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Abstract; Taking the four-nozzle micro mixing burner with a center blunt body as the object, the com-
bustor model was numerically simulated by using ANSYS FLUENT software and the flamelet-generated
maniflod method under thermal state, which was combined with experimental studies to investigate the
fundamental combustion characteristics of micro mixing burner of methane-hydrogen mixed fuels with vol-
ume fraction of 40% CH, and 60% H,, such as fuel-air mixing, flow field, temperature field, flame
morphology and pollutant emission. The results show that the structure of the micro mixing burner with ra-
dial air and fuel intake facilitates fuel-air mixing, and the doping uniformity index at the burner outlet
reaches 0.959; there exists a small and obvious central reflux zone at the burner blunt body structure,

which contributes to the flame stabilization; in the range of equivalence ratio from 0.4 to 0.8, the flame
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roots stably adhere to the outlet of micro mixing nozzle, which are independent of each other, and the

burner flame morphology photos in the experiment are basically consistent with the simulated OH " field

distribution; in the range of adiabatic flame temperature from 1 500 to 2 050 K, the NO, emissions at the

model combustion chamber outlet are all lower than 16 x 10 "°, and the CO emissions are all lower than

11 x10°, which indicates that the micro mixing burner has a low pollutant emission level and a very

high combustion efficiency.

Key words: gas turbine, hydrogen fuel, low-pollution combustion, micro mixing burner, center blunt

body structure
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Tab. 1 Experimental and numerical simulation conditions

of experimental component
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Tab. 2 Experimental conditions of pollutant

emission characteristics

TOLBE BUEIE
2R/ K 298
25 K1/ Pa 1.01 x10°
23/ i/ Lemin = 805.3
BRBERR Y DV /mes ™! 20
TRbaRs H H R AL 30 050
WL S 40% CH, - 60% H,
Ehgad 0.4~0.8
AT/ kW 20.2 ~40.5

T 3 I RO S SRR AR g AR UR S B X [
—PRRIEA R Y& AR, B SR AR ) Y
Lt @ YRR 0.4 ~0. 8, LA e st 113 B ANAE X
Mo LR TR SRR S DU ORI e ds i R

@mﬁ«mmm-w%m%ﬁHMﬂ%%w,
AEBLITFAEE A T ik 23 (B KA IR S L . Al LA 2]
M HTE 0.5 ~0. 75 YR AY kG FROE IR,
ZIRBEERI KA ) B WAL ot B b, K MG SE e
IEE

MEH $=0.50 MEH $=0.55 H&H ¢=0.60

L $=0.65 LR $=0.70 %R $=0.75
E 12 40%CH, -60%H, B & kil 7E
FREHEL THANERS
Fig. 12 Flame morphology of 40% CH, - 60 %H,

mixed fuel at different equivalent ratios

MR S o BRI R AR PO Bl A A
(1455 1m0 3 DX R AR E KA, BRBE A% IR BB T A7 IX I
FEARMEELE DAL, G T T R RIS
SR BIIRG , HE— 2 B UE T Bl & 4 T RUG LI 1E
H, 51850 AR TIR B R #8A A< AN ]

RS A Y 1 LN I KIS B, TE 5
T B A BE BT, AT ey Ui DX 5% B Ik (]
gL, T TR NO, A

13 FIE] 14 K PUmEsE ORMRBE AR 7E R 2 T
T NO, 1 CO HRBEHEIE B o

0.4 0.5 0.6 0.7 0.8

L | 1 |
1400 1600 1800 2000
YA KIGRIET, /K

B 13 RUBMAKERRFE 40 % CH, - 60 % H, #4#1
KR TRREEHT NO | HEM R B
Fig. 13 NO,. emission concentration of micro mixing

burner combustion at 40% CH, - 60% H,

Yt ¢
0.4 0.5 0.6 0.7 0.8 0.9
100 T T T T
80
e 60
2
S 40
20
0r I I 1 1
1400 1600 1800 2000
SR IGERIET /K

B 14 RIRBAKRERTE 40% CH, - 60 % H, JA#}
KEVTRRRH CO HERK B
Fig. 14 CO emission concentration of micro mixing

burner combustion at 40% CH, - 60% H



11 Ly

1, 45 : SUREVURIR AR P R PRI 5T - 135 -

P g HER R SEIME T 5 15% O, W% 1Y

(L, ITRTTIEWT
s co, =R AL, %o 5 L PrHERCHR
mg/m’

HH P& 13 AT, e R KATRE T, BERARE S L &
AR IS o, PRl Ve TR PR B 4558 22 (3 ) 8 NO, ™
A= NO, HE A T b s, s 7E 0.4 ~0. 8
(52 56 T 1B 9, NO,, HECH B I T 16 x 107°, 5%
W D TR R e 2 A B T HIUA B A R4 I A
BN E

Hi [l 14 AT, CO HET 2 BIABE IR FE A1 >4 & L
(RISEI o BERA B T B A2 55, CO HE I 52 58 7F K g
A BTG ARSI AR, AT BRI B 7840 1Y
B/, KB CO HEMC 2R b 7E i e sl ik
)21 T AR B e 25 e A A iR 7 BT AR K
ML, 2 FE CO HEalm . =N
0.5 ~0.8 [FLHEIN AR AR 1R 4N 2 00 T 1927
CO HERH BEAR T 11 x 10 7%, 2 BT 10 s s ol TR 48R
RS IRHERR B 1

4 # ®

T BRI I S SRR e 1 B (E AR LA
S, TE R beRs ST 25 K15 G Wy HE ) R e s
PEWFST, EEEEBWT

(1) 7£ 40% CH, - 60% H, [11R & BB R, R
Wb AT R/ 2 IR G 150 R 2 S48 1)
HESC MRAHR 1) LA AR ) R SRR L I S
SR RTS8

(2) Xof DUMEHE BRI 25 01T PRASBEAL 53 B 2R T
BAR S A IR BaRS H 1AL 72 AR TR X, FFARFEAH SBIA
Pen I VE R AR E . LR RS KBS
PiE OH " G54 — B0 MRPEdR7E M B R 0. 6 VR
AR R 40% CH, — 60% H, (115 (L it BAG B 4
(RIS K IR Tk o

(3) JHREAGE AR e AR 2 & [ T Y NO, i CO
HEMCRSE o 45 5 NO, HE v B B Y4 2 B 38 i i 1
5 CO HEUHE FE Bl 24 2 LU 38 i St 2l e ARG s A 34
RERUAEE  BEARGE AT LS B R a8 A 9 T 00 T 52

LR RS, A T SR AR BE e 15 Qe UK HE R e
Rt LA

SE 3k

(1] AR08, SRIAME, 2 0. T oK SR R U5 LI S8 3 M e
PARLER[T] R F M A AR ,2021,61 (12)
1423 - 1437.
LI Su-hui, ZHANG Gui-hua, WU Yu-xin. Advanced combustion
technologies for future gas turbines[ J]. Journal of Tsinghua Uni-
versity (Science and Technology) ,2021,61(12) :1423 - 1437.

(2] 75 B, SRaME. S GURE JA I RR P AT M B K a3 01 %
[J] . fiizssh 1244 ,2021,36 (4) 806 - 815.

SU He,GUO Zhi-hui. Combustion instability and flame dynamics of
staged swirl flame [ J]. Journal of Aerospace Power,2021,36(4) .
806 —815.

(3] F b, 9008, T, SRR TR = v 1 o A K I A%

PR B[ T] . HESERAR ,2016,37(12) :2210 -2218.
YU Dan, GUO Zhi-hui, YANG Fu-jiang. Experimentally study on
distribution of flame transfer function in a lean premixed combustor
[J]. Journal of Propulsion Technology,2016,37 (12):2210 —
2218.

(4] EFR, A R II@ES3 L PG REER e [T]. W
S22 AR RRRAR) ,2022,62(4) 1785 ~793.

WANG Yi-chen, ZHU Min. Flame dynamics and their effect on
thermoacoustic instabilities [ J]. Journal of Tsinghua University
(Science and Technology) ,2022,62(4) .785 —793.

[5] NOBLE D,DAVID W,EMERSON B, et al. Assessment of current
capabilities and near-term availability of hydrogen-fired gas tur-
bines considering a low-carbon future [ J]. Gas Turbines Power,
2021,143(4) ;141 - 152.

[6] LEONARD G,STEGMAJER J. Development of an aero-derivative
gas turbine dry low emissions combustion system [ C]//ASME
1993 International Gas Turbine and Aeroengine Congress and Ex-
position, Cincinnati, Ohio, 1993.

[7] JOSHIN D,EPSTEIN M J,DURLAK S, et al. Development of a fu-
el air premixer for aero-derivative dry low emissions combustors
[ C]//ASME 1994 International Gas Turbine and Aeroengine Con-
gress and Exposition, Hague,Netherlands,1994.

[8] HERNANDEZ S R,WANG Q,MCDONELL Vet al. Micro mixing
fuel injectors for low emissions hydrogen combustion[ C]// ASME
Turbo Expo 2008 : Power for Land, Sea,and Air, Berlin, Germany,
2008.

[9] ASAIT, DODO S,KARISHUKU M, et al. Multiple-injection dry
low-NO,; combustor for hydrogen rich syngas fuel : Testing and eval-
uation of performance in an IGCC pilot plant [ J]. Mechanical En-
gineering Journal ,2014,1(5) ;14 -24.

[10] YORK W D,ZIMINSKY W S,YILMAZ E et al. Development and



- 136 -

ol
Y He

3 5 T

2024 4F:

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

testing of a low NO, hydrogen combustion system for heavy duty
gas turbines [ J]. Gas Turbines Power,2013,135(2) .22 -31.
LIU Xiao,SHAO Wei,LIU Ce,et al. Cold flow characteristics of a
novel high-hydrogen micro-mix model burner based on multiple
confluent turbulent round jets [ J]. Hydrogen Energy, 2021,
46(7) .76 - 89.

ASAI T, AKIYAMA Y, DODO S. Development of a state-of-the-
art dry low NO, gas turbine combustor for IGCC with CCS [J].
Recent Advances in Carbon Capture and Storage,2017,62 (1) :
39 -47.

AKIYAMA Y, DODO S. Part load operation of a multiple-injec-
tion dry low NO, combustor on hydrogen-rich syngas fuel in an
IGCC pilot plant [ J]. Recent Advances in Carbon Capture and
Storage ,2015,59(3) .77 - 82.

BASSAM S, MOHAMMAD K, ANTHONY B. Hydrogen enrich-
ment impact on gas turbine combustion characteristics [ J]. Re-
cent Advances in Turbomachinery Technical Conference and Ex-
position,2020,52(2) .24 -31.

WILLIAM D, DERRICK W, YONG Q. Operational flexibility of
GE'S F-class gas turbines with the DLN2. 6 + combustion system
[J]. Recent Advances in Turbomachinery Technical Conference
and Exposition,2018 ,44(4) :241 - 246.

FUNKE H, BECKMANN N, ABANTERIBA S. An overview on
dry low NO,. micro-mix combustor development for hydrogen-rich
gas turbine applications [ J]. International Journal of Hydrogen
Energy,2019,44(2) :6978-6990.

DANIEL K, HARALD H, TSUYOSHI K. Experimental and nu-
merical investigation on the effect of pressure on micro-mix hydro-
gen combustion [ J]. International Journal of Hydrogen Energy,
2021,13(6) ;224 —235.

HRTLTL, IR, BR AR, 45 A MRRH B BUR KOE RA B AT
PSR E [J] 3Rl (AR B R) , 2023,
63(4):572 -584.

SHAO Wei-wei,HU Xue-chao, BI Xiao-tian, et al. Study of com-
bustion characteristics and flame stabilization mechanism of hy-
drogen-containing micromix jet flames [ J]. Journal of Tsinghua
University (Science and Technology) ,2023,63(4) :572 —584.
S FRAE, 5 R B A KO B A% R B AN R B (R A
(1. fioas & 8ibl,2023,49 (1) :81 - 88.

[20]

[21]

[22]

[23]

[25]

TONG Zhao-xu,HAN Qi-xiang. Numerical simulation of combus-
tion instability behind bluff body flame holder [ J]. Aeroengine,
2023,49(1) :81 -88.

ik R B, vt W - 2 BRI P EUE BT
SR S BCA N [T A TR % #H,2023,40(3)
113 -119.

ZHANG Su, WEI Lin-hui, WANG Jin-gui. Experimental design
and teaching application of numerical simulation of methane-air
premixed combustion [ J]. Higher Education in Chemical Engi-
neering,2023,40(3) ;113 —119.

LIU X,SHAO W, TIAN Y, et al. Investigation of H,/CH, -air
flame characteristics of a micromix model burner at atmosphere
pressure condition[ C]//ASME Turbo Expo 2018 ; Turbomachin-
ery Technical Conference and Exposition, Osio, Norway,2018.
X5 1] TR o MRS 45 AR R 1 5 ) ) (B UL
FELD]. MR W /R Tl K2, 2020.

LIU Gui-chuang. Numerical simulation of the effect of diluent on
the combustion characteristics of syngas micro-mixing [ D ]. Har-
bin ; Harbin Institute of Technology,2020.

XUFEIH . S SIS R T AR TSR AR S WA B 4 1 52 i B
FELD]. ALaT: b E Rk Be e (b B RL A Be AR PV BT 5T
fir) ,2018.

LIU Yun-zhou. Effect of jet nozzle characteristics on combustion
characteristics of natural gas soft burner [ D ]. Beijing; University
of Chinese Academy of Sciences (Institute of Engineering Ther-
mophysics, Chinese Academy of Sciences) ,2018.

E I V3 SR 172y S S R T A R e | e = )
J1K2,2023.

CHEN Hao. Study on micromixing combustion of hydrogen-rich
fuel [ D]. Beijing: North China Electric Power University,2023.
gk ERAE, W Rk, A5 R N AMIR SR HLHE T bR 1 X L
GrrLT]. O SIE R4 ,2020,40(9) (71 - 74.
ZHANG Jie, LANG Xing-hua, YANG Jing-yi, et al. Comparative
analysis of gas turbine emission standards at home and abroad
[J]. Environmental Protection and Circular Economy, 2020,
40(9) :71 -74.

(2 B i)



