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Numerical Investigation of The Aerodynamics Effects of Fins Curvature of
Opposite Wrap-around Fins and Comparison With Flat fins in Supersonic Flow
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ABSTRACT

Conventional Wrap-Around Fins (WAF) have unique aerodynamic characteristics, such as changing the roll
moment direction with increasing Mach number and the nonlinearity of the aerodynamic coefficients. The
placement of Wrap-Around Fins against each other eliminates their aberrant and non-linear aerodynamic
characteristics and provides the condition with a less complicated guidance system. In this research, the effects of
curvature of Opposite Wrap-Around Fins (OWAF) on the aerodynamic performance of the projectile has been
investigated. This investigation has been done numerically, and the results were compared with the wind-tunnel
accessible test data, which have good accuracy. The simulation has been carried out at a Mach number of 1.5 and
an angle of attack of 0 and 5 degrees, assuming a turbulent compressible flow; the physics of the flow around the
fins has been investigated. The results showed that increasing fins curvature increases lift and drag coefficients by
7% and pitch moment up to 20%. Also, the fin curvature eliminate flow separation in junction of fin leading edge
and body.

Keywords: Opposite Wrap-Around Fin (OWAF), Fin curvature, Lift and Drag Coefficients, Pitch Moment.
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1-Conventional Wrap-Around Fin
2-Opposite Wrap-Around Fin



VE-Y bl 5 s o) opleds Y il «Soliyng T 5 ¥l SlSe oo asliladgs YA

awass -V
oyaibinl oS8T, magh ol jo colaiulyyge awais
Sygods ol @bl a5 wsbe (W Jsiz) TTCPT
axy g iy Hhd bl olul asleas ouils )8 )l 0 S
g dox> ad il yie ole Vel way Jhad g wiloals
50 LSL ailos e 7 a0 FO ol 4 LS Hl)8
53 A 18 A ek jeme 4y Conad 4z FO ag
el oadoslo i mo Jlie gl SIL L avain ¥ S
8 a2 Jlie Cix g0 Oygod LSIL wias duaie o

&lazs §
W r__us__]
==1D

ol X

Vo Ao [
r{]A_“' VI D<$ideg 452_:,'0.5&|4
5 045 R

(Sloads day g 58 4y s olal) TTCP o sl Jow :(V) JSC&

&
4

o2 Jblio sopes lacSIl b sz 4l Jos (V) S
Sipo bl g (Gluwlro 4l -F
5 Slaslre 4l oloyl SV (gilednds ;o pud 1l
5o oolauwls jge  Slawlre axb aib oo o] (gamasis
by doy wdle gl S JS0 4 ol il

4l olal aiien o)les g5 byd el sl g

3-Technical Co-operation Program

Goae gy g Sl OYolro Y
Silwdae ()88 Blaibw jo 9 (S Jhw S ¢l
oz SO Gl ol 2 Sl OVolee skl oSS
sl 5 O ygo V08

a

adeV+ jg[F—G]dAszdV
\%

\%
hw 5l idu a5 coul gmlee Gl A T o a8
sljloy przmes WS 0 (Sl ) Vo> Sy

1Wgd oo i p) Oypeh G g F W

(P v
[ pu | pvu + pi
W={PV%,F= pvail,c

P [ pvw + pk |
kPEJ kva +pvJ

(0

| <, |

- 1 o %
Tzi
kTijVj +QJ ™

e e byiye 5 55 4 05 Sgon

H=E+> Y
P

Sl cdy 4P g BV p glayiie (V) dole o
e L8 5 o oy sl S (65, et o il
HLs eanles 4 5 el gy ot el T s
slo)ls anlb Gl cawr maw aoly Gl Sl
sty K-w SST (5, 51 5 AUSM (35, 5l g3l pe
SYolre el sals eolitwl | (Sian] ol gjleacs
odds Sl /A0 il ysS sae 5 oalds Jo  Led Ojg0d
CaSgld - el 138le 5 5l (g5leans cpl gl o]
Blas o,y 5l ilwans pl o ol sad solat!
p3> i m g BOLILS anbne sl Jsho sl Slayy
3 g el ol ooliiul l,m dnsls gl oY
900l o Jsl aire cawsVL L ol sz csiloans sl
@8g5 Jlre b oo 0ol ioliEl > cds ol Ses 3l am
ol o il ax g olael g owilendl s poe Slawlos

1-Least Squares Cell Based
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