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Abstract

In this paper, the Kinetic characteristics of a specific axisymmetric rotator’s gliding in the air with
different initial conditions under the influence of the Magnus effect was deeply studied through
theoretical analysis, numerical simulation and experiments. The motion equations of the rotator
were built theoretically and the numerical solution was obtained. Theoretical predictions were fur-
ther reproduced in experiments and the related parameters which affect the appearance of cyclo-
tron gyration and their relationship were obtained and analyzed. Undetermined coefficients in these
motion equations were fitted according to the trajectories measured in experiments. In addition, a
phenomenon of cyclotron gyration was anticipated during numerical simulations.
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Figure 1. (a) Two disposable paper cups were glued bottom to bottom to form an axisymmetric rotator, which was the
Magnus glider used in this paper; (b) Force analysis diagram of the glider, where quantities were all vectors

1 (a) AMHIRFA “SREHEAN , ZED—R MRS ™A FRIER A ; () BENZ ot
E(EHGEE SRR E)

®)


http://creativecommons.org/licenses/by/4.0/

FEE

e B, WO N E RS SS E FIALCT TTRR I L) o A SR Fo AL IS B A3 T BRI
W AR, FEANRARE: 1o E R ANREsh TR, BuE 5 EE sh Pk UL ST
VIESAF IR &R SLIGN e o8, SEIS TR T, B <737 B3hitathiziash Hil
SR
2. IS

WAINEZ P TR Z 2 T 3AN R LA TR, Rl DB F. B G, &AM f
LA S M, i 1(b)Fias. BT E85 52580 05 B s SN Lis shm el ds, IR AS 3
g BN RIS S AE IEAE R AR, A3 FRNIE O i — 4T sh(n] 3t — 25 A Ak 1 7 10) 5 8 B 7 0] Y B 2%
BB AN G FIHLYN 7] 5 AR Gl ) 55 31 o
2.1. Eh=ESHEA

xR B S — MR ENRAR, HIBN B RIS szie s, nf AR BINLE AT R P T T
BB AT f5 RATEEE 7 v2 B, BN

dv

1
f ==cpsv? =-m—, 1
PRt dt @)

Hrh e AFEEL p NEREE, s JRL i AL e AR 48T o A (B0 7 A S5 A T T AR 2 A o
22. BARER
B, CRFEURTE A

o (du)
= (mj,s’ @

E¢,V%@%M%ﬁ%%ﬂ@ﬁ,n%%%%ﬁﬁ%ﬁ,w%@ﬁﬂﬁﬂﬁﬁﬂﬁ%i%ﬁ$,ﬁ$j
AR v AR DI R AR, s i FALR A

G AN AE R AAL S LA RN IR O o BB TR RO PR 2 0 r . () AT
SRAFI NI 3Z 2 R s FH KN

M z—ﬂ(%gj-4nLQ-Q, 3

r

r

i S A AR . A, TR AT PN A s B
I = UTCI’CA + 40'1tLI’C3 , 4)

do
dt

Hrb, o AEMBIIEL, LAEH&EE. bk, M=

do
do ”(dr],

dt or(ir+L)’

o AT FRALA R AR B AR Ry

®)

TﬁﬁfEJMﬁ%ﬁﬁﬁﬁﬁ,uﬁ~i%ﬁﬁﬁ,#ﬁﬂﬂ&i%ﬁ%mﬁﬁoﬁiﬁﬁ

r

sy, e

)



FEE

dv) o(r+Ar-r)

(G == ©)
RN (B) FFAR 73 T 45

_ __nt

a)—a)oexp{ arc(}lrc+L)t] (7)

He, o, AVIGHAEE, LA EE.
SN, SEU T ARAR T BN 6.6 g, 1 B 7.2 om, 45AF RS BLA% M 5.0 em, FF T EL 4% 4 6.8 cm,
r, UMK BA ST O BARIIE; 255R RN 1.82x107° Pa-s o ¥4 LA R EUE 55 A [ B s 7 1
FERNBISR@)EAT I FALT, I3 N ) AR B R RO R N
® = m exp[ ~1.76x10°°t ], (8)

AR HOREAOAT o S A B 2SI AR 10's, ma@)arsn, 18 MBLERANE
SRR AR R SAIREZ N T 2%, 28 BRI — N EELR, BT ASO R R4
AR LER S IR, W FRINLES 5 T SR/ IMRSFRIAREANAR, HiR AR SCAE S5 S 55 22 s R AL
AT RE B AR N AR .

2.3. BREHH

FE PN LTE LT PR Ay ) B IUE— A, Qs 2 Pon. i ApURE R, R PERON, AR
TR Z S B 383, KNI RR AU = Are, Hd AR SIEIPIERTER . A EEE. Rt
A RIVHFE R BUEVERI0,1].

v R LT P aIE B u oI PR e Bl D) 1 24 e 15 (B 2 1 B2 R D) I E), i
K3 IR USSR TS, T LRI X BAR SR I B A A2 i ay b ALR& g FE 7 o

y.ﬂ.

PSRN

v

u

Figure 2. Cross section perpendicular to the longitudinal
symmetry axis of the glider
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Figure 3. Cross section along the longitudinal symmetry axis of

the glider
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Figure 4. The glider launching device in experiments and the projected coordinate grid used to
measure the coordinates and velocities of the glider
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Figure 5. Determination of parameter A by fitting data. The initial coordinates were (0.45 m, 0.2 m); the initial horizontal and
vertical velocity were respectively 5.2m/s and 2.5m/s; the initial angular velocity was 480/7 rad/s
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Figure 6. Comparison of experimental and numerical results under different initial conditions. Initial condition parameters
were shown in each figure
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Figure 7. Comparison of experimental and numerical results
about the cyclotron gyration of glider. Initial condition parameters
were shown in figure

E 7. BENEIR ‘T &

IREHSRMEIERR T

10

RN SEIEFNIRILFTEL o SEIEHT]

ToHT.

A 3 A% 1

LRI, Al 8 F

10

10
bk - Bm s D332 - 30m /5 KR 4om s
I B RE: [10m /s 100pi I EHE: [10m /s 100pi B ELESE: [Lom /5 100p1
I8 1% &£ : 80/] 00pi/6 I8 1% &£ : 80/] 00pi/6 £ : 80/ 00pi/s
5 5 5 -
E | #rax E £ | araE
N N N
> /] > >
0 ( 0 0
5 -5 5
-5 0 5 10 -5 0 5 10 -5 0 5 10
vi(m/s) vi(m/s) vi(m/s)
(@
10 10 10
7J<3F52§:6m/s K E - 6m /s UK SEEE - 6m /s
B EDHEE: [2.4m /5 B EH L 2.4m /s B EESE: R.4m /s
ﬁ:zl? 709-/5 SR :85pi/6 £83R B : 100pi/s
5 5 5
E | ARE EFHE E | AR EFHR E | B ERHE
> > >
0 0 0
N N
5 -5 5
-5 0 5 10 -5 0 5 10 -5 0 5 10
vi(m/s) vi(m/s) vi(m/s)
(b)

Figure 8. The conditions under which the cyclotron gyration would occur. (a) Vertical speed and angular speed of glider were
maintained, and horizontal velocity increased; (b) Horizontal velocity and vertical velocity were maintained, and angular velocity
increased. (v1 meant horizontal velocity, and v2 represented vertical velocity.)

[ 8.
EBREFALE

“Frs” i.ﬁbtﬂﬂ%%ﬁ:ﬁﬁato () EERESHRERFAE
REHNEIKREN. (V1 RRKFE

T, KRFRERNBIKREWL; (b) KF
RE, 2RRZHEE)

RESEERE



FEE

o RO HBUNT 0 B AU, HEEIALENIEL < b7 2.

FEE] 8(a)h, KPR T 6 m/s ARALE 42 mis, JK-T-I 25 B ELIE T (0 EUABLIZ G K, W] DA LT
FLEBPREH “H =X ) T b X7 B, oA MO R . 72 8(b), A
Hi 55 /s Z2AL £ 100 /s, AT LA Y, FEAE AR HE K, ANLas RS “ T kX7 m “f kX
BT

H ER DM AT 18 1) MEE RN, IR EEE 5K EE 2 R SR E M <7} &
AR, £ DERRFAZEIT, SATCUEE S — N ERE R I “ b7 G 2) EME
FEMRIITEOLN . b7 25 B R5 1 88 B 5 /KT B2 1 AR BBk s 3) A A T E ANAR ) 15
DU, S EDH S 5 KT d A BB S R« 37 183,

5. B4

AN A S5 W MINLEAT T3 0, RIS RESE e M A izsh i iE, I SEERIE 1A
SESH o DIEUE AR SEINS HUAUl & MUTERE T 2 80A, JFIRIE 7 BRI IR TE: BAh, AS0E
X FNLEIL “ 27 @B AF AT T BOMRN B 3T . A SO SE BT 7T 1 25— s TRl
Tt AL 23 S P IS B 1 S5 A% 55 7 0 RS0 R, MER AR AT L BB DU SE 36 M FEREAT T B e B
B2 T HAH L.

SE Wk (References)

[1] Swanson, W.M. (1961) The Magnus Effect: A Summary of Investigations to Date. Journal of Basic Engineering, 83,
461-470. https://doi.org/10.1115/1.3659004

[2] SR AR SRS AR L] WL AR B R, 1995, 17(3): 16-19.

[8]1 ZE. WEERAZB DM LT REHER[I]. FEAR, 2013(2): 174,

[4] Hong, S., Nobori, R., Sakamoto, K., Koido, M., Nakayama, M. and Asai, T. (2016) Experiment of Aerodynamic Force
on a Rotating Soccer Ball. Procedia Engineering, 147, 56-61.

[5] Guzman, C. (2016) The Magnus Effect and the American Football. Sports Engineering, 19, 13-20.
https://doi.org/10.1007/s12283-015-0184-4

[6] Barkla, H.M. and Auchterlonie, L.J. (1971) The Magnus or Robins Effect on Rotating Spheres. Journal of Fluid Me-
chanics, 47, 437-447. https://doi.org/10.1017/S0022112071001150

[7] RiGHS. DS L IVLZIIINRR S T[], KFE B SELR, 2015, 28(5): 4-6.
[8] M, £33, ER. DS HNENEA RS 7 W T igsh s []. B, 2016(9): 13-14



https://doi.org/10.1115/1.3659004
https://doi.org/10.1007/s12283-015-0184-4
https://doi.org/10.1017/S0022112071001150

L
Hans X
W BRE B EZ I TRSE:
BRaAT & RS (QQ- MiE. HiFE 1)
s U AC B &3 B A
24 /INEF DL PN SR A8 ) TG 55 1)
I AR S 45 h5 T
N EAT &
S0 A 2R
4= W 25 78 15 HET IR B BT 9T

hEE S http://www.hanspub.org/Submission.aspx
WITIWRAE : ijm@hanspub.org

NogapwhpRE



http://www.hanspub.org/Submission.aspx
mailto:ijm@hanspub.org

	The Magnus Effect of a Specific Axisymmetric Rotator’s Motion in the Air
	Abstract
	Keywords
	特定轴对称旋转体在空气中运动的马格努斯效应研究
	摘  要
	关键词
	1. 引言
	2. 理论分析
	2.1. 平动空气阻力
	2.2. 转动角速率
	2.3. 马格努斯力
	2.4. 滑翔机运动方程

	3. 数值模拟、参数测定与实验对比
	4. 滑翔机“斤斗”运动分析
	5. 总结
	参考文献 (References)

