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On velocity attenuation of a truncated cone-shaped projectile vertically
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Abstract: One of the main functions of liquid tanks in the passive protective systems of surface warships is to prevent the
damage by high-velocity projectiles (explosive fragments) to important internal structures, equipments and personnels. The
process of high-velocity projectile penetrating through a liquid tank involves complex energy transfer and dissipation. To
explore the influences of the head shape of a projectile and its water-entry velocity on the velocity attenuation of the projectile
in fluid, a series of truncated cone-shaped projectiles with different head shape factors were developed to numerically simulate
the processes of the truncated cone-shaped projectiles vertically penetrating through the fluid at different initial water-entry
velocities. The velocity attenuation characteristics were obtained for the projectiles vertically penetrating through the fluid. The
above results display that the resistance factor of a high-velocity projectile moving in the fluid is related with the projectile
shape and the ratio of the instantaneous velocity of the projectile to its initial water-entry velocity. Based on the numerical
simulations and the corresponding fitting results, an empirical formula was proposed by considering the projectile head factor

to predict the velocity attenuation of the truncated cone-shaped projectiles vertically penetrating through the fluid. And a series
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of calculation examples were carried out to verify the formula. These calculation examples show that the formula is feasible
and can be used to accurately calculate the velocity attenuation of high-velocity projectiles in fluid media and it is helpful for
the structural design of the protective tanks of warships.

Keywords: truncated cone-shaped projectile; head shape factor; velocity attenuation; protective tank
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Fig. 2 Finite element models for truncated cone-shaped projectiles with different head type coefficients
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Table 1 Parameters of equation of state for water!""!

A;/GPa A, /GPa A3/GPa By By T,/GPa T,/GPa po/(kgm™)
2.2 9.54 14.57 0.28 0.28 22 0 1000
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Table 2 Numerical calculation conditions

TH v vy/(m-s™") T v vy/(m-s™) TH W vy/(m-s™) TH v vy/(m-s™)
1-1 0 400 2-1 1/3 400 3-1 2/3 400 4-1 1 400
1-2 0 650 2-2 1/3 650 3-2 2/3 650 4-2 1 650
1-3 0 900 2-3 1/3 900 3-3 2/3 900 4-3 1 900
1-4 0 1150 2-4 1/3 1150 3-4 2/3 1150 4-4 1 1150
1-5 0 1400 2-5 1/3 1400 3-5 2/3 1400 4-5 1 1400
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Fig. 3 Comparison of cavitation sizes obtained experimentally and numerically for the projectile with the diameter of 12.65 cm
and the length of 25.4 cm, water entering at 603 m/s
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Fig.4 Changes of displacement and velocity of the projectile with the length of 25.4 mm at two initial velocities of water entry
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Fig. 5 Changes of displacement and velocity of the projectile with the length of 38.1 mm at two initial velocities of water entry
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Fig. 6 Velocity attenuation of truncated cone-shaped projectiles with different head coefficients
with water-entry distance at different initial velocities of water entry

3 EERESEE

31 RBEST

MR (4) o] LU A5 R TR S8R T B K 9 BT BE ) R G, FE0 AR A b, 5 3R 1)
Mk S 3 2 vy, 55 A KA 3 B v 9 T i 29 LUAELAE R AR R, 23] Ca- (v /vo) R R . B TR IRA PR, A Sy
22t =0 BYTRAR Cy-(vy /vo) KRB, AN 7 Frm o DNIEL 7 AT LA & 3R, BH T3 PR C o B A 5304 30 8 17%) o il 22 4
i e s, HYAAHE I SR R AR, B A AR A0 A AR A R AT, 3 R o A B/ NI B ) T, SRR
DAL 2 DR Sy I o SR P AR, 3RO 5 28 0 ) RS o A AN W0 553, R ) P sk T PR R, R 2 BHL 48 K
T B B R T DR R BE ) R /NI A R

013301-6



5 41 45 FURERR, 45 TR SARTE IR T 12 Sl HE e R 0 F1

0.60 0.60
Primitive curve Primitive curve
0.55 —=— Fitted curve 0.55 - —a— Fitted curve
0.50
045+
0.40
035
0.30 1 1 1 1 1 1 1 1 1 1
1.00 095 090 085 080 0.75 0.70 1.00 095 090 0.85 0.80 0.75 0.70
/v /v
(a) v=400 m/s (b) v,=650 m/s
0.7 0.8
Primitive curve Primitive curve
—a— Fitted curve 0.7 F —a— Fitted curve
0.6
© © 05
0.4+
0.3
1.00 095 090 0.85 0.80 0.75 0.70
/v
(¢) v=900 m/s (d) ve=1 150 m/s
0.8
Primitive curve
0.7} —=— Fitted curve
0.6
© o0sh
04+
0.3
1.00

(e) ve=1400 m/s

7 AFRAKHEET, v = 0 BBHETE AR F1 RECT v /vo IR
Fig. 7 Resistance factor varying with vy, /v for the truncated cone-shaped projectile with y =0
at different water-entry velocities
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Table 3 Values of parameters ap and a; under different working conditions

v/(m-s™)

Y PESH
400 650 900 1150 1400
a, 0.617 0.612 0.633 0.587 0.367
0 a, -0.217 —0.212 -0.223 —0.153 0.128
a, 0.329 0.459 0.477 0.440 0.288
13 a, —0.019 —0.158 —0.168 —0.113 0.077
a, 0.768 0.707 0.784 0.714 0.553
23 a, —0.387 -0.297 —0.394 —0.289 —-0.082
a, 1.216 1.204 1.527 1.382 1.416
! a, —0.344 —0.345 —0.823 —0.580 —0.640

KA 1 400 m/s, A /N IR EE X S
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ay = dy +a02Ma+a03Maz '|‘Clo41‘4a3 +a05Ma4 (14) EJ LOF
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H1 #5455k, 1O B 7 2 ] LUBCGF 40
B ag.a, RTILENEMIPRLER, 0T LRI E— 0203 04 05 06 07 08 09 1o Li
KIEHECT B8 ay ) a, 19 ARG, (A2 {0 Ma
4 NN S L N —¢=0,a, — yY=1/3,ay, — ¢=2/3,a, — ¥=1,4q,
PR, AR TR — KL y=n, XK. BlE —y=0,a, — y=173,a, — ¥=2/3,a, — y=1,a,
LV B3 K, S50 a, ) a, AL IB W T A ‘
PO, P8 XTSI BBORIR I B0k, B8 0, F1 0, 5
I B R, AR A0 e B AR B RN AR 45 W 8 Fig. 8 Changes of parameters @, and a, with Mach number Ma
FECH N BB ETER. S28a. a W for the truncated cone-shaped projectiles
OeE T F 3 4, with different head shape factors

T4 BHa o HBELER

Table 4 Fitting results of parameters qy and q,

v ay, ag, ags Aoy Qs a, a, ag; ay, as

0 0.847 —1.459 2.575 —-0.707 —0.887 —0.376 0.918 —1.096 —1.059 1.743
173 —0.611 6.078 —13.025 12.901 5.055 1.060 —7.042 15.285 —15.196 5.971
2/3 2.810 —-15.067 37.573 —38.342 13.579 —3.246 21.137 —52.932 54.463 —19.504
1 8.033 —53.017 141.081 —153.418 58.737 —10.547 79.685  —213.159 232.929 —89.548

BT BRI, o RONSHEAG IERE v A, RAZHIrRN a RIVSEHIT RN ZIFELE:
ai.f:aij0+aij1¢’+aijzl//2 i=0,1,7=1,2,3,4,5 (16)

K ajon ayis aps ap WEFPESEL B3R NE 9 Fs .
BUOR B G M R R A BRI R . BT S8a X a, WG HEA S, BT LA I o &
G SHEA 5 BE XS FR R M, 3R B R R B AR i g 1, B A5 R LR 5.
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300 x5 o RVBHHNUEER
Table 5 Fitting results of a;; series parameters
200
z aij dij aijy aij
g 100r ao, 0.693 ~7.536 15.031
% ol am —0.864 49.585 —102.332
%D ao3 1.908 —128.117 267.957
& 100 aos —0.654 136.681 —289.498
00l dos 0.814 ~32.000 88.221
0 02 04 06 08 10 @ 0239 9212 19657
v apn 0.628 =70.273 149.620
K 9 a%ﬁﬂ?}ﬁ'ﬁ%ﬁﬁéﬁwﬁ’ﬂ%% aps —1.463 185.983 —397.312
Fig. 9 Series parameters of a varyied with head a4 0.187 ~201.803 433.298
shape factor ¥ ais 1.001 77.280 ~167.088
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