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Numerical Simulation of Radar Scattering Characteristics
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Abstract: To investigate the radar stealth characteristics of the nozzle with plug, based on the axisymmet-
ric nozzle from a certain turbofan engine, a series of nozzles with plugs of different taper were studied in the cur-
rent work. The radar scattering characteristics of the nozzles were calculated by a program developed from Itera-
tive Physical Optics (IPO) and Equivalent Edge Current (EEC). Compared with the baseline nozzle, except for
the condition of zero degree elevation angles, in which the radar cross—section (RCS) increases by 8.14% and
11.77% under the condition of horizontal and vertical polarization, respectively, the RCS with plugs decreases
effectively. And with the plug of the optimal taper, the RCS of the nozzle can be decreased by 13.2% and 15.2%
under the condition of horizontal and vertical polarization, respectively.

Key words: Plug nozzles; Plug; Half cone—apex angle of rear plug; Radar cross—section (RCS)

1 g FEPEFEATTHIE 0 B B A R
AR M G AT R E IR R T %07
BUARH S P B L7 X, 4 B A R I SR TR T RF 5T SCRR (2 ~ 7] 43 50X il ko R i A L
I S A Y PR R AR AT & R 1 BB JUMEAE DL R BRI W SOBEAE 1 RCS Pt AT T R fE L
P RHLAA I R R R S IR R 0, 451 R W], TR I 8w e AR AE Y
JEEPR S5 A, R TROHLRE 1) 55 R I8 B U, X RO AY B AR JEART X WA 1) RCS A 56 W 5 45 3314 T 3125 W 5 #4
B IR HO BOE (RCS) TTRREL R o PR, XA B RCS TR 7 R LU SR I RCS , I REAR W I8 e 1 £

T

* WA 2017-07-08; fEITHHA: 2017-07-25,
EERIN: BRI, Zo, Wit UHaliy R aipladgitit, E-mail: chenlingling@outlook.com
BIREE: JlksR, 55, Wd, BB, ORSECh RIS . RSN ST KL
E-mail: yqgshi@nwpu.edu.cn



398 1M

oo B 28 A, PR IS R P (A L 87

WU RIS SR AR DL R MR, 4 xS
B HER R G RCS KR VAT TIF R0, 4518 %
B SIE SR G OBARY  HE R G D5 &
L% R GE Y RCS A5 38K 52 W) 5 T 4 0 A Jo Uk 7 7
ZEN] LU B Hb A ) R G RCS, R S 3 28 5 1 LR
I IR O E

DT F SR AR ST R G AR SRR ) TR B A g€
HEMHE RGN RCS Fe AR A 2 b7 . 2 2w
T DA o ek A S ) TUART IR LA R Jah 1] 457 ' R 3
A Y M 5 T AR A & S AL RE E R [F] Y
AR IR AR 5 28 4 5 WA BE 19 A B B 38 T L
SR BAIL Y O ek A HE T BE 5 AE AR S, 2E S mE
A TR G vy B AN i g T Bk R T AT R AL
KR B 5 PR 2 2 A 52 3 TS TR S AR
ZWFEH M E" N AN JE A Hiley 5
Banken %' Chu 557 HOAE 0 EARMEE LK
B 1220kt 95 XA 1Y) S0 sl N 2 A0 R R T R T 4K
(B ARG Jy T ) K I IE TR 25 R R S A
FE 52 25 B AR B 45 1 80K 2 90% ~ 96% " {H € X
% 5 10 1 M R 1 L B S i X A P S ARG 1
V18 A A0 P24 ol JHC A 21 A/ B B Oy T 7 A 4 A 4O e
15 2 B AE A A 25 00 R 400 S0 25 0l AR ) Bl 1
R TUART 27 1) B 2 S0 U T, WA N S 1 AR T
WA T RE A RUCHE £ WA N A 45 il B T s B Il O, A
T 1 55 W5 45 % KL AL 1Y RCS 1 5T ik , A R T %5 &
ML B 3 B B 5 DRI X 28 =X W5 45 1) 37 36 B B iF o
AEBREMNEFRE L,

AL R S LR WA 5% T T Rl
ik 28 20 A, SR 4 B 24 26 AR % (TPO) 2 R 45 4K
G RE T (EEC) 2 %o W45 s 1 Wi 5 3 0 b
NGRS G AT S AT RO T O R A B 1Y) 2E HE T
W RCS P 1Y 52

2 YIEEEATE T &

2.1 HIEEE

LI B & sh AL Wt 4 SR A, R R T LA
FER T . N T 5w AT AR A BT, 2E St
I I TE RIS T 9 T R AR R S DR A — B, JE A
P R4 5 5 4 4 A W A B T AL . AR SCAR IR B %
ik [ 20 ] SE4E JLART 2 B0 S0 30 RZL A1 5 1 52 i 43 A
DA B A 158140 AR WA T 0 LA T Rk Hh i B S A
SR 5 THT (Y I 9T, JEHE R TT S B0k B R ¢ E A
HETVUA BIEL 22 S 30°, ZEHE A2 LU [ 72 2 0.5 (FEHE e R
At r 5 NERIE AR R 2 ) SE M 5 HE 2 HE TH

fiady 9 7.5°,10°,11.25°,13°,15°,17°, 18.75°,
20°,22.5°, FrA W 43 5 G 5, N 0 ZE A Y il v B
WS G A M, 5, K UK B o I B K, W g S R
M, ~M, A3 VTR o 1k R0 et A 5 2 st 4 1Y
XL, DA R A ) 1 9 7 R

Throat of model M,

6

.W Plug section

Fig. 1 Illustration of original nozzle, plug nozzle and the

Throat of model M,

plug section

22 EFHE

ARSI HURE RO RE R A FE R B AT
o BT F R Y EOE A 2 AR (TPO) X i 4 F
I8 S R P R AT B AL, SR A AR S R G U T %
(EEC) X W 45 0 1) B8 3 3 AT B4

FH T WS A A 11 i A R I A W L (U D
) FEL G U6 R 1% 2 IR R, DRI I WK S T S 4 A BE R
o B Ak B, R AE° A S B o o 1 AR AT R
2.2.1 YRR (IPO)

Wy B A 2k ARE 2 0 BT I A SR R P 1 — i Ay
Z A e AR s X R T vk e A AR 4L H
i X FEL 1% % 1 22 U0 RS, N 4 TR 2 T Y G 3 R 3 O
TR A, R AT 2 ARR A o 2R T H R Y o A, 2 K A
L G AR
222 ERGHG L Tk (EEC)

SR GUE. IR RN OR R BV & X Gyl i)
(RE) TR . XFP 5 3k 32 B S i 2l () T
550 S S8t by Bk Rl K TR 0 R S 8 0k G LR
B 30 2 28 58 5, TSR A B AR 1 3 i . LS AR
BRI AE ALK A 1 Gh & IR0 ) 19 45 Ak
A7 76 26 F0 R TR 2R RE T M, 38 3 2 37 6 5 R4 T X%
TR MR A A5 BN 2850 5 14 .

223 RIPKE
TR AR SCVE S O VR 9 B P LA SRk (25



88 et

2018 4

W = AT A RS AR O e R R R O
P, OF 5 SRR X e 1B 2 TR O I R IR K
PO ) 23, 4 HC T A 1 =AW I B 2 O s, Herp
A AGERA o 183 02 HOK B Ak 05 sUF 3% RCS it
SR SR 55 R O S 6 A 0 L il £, el TR RT DL
il I AS i e T B30 1) 45 R 5 SR v 552 96 K0 W & A+

Fig. 2 Geometry and mesh of triangle trihedral corner
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Table 1 RCS comparison of different plug nozzles

M, M, M, M, M, M, M, M, M, M,
al(°) - 75 10 11.25 13 15 17 18.75 20 225
Horizontal polarization /dB 3390  30.82  31.08 3033  29.84 2965 3009 3005 2942  30.52
Vertical polarization /dB 3398  29.88  30.41 30.51 3036 2945 2937 2955  28.80  29.38
Horizontal polarization
RCS: O, ~ MM, /% 0 9.1 8.3 10.5 12.0 12,5 11.2 11.4 13.2 10.0
Vertical polarization 0 12.1 10.5 10.2 10.7 13.3 13.6 13.0 15.2 13.5

RCS: (M, - M,)/M, /%




398 1M

oo B 28 A, PR IS R P (A L 89

JLER IR WO R AR SCHUP A A Ak 5 2 040 48 £
BT RCS W (B $5 R (7E 7K - A6 Fn 2 B fE 7 KR
O3 ) LE SR AT 1 K 8.14% , 11.77% ) B M, #5515 5 i
Mt A ASE IR M, FEAT A

P 6 43 331 kg 7K SF- 4 Ak 5 3 B Ak 0° TR 1 R
A RE T JE N FE AL T 4 R (@) A . MR BT L
B ZE HE T BOR b HE R RO L U B R
AR R I  H T SR A S A RE T 22 R A
IR NN O IA R K o L NI N 1]
T [ e At A N B R, 5 SOBEA 04T £ B B RCS
(B0 BEAS Tl 286 S % A WS o IRT S TR A TR
A6 T AR 138 B PN LT 5 AR i 21 9 47 15 A5 RCS 1Y
H 2568 95 RS [ A £k 7 =X, 7 22 A I00ARE F1 %) ik 0
A, WAV R A AR T R AT 5 ) B 72 22 A A0V A Ak
A HE X R A RCSAEAR AR 2 WY B4y L X 5 B (E 4
fiE—%4 .
33 mMEBLRCS 771

MIE R AT LLE Y, 2 U M, (a=20°) 7F

RCS/dB

-5 0 5 10 15 20 25 30
ol(°)

(a) Horizontal polarization

PR AL 7 30T RCS ¥ dme /N o i b, B M A5 78 55 )5
WHWHE AT L b, B 7 M, , M, R B3 RCS
B AR £ A8 fk i 2% o Pl T M A R S A R i 5 R
WSO R M, 5 M, BRI A O g RS
P30, TR R A R Y &S g S RCS
B AH ) PRI A 3 v AR A D R 3 R A R
TRHU S 22 51

I AT DL FE-10° ~ —22°LL 2 19° ~ 40°{0i i
AL KA 7 R I ORI 5 R -9° ~ -31°
DL K10 ~ 3740040 i1 PN, 3 B AR Ak 7 3T B 4 A5OR 8
B G ko R PR O 7 X R TR Y SE HE A7
FEA RCGHE T T 108 % i RE 1) 45 TR S R, AT R AR
TIX STy B RCS, (HALAE 76 - 2ef Bl T 284 5
W R RE TAT 1) A B /T8 A5 [l 0 L i 1B 7 Ca) i
TN 0° ~ =9°, & 7(b) 7 [ =320 ~ =34°, 0°fff it L) J¢
40°FfF 3T, BEEE M, 1 RCS K T IR B M, o (H Bk
1M 5 78K 2 BUR FA P, i 2E #E 5 8545 1 RCS 75 3
TR

34j =
3F
2k

31k

RCS/dB

50 5 10 15 20 25 30
ol(°)

(b) Vertical polarization

Fig. 4 Averaged RCS of different plug nozzles

RCS/dB

(a) Horizontal polarization

RCS/dB

0/(°)

(b) Vertical polarization

Fig. 5 RCS of different models



90 ELL i 5 S 20184F

DI(A/m?)

0.0240
0.0228
0.0215
0.0203
0.0191
0.0178
0.0166
0.0153
0.0141
0.0129
0.0116
0.0104
0.0092
0.0079
0.0067
0.0054
Perspective of model M 0.0042

0.0030

0.0017

0.0005

Front view of model M, Front view of model M, Perspective of model M,

(a) Horizontal polarization

BIA/m?)

0.0180
0.0171
0.0162
0.0152
0.0143
0.0134
0.0125
0.0116
0.0106
0.0097
0.0088
0.0079
0.0069
0.0060
0.0051

0.0042
0.0033
0.0023
0.0014
0.0005

Front view of model M, Front view of model M, Perspective of model M, Perspective of model M,

(b) Vertical polarization

Fig. 6 Induction current comparison of model M, and original one
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