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Abstract: To meet the requirements of the safety and reliability for de-carbonization of gas tur-
bine power systems, the performance changes and hydrogen admixture limits of the dry low emis-
sion (DLE) lean premixed (LP) combustor fueled with natural gas when switching to hydrogen
fuel was numerically studied. The F-class heavy-duty gas turbine combustor for power generation
was selected as the study object. Details of the actual combustor geometry were included in the
simulations. The effects of different hydrogen admixture ratios of natural gas (6 working condi-
tions of volume content for 0—100% H,) on the combustion and emission performance of the gas
turbine combustor are numerically studied. Potential problems in the combustion chamber during
fuel switching are analyzed. The results have shown that there is a huge risk of flashback when
significant amounts of hydrogen are added to fuel mixtures in the LP combustor fueled with natu-
ral gas. When the hydrogen content reaches 40% , the high temperature area of the burner nozzle
caused by the flashback is obvious. With a higher hydrogen content, the head parts of the com-
bustion chamber is at risk of being burned down and the high temperature flame may propagates

upstream along the pipeline, which brings huge safety problems to the system. There is no risk
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of flashback in the diffusion flame hold in the center pilot burners. The content of CO and CO, in

the product decrease and the content of H, O increase with the increase of the hydrogen mixing ra-

tio. NO, levels in the combustor outlet show an increasing trend with the increase of the hydro-

gen content, but the rate of increase is not significant.

Keywords: hydrogen gas turbine; combustion performance; combustor; fuel flexibility

H 25 )™ F1 04 A ] 25 A 8 ok 1) 0 R H
Jns o X BRHEC & EOMEE LT B C B aR
H¥r. 7E 2019 4FHK G E A0 2 H JF Z Br. 66 4>
% 2 E A FTHAE 2050 AR 52 B o HE B br
— S [5] R H bR R R L ] 2050 A7 S 3 HE L
kb 80 Yok 2t . R E WA 2020 AFEUN T/ES
W T 430607 CHIAE 2030 4F 52 Bl “Br k04,
2060 AR B TP A I RN SIS TR T
A FRESE R B AR AT RRERE TR L

R ATl 2 4 KR 3 SAHE Y R A
7T 45 B 2 Sk — A A D HE 1 22 HARAT L . A R
L T7 3 (E AR 42 71 6 AT 7 A= R 5 R G e 1 o 2 8 o
BRSACHLHL G, JCe 2= I 06 30 GG 18 PR A 2 B
7= # B A B e 09 R0 T DLAE T A R D 3
o R HTT S XHR A LR B B R — R R R AR
R IR REARHE R . 124 1k TR K i
SEEHL EZANT R AR SRR L 3 A R R R AL I
T T SR 45 ) e G2 A IR AE 85 ) SRR A L
(KNS M, Hop IGCC MR A B A L E 4l &
R | T SR E NV S S AN

RAR SR & o e IR Ak A BRRE AR S B
b H= A B 8T FUiE AR AR HE R e Ak R,
FHBRS AL BB 36 . AR 8 2 s &
e R AT — 20 A0k Mt FE ihse . fR T 0 —F
TORMEEL BB HLER B T 77 A R ik R L AL
2o AERRRIR AR, AU K B =5 M A i T
A BE TR B AR BEBE L R A LR SR ik R L &
TR E

ST X R R 4 A R FR 9 AR Ak DL R R R RE R 1)
A1 Jry o 5 B A R AR DR B S S L]
B 58 A SR EE . R S A TE S U R Y
KM FE S JGR Y AT BR AR . AN TRR SRR
B AL RAS [6) &0/ 50 B RITE 6 W BRI R 058 | 3R
AR SRR A R EER . F, ZRA
AR ECHE N R Ak 2 RN I I S R R T 5, A
SRR e 2 BN 3 R R AR 6 R AR R
ZR S ) 5 ) B R 6 Ak 2 R N ok B R [ R R Y 43
A R T RN 58 4 . A AORT T SUORE SR 2L 2H 43

http: // zkxb. xjtu. edu. cn

B2 P ORI N M 23 52 e 2 2 KOG BB AR A
8 JCHATH 2 5343 A G5 R R B R FRE Pk AT
M) i 3t 55 R R 1k 2 B I AR 5 VR T o 2 T X R 58 25 I
it it R 58 S AR s R 7 A 5 A e e SRR RHAT B 2
SR

IR BL 1 7 R T 50 AL B S A S
SR RARSINA AT DUER & R AR SR %
AR PR KRR E R BRS i mIR A
151 1) TR AR 5 TR ] BRI R T U8 Bl R
AW HE T S TL R B AR B ik A8 2 e s ) 7 2 — o B
E] o 7 o] 35 T 2000 g U8 3R 40 4 V8 B, R & 5
XoF 5 A5 AR B &R/ RAR SR B W DL BB 43 1
Pl e, FEPH L HEF KRB MEAR/ KRAR
REVH RIGREHAR L, Hh E & 221
MET S, NKZEKF, 7 ZH LN EA %2R
REEM BRI (EIXMRARTIRAL 4R
SO IR T B AT R B R AR .

A B K AR AR AL T 2 2 i T =R NO,
(DLN) #kbe 5 . 35 3 SR F TR 4% b 77 =X SE B RE NO,
HER . PR KRR & BN IR AE T RA B Fe 2 Y [l L M
PRURGESR A JFEHAE S MR AL, TR
ARG AR N A P BEBE B LU TV 20 A ER A I )t
LRI EPE & | i

AT, IR I8 S R S LS AR R
BL” [ 5 R L TR 5t . 8O T R BA A EAER
AR F G AR R AL, FEPAL R I R T
T P K T F 9 SR E RV PLA B R 5L F
Gw IR BURHLE AR W IE S RE R L T ER L
T 300 MW 2 F g d RUBRAL ™ 5 SR s A&
BCHRRRH T A7 SR B O B A R ) B, HEBIF 5 B2 AT LA
W K4 i F GRS A ML 25 18], o 3 & |
B R K H SIS ) R R B A R S

AR B X SR AR AL B SRR I 9 Sl 2 5 F
Ji& TS EIY . X OB R 2B R RR T SRR Y
TR BRBE o (R HN BT IRBE AR B AR S
RUR e )7 AP WO B IR B . SCBR TR g
HLEE TR R b 2 ) K b 1k il A8 b L) S48 A A5 VB
MR NAEAN Z . SCERLI3 XTI F 9 <A HLIR




%563

ZEHE L A 1B R R R LA o8 2 R B R HE A B 1R R F 1

PeEANFB A LA PEREVEAT T SC B B 5T . &5
F TR T AR BE T AE 4B S 1L 1006 ~20 %0 (AR S3
B0 936 B A Al S BUAS E SR B . AR ST R S PR 9
B g FRAR A MR B % o 0 R BB E 5 A [
RIRAB A LA T BARE % MR A HERCPERE .

1 BUEBA A5 ik

1.1 FRFA M4

RS F AL RS AL BB = B . R
BUR SR R 48 5 AR Be % TE MR BE = v 15 J000R)
AT IR B I 7 A2 e ek 8 e 1) MR 303 ST i)
F RS HLES 1% 7 3F TR R T 1 350 °C iR S
B, IWWRCRMAE LR F S E ARG
LR E R A R G5 A, T PR BB E ST
55 S UGS - (14 SMMET 3% B2 ) — 4k, 20 AR BE
TV AILAL 3 JE 345 RS A BB = S5t B BROREmE
W Fy Ll — B A 8 A X TR X 2 s A 7 v
fR 1 A (E BRI 8 4 K,

B 20 M RBERS i 1 AN A 1) X3k 18T 1E K
PR G FrEGH R AN 1 TR A A R b Ah
765 HMEL AR A DX e . X A X el A B B 25
Fh AN AR 25 ¥4 1 0 A% A8 5 14 TR A XA 5 T Ak TG O P 56
WEHR ] 3 EMA% i 5 450,670,900 J5 M A& 4 1T
TELE TR AT A P R B T T AR R ORS B 4
TEE T A Bk 670 7,

#a

M
BT R XOOR B AR

Fig. 1 Computational domain and mesh

R uR i

1.2 HERBMBFEFH
1.2.1 HAaAR

B AR R 75 ) CFD %4 ANSYS Fluent
19. 2, J A A SR HI AT S2 A9 Realizable ke W57
FRAGEAY  JZAR A XS T Ik 2 HL A U 4 2 it 8 I e
LSRR RS B A B S ek L mT 3R AR ST 1 RN [RE S
UK B AL SR YR D RR BE T B 3 52 S A [

http: // zkxb. xjtu. edu. cn

DAL B A VAR B R T R — 2 B T OORS B
2 M8 Dally %5570 X € U 45 0 KA 1 g 180, 4% Jifs 30 5L
RHBH N Ca=1.6,

AR PR 2 T O I T -k 22 O A AR
FHAEATAREAL b T i SO AL S X T 3£ £ CFD 4
PRI R B OCHEN . O T IR EE AL TR ]
{18 i i AR o A AR T AT R T S 42 ML Borghi ]
g R B HLE L B 2 g T ASHE Y B BRI FE AL
AR B = A7 B GEAT T1 700 kPa)!'™

K i Da #il Ka 4351 8 Damkohler £ Karlo-
vitz B, How SR

0
T Sy
Da _ turb __ 1 0

e O u
Re
Ka = % = % 7]12 = JDaTT (2)
A sz A SO I TR RUBE 5 ST Ry J2 U K07 T E
St RV KIA VR BE 5 7o, i B8 S TB) RUBE 5 20 SRy i UL
RO BE RO o S i 0 28 B 1) PR 8K o, o Kolmog-
orov I [8] RUE 50 2 73 71z 3l 6 B 5 9 i Kolmogor-
ov T WL RUBE BRI ER s Rer 2 i it 7 1 4K
10°r Ka=100
Pk -

@y

102k Ka=1

Da>1
P=1.7MPa

10+ ¢
N % e i
E’:ﬁk& ik ST
1 1 1 1 ]
107! 10° 10! 10? 103 104 10°
LT'E_LI

B2 2R RABE % 0 T i A e AL
Fig. 2 Diagram of turbulent combustion regime in the lean

premixed combustor

5 R AR RBE AR H SR ARE JOUE I R AE 2 5
() Da FIK Ka o PR B AT 00 )2 00 K0 3 B & F H
Bt o I Da B R 25 = RN BE Y kO TR A i
FRYe e KGR AL HE . Ka U2 KON A5 Kolmog-
orov it it RUEE Gl 1t 48 8009 K B RUBE) 19 FEAIE 15 1]
Z W Ka /NG W 25 it 7t FE 18000 38 5 BL A 24 I VL 1Y
T FE 0, A T A AR R A S BO(E BE 9
TAE,

ARSIt R A LR T ANSY'S Fluent i
43 TR K e A5 Y rp ST K 0 T A R I A5 A




12 [ . ]

Ko

R

Eird i 56 %

(FGM) ,FGM BRI BLAG AR 0 1538 A #E 2o 25 1)
AR T N T BB A B AR R R
TZ IR AT TR A it I KM T DA — ZR B 0 T 2
R ENNAT F 2RSSR T
= HYE MG, R HE R R B (PDE) i34 it -1k
S AR EAE S T 25 B8 T U R KO T
PR 8 4% i 17 5 | A R 36 K A KR KA Rl

ARSI BEB A LA 0~100% FY 6 Fl T
AT T WF5E, fE 4l Hy £ F . R 4l Marcos %00
(A EE L, K PDF Schmidt M BRIAHE 0. 7 37 0¢
M 0. 25 SRAB VY BURRAE L LIS R 5 B SR A
o SR TR IR
1.2.2 B R4&H

HLA M E AT S8R 1. RS HE 1009
4 CH, 15, J# i H, =50 108 kJ /kg., #REHE
)

P X 1000

P oANLAH I R A EHCR. AF CH, $#
SUCHRR BB TR 2 than il o BEAT ORI
1B HILAH A i i 2 R Al 5 AN A il ad 2 C3) Al R A5 A
Al 2 S LI B R 28 O R R 2 P gt
(] B HLZH SR (1 8500 F T MR Beds . 150 1 T

k1 B GY A 45
Table 1 Original design parameters of the unit
ZH HfH
LT % P/ MW 270. 30
HLALRE 9/ % 38. 20
R/ (kg e s™h) 651. 00
JEH 17. 00
FESHACR/ % 0. 89
B OEE/ C 1 400. 00

A2 FREHEGHBRHRAER R ZTH AL
Table 2 Calculated mass flow rate of fuel calorific value at

different hydrogen admixture ratios

B H,/ Gi/ T I W O /PR O L/
/% (k] « kg™") (kges ') (kges ) (kg+s )
0 50 108 14.13 12. 01 2.12
20 52 221 13. 54 11.51 2.03
40 55 472 12.76 10. 85 1.91
60 61 118 11.59 9.85 1.74
80 73 352 9.64 8. 19 1. 45
100 119 840 5.92 5. 04 0. 89
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Table 3 Uniformity of temperature distribution at the outlet

with different hydrogen admixture ratios

) Y MABEIX e PR W dERE AR
miRE/K  RE/K RE/K S RE/%
0 2 435 1701 1861 9.4
20 2 359 1698 1 830 7.8
40 2 276 1 700 1815 6.8
60 2 259 1702 1798 5.6
80 2 288 1 700 1 800 5.9
100 2 120 1703 1818 6.8

S 4 TR A O R P A 4 CO,
CO, JHLO iM% NO, IR 455, Hork
NO, BIHEHCA T, S8 1 5 T3 15 % G/ E A
75 JeHE B O i T A 2
_ 591
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IO, 1B 4R e 1 F 141
A4 MORE RO EEEHIRE S RA NO, HH

ok

Table 4 Mass fraction of main products and NO, emission

4

1

characteristics at the outlet of the combustion

chamber

BEAK/% Y(CO)/107¢ Y(CO,)/107% Y(H,0)/107% I,

0 5.38 7.08 5.79 72
20 4.32 6.56 6. 04 73
40 3.40 5.89 6.43 73
60 2.79 4. 89 7.01 74
80 1. 98 3.24 7. 94 76
100 0 0 9. 80 86
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