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Fig.2 Trajectories of launched rotating spherical aerial
shells.

(a) Rising
Fig. 3 Trajectory of launched Shell 3.

(b) At apogee
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Fig. 4 Relation of rotating speed and rotating time of

launched spherical aerial shells.
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(Solid line: Calculation results; Solid sign:
Experimental results)
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Table 1 Parameters used for the numerical calculation program.

Parameters Calculation 1 Calculation 2
Sell mass (kg) 0.24 0.24
Shell diameter (m) 0.08 0.08
Muzzle velocity (m s™) 35 35
Average drag coefficient Cp 0.5 0.5
Magnus coefficient C,, 1.8 1.8
Torque coefficient Cr 50 50
Air density (kg m?) 1.2 1.2
Kinematic viscosity of air (m?s™) 1.51x10 1.51x107
Gravity acceleration (m s2) 9.8 9.8
Wind velocity (m s) — 5
Angle between wind velocity vector and axis z (°) — 90
Angle between horizontal component of wind velocity vector and axis x (°) — 290
Rotating speed (rps) 4 4
Angle between rotating axis and z axis (°) 60 60
Angle between horizontal projection of rotating axis and x axis (°) 0 0
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Fig. 6 Comparison of experiment and calculation 2.

(Solid line: Calculation results; Solid sign:
Experimental results)

-10

2, ZREROMMEIC L) EORERHEIEITE L TW b0,
Magnus/JiEP L3284 L Tw &, KFEF MO D /I
B BBDT, ENEFEAENY 7 L) HIZHITEHIZHE
TLTLE I,

AETF R OB IEMEC B ST s 0 EE % Fig. 7
R MERMENKE L 25, H DV IZNEREO & 7S
KFTED T E, KEHMOBEFEIIAE RS, &
DOFHBITIE, 60° DMEEMED & &, HRFEOKPFREEHE
BEIX13mIZET A28, 0°DE X, CORBEHEEIZ1I5mIC
#T 5,

R. L. Schneider? (¥ Magnus/J1Z & 2K E DK R H)
#7155 L7225 D. Eckhardt 5 ¥1d 8 S K E DK FREIH
HEAT85 mPh B2 L - FHER R 2 48T, Magnus®i £ %8

200
Rotating angle 15°
———-Rotating angle 30°
150 b —-—--Rotating angle 60°
—--—-Rotating angle 90°
E
Z 100 TR
.%0 7y \ NN
\ A
\ \. \
50 \ AN
\ v\
{ \
1 \ \
l '
0 1 1 1 'l
0 5 10 15 20
Horizontal distance (m)
Fig.7 Influence of rotating angle on a rotating dummy

shell. (Muzzle velocity = 70 m s, Rotating speed
=10 rps)

KIACFFM L 720 ARBFZETIE, K E o Eldz o A 4= [ i 0
M & % EBRCHERL, BimEEORE L EBRTHZ, &
NS DFRIZHEDT T, MagnusHB & ZBHEOHMIC &
%K E O RIFEREFE SRR EZ D ANz 3 WIcEH) SR

#\¥ 725 D. Eckhardt & ®DEMHE L IIKT 572012, FHIL
8 G K E D VI & FUEIYIZEHE L 7225, KRB
HEiX D. Eckhardt 5 DR R L D /hS 0 oize 2L, D.
Eckhardt 5 OFHEICIE, MAXEONIRKFEZ ZE L 22>
J27eb b EZ B,

F 72, Fig 7TOFFEFBRICI L shimicfis EiFosnh
oK ECH LT, MAENSEEE LT, MAKEIMEL
MagnusHiZZ DEEH M OEEIITE AL HEL S 2 %
W EPbhol, UL, SREHINICBIT S MK T



Sci. Tech. Energetic Materials, Vol.69, No.1, 2008 21

< MagnusH OO (F 2 AL ES) I
HRTPAEVTZDTH B
DEDyIalb—va v idid s vidBRoish@E %
Yol LTHELLDDTH DA, EBROMAKIT FIFHY;
T, JARFT FITAEE GT LTS oEE IO #RE SR %
EOWBIZE 5T, REMBAKEIH ETEH2»S b o LS
HEN-L ZAETHETT LMD 5,

5. ¥&5R

1) SRECIT S RS 7z 35k E o Mintk 7% FHE Y
T A AT THEE L, MiEd MK E & Wi L2 Wik
WD BT EEBERICE VR L 72 AR EO MR- T
[Hdz 3 L O ElfEd o T aidE 4 OEBRTICL S5 v
TLHETH 5D,

2) MBEE T A AT OWAG» S, RO & 2547
MELTLL-HLEWEREND L Z LRSI
7oo F7z, FTRR R W5, HEMomEXidizEAL
AT —E L R b,

3) JHKE O W IZ R OERIC L D ET A
ENEBRTHER SN 7z RBIROEH T, MAKEDN
BEIREE B B 225D PV 7 R BUIEERIC X D3R
O7E% 7z,

T RGP E ORI Z T 5B, ARBEKED
WARWRELETHMAZE L 2 NE R SR, ZOHT
%, Magnus/JIZ & 2 2B EH T RETIE LV,

3FMREIIOVTOERITF 7ZEHL DR\, RIS, 1B

KEBREOMMEICET T4 I TOERT— 713w, 5%

OWZE T, AR EOMEIZE T T 5 £ TOLH%E

WETLUEND D,

References

1) D. Ding, Y. Ooki, M. Higaki, and T. Yoshida, Sci. Tech.
Energetic Materials, 68, 14 (2007) .

2) R. L. Schneider, 5th International Symposium on
Fireworks, pp. 458-462 (2000), Natural Resources Canada.

3) D. Eckhardt, and H. Andre, 5th International
Symposium on Fireworks, pp. 85-103 (2000) , Natural
Resources Canada.

4) F. Yamamoto, Bulletin of JSME, Vol. 29, No. 253, pp.
2055-2061, (1986) , JSME.

5) S. C. R. Dennis, S. N. Singh, and D. B. Ingham, J. Fluid
Mech., 101, 257 (1980) .

A study of Magnus force acting upon
a launched rotating spherical aerial shell

Dayu Ding " and Tadao Yoshida

Trajectories of launched spherical aerial shells were recorded with the high-speed video camera and rota-
tions of the shells were confirmed in our experiments. Based on the experimental results, it can be understood
that rotation and direction of rotational axis of a launched spherical aerial shell are a random phenomenon
by various influence factors. Moreover, attenuation of the rotating speed of a shell by the viscosity of air was
observed and torque coefficient was obtained by the experiments. With these experimental results, the three-
dimensional equations of motion which took in Magnus force and rotational attenuation were calculated
numerically, and it was examined how much Magnus force would have affected movement of a launched

rotating spherical aerial shell.
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