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ABSTRACT

In this paper, impact characteristics of a water entry gliding vehicle were analyzed using a finite element
method. To guarantee the validity of analysis results, a convergence test was performed for several ratios of Euler
and Largrange mesh sizes. The impact coefficient was calculated with respect to entry angles and angle of attacks.
It can be observed that the impact coefficient was large at a high cross-section gradient and was also affected by

cavitation. This study could be useful in the preliminary design stage of a water entry bomb development.

Key Words : Gliding Vehicle(Z-3H] @A), Fluid-Structure Interaction(-|-73% ¢1%5314]), Finite Element Method(+-3+

L8.2H), Cavitation(3-5 %)
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Fig. 1. Gliding vehicle model for finite element analysis
(left = real model, right : analysis model)

Fig. 2. Finite element model for impact behavior

analysis
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AEHA gazx 849 AAY ody 849 Q2 4 cm® 314 3}aL Table 29} 70| Caseoll ule}
5 AAIFAC] = ZAHL! Coupling Surfaces & 8423715 23ty XS Fdstn FHES Ht
3 edel 849k gaRA 84z FsALs A sto] @4A715 A3l oluf 3141 A|7Hz1A €]
AspE Jgelth. B mue] BE TE] A FAL 21 307 o AAAAOM, £HY @S
2 A8 34 59 Dytran 2013(MSC Software)S Al-& 4x10° sec o2 Ve
sk3ltk Table 19l= 87153 srse] 2y 9 =
A7} YR QAT Table 2. Element size and quantity for convergence test
) o Element size Element
Table 1. Input data of air, sea water and gliding Blamen ies |G o S0 o | aueny
vehicle
(A) | 4cmx4cmx4cm 25,781
Euler Element 7
Blement Type | (¢ i vaconal type) Ait/Sea @y (B) | 3emx3cemx3om | 206250
water
Density 1.184 kg/m’ Hexagonal (©) | 2emx2emx2em | 1,650,000
Specific heat ratio 14 (D) | TemxTemxTem | 13,200,000
AIr Gas Constant 286 J/kg-°K Gliding | g - 4cmx4cm 2,532
vehicle
Specific internal 213548 g
energy
2.4 AF =Hof| uE sifA
Shagf :fybgm;;lary 1.0mx1.5mx 0.1 m vt Fodel waAlE YAl wet Y42
Exdo] thesl vpehdt) ek eaale] A
Blement Type | (o o e po) shebslr] QeaiAel wE sehE 2EUE Ea)
FAAES BASAG Table 301 A527] she]
. 3
Density 1,000 kg/m ehe] gkl LheRt qlek.
Sea Bulk modulus 200.2 GPa
Water .. Table 3. Input parameters for water entry
Flowbdeﬁ(rintlon of FLOW OUT
oundary Input parameter
Shape of boundary 10mx15mx1.0m Impact speed 170 m/s
(x xyxz
Impact angle 30°, 50°, 70°, 90°
Element Type Lagrange element
Gliding (4-node shell type) Angle of attack -8°, -4°, 0°, 4°, 8°
vehicle
Mass, CG, Omitted
Moment of Inertial
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Fig. 3. Results of axial impact coefficient according
to Euler element sizes
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Fig. 4. Results of low—pass filter for time vs. impact

coefficient curves
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Fig. 5. Time vs. impact coefficient curves for various
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Fig. 6. Time vs. impact coefficient curves for various
impact angle(1st impact)

o1Z2=~7) =

Fig. 79l 4545 170 mvs, J524 %= 60 degel #F
ME 7= vldA9] AOA(Angle of Attack)ell w&
AR AAT AEE YERATE JFA] 13F 40
AE AOA7F F4ZM)3A Pitch UP) F73o] A7
Uehtal, AOA7Y #H&5(H|8A] Pitch Down) 54

o] wre o] vElwth 1eal 23k FANA =
W2 AOA7F ZHES(H]3A| Pitch Down) %4 E

o] Z3L AOA7} E5=(H8A Pitch UP) 4 o] 2t
Al vebstth oleldk Ade Jadia Addel o
Aol aA vebd

o
or, Bl Wskgo] 252

° PN
o = QT

=

0.20 | AL
Sty
}g” \.".\\ -J‘v.,“__\__\
T Y W
o015 | ] ..\.Av\rz “\{"'w N~i<—8ideg
! \Aa AT <—4ideg
W
Vewn <0 deg
] 1 <—-4deg
é L &-B deg
3 0.10
8 deg
14 ___. 3
0.05 | T P
~
e g ——— 4 deg
//// —_—— 8 deg
///
000 1 1 1 1 1 1 1 1 1
00 05 10 15 20 25 3.0 35 40 45 50

time (msec)

Fig. 7. Time vs. impact coefficient curves for various
angle of attack(impact angle : 60°)

e dolxymyel g
HERNT. X/Le] 0 - 0.5
347} epd, olu] <=
skgo] A7|9k 71&717F AA
A SAATHE 13 5
= ol A veh=

TRl A A

2wt 5%

S TALE 7| 488 7] 4207 Al45(20179 8Y) /471



. BHARE 50 deg — 30 deg WY
Age v v sl
1 S Quk oleld Age ve

3] Hlf‘ﬁi] Fdol ek TdsES A
Cav1tat10n Effect) &5 IH3A X3}

Ht} Fig. 99l v A9} s

b Ukt Qe elA sl
o steo] vropxA H]A| Fe] dA
FR] WA o = otk v

o
2
3

o
=

off 12 lo o &

off =& o i M
:Oé

ok 2

off rr o2 & o N ok

41:
M
o
>

0.0004

0.0003

dX/dA

0.0002

0.0001 |/

0.0000

Fig. 8. Change rate of cross—section area for various
impact angle

160+
1.40+00
1. 204003
1.00+00

B.00+00;

Fig. 9. Pressure distribution of lagrange(gliding vehicle)
and euler(sea water) element
472 | =t Abasly| ekl 4] #1208 Al45(2017A 89)

ge
Aol wAs STt A4S T Y
A vehde) whebA 23k SAdAM = v WMk
I JagAzte] @Al Aol BEs] vehA &

» ® o g

eHl A AEs A% We4 A AR

N T e

fl O 1 oX fo

References

[1] D. Kim, H. Lee, D. Lee, and Y. Park, “A Study On
Design Development of Korea Precision Flying Sea
Mine System,” KIMST Annual Spring Conference
Proceedings, pp. 1605-1606, June, 2015.

[2] K. Von,
Landing,”

“The Impact on Seaplane Floats during

National ~ Advisory  Committee  for
Aeronautics, Technical Note No. 321, 1929.

[3] W. J. C. Boef, “Launch and Impact of Free-Fall
Lifeboats. Part I. Impact Theory,”
Vol. 19, No. 2, 1992.

[4] W. Yonghu,

Air-launched AUV Initially Impacting on Water,”

Ocean Engng.

“Numerical Modeling Approach of an



CITCS 2012.

[5] J. Kim, S. Kim, “Battle Damage Analysis of Aircraft
Wing Fuel Tanks by Hydrodynamic Ram Effect,”
The Korean Society for Aeronautical Space and
Sciences, Vol. 34, No. 4, pp. 17-24, 2006.

[6] MSC Software “Dytran Theory Manual Chapter 2
Principles of the Eulerian and Lagrangian Solvers,”
pp. 13-20, 2007.

[7]1 Y. Kim, W. Park and C. Kim, “Numerical Analysis
of Impact Forces and Entry Behaviors of the High

Speed Water Entry Bodies,” Journal of Computational
Fluids Engineering, Vol. 4, No. 1, pp. 1-7, 1999.

J. T. Wang and K. H. Lyle, “Simulating Space
Capsule Water Landing with Explicit Finite Element
Method,” 48th AIAA Structures, Structural Dynamics,
and Materials Conference, pp. 23-26, 2007.

C. Kim, “Approximation Method to Estimate Water
Entry Impact Forces Acting on Light Weight
Torpedo,” Journal of the Society of Naval Architects
of Korea, Vol. 37, No. 2, pp. 77-78, 2000.

(8]

(9]

S TALE 7|4 8h8] 2] A207 Al43(2017 8Y) /473



