%%ﬂ%‘——'ﬁ ﬁ* 2025,31(2) :205-211

Journal of Combustion Science and Technology DOI 10.11715/rskxjs.R202412010

B E EXT AR R HERE 2 50 AR 1 BE 2 I BT 35

War', Be%’ T R HER', A F'
(1. M/RET IR S SRR TRARE, WB/RIE 150001 ;
2. FEIERE R A E L O =/, M/RIE 150078)

i E. WERDPIRPEEIER ARSI T, BFIE T e AR IR AE IR 2 (8] 14 5 B v BE RS = BT
Y. #hbatkpe Rt R A 2. S5 RER . G S M RN, B B XOR STIER I E R HO [E]  X
SKER, BRI A PEREAR, SR KRR AR ETE, NO AR A A B X, AR SR ) e
MR sh, O s IR RECEEHIEIL, MBS EH 4 mm EINE 16 mm B, L=
TIHR Z AR FRLEE 7371 223X OTDF 43BN T 0.2%F1 5.6%, NO HEBEEIHIN T 62.1%.

XEEE: G AIRRENL; IRHEBURERE ; it
HESES: TKII XEkFRER: A XER/RS. 1006-8740(2025) 02-0205-07

Investigation on Influence of Step Height on the Combustion Performance
in Marine Low Emission Tower-Type Staged Combustion
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Abstract: The flow field characteristics and combustion performance of low emission tower combustion chamber
at different step heights were studied by numerical simulation. The results show that with the increase of step
height, the size of the step return area increases and the head of the central return area is squeezed. The uniformity
of fuel distribution decreases, the high temperature area increases sharply, and both the amount and the genera-
tion area of NO increase. The high temperature flue gas gradually moves to both sides of the exit wall, and the
temperature distribution quality of the exit gradually improves. When the step height increases from 4 mm to 16
mm, the combustion chamber pressure loss coefficient and out temperature distribution factor (OTDF) decrease by

0.2% and 5.6%, respectively, while NO emission increases by 62.1%.
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Fig.1 Tower graded combustion chamber assembly drawing
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Fig.2 Schematic diagram of the head structure of the
tower graded combustion chamber
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Fig.4 Equivalent ratio distribution of combustion chamber at different step heights
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Fig.6 Combustion chamber mixing fraction and stream-
line distribution at different step heights

(d) 16 mm

JE T TR, AR (] D& T K. 2R 7o), B
By BRI S 8O B XRG4 /0N, HS 7
B I DB T 22 1] A VTR , T T Lk A B ]
istiiz= %))

Bl 8 ARG B B HEm % T IiE 10 mm HZk
(R RE A3 AT, BT I, & B BEY ORI, — i
T [ DX Sk ] Y TUTRG , S BUE PR T Uit [l 3t 18
JRE W (LR T X AR T BE R4 /0N 5 o — 5 T, (B PR
P 1T v RSO X Sl v BE G, S SOH A 1) 8 AN
A ) T BE DA I G N, A% ) B [-15 mm, 15 mm]
X, BEEEHRE Smm B, EE AL E



WA . BB R RS SN GO B E RERZ I IERZF S HEAR

E
=
&
REy
&=
-40 .
-60 -30 0 30 60
217 E/mm
(a) Bz
60
4ot
é 20 F
=2 o}
&
E 20t
&
—40 F
-60 L— : . : :
-60 -30 0 30 60
A2 1] B /mm
(b) &R
— 4mm; — 8mm; — 12mm; — 16 mm
B8 ARAMEERRRLOE 10 mmEESH
E7 AREHBEENKREFHEEESS Fig.8 10 mm speed distribution after the exit of cyclone
Fig.7 Cross-sectional velocity distribution in the com- with different step heights

bustion chamber at different step heights

3.2 KBS

+30mm &b, i T 5 O A DRSS, e 3 5 A E 9 WASE S B R iR 28 PN 4518 T TELRE 43
AR ) S RE H )N 11 NO AR, #rp 1,234 4353 NO it

i R E

K
2200
1900
1600
1300

] " 1000

1 600 e 700

400

(d) 16 mm
B9 AEEMBERMREEEES

Fig.9 Temperature distribution of the combustion chamber at different step heights

— 209 —



MR ZESHEAR

B3k 2l

%0k 0.00005, 0.000 1,0.000 15, 0.0002. S E
JESE RS, o E IR TR A A Y A K IE T
Bek, DRI 0 kg B R s i DX T AR 2R B, NO A
B AR B X YK, F AR R R SEYR,
PRI AR AR RS , D AR E BRI e
KR AT H s DX ) AR IR B R AR, A xp =
100 mm (GEF A R 100 mm) # s, 7ERABE
FHO, B 1700K IR SR/, SRR
()l SR 1) 1 TP BE IR RS 51, s T e IR A
A T A

B 10 KA G W &R Mg S5 hE
10 (a) AT UL, B BERE e, Hos [T KRS 470
ST Re AL shRery L BIRRAR, LR 1R &R
BOREEAR. & 10(b) AT WL, i TEIER I il
X FRZET K, i 0 NO HEk s g fn. i
THAEIEGURI 3 e LL A%, Bt 1 CO #1 UHC

99.9 125
—m— JE R R
3.3¢ —m— R g
= —B— T AT R B &
e s {20 w
W& 99.8 ,ﬁ. =3
K 32orle = = S
X ] _— 22 i
= jmy
sl — %7 e
- s : : 10
4 8 12 16
7 B s B /mm
(a) FESIHR REL SRPEBEEANH DR 1 R 5L
27 8
™ 124
241 /' I/
S ] s b
= 17 = J21 =
= b jan
2 NO S .
— ] 18
18+ \- 6
15 L . . . 15
4 8 12 16

A B = /mm
(b) T5HYHEL

100

80

60

%

40 b

AR

20

0 . . .
-10 -5 0 5 10 15
AR 1L A AR K

(c) AR E 510 R 5L
E 10 AE&MSERRIREEESH
Fig.10 Combustion chamber performance parameters at
different step heights

— 210 —

Henl e AR AR FE A N, RO LT T8 k. 4546
10 (a) F1 (c) AT 21, T 1700 K 3024 AR SE /NS5 3%0
B AR [ 9L 43 A 2250 (RTDF) WA A 13 R S04
Z B (OTDF) & i KA, H 11 3 BE 49 A I 45 DA it
. MEMEEH 4mm HINE 16 mm B, RS
FIR 2O OTDF 2 5lFAIK T 0.2% 1 5.6% , NO
HERCEIE I T 62.1%.

4 % &

ASCUAIAHR O 200 PR B R MR be 3 i 5%
XFG, Mg 6 B B O IR A, 43 b HOG
FEY BRBETk Re S IR BE S A R sE . (AT Ah
L]

(1) B2 5 B i BE RGN, SR T 43 A1 3550 1 ik
FEA, AT E S HE X K, & Fr il R
SERE IR b R X SRR 1) T s B, PG
23S AAH EAE DRSS , (EBES T Ui 1o 0k B W (A [l
A ERE R NS CE W

(2) Bl #5 5 B i BE RN, (EBES Hh F1 BRI 23 A1
I Ea L oy N I N N b e T = A PTG 1 M A
NO A= p{ it A1 AE B X B 97K, #Rpe = i 1 s
1700 K I B 7 s 4 /N 20 RTDF WAE AT 11
O3 PR T RAR , v LR A T ] H 1 T B AT
3.

(3) B & B e BE AN, S 138 0 AT o i
Wl , 1Pk ZECE AR, ABRR LT oA
fb. BEMHEEH 4mm HINE 16 mm B, BREEE
JIHR R RO ERLEE 43 A1 eRE ST HIREAIR T 0.29% F
5.6% , NO e s34 1 62.1%.

S 30k

(1] WA, B2, A8 e, %5 WAL e
L D5 B ORHEEOR D] HEREEOAR, 2020, 41(11) -
2401-2407.
Wen Xueyou , Ren Lanxue , Qi Long , et al
Development and key technologies in marine gas
turbine[J]. Journal of Propulsion Technology, 2020,
41(11) : 2401-2407 (in Chinese) .

(2] RSB, X 0, XIREL, &% RS 02
Wb % E R G 25 R AR W e [0 HEREBROR
2022, 43(9): 250-258.

Lu Jinghe, Liu Xiao, Liu Enhui, et al. Optimization
research on main stage atomizer structure of marine low
emission combustor [J].

tower-type  coaxial-staged



SIBTESE . BB X RO S R be i RERZ i 52

MR FERA

[3]

[4]

(5]

(6]

[7]

Journal of Propulsion Technology, 2022, 43(9): 250-
258 (in Chinese) .

g, GRS EOW A R SR LI K R
Bl fiERAEoR, 2011(6) - 4-7.

Li Xiaotang, Ryang Chun-hwa. Development trend of
world  aero-derivative marine  gas  turbines[J].
Aeronautical Science and Technology, 2011(6) : 4-7(in

Chinese) .

M, F Mg, W] GE A alRHERU b= K
Wik (7). piz=shdy, 2019(1) « 31-36.
Lin Hongjun , Chang Feng , Cheng Ming. The

development of GE's low emission combustion chamber
[J]. Aerospace Power, 2019(1): 31-36 (in Chinese) .
Mongia H. TAPS: A fourth generation propulsion

combustor  technology for low  emissions[C]//
AIAA/ICAS International Air and Space Symposium and
Exposition : The Next 100 Years. Dayton, Ohio,
2003: AIAA 2003-2657.

AR, BN, A, . LPP fIRT5 Jephbe s i
S IRGREUE RS [J]. HEdERR , 2013, 34(3) -
353-361.

Deng Yuanhao, Yan Yingwen, Zhu Jiawei, et al
Numerical study of two-phase spray combustion for lean
premixed prevaporized low-emission combustor[J].
Journal of Propulsion Technology, 2013, 34(3): 353-
361 (in Chinese).

AR, hAERE, ¥ B, AR SN TR AR A b
SOOI 0], RO, 2016, 37(4) : 691-
697.

Guo Kai, et al

Deng Yuanhao, Ma Cunxiang ,

(8]

9]

[10]

[11]

Experimental investigation on emission of lean premixed
pre-evaporation combustor[J]. Journal of Propulsion
Technology, 2016, 37(4) : 691-697 (in Chinese).
Zhang M, Fu Z, Lin Y, et al. CFD study of NO,
emissions in a model commercial aircraft engine
combustor [J]. Chinese Journal of Aeronautics, 2012,
25(6) : 854-863.

FE S8, MRFRE, ATEINL, SF GRS X LESS #A
BeE AT 0], HEdEEOAR, 2014, 35(7) : 941-
949.

Kang Yao, Lin Yuzhen, Fu Zhenbo, et al. Effect of
step height on low emission stirred swirl combustor[J].
Journal of Propulsion Technology, 2014, 35(7): 941-
949 (in Chinese) .

fHAn, MR, MR, S ORE G U E R
TIPSR s AR IAERERI R [T]. Wi 3l 24k,
2014, 29(5): 1062-1070.

Fu Zhenbo, Lin Yuzhen, Fu Qihui, et al. The effect of
different step heights on the ignition and extinguishing
performance of a central staged combustion chamber [J].
Journal of Aerospace Power, 2014, 29(5) : 1062-
1070 (in Chinese) .

P, MR, 5k b, 4.t Bk be s Tk
PRk fe et (V). Mz s 224k, 2015, 30(1) :
46-52.

Fu Zhenbo , Lin Yuzhen , Zhang Chi , et al
Experimental study on the combustion performance of a
pre combustion stage in a central staged combustion
chamber[J]. Journal of Aerospace Power, 2015,

30(1): 46-52 (in Chinese) .

— 211 —



