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Numerical Analysis of Water Entry Behavior
of the High Speed
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The numerical methodology for simulating water entry behaviors of the high~speed bodies
has been developed. Since the present method assumed the impact occurs within a very
short time interval, the viscous effects do not have enough time to play a significant role in
the impact forces, that is, the flow around a water-entry object was assumed as an
incompressible potential flow and is solved by the source panel method. The elements fully
submerged into the water are routinely treated, but the elements intersected by the effective
planar free surface are redefined and reorganized to be amenable to the source panel method.
To validate the present code, it has been applied to the ogive model and compared with
experimental data. Good agreement has been obtained. The water entry behavior of the
bouncing phenomena from the free surface has been also simulated using the impact forces

and two degree of freedom dynamic equation. Physically, acceptable results have been
obtained.
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Fig. 1 Schematics of formulation
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Fig. 2 Redefinition of element intersected by the free surface
( @ : Original nodes, O : Redefined nodes )

Aol ALEEE 849 Y Adgolojor FuE APAHE 84k AHGEd 487t 3
. Fig.2(a)st 2ol & 719 AHo] & & FA Ue F+E H4@)& 183 £ A=
F 23S A48 H8 ARARE 847 AGYo] HARL Fig2b)e 2ol dve] 3zt
€ &9 FA d& dee AdCE 829 HEHst 44Yol HBE AAZ_LE P8I A
M2E Aol st o Aosojol ¥ Wart . o] A2E FHE 224A +AE wHa 44
He AEES oJFET AAH AXsA Aok =¥ Fig2(c)sh 2ol Al 719 Aol &4l e
ASe 2489 a4vt AAHER, U5 stFRE AEE olFEY AHH = e HFE
AN A 2489 F 719 AAYe2 Yol F 719 MEE 848 AA4sHA B

33 A& Es} A& RS AR

AL ol&std 7& £a2AYy 2ARAEZRY A9 7I4E ¢ R d7le4s o8
e Nozuy AMY & ok

+z _ (9)

(10)
4714 me B9 Y, [t BAMY BARAE, gt 39 /IEEE Uehdd. ot el

-170-



AdE FHEE A7HEEE olfdte T8 Uf BANNY £E W AXEE L Ag olfE
o Ads d & Ad

0" = 8" + adt a1
Vet = V4 Tadt+ 7w (12)

nt+1l

(2,9, 20" = (x,9,2)"+ Vg -4t (13)

A7 rE RAFANCZRH 2 227X 9 AE JeiE HHE ovdg. 41294
ANE Vi lol 4% e wAdAY AAZAQ6 AHEHE A(I)E olgdd Y5A ¢
& o8 dAdNY AXNE Ads Fo olg A(13)L £ ANE & 849 z FEE0 EF
489l z=0 Bt I $HAN uEAHo] B/ 4W oz YAA Yrte Ao dx

4. 43 2 3%

2 A7 Alee Z2aYL HFE0) 989 ogived Aol £ Y4 Hod ddd &
A% d4¢ S5t FREAR]Y YA R B A7xe] Ade mws ngych T2ay
AFE F9F F9 ogivedFol L YT-LEE 7N AFdie 9o dx-d = FF 9
slo] ate} oW U5 AF WHIT devkd ds 2A Bt
41 A% 44

Fig.32 ogive 34l @& A4 #Ad YHE 248 g Aol

-]

H=087D

0w 1 2 3 £ 5 8 R F 2

Nondimensional Time

Fig. 3 Geometry of the ogive model (I) Fig. 4 Drag coefficient compared with
experiment and other numerical data
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Fig. 5 Geometry of the ogive model (1)

2 3% 4$A%st 109 ASE Figb@el deht Aol A7 Y4 Raa Uz
FAA ezt ved Wiol wARE AL IV 4 AN, YSAESF 20°% 0°Y e
Fig6(h)%h Fig6(@)lA B 4 QlFo] +9% 249 240} %t A%} Y44Es vas o
7 dsEy fAT 278 U4t AL AL BFY £ 9k RS geaTld wAsE
sALAESY 277 YSAE7 A4S 0L 24 dehyr] 98] w4sdE Aoz 44Y
+ s

f e GINIE1 {ab) o]

(a) Entry angle 10°

ot LBITHEAT{NR) s

{b) Entry angle 20°

ot sot530.02 g0y

(c) Entry angle 30°

Fig. 6 Water entry behavior and bouncing motion of the ogive
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Fig. 7 Water entry behavior and bouncing motion of the ogive

2 &3, Figla)x 8 5= gl%e] Ao IdFo] 003 kg2 71¢ FA& Fools Y57t ’\‘l
FHA Zetm wE Aol dhegdsel §AA Yk A& B 4 AT, Fig oo B
ARol XY FFo] 666 kg2 P 2 AT 9B H5e vy & 9 2y %"ﬁﬂr T
Aol lfE 27t A5Axd vE A dgsh glo) 4t APHE A XY & YA
IR EAel AR FYRAEI MR HlFse AR 2 Av)e FARASY s 23
o o] A& ZeE ML & WIESEE BAANIASD APl 2 Aot AyFe
2 A2 HEEE B2l g4 Yede #8402 Aadd.

5.4 &

DELE Ygste EAY A8 AT GEE ANY £ Ut T2 Ay on ¢
T A U £ AEY XA §522 AHAsd 204 s lde Hedgn 944
7t AAHE Fdole of SAnik 828 ARl 222 MY P1Yol A" & YA Y
3, EA0] Agdte ¥AYH 24 RUES o4 J4E U ANEEE Asstd g49

»

— 172~



T A% % v q4E #H4¥E & A Ao & A7 AHEE Z2add HFE A
ogive ¥4 dis] FAF A4 e TP £ 23 d& AT £A H4 A3 L 4Y s
AR AHE & F AN, £ ogive Yol FL YFLLER A 4o A A4
AE R v €48 A £ d3 8o v H§3E AdE 4 5 A

6. ¥ &d

[1] Hess, J. L. and Smith, A. M. O., "Calculation of Potential Flow About Arbitrary Bodies”,
Progress in Aeronautical Sciences, Vol.8, Pergamon Press, New York (1966), p.1-138.

[2] Wardlaw, A. B. Jr., Morrison, A. M. and Baldwin, J. L., “Prediction of Impact Pressures,
Forces, and Moments During Vertical and Oblique Water Entry”, Naval Surface Weapons
Center Report, WOL/TR 77-16 (1977).

{31 Von Karman, T., “The Impact on Sea-Plane Floats During Landing”, NACA TM 321,
(1929).

[4] Wagner, H., “Uber Stoss-und Gleitvorginge an der Oberfliche von Fliissigkeiten”, ZAMM
12, 4 (1932).

[5] Trilling, L., “The Impact of a Body on a Water Surface at an Arbitrary Angle”, Journal of
Applied Physzcs Vol.21 (1950), p.161-170.

[6] Waugh, J. G.,, "Water-Entry Pitch Modeling”, Journal of Hydronautics, Vol.2, No.2 (1968),
p.87-92.

[7] Katz, J. and Plotkin, A., "Low-Speed Aerodynamics”, McGraw-Hill, Inc. (1991).

[8] May, A. "Vertical Entry of Missiles into Water”, Journal of Applied Physics, Vo0l.23
(1952), p.1362-1372.

[9] Toyama, Y., "Two-Dimensional Water Impact of Unsymmetrical Bodies”, YJE 283 =
=4, A173%, p.285-291.

[10] Moran, J. P, "The Vertical Water-Exit and -Entry of Slender Symmetric Bodies”,
Journal of the Aerospace Sciences, p.1481-1482.

—-174 -



