decomposition rate of kerosene in each chemical mechanism
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Figure 11- Production and consumption rate of oxygen in each chemical mechanism
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Figure 12- Turbulence scalar dissipation rate on centerline
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Table 10- Compare the constants Arrhenius relationship in the first and third chemical Mechanisms

First chemical mechanism H, + OH<=>H,0 + H 2.16E + 08 1.5 3430
Third chemical mechanism H, + OH<=>H,0 + H 1.17E+11 1.1 3626
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Figure 16- Compare the mole fraction of H as function of mole fraction of H,O on centerline
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Figure 18- Production and consumption rate of H,O in each chemical mechanism
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English Abstract

Influence of Chemical Reaction Mechanisms on the Combustion
Characteristics in a gas turbine model combustor

Farzad Bazdidi-Tehrani, Sajad Mirzaei and Mohammad Sadegh Abedinejad
Heat Transfer Research Laboratory, School of Mechanical Engineering, Iran University of Science and Technology,
Tehran, Iran.
(Received: 2016.12.5, Received in revised form: 2017.3.9, Accepted: 2017.3.13)

The purpose of the present paper is to investigate the influence of different chemical mechanisms on non-premixed
combustion of Kerosene liquid fuel in a gas turbine model combustor. Numerical simulations of two-phase reacting flow in
this combustor is performed by Realizable k-¢ turbulence model, Steady Laminar flamelet combustion model, and Discrete
Ordinates radiation model in a structured finite volume mesh. An Eulerian-Lagrangian approach is applied to model droplet
spray of liquid fuel. The results in the present paper are obtained using three different chemical reaction mechanisms for
Kerosene and the boundary conditions in the three cases are based on the experimental conditions. Validation of the results
are performed by comparing the velocity and temperature distributions with the avalible experimental data. Accordingly, the
results obtained by the first chemical reaction mechanism, which consists of 17 species and 26 reactions, are more accurate
and closer to the experimental data. Comparisons of the mean velocity and temperature distributions with available
experimental data are one of the outputs of the present paper. Also, the quantity of scalar dissipation rate, mixture fraction,
mass fraction and the rate of formation of carbon dioxide, water vapor, Kerosene and nitric oxide are compared for the three
different chemical reaction mechanisms. The results show that because of differences in the decomposition rate of C,,H,zand
consumption rate of O,, average mixture fraction in the chemical mechanisms are different. In addition, the scalar dissipation
rate of the flame is affected by the turbulent flow in the three mechanisms. Further, the concentration of produced NO and
CO, in the flame region using the three mechanisms are different due to the flame temperature differences.

Keywords: Gas Turbine Model Combustor, Chemical Mechanism, Kerosene, Reaction-Turbulent Flow, Flamelet
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