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Numerical simulation investigation on a hydrogen micromix combustor
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Abstract: In order to curb the carbon and NOx emissions of the aeroengine and ground gas turbines,
a multi-injector combustor dome configuration was proposed. To explore the micromix non-premix
combustion mechanism and the impacts of the critical parameters on the combustor performance, the k-w
SST (shear stress transfer) turbulence model, FGM (flamelet generated manifold) diffusion flamelet
method and 9 species-26 steps reactions were adopted for the numerical simulation. Sensitivity analysis
was performed with regard to the momentum flux ratio, equivalence ration, air-gate height and hydrogen-
gate height. The influencing factors of mixing characteristics, flame structure, temperature distribution and
NOx emission were explored. Meanwhile, the NOx emission between the conventional kerosene
combustor and the hydrogen micromix was evaluated. Results showed that lower momentum flux ratio
was beneficial for enhancing the mixing and reducing the flame length, resulting in 169.6% NOx
reduction. There existed a critical value of the air gate height which brought about the highest NOx up to

5 x 10 under the 15% O, content condition. As H, gate height increased from 3 mm to 11 mm, NOx fell
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by 75.9%. Compared with the conventional kerosene combustor, NOx emission dramatically dropped by

85.7%, using the optimal combination of critical parameters.

Keywords: hydrogen fuel; micromix non-premix; NOx; momentum flux ratio;
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Fig. 1 Schematic diagram of hydrogen micromix combustor
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Fig. 2 Geometry model of hydrogen micromix combustor

RHOE, AL R BAL, 25 AL A AALFL G
M PLAE X, by 7R 28 SOFWME BE, by, m AR
SR

FEMETT M hy, 4 12 mm, hy, oK 5 mm, B
AR AN 4.37 mm?, BN S AL S i T AR
0.096 mm?, %5 T 9 Al = O Y Bl K E R
61 mm,
1.2 (FE&ER

M TR S H 5 2%, THR I, Sl aa
i A, BEE 300 B Y Br b AT R B S . R A
ANSYS ICEM CFD # 4 i it 2 37 i) J L fuf 455 714 ik
17 A& 4] 43, A X A 2 78 Sy DO T AR AR G T A
Tetra/Mixed, Xt 52 7 [X. 35 B 17 Ak B9 ) A 15 45 T
B8 YREEITE 2 Lo . 4r 3R 100 7, 200 T
300 J3. 500 J7 9 PAS ST EHE AT T RIAK TG 6 1
BIE, DL TSF35 NOx by 3, 25 i T 4% 6 %
PER IR 2, W 3, Hoh 9l A bR o NOx 7E 15%
BRI AR R IR, AT DL o(NOX) R .
T 2T 72 A% BT A 300 7, BT AR B A
FORUBE HJE TR AR e 2 19 I At 4] o175 0 DL L 4

K FH 3 B R A SRR i e v T34 19 Navier-
Stockes (N-S) 75 2, B4 il 75 F2 W 275 30k [21].
Titd AR k-0 SST AL, F LIS WAL 0L 30 BE T

2.0

1.5+ ]
hd \l
2 \
g Lot . . .
Z
s

0.5

0 1 2 3 4 5

PaA% &L/ 100
3 PUAR IO TERRIE I 2%

Fig. 3 Numerical grid independence verification



2704 o= 3

% %38 %

& 4 ZURHEOR B AR PR e 4 Jm) T R A%

Fig. 4 Numerical grid of hydrogen micromix combustor
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Table 1 Chemistry reaction'””

a2 J izl A/((cm*/mol)"'/s) B E/(kJ/mol)
1 H+0,—O0+OH 3.55x 10" ~0.40 16.6
2 O+H,—H+OH 5.08 x 10* 270 6.29
3 H,+OH=H,0+H 2.16 x 10 1.50 343
4 O+H,0—O0H+OH 2.97 x 10° 2.00 134
5 H, +M=H+H+M 4.58x 10" ~1.40 104
6 H,+Ar=H+H+Ar 5.84x10" -1.10 104
7 H,+He=H+H+He 5.84 x 10" -1.10 104
8 0+0+M=0,+M 6.16 x 10" -0.50 0
9 O+O+Ar=—0,+Ar 1.89 x 10" 0 0
10 0+0+He=—0,+He 1.89x 10" 0 0
11 O+H+M=0H+M 4.71x 10" -1.0 0
12 H+OH+M==H,0+M 3.80 x 10* 2.0 0
13 H+0,(+M)=HO,(+M) 1.48 x 10" 0.6 0
14 H+0,(+M)=HO,(+M) 1.48 x 10" 0.6 0
15 HO,+H=H,+0, 1.66 x 10" 0 0.823
16 HO,+H—OH+OH 7.08 x 10 0 0.295
17 HO,+0—0,+OH 3.25x 10" 0 0
18 HO,+OH=H,0+0, 2.89 x 10" 0 0
19 HO,+HO,=—H,0,+0, 4.20 x 10" 0 12
20 HO,+HO,=H,0,+0, 1.30 x 10" 0 0
21 H,0,(+M)=0OH+OH(+M) 2.95x 10" 0 48.4
22 H,0,+H=—H,0+0H 2.41x10"% 0 3.97
23 H,0,+H=HO,+H, 4.82x10" 0 7.95
24 H,0,+O—0H+HO, 9.55x 10° 2 3.97
25 H,0,+OH=HO,+H,0 1.00 x 10" 0 0
26 H,0,+OH=HO,+H,0 5.80x 10" 0 9.56




%11 5L RHAR —Bh SR O A TR A BE KB R 2705

ST IR AL F
1.3 BREHMARTE

R Mol Ak B 31 Ui 4 1% 3h 2 sh LS 4K,
WRIpE =8 kO 1K 14 2.1 MPa, #F I35 Bl 838 K,
B2 KL R 0.001 74 ke/s, MR R 0.4,
BRBE 1 R 7 1T A RE TR FH 448 A RE
T, R e 2 1 B 152 Sy e e o 03 00 L1

S S BRSPS S HCH = R A
AR fLAE FLRL, s SOm T A
RA KK, X i nsh, shatma b
B TSR SRS TR, IR R KA TR
NN VA I B

syl e J 1 E LI IR, puy par 53
MR R AR T FE 5 un, P w73 HARER A
Az S .

Pairllyir

T AFshgmEt g, Yk o, 555
TR R B g, FVEST TR 55 E o, 1 B5C1EL 7 AT
5%, W3 2 iR,

F2 WHREH

Table 2 Investigation cases

TS J ] hy/mm  hp,/mm
1~4 09,7,11,17 0.4 12 5
5~8 17,46,67,91 0.3,0.5,0.6,0.7 12 5
9~12 30 0.4 6,8,10, 14 5

13~16 30 0.4 12 3,7,9,11
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