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Effect of pre-combustion stage swirl number on flow and temperature
field combustion characteristics in staged chamber
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Abstract: To obtain the combustion characteristics of the flow field and temperature field of the
combustion chamber under different swirl numbers, the swirler and combustion chamber models with
different structural parameters were established, and the influence of the swirl number of the pre-
combustion stage swirler on the combustion characteristics of the flow field and temperature field of the
central staged combustion chamber was studied by numerical simulation and parameter adjustment
methods. The results show that with the increase of the swirl number of the first stage swirler of the pre-
combustion stage, the atomization effect of the swirler on the fuel is enhanced, the central recirculation area
also tends to increase, and the maximum temperature of the temperature field tends to increase first and then
decrease; with the increase of the swirl number of the second stage swirler of the pre-combustion stage, the
atomization characteristics of the swirler are significantly improved, the central recirculation area tends to
increase first and then decrease, and the distribution of the temperature field is also better, reflecting that the
pre-combustion stage swirler improves the fuel atomization quality and initial mixing state by enhancing the
airflow shear effect. Its swirler structure helps to stabilize the flame development and has a positive effect
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on improving combustion efficiency.

Key words: pre-combustion swirler; swirl number; center staged combustion chamber; flow field;
temperature field; numerical simulation; central recirculation area
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Fig.1 Geometric structure of the centrally staged combustor
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Fig.3 Internal grid of center staged combustion chamber
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Table 1 Swirler structure schemes

o BURAHE RETi A EM
4 P e R e
A 0.53(+30°) 0.85(—45°) 0.85(—45°)
B 0.85(+45°) 0.85(—45°) 0.85(—45°)
C 1.39(+60°) 0.85(—45°) 0.85(—45°)
D 3.08(+75°) 0.85(—45°) 0.85(—45°)
E 0.85(+45°) 0.53(-30°) 0.85(—45°)
F 0.85(+45°) 1.39(-60°) 0.85(—45°)
G 0.85(+45°) 3.08(-75°) 0.85(—45°)

g IS O

FEEE/(m/s): —20 =10 0

10 20 30 40 50 60 70 80 90 100

WFFEXF R IEAT I3 HT 5 HIRTE ARG — e i ot
WABE W5 R Ay, LIB (E F \GT5 %0
WX RIET T

4 HEBEMNSERS T
4.1 FURRE—REERBFHRRERIS S EEZH
e
4.1.1 F—RIEFREXT AR Z 2 37 R0
6.2 TIUA I 56— SE il e 7E AN [RLBE AL &R B
TARTT [ BRI B A . AT LA Yk A
JHRE T A W T 1, 55 T R G A TR e i
(28 S KA TR PR IR A BRI — 2 5
TR e RS , IR 3 RS
T BT SR, AR SO TR R IR DA X
TEJT %A (B C .DHY BRI i 22 TR — S I
2 A JA TR P ARBEIE L T 4R IR X, 73500
PLT @R A5 JOHE AT BE A AR A [T X SC IR
TR AR X AR AR AR IR IR X S K

s SR T

HPE/(m/s): 20 10 0 10 20 30 40 50 60 70 80 90 100

(a) e $00.53 (JrEA)

e [T [ TN

HE/(m/s): 20 -10 0 10 20 30 40 50 60 70 80 90 100

(c) e %L1.39 (TEC)

(b) JiEHi %2085 (J7EB)
g [T T

HEE/(m/s): —20 10 0 10 20 30 40 50 60 70 80 90 100

(d) Jig i %3.08 (7 %D)

K6 5 —GUREL AR e RO A bE 2 I I R 1 3 B8 A PO S )

Fig.6 Effect of the swirl number of the first-stage swirler on the velocity distribution along the flowpath in combustion chamber
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Fig.9 Effect of the swirl number of the first-stage swirler on the temperature distribution along the flowpath in combustion chamber
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Fig.14 Effect of the swirl number of the second-stage swirler on the temperature
distribution along the flowpath in combustion chamber
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Fig.16 Nephogram of combustion chamber outlet temperature distribution

100
—n— T %EE
—e— J7%F
98 ——Ji%EB
—— &G
&;:_ 96 |
i
% 94t —
9Lk > ./—4
1-%‘
90 L - L '
0 0.01 0.02 0.03 0.04

=

K17 BRBERCRBEIM LR 2k
Fig.17 Curve of combustion efficiency
changing with fuel-gas ratio

38 1 i ek BT LLar A i FE A R 0.025
i, I EBRARERCE e, 1 R GIIBRERCR AR
ZIG UL TIABER R SR = b R K i A

5K, B e [ X S S R B A B TE 43, #A
Ty ES T

5 i

ITRRER R — 5 50 — e T e ) S5 AR IE S
BOBACNTFHEATOESE, JT I T e U xR 2=
WY SRR R E R R TS, 878 T Rbe s
PNIESEY R R R AR A . i oy
S| RIS TR B — 2 55 — e e e T AR, SR TR
EIFRINERIE T PRSI as XA E 2 i Ak
FESIRGERFIE RN A3 10 T ARG T %
e e SR, EEAEIT .

(1) PRI — G 5 — Je i as her 8
4085 (RI BRI — PR N +45°, 5 —Fheli
F =450 I, HR L I3 PR GR % BT o0 A R
G-, PO IR X A Bk BAR



a4t

LKA : BURGUIER KO0 70 SR BE 2 T RN E AR e R ) ) 73

(2) YHUBRBES — G 55 e de e A
41085 (BRI TUR LS — eI F A +45° 55 —GUiE
k=45 i, HL o Gk be 2 1R EE 7 5 AR AR
W, R AR A R BAR ) B MR X AR R
ANFL I 2 R BE S 0 A, KRB = BB R LA Y
WeAEH

(3) HTURRPEE — I 56 — e ax e A
}10.85 (R TIURR SR — et S +45° 58 e
R —45°) F FE AL 0,025, FRut A ke =
R PR B

S

(1] m%HE, 4 B, SO, MmO o ke & 1
TR F T[T iz &8, 2015,41(1):9-15.
GAO Xianzhi,LI Feng,GUO Dapeng. Design and
computational analysis of ultra-high temperature rise
central staged combustion chamber[J]. Aeroengine,
2015,41(1):9-15. (in Chinese)

(2] THEENE, TR, BURETE, 55, FRRGUIRIR S 0o

PR I T PERERTRZIA (V). DEBIATAS R K22
#2,2023,40(1):22-30.
YU lJianqiao, WANG Chengjun,L] Haiyang,et al.
Effect of main combustion stage swirler on the outlet
performance of the central staged combustion chamber
[J]. Journal of Shenyang Aerospace University,2023,
40(1):22-30. (in Chinese)

[3] MATSUYAMA R,KOBAYASHI M,OGATA H,et al.
Development of a lean staged combustor for small aero-
engines[R]. ASME GT2012-68272,2012.

(4] XU B, B, T W5 O gURbe s ket
REIREGRTE[ V). FPEMK, 2019,45(9): 149-155
LIU Wei, WANG Chengjun, YU Lei,et al. Experimen-
tal study on combustion performance of central staged
combustion chamber[J]. China Measurement & Test,
2019,45(9):149-155. (in Chinese)

(5] TR, TA, HITE 55 BEUR A 45 F R fiE 2 1000

O SRR IR [T ], AR S
57 ,2023,36(2): 14-21.
YU Jianqiao, WANG Chengjun,LI Haiyang,et al.
Influence of swirler structural characteristic parameters
on the temperature field of the central staged combus-
tion chamber[J]. Gas Turbine Experiment and Re-
search,2023,36(2):14-21. (in Chinese)

(61 X1 &H,H &, FEE 5 BURSUHERES .o
FRbe s s KTERER [T ]. Ml 3h 17241, 2022, 37
(2):2335-2343.

(7]

(8]

(9]

[14]

LIU Yan,HUI Xin, WANG lJianchen,et al. Effect of
pre-stage swirl number on ignition performance of
central staged combustor[J]. Journal of Aerospace
Power,2022,37(10):2335-2343. (in Chinese)
X, B R W5 L R A R AR
ARAEXH IR [T ], BABESh ) T4, 2019, 34
(12):16-23.

LIU Aiguo,LI Yuze,ZHU Tao,et al. Effect of swirl
angle variation on combustion characteristics in a
central staged combustion chamber[J]. Journal of
Engineering for Thermal Energy and Power,2019,34
(12):16-23. (in Chinese)

T PO SRR SRR ENIFE D], MR
IR Tl K%, 2020.

WANG Ze. Research on flow field characteristics of
central staged combustion chamber[ D |. Harbin ; Harbin
Institute of Technology,2020. (in Chinese)

AR AR IR, BEmX O S PR B
Bl AR mam g (1], PEAL Tl K224, 2020, 38
(6):1198-1209.

LI Le,SUO lJiangin,ZHENG Longxi. Research on the
influence of rotation direction on flow field and
temperature field in central staged combustion cham-
ber[J]. Journal of Northwestern Polytechnical Univer-
sity,2020,38(6):1198—1209. (in Chinese)

DHANUKA S K. An experimental study of the stable
and unstable operation of an LPP gas turbine combustor
[D]. Ann Arbor:University of Michigan,2008.
MONGIA H. TAPS: a fourth generation propulsion
combustor technology for low emissions[R]. AIAA
2003-2657,2003.

LI Gougiang, ANGIER S,LAMBOLEZ O,et al. Ex-
perimental study of velocity flow field for a multiple
swirl spray combustor[R]. AIAA;2002-618,2002.

LI Guogiang, GUTMARK E J. Flow field measure-
ments of triple swirler spray combustor[R]. AIAA
2002-4010,2002.

LAZIK W,DOERR T,BAKE S, et al. Development of
lean-burn low-NO, combustion technology at Rolls-
Royce Deutschland[R]. ASME GT2008-51155,2008.
KLINGER H,LAZIK W,WUNDERLICH T. The en-
gine 3E core engine[R]. ASME GT2008-50679,2008.
THEE /N, B AR, 5. =G BT R
EPERERIAIR[T]. ALz 2 124, 2015,30(3):686-693
DING Guoyu,HE Xiaomin,ZHAO Ziqgiang,et al.
Experimental study on the effect of three-stage axial
swirler on combustion chamber performance[J]. Jour-
nal of Aerospace Power,2015,30(3):686—693. (in



74 AR RE S5 05 5384
Chinese) (in Chinese)
(171 SPWPAE, Bk 5,1 3, 5%, dulorguhibesE FR%ik [19] ZHENG Zijun,HUANG Zhaoming, WANG Tao, et al.

[18]

TSEREATIE[T]. A 2022,43(8):291-297.
E Yajia, CHEN Wei,HE Pei,et al. Experimental study
on design parameters of main combustion stage of
central staged combustor[J]. Journal of Propulsion
Technology,2022,43(8):291-297. (in Chinese)
TEME. ORI BEE IR A PEREIIPEFE (D]
TRBA P BAALZS R, 2023,

YU Jiangiao. Research on combustion flow field
performance of central staged combustion chamber

[D]. Shenyang: Shenyang Aerospace University,2023.

Influence of heat transfer of combustion chamber wall
on the performance of gasoline engine based on
polishing technology under different compression ratio
and air-fuel ratio[J]. International Journal of Automo-
tive Technology,2022,23(4):1055-1063.

VERMA K A,PANDEY K M,RAY M, et al. Numerical
investigation on the effect of variation of upper wall
divergence angle of parallel fuel injection scramjet
combustor performance[J]. International Journal of
Thermofluids,2022,15,:100179.



