55 53 A5 4 ) Moal it & it KR ¥ o ik Vol. 53 No. 4
2021 4 8 H Journal of Nanjing University of Aeronautics &. Astronautics Aug. 2021

DOI:10. 16356/j. 1005-2615. 2021. 04. 010

NP TEEREET L3P I5 1 RCS B 52 iy
WAAR, 4L, E 7, % B3, FTHR

(i & Bt R & S AILBC T 52 B, 52 B 550081)

WE. A TER A R# 5 F 2 A @4 (Radar cross section, RCS)M X 4R, 52 TR T ERAR
MG E DG ERCS GG R R EREEmARBE TR G EMER L A AAERBETRELEHNNE
GBHEHABEALTOMRARE BARKIERAIEARRCSHFLALR, 5 3 £ S 10 GHz A& 1.5 GHz F ¢
WA T RRABERRLEEMARCSHIE BEEMAH I NEARRCSHIHwm, ZREMA . H5%ERE 1K
W HEA R LR, SR TREERAB Y HEGHRCSHERARRE,; L4 BT BALFXEL
e s M e ST AR E BT A Rk — 49 RCS 45 iR M & K30 T 45 R R WA 25 B A A8 B9k &) a4 44
MEMEEER LI ERNORCSHRARG AN TR ESRMAGEA LA  RSELEATER;BRTEL
0°~20°4 4+ A5 & 2t )& @ 4k RCS A — € 47614 A .
KBR:MELDNIE G KRBT R R RHEEF R, FEARHR DR, FTAH L

RESES:V235.1 MHRFRAERRD : A M EHS:1005-2615(2021)04-0570-08

Influence of Flame Stabilizer Modification on Aero-engine Backward RCS

YAO Lunbiao, DU Kai, LINing, ZHANG Qi, YU Mingfei
(AECC Guiyang Engine Research Design Institute, Guiyang 550081, China)

Abstract:Based on a certain aero-engine simplified exhaust cavity radar cross section (RCS) test results, the
contribution of the stabilizer taking the reduction measures to the engine’s rearward cavity RCS is analyzed.
Based on the traditional structure of the afterburner, the simplified cavity RCS calculation models of five
different stabilizer evaporation chambers are established for the existing structure. The RCS characteristics of
different stabilizer evaporation chamber structures are compared at high frequency 10 GHz and low frequency
1.5 GHz. The results show that, in the traditional non-stealth integrated design of the exhaust cavity
structure, the stabilizer can achieve an obvious reduction effect of RCS at high frequency after adopting stealth
measures. Several kinds of modified design for the structure of evaporation chamber of the flame stabilizer can
bring a certain reduction benefit at high frequency, and the reduction at low frequency is not obvious. The flat
structure with transverse and longitudinal composite angle inclination (WDQ5) has better improvment on
RCS reduction than other structure, and can improve the working condition of absorbing coating and its
reliability. Stabilization of the stabilizer at 0°—20° has a certain inhibitory effect on the RCS of the backward
cavity.
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Fig.5 Schematic diagram of engine exhaust cavity structure
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Table 2 Average values of RCS at HH of 10 GHz

0 wWDQl WDQ2 WDQ3 WDQ4 WDQ5

[0°,15°] 1.00 0.59 0.55 0.59 0.39
[0°,30°] 0.83 0.45 0.33 0.42 0.27
[0°,45°] 0.62 0.41 0.30 0.32 0.23
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Table 3 Average values of RCS at VV of 10 GHz

0 wWDQl WDQ2 WDQ3 WDQ4 WDQ5

[0°,15°] 0.85 0.56 0.50 0.59 0.50
[0°,30°] 0.71 0.66 0.62 0.52 0.42
[0°,45°] 0.55 0.49 0.46 0.41 0.31
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Table 4 Average values of RCS at HH of 1. 5 GHz

0 wWDQl WDQ2 WDQ3 WDQ4 WDQ5

[0°,15°]  1.00 0.93 0.93 0.95 0.89
[0°,30°]  0.95 0.78 0.74 0.72 0.65
[0°,45°]  0.76 0.59 0.56 0.55 0.48
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Table 5 Average values of RCS at VV of 1. 5 GHz

0 WDQ1 WDQ2 WDQ3 WDQ4 WDQ5

[0°,15°] 0.83 0.62 0.65 0.65 0.63
[0°,30°] 0.55 0.54 0.56 0.54 0.52
[0°,45°] 0.39 0.40 0.42 0.40 0.39
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Fig.11 Scheme of stabilizer angle tilt
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Table 6 Dimensionless RCS average values of each de-

tection angle under horizontal polarization

T A

PRI A1 35
—30° —20° —10° ©0°  10° 20° 30°

[0°,15°] 0.92 0.64 0.68 0.85 0.60 0.52 0.70
[0°,30°] 0.80 0.67 0.60 0.75 0.62 0.66 0.80
[0°,45°] 0.59 0.49 0.46 0.57 043 0.47 0.59

x7 EERUTERVABHITENRCS FHE
Table 7 Dimensionless RCS average values of each de-

tection angle under horizontal polarization

15U

PR 35K
—30° —20° —10° 0" 10° 20° 30°

[0°,15°] 0.80 0.52 0.56 0.78 0.64 0.48 0.66
[0°,30°] 0.81 0.64 0.70 1.00 0.77 0.70 0.78
[0°,45°] 0.63 0.48 0.52 0.77 0.53 0.48 0.61

L6 AT LUE KA T | B i ] s 48
HR T S AR AE /NI A 35T AR ) n ) e ==
1 i (00 AR A B A 1) RC'S 48 U 8% 3%, B 25 (004} A
M 10°HE K 2 207, 7T LA 2], £E 0°~ 154 £ 8k T



N

576 o

2O =

JE

EE N

i 53 4%

RCS M {H Bt — PR, HARE 47 BUR 207K 2 RCS
20 D3AT B S e R A T 24 3806 5 AR H AR RN
AT (B E A IR . X R TT
T S ot (AR — 207~ 207V Bl A, A R 4% 00 A 38 X
JEE R RCS 5 82 w0 A K o Bl 25 {60 &% A 2 38 K
] —30°~30°F , & BRI A BT A ME 2 BT
FLBURE — 307K AT A9 (8 b T e B2 B

TP E AL T AE 00~ 15°HR Iy S, B
FHAL 20 R A B B RCS 45 8k 4 o0 B &, AH 458 4 fiil
BRI AR IR T 24 3900 , B3 700 A B2 A3 K, wT LA
B B R E SRR — 20°~207 MR 25 R (Y 3 H A 22 R
Ko BRI R B — 307, 78 0°~15°F I 1 5K
TR LR BT HOR T 2 206 M BUR AR
B4 H 307, £ BRI A 3R Y 35 (B 45 980SR B/
LR A AT BRUE AR 8] R W TR FE 0°~20° X JiE AR
RCS H AT T4 45 ISR

5 & it

B X B E 5 E R S HLS 1) B AR RCS 2k 5 1L
SEUR AR R AR RS E 2 A S SRR AR S H AT R, A
o B T A B A SCRIF 5T JLRR R [ B2 o 28 % s 245
) B AN TRl A A3} A 8 R e AR RCS (9 52 ), BT LLAS
I RS

(D) 7E AR B — AR 3 09 i 1 R be =5 ¥ 1 A
K S HLHE AR RCS B 2 75 2R F B B 5 e )
ok AT L ol 38 IR BT ROK B 4 4 S R B ML 1) 1 Gk
e PERE .

(2) JUFP B X JE 700 2 48 X 78 R I i IB TR 4B
fiE AR EL TR AT 25 4 M B A0 s R RC'S A3 T 46 0, 45 31
F[0°, 45710 (8, 7 = I J5c K 4608 3.4 dB 78
R B 5 K 4 0 1.2 dB . B #2845 7 1 R
[ 2345 e w4 F AR RCS 22 88 K KA F RCS
RN

(3)H A ) A 1) 52 G A B2 R 6 7 B 25 44
Z R (WDQS) X T Bk RCS Y 4 ik B AT — %2 1
B, R P AR S R L RE A X TR 2R R B K
JI B W IR AR 2 A5 Tl RE A R % A T A 4 s T R
AR A AT S

(4) R #5000 A B0 I IR RCS A 4 R R |
AN TRl AR R 2SR B9 RCS £ 1) 43 A B AR A, HL
FEIK AR AL T e 2500 i R RCS 28 Ak 4k
B RS AR A e B B M AR e A Be U e T
SRR A ) WA 11 g AR B A R AR R L I
TE 07~ 203 A2 2 i i R A3 8 AT % s R RCS A 85
U B A 1 28R

SE WK

[1]

[2]

[3]

[4]

[6]

[7]

[9]

W <Y, WO RS L S L s S S HLES B R
T BE BT ARRBT[T]. W2 & gh AL, 2014, 40(2) :
6-9,18.

SHANG Shoutang, CAO Maoguo, DENG Hongwei,
et al. Discuss on aeroengine stealth technology re-
search and management[ J]. Aeroengine, 2014,40(2) :
6-9,18.

FPEAT: , 14 5T 2, G, S L A R S HILBR B BRI #
HigR[I] piasReetoR, 2017, 28(10): 1-7.
DENG Hongwei, SHANG Shoutang, JIN Hai, et al.
Analysis and discussion on stealth technology of aero-
engine[J]. Aeronautical Science &. Technology,
2017,28(10): 1-7.

FILWE F R, mA L E T IRAUY BUDG 2 R4S
WG TS 1 S B HE G B S AR AR S [T ].
ek R 2013, 34(5) : 577-582.

LI Yuefeng, YANG Qingzhen, GAO Xiang, et al.In-
vestigation on radar cross-section of S-shaped inlets us-
ing IPO and EEC method [J]. Journal of Propulsion
Technology,2013,34(5): 577-582.
BOHERE BRAL A, VRN B, S IS BAR AR IM] b
5 HL Tl Rk, 2005 24-26.

HUANG Peikang, YIN Hongcheng, XU Xiaojian, et
al. Radartarget characteristics{ M ]. Beijing: Electronic
Industry Press, 2005: 24-26.

Prai . s S R RR M
WAt , 1998 50-79.

RUAN Yingzheng.Radar section and stealth technolo-
gy[M].
1998: 50-79.

ol VI L 5 AL BE KA, A RO T B R
(M. b 50 e b B5UAL 25 At K K % i iR AL, 2006
192-233.

HE Guoyu, LU Caicheng, HONG lJiacai, et al. The
calculation and measurement of electromagnetic scat-

2006 :

JoAesT [ By Tolk

Beijing: National Defence Industry Press,

ting[ M ]. Beijing: Beihang University Press,
192-233.

HARRINGTON R F. Time-harmonic electromagnet-
ic fields[ M ]. New York: McGraw-Hill, 1968: 82-127.
WA AR, XA . T T T 43 20 1Y o R R R S
PEAL [T]. b B0 28 i K R 2% 4 4k, 2009, 35 (4) -
453-456.

JI Jinzu, LIU Zhanhe. Electromagnetic occultation al-
gorithm based on facets grouping and optimization[J].
Journal of Beijing University of Aeronautics and Astro-
nautics, 2009,35(4) : 453-456.

WRALIE A7 B, RIS ¥ 45 TR LB JE 9 — Itk
SOt RCS BUEMBLALLT]. ot =5 8 ) = 4, 2012, 27
(3): 513-520.



5 4 3]

WAt , 5 IR TS BB B X K FI LU 8] RCS 1Y 52 1

577

[10]

[11]

[12]

[13]

[14]

CHEN Lihai, YANG Qingzhen, CHEN Lingling, et
al. Numerical smulation of RCS for 2-D convergent
nozzle with different trailing edges[J]. Journal of Aero-
space Power, 2012,27(3): 513-520.
TS BF K IR & T . B EDEE AR 19 T %
Feuk [T]. 7242, 2001,29(3) : 420-422.

GU Changqing, SHU Yongze, XU Jinping. A subdo-
mains splicing technique for PO approach [J]. Acta
Electronica Sinica, 2001,29(3): 420-422.

VRN, S TF ST T PR RCS 175 1) 4 3
FEAELT] 2 R HAR,2008(1) - 72-76.

XU Xiaoyan, GONG Shuxi. The forward- backward
IPO algorithm for calculating opened cavities [J].
Space Electronic Technology, 2008(1): 72-76.
BURKHOLDER R J, TOMAS L. Forward-back-
ward iterative physical optics algorition[J]. IEEE
Trans on Antenna Propagate,2005,53(2): 793-799.
R, AR, /N AF Tt kA B
B Ay B KRR o 0 s RS (7). ot = 4
2001,17(1): 35-39.

YAN Yubo, GE Debiao, NIE Xiaochun, et al. An
improved IPO method applied to the analysis of EM
scattering from a large open-ended cavity [J]. Journal
of Microwaves, 2001,17(1): 35-39.
BURKHOLDER R J. A fast and rapidly convergent it~

[18]

erative physical optics algorithm for computing the
RCS of open-ended cavities[ J].ACES Journal, 2001,
16(1): 53-60.

BASTERIRO F, RORIGUEZ J L., BURKHOLD-
ER R J. An interative physical optics approach for ana-
lyzing the electro-magnetic scattering by large open-
ended cavities[ J]. IEEE Trans Antennas and Propaga-
tion, 1995,43(4): 356-361.

TR RAT /R G0 LA S B U R AR
ERFFE D] P42 L Tl K%, 2016.

GAO Xiang. Investigation on the infrared radiation
and radar scattering characteristics of aircraft and en-
gine[ D]. Xi’an: Northwestern Polytechnical Universi-
ty, 2016.

WIS ok ko BT A, A5 A oo HE A 25 A s B
AL RO R P BB AT T (). A28 R B L, 2014, 40
(1): 48-53,59.

YANG Shengnan, ZHANG Zhixue, SHAO Wanren,
et al. Numerical investigation on electromagnetic scat-
tering characteristics for engine cavity with centrocone
[J].Aeroengine,2014,40(1): 48-53,59.
A, S A T BE S A LR O R (T ] S
42, 2007,28(6) : 1296-1301.

SHI Lei, GUO Rongwei. Electromagnetic scattering
characteristics of serpentine inlet[J]. Acta Aeronautica
et Astronautica Sinica, 2007,28(6): 1296-1301.

(4.3 Z K)



