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Analysis of electromagnetic scattering characteristics of the reentry vehicle
based on equilibrium flowfields
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Abstract: A redundant plasma w ake is produced when the high-speed reentry vehicle cuts through the
atmosphere. Accordingly, the plasma wake calculation method under the condition of real gas effect and the
shift operator finite difference time domain method are utilized comprehensively. Firstly, the distribution of the
inhomogeneous plasma flowfield is achieved by the relative parameters of the reentry vehicle, and hereby the
eledromagnetic scattering model of the plasmawaketarget is established. Taking the conespheroid target as an
example, the low frequency electromagnetic scattering characteristics are calculated and analyzed when it cuts
through the atmosphere with a zero attack angle. T he results demonstrate that the back-scattering of the reen
try vehicle with a high speed is dramatically enhanced at low frequency band by the plasma wake, from which
the low frequency radar will benefit in detecting reentry vehicles.

Keywords: reentry vehicle; plasma; real gas effect; finite difference time domain ( FDTD); shift operator
(SO); radar cross section ( RCS)

: 2009- 08 30; : 2016 06 08
(1979), ., N E mail: weixiao6020@ 163. com



3
) Born ,
21 s Born ,
[57]
Born ( 30 km 3 km/s~ 5 km/s
) , [ 14], ;
L S s
I8 121 , )
[15]
) ’ p
T s ,
.. . . ' . (13 P T
(finite difference time domain, FDTD)
(
: ) M N
1 M- N
s N Dalton
| ( ) , M
2 ® B 5 M
®, v,
e=1- —4 (1) no P )
o w=jp) ORT (2)
. 9= INé/mg; N ,e , P i ;PR
;m ;8
, [13] FDTD
, 10 000 K ,
- ” 2 2 D
, , E H H D
, , FDTD
, , N (0= 68 (W E(V),
0> , ( 2 000 K~ g(w
10 000 K ) N2 O S ("
, g(0)= T—— (3)
: 2 (i)
: 0z, N2, O, N, NO, O3, N3, 0", N7, o ) < L
2 (19" D) = & 2y (JVE() (4)

NO’, e,



* 508 -

33

jo~ o/t
Jat] o0~ 22,1
! at Nzt+ 1 ’
\ 2zi— 1 ‘ N 2z.:— 1 ! 3
2 | D=2 NI B

=g At z:+
(5
3
qu[AlJ i|Zt+ )
(2

N=2 ,
|:q0+ qi l+ q2 l 2i|
At N
i
[ 2
pot pigt P2 +
2|’ i 2 2|’ .
|:2po— 2p2 A i|Z¢+ | po=p1 gt pz[XJ }}&E

2
- +
LAY
2 n=fn+1,

\
R 0
oy a1£0 G/Z&

-

T+ [Zqo—

bE"- bE" 'i|

20 2
At] , = 2q0— Zqz[ N
2

2 :
+ q2

2 2|’
| ol bo= po+ p1

a = qo+ qi A

2
2
+
N NPZAJ

2| 2 2|’
b= 2po- ZPZ[E] , ba=po- p1 VA pz[zj

2 (1) 2
o, pr=v,p2=1,q=0 qi=v,q2= 1 (7)
D E ,

@G = qo— qi

po=

LT85 /em’

i
? |
0.06 0.07 0.08 0.09 0.10 0.1
d/m
w TR o N

|
T
1
‘ |
B I
e by ; o I
- " . ! ,,,] -
.f
|
|
|
|
|
{
|
Il
|

0.05

MHz

1

© 1994-2011 China Academic Journal Electronic Publishing House. All rights reserved.

3 km/s

L / e’

, ( 2) ,
s 30 km, 5 km/s 4 km/ s
5 km/s 5
10° em?; 4 km/s
10° cmz; 3 km/s
10 em’

g2

HEBRE H A5 LAy 455 A

l Ol(l
10° {\_\ -
e e
~— =

107F T

10°F

10° 20 25 30 3
0 5 10 15 20 25 30 35
d/m
—:5km/s; —— :4km/s; —— :3km/s

3 AN [l P A JE IR 9 o BR A 2K 7 1) L iy

S T 1A R U HL T R A

1015 (In3

10 m s s

10" em®
, 200MHz ,
10* em®

http://www.cnki.net



3
79707 05 06 07 08 09 10
4 //GHz
— HEER: e HERRCRI
i 7 5km/s 66 RCS
S FDT7D . 8 3 km/s 60° ,
~ m/ s
’ RCS s
¢ 3¢ 60°( 0°) . .
(radar cross sedion, RCS), mes ’ ’
RCS s s
, (300 MHz )
, 300 MHz~ 1 GHz s -
RCS s 10 dB ) g
P
B &)
<4
20
4303 04 05 06 07 08 09 1.0
#/GHz
— D HEER e HERRHRM
8 3km/s 66 RCS
4
30305704 05 06 07 08 09 1.0
f/GHz s FDTD
— cHEER e R ,
P55 km/s fEA O A S 4EBR K & 55 B FIAR WM RCS ,
. (1) (10 )
E
% 2
a RCS,
4
g (2) :
.
T ) ,
02 03 04 05 06 07 08 09 1.0
1/GHz
— R e HERRORI :

B 6 5 km/s AEA 30T A S HERR K5 % 8 T IRR WK RCS
© 1994-2011 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



* 510 -

33

[ 1] Pippert G F. On the structure of wake turbulence deduced from
field radar measurements[ C] I Proc. of AIAA Conference on
Physics of Entry into Planetary Atmosp heres, 1963.

[2] Attwood D. Microwave scattering from underdense and over
dense turbulent plasmas[ R]. AD-741187, 1972.

[3] Menkes J. Scattering of radar waves by an underdense turbulent
plasma| C] Il Proc. of Aerospace Sciences Meeting, 1964.

[4] Bisbing P E. Development of a computer model for scattering of
electromagnetic waves by a turbulent wake [ R]. ADA-
032662, 1976.

[5] ) . [J].

, 2002, 19(6): 50F506. (Yu M, Nt J Y. Amalysis for the effects
of reentry wake turbulence on radar cross section[ J|. Chinese Jour-
nd of Computational Physic, 2002, 19(6): 50+ 506.)
[6] B, i, KK SR TR R s O R A
[JI. , 2005, 23(1): 103 107.
(Peng S L, Gao W, Niu J Y. Calculation of radar cross section
of the re entry wake turbulence and analysis for the characteris
ties[ J]. Acta Aerodynamica Sinic, 2005,23(1): 103-107.)
[7] , , . [J].
,2007,21(1): 7 12. (Zhang Z C, Gao T S, Dong W Z,
et al. Study on modeling of re entry vehicle sigmature] J]. Jow nal of
Experimentsin Fluid Mechanic, 2007,21(1): 7 12.)

[ 8] Martorella M, Soleti R, Berizzi F, et al. Plume effect on radar cross
section of missiles at HF band[ C| I Proc. of the International
Rad ar Conference,2003:656 661.

[9] Liu B, Shi J M, Jin L, et al. The RCS simulation of plasma
plume of missile[ C] I Proc. of International Conf erence on
Radar , 2006: 4.

[10] Yan M, Shao K R, Hu X W, et al. Ztransfornr based FDT D

analysis of perfectly conducting cylinder covered with unmagne
tized plasmal J]. [IEEE Trans. on Magnetics, 2007, 43( 6):
2968 2970.

[ 11] Chaudhury B, ChaturvediS. Study and optimization of plasma
based radar cross section reduction using three dimensional
computations[ J|. IEEE Trans. on Plasma Science, 2009, 37
(11): 21162127

[12] LiuS, LiuSB, Song H. A higher order ADF FDTD method for
EM propagation in plasma| C] I Proc. of 3rd IEEE Interna
tional Symposium on Microwave, A ntenna, Propagation and
EMC Technologies f or Wireless Communications, 2009: 9 12.

[13] ) ) , FDTD

[J]. ,2003, 18(3):359362. (Ge D B, Wu
Y L, Zhu X Q. Shift operator method applied for dispersive
medium in FDT D analysis[J]. Chinese Journal of Radio Sci-
ence, 2003, 18(3) : 359-362.)

[ 14] Anderson J D. Hypersonic and high temperaure gas dyna
mics[ M]. New York: McGraw Hill Book Company, 1989.

[ 15] > . [M]. : ,
1997. (Bian Y G, Xu L G. Aero themo dynamics [ M]. Hefei:
Press of Univesity of Science and Technology of China, 1997.)

( 505 )
[ 10] . , . (J.

,2001, 29(5) : 1F16. (Zhong X J, Wang G H, Huang L C. A
survey of countering antiradiation missile with multiple source
decoy system[ J|. M odern Def ence Technology, 2001, 29( 5):
1F16.)

[11] . ) ;
[J]. , 2008, 15(5):6771. (Wu D J,
Hou H Q, LiY Z, et al. Calculation and simulation on conr
pound electric field of three point source decoy against antfradr
ation missle[ J]. Electronics Op tics and Control, 2008, 15(5):

6F71.)

[12] , . .
[JI. , 2008, 36(6) : 1193 1197. (Zhou W G, LuoJ R,
Wang H B. Modeling of electromagnetic field combined profile of
multiple radiation sources as well as its decoying effect on ARM[ J].

Acta Electronica Sinica, 2008, 36(6) : 1193 1197.)

[13] . ) )
[J]. , 2007, 29(6): 874 877.
(Deng B, Qing Y L, Wang H Q, et al. Modeling method for
multiple source decoy jamming to the ARM[J]. Systems Engi-
neering and Electronics, 2007, 29( 6) : 874 877.)
[ 14] , ) ,
[J]. ,2007, 29( 3):

Wang F H, Huang Z T, et al. Aperture extension for antt decoy in

365 367. (Liu J,

antt radiation missie[ J]. Systems Engineering and Electronics,
2007, 29( 3) : 365 367.)
[15] , , . ARM
[J]. , 2006, 28(4): 538-541. ( Shen Y,
ChenY G, Li X H. Study on design and simulation of working
mode for netted radar antagonizing ARM[ J]. Systems Engineering
and E lectr onics, 2006, 28(4) : 538 541.)



