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Analysis of the Aerodynamic Characteristics of Missile

Configurations Using a Semi-Empirical Method

Myung Shin Han*, Rho Shin Myong*, Tae Hwan Cho* Jong Son Hwang**
and Chan Hyeok Park**

ABSTRACT

An efficient estimation of the aerodynamic characteristics for missile configurations is
essential in the preliminary stage of a missile design. In this study, a Missile
DATCOM family code based on the semi-empirical method was utilized for this
purpose. In order to check the accuracy and reliability of the code several test cases
have been considered: subsonic flow with high angles of attack and supersonic flow
with moderate angles of attack. It turned out that the code in general provides
prediction in qualitative agreement with the experimental data and results by other
works. Finally, the code was applied to a more complicated missile configuration with

canard and freely spinning tail fins.
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Fig. 1. Graphic user interface environment of
the present code
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Fig. 2. Model configuration of Sidewinder
missile model at high angles of attack

YOS [IP:117.16.164.*

ZHE - 3FFA - uzy w BRI T R At
40
_m
-
30 by
bl 4
20
z
o
10
WIND TUNNEL
o — 7 — DATCOM 85
— @ — DATCOM®1
| -=<--- PRESENT CODE i
10 - ——————
0 10 20 30 a0 50 80
ANGLE OF ATTACK, DEG
20
0
20 LN
w \
N\
L 40 SO P
o N g
-60 N

80 1| —@—  WIND TUNNEL
— 7— DATCOMSS
100 || ——— DATCOMO1 [ ]
--<--- PRESENT CODE

-120 —
o 10 20 30 40 50 60

ANGLE OF ATTACK, DEG

oo
—@—— WIND TUNNEL 4
-2 — 7 — DATCOMS8S \
| ——-— DATCOM 91 7
‘ --<>-~- PRESENT CODE ~

0 10 20 30 40 5‘3 60
ANGLE OF ATTACK, DEG

Fig. 3. Force and moment coefficients for
0-degree roll and deflection angle

2 40E)S vlaE F AF3Hen, S0F
3 BIEME ojd =] s Ay B} 7}
7t AR BRAFE RS 9T +# AUk

& S[14)9 =
& 49 s vasd
e % 7hA Wgeln,

At AT %E"‘;% on Karman Ogive &)
1

olck. @7/l @ meElgs/l ©@¥2  Modified
Double Wedge ©o]™, Hl3ZHL v&ls+ 1.2,
18, 26, B2zt 2%0|x 205 7}A] 254 ¥

A AT FEASF FHo ALEE FFL B9
WY 4Fes FFolm AYsks sase
02~40, &5 AI7+& 15~20%0|4.

* | Accessed 2017/09/12 16:04(KST)



5033 4 3 9k, 2005. 3 Semi-Empirical 7]

2 o8 UIAY Y4 FHASH Y 29

TYPE A
_— yal
e —1
| e T W
L | s
—d A3
U Y
TYPE B /F‘l ﬂ]
****** e — —  — ]9
‘ s atez \J T
‘ ™

NOTE « ALL DIMENSIONS IN CM /,_' _d
o

L

Fig. 4. Missile model configuration in
supersonic flight

A
L]

(&)
2
——e—— TYPE A PRESENT CODE
o o TYPE A WIND TUNNEL
——-y-—— TYPE BPRESENT CODE
- - TYPE B WIND TUNNEL
-2
5 0 5 10 15 20 23
ANGLE OF ATTACK, DEG
——=&—— TYPEA PRESENT CODE
1 ] TYPE A WIND TUNNEL
——--—- TYPEB PRESENT CODE
o - - TYPE B WIND TUNNEL
A
-t ¥y
=, \v:\, ~ V'“:;
(6] g

ANGLE OF ATTACK, DEG

Fig. 5. Normal force and pitching moment
coefficients at Mach number 1.8 and
roll angle 45 degree

Hwel 248 93 F54F g9 & 3=
& AHgstgon, 2 F%y & d(lsts 18 %
(x) Fe))E Fig. 50 vehidch =2 A
F Cuthe A B 3% 2% 3549 g A
AXFE ¢ F Yok T WY 2UE C e
A oo vud o, #374 10= F27A =
W F dxstn gon o
Zpel7h HolA vt 71 &7)e

24 H2% Ao A5 AHM

£ d7el o g8 7B Z=ol BE T &

ra

ZACHE [ 1P 117.16.164.%

Forebody Axial Force Coefficient, CAF

1.6
1.4
1.2

0.8
0.6

CAF

g

---A -- BEFORE TUNING
& EXPERIMENT
PRESENT CODE

0.4
0.2

0506070809 1 1.11.2131415 2 25 3
Mach Number

Fig. 6. Comparison of forebody axial
force coefficient in transonic flow
around a hemispherical nose

53 2= AeS FHAIIA W7 E
(Hemispherical Nose)2] HS2 gdA
93 FAFE EASAT. FEFAEHAA
AFHo FASFE AT of dFRe dd
2o tigt Zo] Hl&Q x=ZF A v (Fineness
Ratio)ol] w& <A A 4=(Correction Factor) %3}
7t 8% ‘31?—:].'2 A FAATE =2 Al
2] Af-ol H33 o2& e AAuIe A$
= HE&H F AEEFE 7] {3 =" dFe
ARA A & & Atk Neely Foll o3 3
2 AF[15]8 Fxd HEFE 59 ’\‘j-‘l:——tr'—
Age ARE 2o A gs] Atste F8AS
oo HEAIAY FHol X %ﬂu—1
9 U JAF dF 58S 1] ) AA
Qo 54917, 47 129X W Hejel n}
d AFE #5E Eﬂ*qa}‘ii‘:]' Fig. 604 Hxo]
ulat 1~1.3 Atolo] HS& F oA A ghol
Ho 2Fse d&58 2YS ¢+ ok

25 HE R M maGINE U=

4 o
—{m

e to mx o

N

(o)

JQ

T m{o (o r_?;_l

ojAtdol H &
HERY 29 Avpes

Wrap-Around #ejo] mz|d/lE z2tE £ % 1
Atdol e FHsHe FdstAh olH ¥
B mad FEEHS d Z==2 Y] 9
3 AP DAIZA Lesieutre S[16]0] <ja] AT
d MNU=e} sd medNE e Fig 73 2
2 ArY AL nsan meElge ()3
del A" C(HT(x) B+ AHr3] 4 (Free-to-
Spin)o] 7}58 C(H)T-free 5 742 #A$E AE
A @ AdAAME U= W3 Zte] 0xo
3 mEgs) WA Zto] 4552 TAHE C(+)_T()
FHZ dZsd) Fig. 82 RE £ 37

* | Accessed 2017/09/12 16:04(KST)



30 Al - Hied - ZEE - 3 - 93y A T e
o, =0 (C+) b, = 45" (Tx)
</] :% - Rolling Moment Coefficient
\_I 825
o e m
Fig. 7. A missile configuration with freely Hewe
spinning tail fins and definition of a 3 . ag =
rolling movement Y . nd |
-10 -5 ®0 10 5 20
2 ® Exp. C+.Tx
ol Exp. C+_T free
O 2 O PRESENT CODE C+_Tx

——EXPERIMENT C+_Tx, C+_T free
—&— PRESENT CODE C+_Tx

10

ANGLE OF ATTACK, DEG

—&—EXPERIMENT C+.T free
——EXPERIMENT C+_Tx
—&— PRESENT CODE C+_Tx

ANGLE OF ATTACK, DEG

@)
0.4
—&— EXPERIMENT C+_Tx, C+.T free
2 —&—PRESENT CODE C+Tx
=10 =5 l/O 5 10 15 20 25 0 35
ANGLE OF ATTACK, DEG
Fig. 8. Force and moment coefficients at
Mach number 1.7
ot WH BeHWE A4S Wzt me W
© AgZAe A9 dAFE & F U me

YOS [IP:117.16.164.*

A PRESENT CODE canard only

ANGLE OF ATTACK, DEG

Fig. 9. Rolling moment coefficient at Mach

number 1.7
Gl sHo] 9 FHAG] vlxE Fdo] n|
U]Z“Sj- E.q—r—‘:}' 6]—{]_ ZH]—E}: z{]ﬁ];‘f_ By _?']

A gl Ha] ddigell A zo]E HoFu 4

(o}

3 FA Pﬂ &S Yet Qo iAo s
€9 ZHE(C ) g A meef 2%
EAs9th o] Aol B3 HHEZRE of 4
S AHEEe A megfe AHE(p)S AF

@ & 7] WEe o}F Fastx ¥ 4 Utk

m @A e} BAALele] Woly ENE PAG 7
$[16],
plr _ CI
2Ve  C, @)
A7NAN 1, V., C, e A7 772, Ny
£ 93 AFE Jehdn. Fig 89 & 7|F
e 22 Fig. 99ME AHUE=ES Q(yaw) 71F

2 geg. WA 87 meldle &¥E Fig
9o] 49 Az[16]14 ¢ + A, w7}

Aoz Qs AYSdd A4E TR 9F

F5otel Ao 29 miles BAAA @
& 2iE old o2 A4 mAWA A3
AR Rahe @ ZEoAE meldiE
@ U4 AtE SRS Fig. 9
7 W] mE 239 wWE E¥E APp
2ha) dase A BAY & Aok

mlm do tfo

2

I

1
of

7&

nﬂ.’.

e
A

=

[—

m. 2

&

= [e]
5] AL

o=

Semi-

B3 §48 e 27 gAY FHE5
A43y] 98 FRIAAEA 72
Empirical 7|H& dFsdet. 229 o= 58
A5 BEHor AA okFE& 19, He
254 v g9 WAeta EAE 1Y

hJ

KR
= ’

].

oj d

=

* | Accessed 2017/09/12 16:04(KST)



4 33 & F 3 5 2005. 3

Semi-Empirical 7|®]& o]-&3& t]AlY FAle] FEA &4 31

[
2 0

Atk ob2 & 5% FoelA Hn
SZ47A Aol 2HA d5TE E}Jé}%lt}
=P AUGE 7153 AFEFA dse w2l
b 539 w4 94e 9 U5 2A= A
F, B9 RUE AT T FHAFE A
Ags  HwsAt 73’:94;?-% 53l Semi-
Empirical =9 ¥ S0 A3 IS &
A3 AL, duldA DA ZFHE vAd F
gd& 2=2 AMgE F ASS AT
gy 254 197 FF5A Ad=E @94
o md Feel wet ndd FgolM I3
BESHE AF9 7€ 24 A5 érﬁ
@ol atolg Mol Hgte] Fadtin & F 8l
. =P Id mdAY HHEe Y EZRE
ot H3 FREZRE ogFsa 1 2AF}E 4FA
EY CFD 3 53 Al&dold 23t vluwste
Zo] FFo F7HHQA AFFAL B AR o
AR

7|

o

2 ATE (V3 B2 A0t HAAT

o Aol g8 FAHYoH, olo] FAE =g
Yt
g

1) E. L. Fleeman, Tactical Missile Design,
AIAA Education Series, 2001.

2) J. N. Nielsen, Missile Aerodynamics,
Nielsen Engineering & Research, 1988.

3) F. G. Moore, Approximate Methods for
Weapon Aerodynamics, AIAA, 2000.

4) S. R. Vukelich and J. E. Jenkins, “Missile

DATCOM:  Aerodynamic  Prediction  on
Conventional ~ Missile  Using  Component
Build-up Techniques”, AIAA Paper 84-0388,
1984.

5) S. R. Vukelich et al, Missile DATCOM
Volume 1—Final Report, McDonnell Douglas

Missile Systems Company, 1988.
6) W. B. Blake, Missile DATCOM User’s
Manual —1997 Fortran 90 Revision, USAF, 1998.
7) E. G. Moore, T. Hymer, and R. McInville,
“An Improved Version of the Naval Surface

AT [ 1P 117.16.164.%

Warfare Center Aeroprediction Code (AP93)”,
Journal of Spacecraft and Rockets, Vol. 31, No. 5,
p. 783, 19%4.

8) LR, HAF, HAN, 24, "FF A3
2A9 AUsEd A% FASY, FFHEP
Fe13] %], AH274, A6Z, p. 148, 1999.

9) ¥d, B4, “BY L o§T WA
Ao 54 FAAF AN, BFPFLFHIX]
A|314, A8%, p. 19, 2003.

10) E. H. Smith, S. K. Hebbar and M. F.
Platzer, “Aerodynamic Characteristics of a
Canard-Controlled Missile at High Angle of
Attack”, Journal of Spacecraft and Rockets, Vol.
31, No. 5, p. 766, 19%4.

11) J. M. Simon and W. B. Blake, “Missile
DATCOM: High Angle Of Attack Capabilities”,
AIAA Paper 99-4258, 1999.

12) L. H. Jorgensen, “Prediction of Static
Aerodynamic Characteristics for Slender Bodies
Alone and with Lifting Surfaces to Very High
Angles of Attack”, NASA TR-R-474, 1977.

13) W. ]J. Monta, “Supersonic Aerodynamic
Characteristics of a Sparrow I Type Missile
Model with Wing Controls and Comparison
with Existing Tail-Control Results”, NASA TP
1087, 1977.

14) zZg3, 7AEx, dAl4, “Wind Tunnel
Investigation of the Effect of Lifting Surface
Wing-Body-Tail Missile at
Supersonic Speed”, International Conference on
Method and Means for Experimental Investigation
in Aerodynamics, Russia, 1993.

15) A. Neely, L. M. Auman and W. B.
Blake, “Missile DATCOM Transonic Drag
Improvements for Hemispherical Nose Shapes”,
AIAA Paper 2003-3668, 2003.

16) D. ]. Lesieutre, J. F. Love and M. F. E.
“Prediction of the
Aerodynamic Characteristics of Tandem-Control
and Rolling-Tail Missile”, AIAA Paper 2002-
4511, 2002.

17) S. M. Murman and M. ]. Aftosmis,
“Cartesian-Grid =~ Simulations of a Canard-
Controlled Missile with a Spinning Tail”, AIAA
Paper 2003-3670, 2003.

Shapes on a

Dillenius, Nonlinear

* | Accessed 2017/09/12 16:04(KST)



	Semi-Empirical 기법을 이용한 미사일 형상의 공력특성 해석
	ABSTRACT
	초록
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 결론
	후기
	참고문헌


