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1. Mechanism

2. Swirler

3. Eddy Dissipation Concept

4. Transport Probability Density Function
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1. Reynolds Averaged Navier Stokes
2. Reynold's Stress Models

3. Kerosene
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1. Jet stirred reactor (JSR)
2. Residence times

\Al


www.SID.ir

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

Slp cleds g Joles aBue] i e il 5 Plowad) plas alise Slisl slaoe )l @aiids slals o
d‘)_o‘ ‘Sal.o.o.».m ;s...»...».m ).»_’L' o L u...m...l le.ﬁb)ls )‘ ‘B‘JS TR o sl 00 oolaul 6..«..5‘5 UL‘)? 6)1....:4.»......4
b ol dllae jo cal oais ails 8 e Joe @lel alhase SO o piaSTy b aled g5l Jae p S g
Syl Joe Realizable k — & Suas] Jow 5l Jow Gl abase ol oSy 5lgs b > coae gjlwancds ;o .ol
Ly lgn 5 0,la8 63Bg0 a5 mle Cge Shd il 058 oo oolital Time Gl oxinis Joo 5 LL cdosds
Cewl oy ploil aliBre  olod [ g5k amw b 3! giluacd ol alis o aigd oo (g3lo Joe r}il)fﬁf—]l.lsl 9,
—oolo b soue o mls o liel 5l il [\\]@&Quj byls p daie 650 bl il plod cdl> a2 0 oS
C).v Lao Ly e)ﬁ.a J.ALMJ )..ol.‘> s )‘ OM—‘ Cewdds Cul.u ] 0 G\.HJLCLA 9 LQ)lSB)Lm R esljau 6[@
3595 QST g g S el B o0p)S anST60 (sladiss LSiT F 5 g soy> S cboglite Sl ISl S
Lol Joe Gl ol ddaase Al ablioe jo

Sl Yol
o ‘_,’42155‘5 6‘}?‘ e 6@563)3‘ sl LS sl e sl doles JAL..; azas| @Z.;S‘B ng.).?ﬁ w.fb- sbaolee
ol (V) dobas & jgoas o515 BB e 5 LL ¢ )58 Slaize o O¥oles IS IS
(U‘P)+ (V‘P)+ Z (W) = a(r a\y)+a<r a\y)+a<r 6qj)+5 +5 M

P P p v ar\'¥ay) Taz\'¥ 57 w1 T Oy
GAPJMSB GJL».:‘ ‘Lyi._c.w‘ 6))-" Plos! cr ‘Giml (= Gl il o o Jolis anisly o s Lo W

A y’ ).lé
Sl Jdods  pbsgw 4 Sy Al Sgd oo Joe Gougl Oyaoas a5 Canl 58 by (gile Jae cpl jo diwgy 58
ol gl 5B g oo I B ez S Bo )y V- }\Muoiwﬂg A ylog e 03gde 4o A5 Ol jlad
DT oo conods &S 1o dolae 5l @l a8 S 1> e 098 o ool (65,5 olFaus 51 o] 40,5 Jow (slp a5 04 o0

du )

E— FD(U up)

W\_J)L..C w|u| MPS&.A.C)AAJH‘S‘)J Py wsl.n.c oMoC}wc\Sw‘ 0)145&.:‘5“:)...:‘ su}WU)lA;
ol (2,8 Cewl 0als oolaiul 6 ,had sles 40,5 Jow sl (Jolw e Jow ol SKlaol slay (59,5 sdsmoz 1 il
5 W od (6l Olyhad (pl Lo .[\a‘\f]w‘oiabo).laé J51o sleo g 5 ka5 0925 0 ka8 15,0 Led s a5
.[W‘\?]oj.:bsa Al 0 yhad Gl bl o > Jlasl alal) 5,k }‘%Wtﬁ Wb oo prals Slawls a3
dm
D

—7 = TdppeaDimShasin(L + Byy) ™

¥ . - . < 1 s - e I
Py 03 g 059}(& OAE oo P Bm 9 ShAB | )lf )L’i L )L>Lg Og le Di,mj d)LY )L‘B (5‘Li‘> Poo ‘OJJGB )JGS dp as
Woleo  (pl ;0 0ad o Sluyjea oy Sl Jolw aolee  wlely o oyl sles ostee 'Kl

1. Steady Flamelet Combustion Model
2. Discrete Ordinate Radiation Model
3. Euler- Lagrangian Method

4. Sherwood number
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1. Spalding mass transfer number
2. Airblast
3. BPDF
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1. Intermediate species
2. Oridinary net chemical reaction
3. Nitrate
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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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Figure 1- The steady-state approximation a) k;>>k; , b) k;<<k;
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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, | #35E+09 | 0.0 30000
2f CH+H, + N, - 2NH + CH 1.00E + 15 0.0 78000
2b CH+ 2NH - CH + H, + N, L95E+ 15 | 0.0 0
3 H, + OH & H + H,0 2.16E + 08 1.5 3430

H, + 0 < H+ OH 3.87E + 04 2.7 6260
5 H+ 0, & 0+ 0H 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, & 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
[¥¥] pgm oloans 559300 =0 Jouir
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« 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 o . . R
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
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Figure 2- Schematic view of the model model combustor (dimensions in mm) [11]
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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

A D (G
g5 ) ooliial 390 aSids Canl oa osliiud [YA] el (6 15810 5 atay 51 cJos Glyiol dlais sondSicd Cux
9 adsl slooylgd 9w oo &) Al osdy (Jae §lyial dlhize adgl (g o SLle azgi b g osg andllejle
lp ol oud oolitul (anaSed lp 55, sladske 5l (P9 ol o WIS o bz 2 sk BB S 5L,
ol osliiwl alaize (9,0 by Silwaned sl it aSh o3Il ez jlaaSid Bl it 5 Il @S 4 Goee)
Ol il ol ol gcam s shls s a "Grid — D" 4 "Grid — C" "Grid = B" "Grid — A" (slaaSs a5 el
2l 8S198 Gl 50 97 e @5 ¥ SIS il Gl Jsho o daw 5 geles SG g )l olidnguatie
A s 4 S "Grid — C" 4SS Ao g conlie GBS A b Y S (bl as e (i a0 ez 0
ool 950 ld 4ol ¥ ISs 055 oo oslitiul aliie (19,8 by (2l iloaned sl "Grid — C" a5l S
shls cale 5 ey (Lol )T a5 >lg ;0 el slednlin T SE jo a4 joblan e o lis 1) bagluans iy
&jlwas slpRealizable k — &  Kias] Joo 5leslaiwl @ axgi b .ol oo aBlol o Joko o515 5 009 0 s
85 ol oad Bl glaisSay o)les wHly e sl (sl alold g baojles 4y Sooj sladshe o515 il by

Iralast olgs aly Jlasl slp Yo o3game 0 YF

0
E
2
]
K=
[}
0.04 >
“002- E
é [«] é
c
002 ©
-1}
0.04; =
o mumimimim Grid- D
o5 cC v, 1 1 1 1 1 1
S T & 0
iy § 0 0.1 0.2 0.3
; Axial direction (m)
Figure 4- Structured mesh on the model combustor Figure 3- Grid independence test
geometry el olaxi 4 dliown Jo (SKiwalg pae oy p-Y o
i (gasaSud Jowo 3l ol ahdze dwwia —F KU &l

AY


www.SID.ir

D gn 085 (pedS (VV) alayl) lawgi oy (sboools

|Experimental data — Numerical results| av)
= X

MD 100

Experimental data

03ld (s 3l > aladone calizes glade dn )3 (255508 0L 2D 3w Gl Sae e (5970 Allie @8 D SIS 5
9 S 22595 0976 D98 o0 aladze Oy (3luE3) 5 adsl Slaglygm 5 caile 2 5l lea LS e Gl U )0 el oad
533l Al S5 5 aliioen (35,8 198 o cnlie 58 B pn s m i it 518 55 ol il IS
soslo b s9 cillas s gilwans (im0 o g 598 g oo odalin 4 jsbjles il ol 5l pewlio 4l o
ahie o el 00,5 i ) b, bW o3 cw,ds L Realizablek — e Sasl Joo g o)l ool
Sloasls 2 5l i Salols b .ogd o ooplice Gl il alaioms (655 10 j95x0 (59, 12 (598 00,5 5L 4>l G X = 0.04 m
4 M55 3 (S, sloelys 5 55 TALO b o al3H (535 ol (g, g S 5 00 1S o iz

Dgbos pelpSo X = 0.2 M plaislys Sp @598 (3ol dhie (29,5

004 [ T L LI T 004 T T T T T T T T T 004 [ T T T T
r C} b)o [=] Experimental r a)
0.03 Experimental 0.03}F o Present; MD: 8.7%| 0.03 B
[ Present; MD: 1.5% ]
E oozt 1 £ 002} Eo02 .
4 r [ 4 [ 4
0.01 L i 0.01F ] 0.01 [} Experimental
o Present; MD: 4.5%
k o 4 -
0 1 1 1 1 1 1 1 1 1 1 1 1 O s | 1 1 1
0 10 20 30 40 50 0 20 40 60 80 -10 0 10 20 30

Mean axial velocity {mis)

Mean axial velocity (m/s)

Mean axial velocity (m/s)

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 6- Comparison of present profiles of mean axial velocity (cases A to C) and experiment in reactive flow [11] (a)
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Figure 9- Decomposition rate of kerosene in each chemical mechanism
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Figure 10- Mean mixture fraction on centerline
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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 17- The mean temperature of the model combustor as function of mass fraction of H,O
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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 madel 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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