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Capability prediction of high temperature rise
center-staged combustor
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Abstract: Based on\the increasing demand for high temperature rise combustor of high
thrust-mass-ratio aeroengine, \a design method of center-staged combustor was given and
three-dimensional numerical simulation was conducted on the design model using the same
diffuser, outer-case and exit dimensions of single annular combustor. The capability of cen-
ter-staged combustor was compared and analyzed with the numerical simulation results and
experimental results obtained from single annular combustor. The results show that, by
using the center-staged combustor, the total pressure recovery coefficient can be improved
compared with the single annular combustor, and the outlet temperature distribution factor
(OTDF) of the combustor is lower than that of single annular combustor in addition to high-
er temperature rise, but the CO and NO emissions are higher than that of single annular
combustor in slow train state. At the designed 0. 045 fuel/air ratio state., the temperature
rise can reach 1360K, and the total pressure recovery coefficient is no less than 0. 96; OTDF
can be no more than 0. 14; the radial temperature distribution factor (RTDF) at outlet can be

no more than 0. 10, with the combustion efficiency no less than 0. 987.
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combustion numerical simulation
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Fig. 1 Center-staged combustor structure

1.2 HOSRBRRESES BRI

HL > Gk R A SR SR BE T SEANE < 4R S
SRR 12,500 IR 5878 20, 20 6 FIAE KO
Ve 4.6 00 AR KL TR A1, 22. 5 00 T T AL . A%
T 3900 B AR TR S S U 45 AL

HTHIRESES 12. 5 IRERH< &,
RS 5IREe N IE S S 1 H ol
0.045/0. 45 X 14. 7 X (1 —0.125) = 1. 28625
R E S AR BT S Y = /N T 1.4, 0]
DL 2 4 A be 2= RS I I 75 0K 18 E Bl
FEHC 0. 01, W HAS 4 T A0 I Y & L ol
0.01 X 14.7/(0.055+0.115 X 0.8) = 1.0
o HE R R 18 A T 50 %6 3k
i T PR KR 3 — R 4808 B AR 24 it ol 0. 5, 7T
DA HR AL BT A HE R 0. 005, BIVAT LAY 2 48
KB L R
1.3 BEaRigit
TR T M 8l 8% 9 50, SR 5 2 E R
B TR G A W] T AR B de R AL S 4 T
SO AR AT BRI R e = A ] S 0013 864. T

PR IHT> B HE 1) R
THAR AR EE A
e\ 0
f/ ago
B Sl
R, —1— ‘I’f%a/l“(“ 2

Hh o FEHIR T, £/ an N1EETH B MR,
flage W KB WA HTHERABREREA
12. 5% IRV H <. 2 5 B iy 52 Br T JH <
R 87.5% B @=0.875; = (1) . X (2 itH5
RIS, TIURR SRR F2 BRI BRIk B 481 43 551 B R 30 %%
A 70%.
1.4 HDRBEER

JIT VR R BE T 2, RIVIA 58 25 DA TIUAA B A e 12 2
B RS RN IL R TR,

S AT  AUE PR AL L % G T 2 [R) B L
T s ROt SRS E R GE L B RS R Y = L e 2
KT F/ Mg BB ry it Le, X T s iR AR =
Y ¢ R 0.5, iR HE G A BB R R A
S BCFR PR G & Oy O R S ERGC =
Fb Bl BA 4% 2 B S Cf/ @) B A AN BT 2 BT
EES SUAE £/ a=0. 018, WU Al LL3BE A KN 43 2% 5
BRI T LR A S AL 2 e 114 52 i)

A X T H s 43 SRR b % K U L 18 TT DR H
By 9, 4 s B A< AL,



%55 P A T PO A3 S 1 TR T B M RE LA 1003
i e 4 B RRETE
SOHEPR T LR

2.5 * - + * T
. 2.0 FHiska bt e
_ﬁ S g
s 1.5+
s
j"f—*’b‘ 1.0+
£

05 $=0.5

0 001 002 003 004 005 006

Ma
2 VRIS FIRFCY & LU R = SOl < Lk iy A8 fk
Fig. 2 Variation between equivalence ratio of primary

and main stages with total fuel/air ratio

2 HEEBREST

2.1 YEHEREET

AR B R Y g L R E KA
AT Sk PRI A TR B T At i A5 [ B L ST AR AL K0
fa I B R FL AN 3B R AL BT R AL BT 5 s
SAE R AT s BHLARL G A Ak B, AAO 2 S Ry 0K
K H] FLUENT $cf4 vhad ] 39 i il it 3 1 F 50
Realizable k-e Jifg P 5 Y G BE b PR A v BE TR
PRE) LB HUOAH Wi A Y DDM (discrete 'drop-mod-
eD W§ %5 #5 %  PDF (probability density function)
PREBER AL DO(discrete ordinates) 57 B4R &1 4 )y
R NOx HEBOR RS JEAT 5. 38003 7 B2 10 B eR M
SIMPLE ( semi-implicit” method for pressure-
linked equations) 77k, W H 2 Bl XL 22 5346 =X

2.2 MEHSMAREMHRE

2.2.1 BN M A

SIS0 T G SR 56 5 2 R B A A 3
JiR.

THE A R T PG A Gk be &= T 20
AN HB oA 97 AL BNAS B E A 240 T IRA
DA% 5 BRLEA i AR 2 BTl 20 AN Sk, 4 AR 64 A
L M EH A 166 7L IR A RIS, SCRk[11-12]
XoF DA e 37 1 TEAT T AR G IE.

2.2.2 NHFMAMRE

R T 5 R i R e A B R 1 R AT R
Fo AEREAT I A F B BT S Y R T
S RIRBEE R T 5 IR R pE = A F A E L
RGN I R A E IR 1~3% 2 PR,

3 HL SR IR A58 ZE 2 AL 1 A

Fig.3 Center-staged combustor structure/and grid
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Table 1 Inlet boundary, conditions
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Fig. 4 Total pressure recovery coefficient comparison
between simulated result and

experimental result
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Fig. 5 RTDF comparison between simulated result

and experimental result
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Table 3 OTDF and RTDF comparison between simulated

result and experimental result
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Table 4 Combustion efficiency comparison between

simulated result and experimental result
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Table 5 Total pressure recovery coefficient of'\design point

of center-staged combustor
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Table 6 Combustion efficiency of design point of

center-staged combustor
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Fig. 6 Total temperature distribution of

center-staged combustor
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Fig. 7 Outlet total temperature distribution of

center-staged combustor
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Table 7 OTDF of center-staged combustor and

single annular combustor
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