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Development of a Computational Electromagnetics Code for Radar

Cross Section Calculations of Flying Vehicles
Rho Shin Myong* and Tae Hwan Cho*

ABSTRACT

The ability to predict radar return from flying vehicles becomes a critical technology
issue in the development of stealth configurations. Toward developing a CEM code
based on Maxwell’s equations for analysis of RCS reduction schemes, an explicit
upwind scheme suitable for multidisciplinary design is presented. The DFFT algorithm
is utilized to convert the time-domain field values to the frequency-domain. A Green'’s
function based on near field-to-far field transformation is also employed to calculate
the bistatic RCS. To verify the numerical calculation the two-dimensional field around
a perfectly conducting cylinder is considered. Finally results are obtained for the
scattering electromagnetic field around an airfoil in order to illustrate the feasibility of
applying CFD based methods to CEM.
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Fig. 1. Geometry for field—integral derivation

A GdolN w5t B4 279 5l AE @
R L AANAE el OB WAsIZol
ol 20 HgaAN A3 olgH o
A7 d[2e Be 2o (E a)

H = HOE i, (kr)e™,

n=—00

Hn0)=HY iU

n=—ao

=—1J/ (ka)/H? (ka),

kr) +b,H® (kr)]e™,

Bessel @ Hankel 34 A4 IMSL Numerical
Library 32158 olg3l] +assich

b

=

Incident wave

Fig. 2. A plane wave incident upon a
conducting cylinder

Fig. 3. Instantaneous Fig. 4. Instantaneous

scattering field H;
(present, ka=15)

scattering field H:
(analytic, ka=1>5)



433 &8 & 4 9k 2005. 4

Hl P RCS o) %S 9|3 CEM 7|y A+ 5

Fig. 35} 4o 54 A|zte] 2t A7) 4=
g Uitk A Azle @ sgdl ik 2078
o) ALY Hol EAEE FPstAeM, ka=5%
BNEATE FIg BAE 228k RCSH F2
3 g k= Add 23X 27 £33} s4A
ol ol ZAES EHRIT & Utk HAHOA
QAL ANt 22t F7kske A A BA
Z70] FE3A R R 717 A= o2
a3} BAERAE AHEEl 2abE 2 F ok

Fig. 5& DFFT ¢xe|&s Fat 78 Add
FH] A A7) =710 B3 AFHE £EE
BHo| Fr}. Fig. 62 AN XH A7 AHZ
BE 24 (13)& AMEEl AA3H Bistatic RCS
(0o/ma)®) 22A9)(dB) £EE vehdth Fig. 59
A A7\G 327 BE7F 43T o]t gl = B8t
I RCS BXe AY BE WA 43 s
H2EE A F Atk ol CEM :=7F A7)
el A7) W A4S o Z&3] A5 F

Jeg £

P

Magnituse of the scatiering fiekd Hz

] =0 i) 150 200 250 EZ) 350
Viewing angle

Fig. 5. Distribution of surface current in
scattering field |H(a)| (circle:
present, solid line: analytic)

Bistatic RCS(dB!

Fig. 6. Bistatic radar cross section of a
conducting cylinder (circle:
present, solid line: analytic)

24 "|d A ZHo HE

Ax7)5 g fEstd 2d2x die A
A FEREY FFo|9d Ar|E&Hd Z® ®W
A8, 9%  doltt FFT=E([RAS;, radar
absorbing structure), Honeycomb &Fz), A3
A E (resistive sheet) 59 Bl YR FTZE 9]
FoIXG9]. ol2s BT EAE oOF7] sl
Me B33 g4 ohF Y A (multizone) A4k
AHEs FR7IYe] Hasit. HIWAEE FIt
o Edo] Y ARAES o] &3A Y Maxwell
Aol A By 7123 7yE A4
F Aded, 2 dAFdAMe o] Lol Fxt
Walg destoh =3 AA 2"l dafo) s
e HA 53 AARH] Fasith ~d
2 2o B3 AAZRNOZE g0l @A
A=A BAR (7)), 99 e, p@BE Ze £
A A BHA (6), AFAIE Fol Ut A
FAE AAZAN B3I F£8H xS F3H3]
e ANEE e HIHA dig 4 99 F
g 183ty & 4

2 AFoMe BERS Adddn FAxRA]
g€ ugA RCS AsHe 9 CEM 2= 7
o] 7B EAz 94 A=A H
A doAExd F99 TE Z=E
G2 Td¥ BEY A A2 AT FA
(upwind) A H Yo 712317 W E thF
o 9 BRI AAxAL BoldA dE F A
t}. 53] AzlHAAM 9 FX Z2 3
AzAZ #AE 5 Q7] Wi X FAAZRA
S §ol3tA HEFE & A dE 59, g4H A

<
2l

L)

>

L

A

)
bt
N

=4 BAAzHE TE R=9 E¥Y
[0, 75, BTl 4 (10)9) 848 Ao
afg A ,=—-1,0,1 T4 A,=—-1 &
A (characteristic curve) AollA (H.+ES) %

Fig. 7. Instantaneous scattering field H:
around NACA 4912 airfoil ( 2L = 50)



6 Wy

ZHE

o] dAsitt= AAHY EH AARH HER
H 78 E=—EANg 2% 24T + A
o olgd ZIME AHEEe @ dozd
(NACA 4912) F9o] kL=50% 729 4k #
717 £3EE Fig. 7o) JehAth AAl4E 128x64
Holw W 23 HuwAdol F& il CFD A#
Z2IPE o83t ARE AU A
WS 71E02 & B¢ U 3 W] 37
3 Hgte dolxd ¥HF EH F=A )
e 3 F A2 e F o] Tl A%
Bt FLFE SR AT 5 ek

ot oft

m 2 £

A 2"dx HdAVIE DHI AP
RCS E4E& AN = e A9Y Maxwell
Hg e 7123 CEM ZEE Adsig. 39
AAE % CFD Z=9} 718 3271 A9 5Y
steo] opshA At E&Hoz HEE £ Joh
T AL AHE T8 9oz HEd 4 Q)
£ DFFT ¢12lES /Mdsigden, 252 93|
A 87l 4 gAdE Ay F9 27
Z A HLstFok AL A HHFH sl
Ao dA)3t= RCS 2FHE 9L 4+ AUTH

2 ATE 7122 39 2= AAdos &
Feta 13 9 AAZAE JMdste Aol
F F8% A7FAs @ & vk =3 6 EgA
Wi 72 AR g a7 7AAsAY 23
= FAFREE 3 oA Fole= EAI AA 6Yy
A RCS EA o) Agated Fo3 a4/ 2 A
o2 AR

o
N

2 dFe FEEAY Axng 20029 A
THA(FAHE D00069) 2 F371EE7EAT
AEe] Ao s FAEUOH, ol HAE
=guych

el
G
o

al

1. Ball, R. E., The Fundamentals of Aircraft

Combat Survivability Analysis and Design, AIAA
Education Series, 2nd Edition, 2003.

2. ZAE, %4, BAAA, HdA, g9ele,
“gF7) FAAAdMe ~dx Ve HE, I
g F LT  FA geEEg,  #HolA
776-779, 2002.

3. 3R, “2d 2 g7 BERAR, I
F¢F98 %, A24d, A3F, #HolA 156-160,
1996.

4. Youssef, N. N., “Radar Cross Section of
Complex Targets”, Proceedings of the IEEE, Vol.
77, No. 5, pp. 722-734, 1989.

5. Knott, E. F., Shaeffer, J. F., and Tuley, M.
T., Radar Cross Section, Artech House, 1993.

6. Jenn, D. C., Radar and Laser Cross Section
Engineering, AIAA Education Series, 1995.

7. Bownan, J. ], Senior, T. B. A., and
Uslenghi, P. L. E., Electromagnetics and Acoustic

Scattering by  Simple  Shapes, ~Hemisphere
Publishing, 1987.
8. Jin, J., The Finite Element Method in

Electromagnetics, Wiley & Sons, 2002.

9. Shankar, V., Hall, W., and Mohammadian,
A. H., “A CFD-Based Finite-Volume Procedure
for Computational Electromagnetics--Interdisci-
plinary Applications of CFD Methods”, AIAA
Paper 89-1987, 1989.

10. Shankar, V., and Mohammadian, A. H.,
“A Time-Domain, Finite-Volume Treatment for
the Maxwell Equations”, Electromagnetics, Vol.
10, pp. 147-161, 1990.

11. Hesthaven, J. S., and Warburton, T.,
“High-Order Unstructured Grid Methods for
Time-Domain Electromagnetics”, AIAA Paper
2002-1092, 2002.

12. Harrington, R. F., Time-Harmonic Electro-
magnetics Fields, McGraw Hill, 1961.

13. Hirsch, C., Numerical Computation of
Internal and External Flows, Wiley, 1988.

14. Brigham, E. O., The Fast Fourier
Transform, Pretice-Hall, 1974.
15. Rusch, W. V. T. and Potter, P. D,

Analysis of Reflector Antennas, Academic Press,
1970.



	비행체 RCS 예측을 위한 CEM 기법 연구
	ABSTRACT
	초록
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 결론
	후기
	참고 문헌


