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Numerical analysis of aerodynamic characteristics of free-rotating
wraparound fins projectile

ZHOU Wentao, CHANG Sijiang
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Abstract: To investigate the aerodynamic characteristics of the free-rotating wraparound fins projectile, the time-
precise unsteady numerical simulation of wraparound fins projectile was carried out by using computational fluid
dynamics method and slip grid technique. The literature review was compared and synthesized in order to verfiy the
validity of the simulation; the appropriate number of grids and time steps were determined using grid-independent
and time-step-independent tests, respectively. The difference in aerodynamic characteristics bewteen free-rotating
wraparound fins projectile and fixed wraparound fins projectile were compared and analyzed at different Mach
numbers; considering different wing and body differential roll conditions, the effects of differential roll angular
velocity on the aerodynamic moment characteristics of free-rotating wraparound fins projectile were studied. The
results show that the roll moment coefficient and the Magnus moment coefficient of the free-rotating wraparound fins
projectile are significantly smaller than those of the fixed wraparound fins projectile due to the different strengths of
the viscous vortices at the connection between the wing and the body; at Mach numbers 0.8 and 1.1, the Magnus
moment coefficient of the free-rotating wraparound fins projectile is close to 0, and its roll moment coefficient is
basically linearly related to the differential roll angular velocity, while the Magnus moment coefficient is
significantly non-linearly related to the differential roll angular velocity. The roll moment coefficient of the free-
rotating wraparound fins projectile is sharply reduced with the increase of Mach number and the Magnus moment
coefficient is sharply increased with the increase of Mach number due to the influence of the viscous vortex at the
wing and body joint. The above-mentioned factors have a great influence on the aerodynamic characteristics of the
wraparound fins projectile, and should be taken into account in the aerodynamic and ballistic design.
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Tab.4  Comparison of drag coefficent results
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Tab.5 Comparison of lift coefficent results

T4 Ma=0.8 Ma=1.1 Ma=1.3
1 0.825 0.931 0.844
2 0.822 0.936 0.831
3 0.822 0.927 0.832

H R 4.5 "l B A 7 OGS B &
BORT 1 2B RN . BE T RECRT ) R
A EH A 7 R 7R ) AR AR R IS KR
/N R AR B P A B AE . 7EAE R HOIRAS
T, RS R SRET ( BH ) RBOE A SR B SR
—HGAEE P (Ma = 1. 1) AL, A e B IR 1 T
NARBIEEBMEE KA 1% ,
2.2.2.2 R R 5L

WA R AT ( T 2 A0 3) B9 40
FEC, BRFES o BRI RINE 7 FR

AR SO R SR % — R 0 K sh Bl L 7
AL BEE VR @ MR AL, IR 0 REEA
SR R4 i SH, ET AR T,
PR SIS 3L A 100 ) 4 R BB VR 2 71 78 A A 5L
(ERNE bR E A T —80 e T, A 5o
(2290, P BERS 46 I3 (0 ORFAD 3 6 22 BBt o VR

IR, BB E R, X 5 HAE RS 7 T T )
FARUL [ 5 B B A 5 1% ARAT

-1.10

— L2

[ - T3
-1.12¢ .

114}
-1.16
-1.18h /)
-1.20

-1.221

-1.241
0 45

90 135 180 225 270 315 360
o/(°)
(a) Ma=0.8

[ Tw3 — Tw2

my

90 135 180 225 270 315 360
o/(°)
(b) Ma=1.1

0 45

[~ TwW3 — Tm2

90 135 180 225 270 315 360
o/(°)
(c) Ma=1.3

B7 WONERHEREFATUXER
Fig.7 Variation of pitching moment coefficient with roll angle
WUR 172 JE 8- S fEL A o 2 ISR L
DRFI 3 2, 2 6 2t T ARFAD 0 6 28 K S b K
AR AL X L2 2R
®6 N AERBLE R

Tab.6 Comparison of pitching moment coefficient results
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T Ma=0.8 Ma=1.1 Ma=1.3
1 -1.172 -1.512 -1.213
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Tab.7 Comparison of roll moment coefficient results
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Fig.8 Variation of Magnus moment coefficient with roll angle
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Tab.8 Comparison of Magnus moment coefficient results

T4 Ma=0.8 Ma=1.1 Ma=1.3
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Tab.9  Comparison of roll moment coefficient results
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Fig. 10  Rolling moment coefficient varies with An
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Tab. 10 Comparison of Magnus moment coefficient results
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