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Characteristic analysis of Magnus rotating marine

energy saving device

Abstract: The use of ship assisted navigation facilities is one of the directions of green ship
concept. It can not only reduce the shipping cost and improve the economic benefits, but also
improve the marine environment to a certain extent. Rotor sail is a kind of ship assisted navigation
facility based on Magnus effect principle. In this paper, the numerical simulation method is used
to study and analyze the mechanical properties of the ship's rotor sail in the wind field. This paper
studies and analyzes the variation rules of the thrust, lateral force and driving torque of the
spinning cylinder with the rotation speed, wind speed and wind direction angle of the ship's
spinning cylinder. The results show that the thrust and lateral force of the windlass increase with



the increase of wind speed and rotating speed, and the thrust reaches a peak value and then
decreases gradually when the wind direction angle is 90 °. The results show that: the rotor sail can
achieve better energy-saving effect, and the energy-saving effect is different with different wind
direction angles, and the best energy-saving effect can be achieved when the wind direction angle
is equal to 90 degrees; the power consumption is also required to drive the spinning cylinder, and
a lateral force which can cause the ship to yaw will be produced at the same time when the wind
direction angle is equal to 90 degrees. The conclusion of this paper can provide technical support
for the sails optimization designers.

Key words: Magnus effect; green ship; rotor sail; numerical simulation; energy saving assessment

0 5|5

AR, fE “WGVEsRE” FiRe T SN, N TR KREdE. BiddkPRsmes I o in
Wt S5 EEEN TN BN /1, MEAAT AR 7 BRI R LB oM i e vt 2
SR BIM SO S e AR T, B B RO WSRO — NS
FEINEE 52 AR R ORI IOE A, St E T TN E I (.
filiE . B RHE RO o Rl EPREFHHL (IMO) NAGAREE X% 1T 5 2 EEDIP 4
HESR UG, SHEMAIMES T2 2T A B F bR, A AR BRI T 2 SR (MR AR 1 —
ANEET I MR RE RO E BRI . MM BT AR B A A A
RO BAOACC, 5B 1 B . KB 5 Re e BEAT =L I N H & 7 3R B
FE i, SEPRUEB T RERCR AR R . A ORI KBEFERRAE BN A A BT
MRS, T NAERGAR B2 R Bmnm, A XU HESDRE AT 2F . AR A = ZE LAt Lo 1)
HERERE, FEETTREIAORIIIRAN L, A By R HERE A IR — M2 358 [ 2 AT TR 7836
1213

JVE 1 UL & — il Bl R S A AH B9 Red B, & Magnus X081 55N FH . Magnus
BN e E B2 K H.G ST 1852 I —Fhififl J1# I 5, TP fERE YA AT IR 4
AR, EEh RIS BT VR, AT SZ R MDA LE S AR A BT A AT I e 1 — e
Ko UG PR H Magnus RO AT TSR B B 5 . Seifert™ /28 1 & T Magnus 4
7 [ 7S 2 B R 0T, IR R IR E A S AR e, U T R T AR
TR RUIEEWT T T MaguS AT M 48 17K 3 2R PR SRR, 48 Y Magnus [H A 4G EEAR St
W SIS B MRie IR B AR 2 T R B R o R SATOR T — AP AT Magnus
BRI FH FpARISRT A4, al S CFD AL, 1 5 T Magnus 208 1 XU iE B B3, FFELER
T Magnus 3B EME G E MK B RPERERFE. B = EERET TR IR e /& Magnus
RO SE M, A4S 1A T AR TR AR 0 AR T TR A2 A R T #FEE 21 1 35K Magnus
BN FIAVE R Magnus 77 F1 56 55 5 B2 A RROE PUR S5 18 o 28 ik TSI DR 2R 57 3 s A 0 0 0
R, o i s KURAE i B 3h 7 2 BRI Aa it . IRA S RG . Wit B LAY
RECR o e ey RUIL IS J 3 T S A% S s, e I R B L ™ AE B % 1R T 171 E 38 3 1R <
iR, S AE MR R IGER, MR RS, A=A — AN 2 B TSR TT A
A A TS Wy Dt SN [ o s O A B BN i <9 30 S A A NN S Ll [ R DS i - SN ]
P A HT )

BT Magnus RN 52 B 8 R AARBIAE 2 AN S0, A A A AE I 5 JXUIRL P S iAo, {3
S IX R IE 227 E T R A XU TS RE RO . TR Bl = e, B R UL IS g S 1
REWF I IR AAEL, 2224l A IR A VR4

ACHET Magnus RN A T ATAAIE A UL ) 570 A8y, ai i BUE A0 7 i 1 HLAE X
W 1R, RN A T RO, VAL TR A R T R RSCR . T ARHIE ST RCR



BEAI RN BRI SR

1 Jiefeg RUIAABE 2 e v

B 1 B2 B, TR A S b (OB B el PR R (I Vi — e e 32
B, R B F P VRS RO S A B . 5 SEHE DR L sk R e U A
— A R KT 5 — AR RS R B, PR A — AN 2%,
BEED 9 Magnus 20770, 1B, 24 BUR: e P et , BB S2 977 T B 2 52 [0 o e
ZH| A SR AR P .

HEJI/N

AR,
. ﬁj/
—
—
—
—_

ATHHLNG,

JEJIR

B 1 DR (HiH)
Fig.1 Magnus effect (flow field)

EFTI T’%
A

B 2 DSBS (1)
Fig.2 Magnus effect (force)

FERAA AR b 222 — e AR (BRI . Wl 3 s, MU 93l BAT e
TEJIFE M BYSRE)NAER igES, K F-J7 1) 32 2 5 R e — BRI B ) Fo, [FJ I 32 21 5 X ) 22
FLITE ) FAE R (ORL DAY o 3 it Jie 8 AU ) A S 3

R T XU AU B SR i AAAE AT I B 7 26 ) —Ff X 1) 5 A RREE 30 7 o) A
G 5 AR AR, PR X FEMS 3 X2 R U R A, 8 SRR
FR R R e PR P P B XL R REITXUTAT I, 0l A UM B R T A e, A0 U
N o PRI RUAT IS R URT XU ) — 350, A KGR K, AE AT RT3k 7 ) R S 1R 2 Xt
PELAS A AOAGGERs 7 A2 1 RUREAS R LRI 72 AL R BEL g o T LA REASE e i JXUIL B 90 2080 SR fe 2 £
T 10 9 IRt 2 17 0 ) B R, 0 2 T A A i 7 ) g R —— R X

Wi s s, 2R AR AEAAT J7 1n) 2 BN, BE R R S e — 2, B RR AR
HESE A MR RTBE )T P2 B o 5 X QR XTT A MR T [ e A, BRI — B HE o
Fr, &A1 JTM Fuo

ﬁ:

F.=F,cos0+F, sin0 (D
F,=F,sin0—F, cos0 @)

WERM B 2R, B TRECEAR, SRS AR, weGEE %
il AL 2% E e fRT R e B B, SRAS e UL B A RSOCR o RIS XL U B 0 3F— A
A2, DR B BIMTRCR , e o B 127 i 1



Bl 3 MR fE KU
Fig.3 rotor sail of ship
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Fig.4 free-body diagram of rotating cylinder
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Fig.5 free-body diagram of rotor sail of ship
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Fig. 11 change of thrust and lateral force with rotating speed
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