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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-Propulsion Laboratory
2 -Arnold Engineering Development Complex



v LS 5 il ols €15 554 Lume 13 s 5 sses ¥l sl oz liel @3 ol ood S 6 )bl (o5, oz e Sl aEEsleT s

Jolate 6 ,:551,8 Joo yo el iy el b olasdl
b Uiy ol 5o Lol el iy o 7270 s UL glis |
bl 51o)ls 3g2g elis)l (lBl Q6! wue Aok
pres o2 Rlie SIb 6 58 5l eg ol K0
gty bdiges 51 can ;3 a5 coul Joslw (Swigdils
Sl )3 a5 5d e ual yize 9 S 5l Sz
9o s S cnl o Ll sl o3 (29,5 e sl
el (S (295>
w2 Jblas coas slaSIl 5l as olo iogh Sgams
AITO] pnsl )20 3 4 lgF s loo S oolical
JB ackes 5 oo Jlie SUb Ziz 4w b glaby s,
oIl Loz £33 ol 51 Baios oyl o 10,5 0Ll bl oul
5 eolitul Cuz gale plas Bis jglaieay LS
Getod 5o el cadoslaiunl S e atles Loglal
Szt BSIL (6818 oy p[YF] Ggmily 5 T 500
Loyl aileols plomil |, s o U5 b (gla s o oo Llie
shs it sl Shy Sd> plea |, SIbogs ()l
el imgh 5o wles,S sl Jglate sapes (oSl
odpe SlaSdl sl Sy (o) n 4 odplnl (ST a5
Jobaieds oSl ol 51 e 5 ol o5 als 5w Blie
oSy 9 owd esliul il jsles Gis
oLKen g 6,8l ol ot anlllas Ll 055 Saaliyog 5T
Siz o oo Jlie Gl 655,18 S ow)n VY]
S gli)l g il gl sz e oale el
S gt Olor 28l eslial b Bedow (nl anSls
ol Seelasonl lpe i o eele S
Sy l8 ol lis mls el ouls plal wyls el

gled o B LS 1, azle (glisS oo Ll lacSUL
savas Sl Lowl 1 sy pol> oy Gun
sfles gl 5 gl GLBL ol er e
Slasll b awlio puizen 5 pa b lag] (Sl
5 g wasl gl 5l ooliiul b sy optl 5o
ool ool plil a0 B g ¢+ alax Loy 9 V/O Flo vae
oy alpe Jold (Sealnng 51 slog i cqmoy e o0l 5o
5 Ol bk g wload awglie piomy jglas 5 [

ilodss 5 CIJ:;'L';..»I Sl g aliy Skl s las &9

Sldasin adllhs 4[V4] L Ken 5 KI5 .05)ls (g 00
ol » NSb el 5 boaliy ool (Sealusyyl
aie ceas agly b oI ol o oyl wasl
5 Wylo (bgpe &S ply g0 clie o Slee At
bi> ggma Yo ale> bl o 1) by @ylab
SSIL s xal)b adllhe 4 coealVe] lag] oS o
DSy Do ggile oty jo LbeST) ol wglae
0y il kS cou slacsIl o5 wisls olis lay]
Sty JS Jsb )l soges clacSlly 5 auiS o
Gilwad @ [VV] Len § Das aims oo il
85 eolital b sded Il GLLI s ob>
Giloants b o b awglie s DATCOM _, xidons
oS oy Glas ol w3y )8 s g gous
@ @l alie ool goue sluand 5 o aaes
Silwerd Ll sayls lag s Slpss W9, (Gt 5o
9 Lyls oS o &l Lag s o3lal jo (g iy cBs (soue
Shbl o by Spd gy fVY-VY] oL
JJL t_i: S9y LQ)T r .\...»_‘>‘O).: o..\.».o.> 6[&&”.:
Ozt Ll ol suis plosl SIb six pien g LS
G Sy a5 Wil bl cos S b laanylis
il 20,8 sz 5 1y @l sl la (ot
als 1) ol e jsbiS SIL ales 4 gy Al o
2o 4sly Sl gy A[VE] LK 5 Li¥¥ g0l .a0s o
bl yo Ll ozl SIb ales 4 015 o agly 5
2 ot Sl @l gl s S ke ad & al;
.Q)L) ;......l.c ¢ )5L».~..f
Sl oy a4 B Slided pges o
GSIl ol sal axsls,y (CWAF) | Jlaie onas
Sbyz g ailb lael glawas Jylaie caes
odmes> Sl (6,58 aS o obml s e
S s)ls oble OWAFY) lite iz g & json,

A i ool g pazle pslias Bi> o] on inte
4 o gl ) uzmes el Al ol seel,
ailbe cghal Salusg il Gla Shy i
0 (S dsdiee Sy 0)ly oy og et e
seslanal oSl I 6058 s cnl bl

1-Conventional Wrap-Around Fin
2-Opposite Wrap-Around Fin
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1-Least Squares Cell Based
2-Second Order Upwind
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