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Magnus effect of electromagnetic launch hypervelocity
spinning projectile

LI Kai, LU Junyong, ZHANG Xiao, FENG Junhong, LI Xiangping, DU Peipei

(National Key Laboratory of Science and Technology on Vessel Integrated Power System, Naval University of Engineering, Wuhan 430033, China)

Abstract; Compared with the traditional gunpowder bullets, electromagnetic launch bullets have the advantages of high muzzle velocity and
long fire range. However, the bullet shape is no longer axisymmetric because of the armature groove at the tail, resulting in unique aerodynamic
characteristics. Based on the three-dimensional unsteady Navier-Stokers equation, the aerodynamic characteristics of electromagnetic projectile were
analyzed by using the sliding grid technique. Results show that for the hypervelocity spinning electromagnetic projectile, the Magnus effect comes
from the interaction of shock layer distortion and the upwind area variation of the armature arm. The aerodynamic force and the moment varies
periodically with the roll angle due to the periodic variation of the upwind area of the armature arm, and the Magnus moment reaches the minimum
and the maximum at the roll angle of 45° and 135°, respectively. The influence of the armature arm groove is remarkable, which not only worsens
the Magnus effect (increased by more than 50% at 135°), but also makes the pressure center move forward periodically ( the absolute forward
amount is up to 5% ). Furthermore, with the increase of spinning speed, the increase of the Magnus moment and the pressure center move-forward
effect become more and more significant, which is harmful to the dynamic stability of the projectile.
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Fig.1 Schematic of electromagnetic launch projectile
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Fig.2  Physical model of spinning projectile
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Fig.3 Calculation region and projectile surface mesh
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Fig.5 Comparison of experimental and

simulated Magnus moment for SOCBT
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Fig. 6 Magnus moment coefficient under different

attack angle and spinning speed
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Fig.7 Cross section pressure contours of axisymmetric projectile
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Fig.8 Cross section pressure contours of electromagnetic

launch projectile at x/D =5.78
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Fig.9 Periodical variation of Magnus moment along with

roll angle for the projectile with armature arm groove

___________ ®,=2 000 1/s

0.02

o
I ¢
—0.02 =
[ Y ! P A . i
0047 \\ w.or N MNemt
\ /.’ \ //
\ 5 \
L \, Y LY J
—0.06 C A / K /
\ /
Eo o s o TRed o 15 ¢ oo deebn 0 g |
0 100 200 300 400
7 /()

(a) RIFFH(a=6°)
(a) Different rotational speed (o =6°)

a=4°

—014b,

' P IR SOV AR
0 100 200 300 400
7/
(b) AFHSf(w, =2 000 1/5)
(b) Different angle of attack (w, =2 000 1/s)

K10 Ehiis 55 ) R BB TR B F
JEIPEAE AR (R TAT FAKE A )
Fig. 10  Periodical variation of Magnus force along with
roll angle for the projectile with armature arm groove

AT UL AN TR TR B AR Pl A S ROALTE RS 3l
AR AR A0 IR T ) 2 A 2 5 5 0 1] 3 T
FEP SRR BRI o A JCHAKHE A% 55 3 1 Y
XFECIEBLUNIEL 1L Pz, o Pl 20, e I 2 25 4%
B530r 71 R L G R AR A G AR R RO 50% ~
100% o 11 12 25 i 1 A7 TG HU AR I 1] B T s g 14
XFEE, oA AR O HYIRHE f o 1350 Wl LI
WL EEBZ ) M+ 2) FZEM (= 2) 14 BE T 1
J153 S T I e 1 0 A b £ B AR U, X g2
A [is) E5A% 55 307 0 A A A R R 5 R KR R ) A A
ELIETE T RS (2/D > 5 ) BEqi i g ik — 4

WAL, 7™ A 1 LA R AR SR S A 55 407 9 0



ZET A8 ¢ PR A S v T AL A% 55 sk <19

— S T
A MU - R ME
——— AW - R R

my

@)
a /()
& 11 A TG AR S5 A% 55 3 D X b
Fig. 11  Comparison of Magnus moment
with and without armature
107 F
ToHME, © =01/s
10°F T AR, =2 000 1/s
- e H AR, o =2 000 1/s, y =135°
o
=
~ z+]
10° =
1 1 L 1 1
0 1 2 3 4 5 6

P12 A JCHE X N e BE T 1 3 % HE
Fig. 12 Comparison of lateral wall pressure

with and without armature groove

3.2 HYEED

K13 25 T I o = 8°0), AR FE 3 F A2
I e oA o i LA H 1) O 07 B Bl 7R 5% A1
AR (Y XA IR 5% ) o B TR e y =
O, LKL 2 70 P A A XL v B K, s R K
R, MMy =90° Wt fiz /b 3 A LA th, FERRIR
Ry B N, B Fd mg i, 0 A R RS o
BN 1% . [ 14 251y = 90° I A [R] %
NEE S XEEE, AT LA Bl BTRS A4 5 P2 e
I N2 3 HOE WU E TR O AT R 5
HRGUE MR AR, I R 1) 2l R 1 1) A2 A A
SRALBETT T B T

4 #Hig

VARG S S LA X B, R T RS RS 35, i
TS HOAT TG HE A A £ e KA R 1 Bl g

0.54 — — 2=8% 0701/
[ | ecccccas a=8° w =10001/s
[ i a=8° =2 0001/s

z 0.50
QE
048
0.46 =
P B T L Al
0 100 200 300 400
v/
K13 AR A R 0 (o =8°)
Fig. 13 Comparison of pressure center under
different rotational speed (o =8°)
10+
0 =01/s )
0 kRl =2 0007s
<
o
R R

P14 AN[AlEE 58T BE TR 1 890 (y =90°)
Fig. 14  Comparison of wall pressure under

different rotational speed(y =90°)

P ARSI TR 2L

1) 555 FLRRRIOGS B 33 RUAS [] vy e 2 1) R
i R SPY SRAL IR s 55 30 0 O Ry 3, B T 32
)= LS I AL (R 5 i 52 1) L AR 360 X i AR
ARSI o Jm o S B 55 0 1 A B R e £ ]
AR (A1 3990 180°) , il HCAE 45° 1 135° I /)
913 2] Fre/ IMEL AR KA

2) FEL T 3 T 2 5 KL B N 1) T 07 L 32
2T AR X AR A A PR S 2B 2 X AL
HIA 5% ;I HBEFHIE AT AAS (1 5 5
2000 t/s, b RELLEXS BT EEIL 1%

2 % 3k ( References)

(1] THRWY, &% 57, 25 MR 5 8 & o — R fL
FLLT]. E BRI =R, 2019, 41(4) : 1-10.
MA W M, LU J Y, LI X P. Electromagnetic launch
hypervelocity integrated projectile [ J ]. Journal of National
University of Defense Technology, 2019, 41(4): 1 -10. (in
Chinese)



.20 -

e PN

544

BECHERINI G TELLINI A DO TELLINI B.

> s

Electromagnetic and mechanical gyro stabilization in railgun
launcher [ C ]//Proceedings of
Electromagnetic Launch Technology, 2004 ; 32 —36.

TANG B, XU Y T, WAN G, et al. Method of ballistic

12th  Symposium on

control and projectile rotation in a novel railgun[ J]. Defence
Technology, 2018, 14(5) ; 628 - 634.

DESPIRITO J, PLOSTINS P. CFD prediction of M910
projectile aerodynamics: unsteady wake effect on Magnus
moment [ C ]//Proceedings of AIAA Atmospheric Flight
Mechanics Conference and Exhibit, 2007 ; 6580.

KLATT D, HRUSCHKA R, LEOPOLD F. Investigation of
the Magnus effect of a generic projectile at Mach 3 up to 16
degrees angle of attack [ J]. Journal of Applied Mechanics,
2013, 80(3) : 031603.

CAYZAC R, CARETTE E, DENIS P, et al. Magnus effect:
physical origins and numerical prediction [ J]. Journal of
Applied Mechanics, 2011, 78(5) : 051005.

TURAR, S, SOAL. R U AL S 5 s B
BFFELI]. ST, 2013, 34(6) : 718 -725.

LEIJ M, LI'TT, HUANG C. A numerical investigation of
Magnus effect for high-speed spinning projectile [ J]. Acta
Armamentarii, 2013, 34(6) : 718 —725. (in Chinese)
PREVK, d8dRte, REIRT, S5, BERETRIR % 55 i AL
R I [T]. Wiss TREIERE, 2018, 9(2):
184 -190.

CHEN B B, LUO Z H, YUAN Z Y, et al

investigation on Magnus effect of a spinning projectile [ J ].

Numerical

Advances in Aeronautical Science and Engineering, 2018,
9(2): 184 —190. (in Chinese)
S, EAAE, WL, AR ekl FR LT i 5 I £

[10]

(1]

[12]

[13]

ERLLT]. SfGEA4R, 2018, 30(1): 12 -18.
WU F, WANG X D, CHANG S J, et al. Numerical
investigation on Magnus effect for rotation fin-stabilized
projectile[ J]. Journal of Ballistics, 2018, 30(1): 12 - 18.
(in Chinese)

PIF. iR ESR ST T R AR Y ML [ D ].
Kb EPRHCR, 2017.

LI K. Mechanism analysis of magnetohydrodynamic heat
shield system including high temperature real gas effect[ D].
Changsha: National University of Defense Technology, 2017.
(in Chinese)

FRASIH, ABBAS Laith K, F [, 4. JEf #oL<shiek
P RUBE B SE R [T ] I R I LR R A2 24 i, 2018,
39(3): 526 —533, 540.

CHEN D Y, ABBAS L K, WANG G P, et al. Scale adaptive
simulation on aerodynamic characteristics of spinning
projectile [ J ]. Journal of Harbin Engineering University,
2018, 39(3) : 526 —533, 540. (in Chinese)

BEUREL, XU, gt S TR B AR R
WS [T B PR EOR 22 524l 2017, 39 (4):
168 - 173.

CHAI Z X, LIU W, LIU X, et al. Numerical simulation of
periodic unsteady flow by harmonic balance method [ J].

Journal of National University of Defense Technology, 2017,
39(4) . 168 —173. (in Chinese)

CHUGHTAI F A, MASUD ],

aerodynamics computation and investigation of Magnus effect

AKHTAR S. Unsteady
on computed trajectory of spinning projectile from subsonic to
supersonic speeds [ J ]. The Aeronautical Journal, 2019,
123(1264) : 863 —889.



