Journal of Science and Technology 54 (6) (2016) 797-807
DOI: 10.15625/0866-708X/54/6/7228

STUDY ON IMPACT FORCES OF THE UNDERWATER
CAVITY PROJECTILE

Nguyen Thai Dungd"", Nguyen Duc Thuyen
Military Technical Academy, 236 Hoang Quoc Vietnbia

"Email: thaidung1966@gmail.com

Received: 2 October 2015; Accepted for publicatRéOctober 2016

ABSTRACT

The motion of the underwater projectile with cawtyect includes two motions: First, the
projectile moves in the forward direction. Secotid projectile’s center of mass rotates about
its tip. Because of this rotation, its tail impaotsthe cavity wall. Accordingly, the impact forces
occur, they include the drag force at its tip amel impact force at the impact point. The paper
studies the forces occurring during motion of tinelerwater cavity projectile. This paper also
investigates the effect of the length of projectitel the mass distribution of the projectile to the
magnitude of impact force and the drag force ofuth@erwater cavity projectile.

Keywords cavity, number cavitation, wetted length, unddervaavity projectile.

1. INTRODUCTION

A cavity can be maintained by one of the two wd¥}:achieving such a high speed that the
water vaporizes near the tip of the body; (2) supp gas to the cavity at nearly ambient
pressure.The first technique is known as vaporausiabural cavity. The second is termed
ventilation or artificial cavitation [1].The undeater projectile moves with high - speed, the local
pressure at its tip will decrease. Until this logedssure is less than or equal to the vapor pessu
the bubbles appear from its tip and they surroupdrtiof projectile. If the velocity of projectile
more than 50 m/s, a field of bubble covers overpgtaectile. This phenomenon is called the
underwater cavity projectile (Figure 1a). During timotion of projectile, only its nose contacts
water. This explains why the drag force reducesitlyreAfter a certain time, because of the
rotation motion of projectile, the projectile tahpinges on the cavity wall, causing the impact
force K, and the drag impact forcg,Fas shown in Figure 1b.

The rotational velocity of the projectile dependsits length, mass distributions and drag
force at its nose. The increasing velocity makespiojectile tail impinge rapidly on the cavity
wall causing the impact force and drag force. Thgact force causes the projectile tail to impinge
on the opposite cavity wall, This phenomenon repeself making the projectile motiostabilize
on the initial trajectory [2]. On the other hariag tprojectile tail sink deeper in the water, thagdr
impact force and drag force at the projectile noa&es the velocity of the projectile drop quickly,
leading to unstable motion of the projectile. Thegity is broken down and finally disappeared.
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a) b)

Figure 1 The underwater cavity projectile (a),
The projectile tail impact on the cavity wall (b).

2. THE ASSUMPTIONS AND THE EQUATIONS OF MOTION OF T HE
PROJECTILE

2.1. The assumptions

Study on dynamics of the underwater cavity projectalil S. KulkarniandRudra Pratap
[2, 3] assumed that:

- The moving of projectile occurs only on a plamée coordinate systems for motion is
shown in Figure 2. (O.g9¥¢Zy) is the inertial reference frame with origin at @,X,Y1Z,) is the
noninertial reference frame with origin at A, tie @f the projectile. The %~ axis coincides with
the longitudinal axis of the projectile. The comenots of velocity V of point A along theXand
Zjdirections are U and W, respectively. The rotatiosocity about the Y— axis is Q.

- At the time the projectile tail impinges on thevity wall, the cavity axis is very little to
change. The angle of the projectile axis with theity wall is6.

- The effect of gravity on the dynamics of the patile is negligible [4];
- The projectile rotates about its nose in a reistg plane;
- The motion of projectile is divided into two disit phases:

Yo

X o]

Zy

a)b)
Figure 2.The axes selection for study on motion of projecihd
Scheme of forces acting at the impact point.
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+ Phase 1The projectile moves within the cavity withouteraction of the cavity wall;
+ Phase 2The projectile moves within the cavity and it# i@pinges on the cavity wall.

2.2. The equation of motion

The equation of motion is written for Phase 1, veitimdition U? > W?,pA kU?>2mLQ?
du_ 1

= =—_ AU,

dt 2m

dw

— =0U

dt Q

Q _ (2.2)
dt

U(O)= U,

Q(o) =Q

The equation of motion is written for Phase 2, waitimdition U? > W?,pA kU ? > 2mLQ?

du 1

— = -——pC,Uf(A_r,1l,,0

dt 2m"® (Aorl)

aw_

F_W |:(M1|k)+M2(|12(cm)(L —X cm):|+ (22)

2W QM ( L} X,)( L= %) ]+ QU

d 2
d_?: B MZ[W (Ikxcm)+2QW(L|kX°”‘)]

in which: |\/|1:—K—pd; , :K_Ipd; f(A,r1,0)=A. +rzcos'1(r_|—ktgej—( r- L tgp)/dl, tgo
m r

A. - is the area contact water;
d . . o
r:E; d - is the diameter of projectile;
0 - An angle created the axis of projectile anddheity boundary;
K - is constant, its value depends on the crossoseof projectile. If the cross section of
projectile is circle, its value is2

l¢- is the wetted length.

The above equation of motion determines that, toelaration of projectile in direction;X
depends on the drag force at its tip and the imedeesea, the wetted lengihand the anglé.
The angular accelerati@epends on the inertia |, the wetted lengtand %., which is measured
from the base to the center of mass of projechilete, %, depends on the length and mass

distributions of the projectile.

3. THE IMPACT FORCES AND THEIR FORMULAS

As is known, the projectile while moving in the fiard direction also starts rotating about
its tip on the vertical plane. This rotation leadsimpacts between the projectile tail and the
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cavity wall. Because of this impingement, the iniplacces appear at the impingement point.
The impact forces are shown in Figure 3.

During the impingement in Phase 1, the projectilatacts water by its nose, so only one
component drag forcEDNOSE. In Phase 2, there are additional forces actirtbeapoint of impact
of the projectile tail, the impact forces appeahatimpact pointF,,, is the impact force, it is the

reason why the projectile tail impinges on the ieocavity wall. This restitution impingement
explains why the trajectory of projectile is stablg, is the drag force at the impact point, it

includes two components, and F, . The magnitude of moment generatedfgy has
negligible influenceao the motion of projectile [3].
Xl
Phal Phall

Figure 3.Forces acting on the underwater cavity projectilthe both Phase 1 and Phase 2.

Table 1shows the forces and moments of on the underwatéty@rojectile in both Phase
1 and Phase 2.

Table 1.The relevant forces and moments in Phase 1 an&Phas

> F, SF, M,

Phase 1 E 0 0
Dnose

Phase 2 FDNOSE * XJMPD FIMP + FZ]{MPD Five

3.1. The drag force at the projectile nose

During moving of the underwater cavity projectils, nose contacts water causing the drag
force at the projectile nose. Its value is caladdty:

=1oauc, (3.1)

DNOSE 2

in which: %pu2 - is dynamic pressure [5];cA- is the area contact to water- is the density of

liquid; U - is the velocity of flow; G = ¢cosu - is the coefficient dragi - angle created by the
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normal vector of the transverse section of prdgeatiose and the projectile vector of flow.
According to the above assumption, its value is

Epshtein and Tseitlin [6] derived from the expenimessults, they confirm,c c,o(1+0c)
and the value of,ds maximum whers = 0, this is mean,c= Gq. Co IS different values if the
shape of projectile nose is a disk or a cone witterént cone angle ( seeable 2).The cone
angle is made by tHateral height of the cone and its diameter

Table 2.The values of,g whencs = 0, corresponding the different cone angle.

The cone angle 0 5 10 15 20 30 45
(degrees)
Cyo 0.82 0.78 0.75 0.715 0.68 0.607 0.46b
—_— poo B pc H H .
o= (Number Cavitation);
~HU?
2P

p.. - is the pressure of flow,pis the pressure within the cavity.

3.2. The impact force

Flow Plane

Figure 4The scheme of impact force calculation

The scheme is used to specify the impact fokge [7]. It is assumed that during the

impact, the shape and dimensions of the cavityabmest unchanged; The flow is laminar, that
includes layers of plane parallel flovg, €) is a new set of axes, it is attached to the baskee
projectile at point B. Thé - axis direction is the same as the-¥xis direction while thé - axis
direction is opposite to theiZ axis direction. The coordinatedenotes the distance from point
B to any transverse flow plane at the time t, tplane is called the cross section of
consideration.The coordinatedenotes the penetration into any such flow pldre wetted
length is shown byl

At the considered cross section of the projectilés dimensioned from the projectile
bottom to any transverse flow plane at the timAattthis time, the force made by a transverse
flow exerted on the projectile tail. It is calcuddtby [7]:
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d{m W,

f=— ( app i) (3.2)
dt

in which: W, - is the magnitude of velocity in direction #or the cross section part of the

projectile at the point under consideratih=W +(L - &) :%;

Mapp - IS the virtual mass of the cross section parthef projectile at the point under
consideration in direction ;Z It is dimensioned from point B to the transvessstion of
consideration, g, = Kpld

K - is constant, its value depends on the profileansverse cross section. If the transverse
section of the projectile is the circle: K &;2 - is density of flow liquid; d - is diameter of the
projectile; € - is the depth of penetration of the tail in thater under the transverse section
consideration{ = (I,— &)tagd

Substituting the above component in the equatia?),(8 give the impact force, it exerted
by only a transverse flow on the projectile tail:

_ d(mpe) AW (- E)Q)
dt dt

integrate the equation (3.3) on over the wettedtlef, gives us the total magnitude of impact
force:

_ dw dQ
Fve = (Kpd)(Cl +C, dt + G dtJ (3.4)
in which:

C, =W2|k —Q{(L _3Ik)3 —L—;}—ZWQ{(L _;k)z _L_;]

|2

C,=-%tarp

(3.3)

|2 12
k4 |tamp

C,=| LIZ-
ST 2(L+1) 3

3.3. The moment generated by the impact force

The moment generated by only a transverse flow giamnted on the projectile is specified
by:
_ d(m W, )(

M =—— % Sy 3.5
f dt cm {;) ( )

integrate the equation (3.5) over the wetted lehgtio give the total moment. It is generated by
the impact force [gp:

M., =(kpd) £+ £+ 592 (3.6)
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in which:

2
li

El =W? |:E - lkxcm:|

N L32 L3
$2WQ (L) 1oL bt -2

| I '} |

4 3
3 2
E, =| - Xem | arp
6 2
13 (L +x 4 2
E, = (X)Wl
6 12 2

3.4. The component drag force at the impact point

During the motion, the projectile tail impinges thre cavity wall. Because of this impact,
the impact forces occur at the impact point, thegnitude of drag force depends on the depth of
penetration of the tail in the water and the artigighich is made by the projectile axis and the
cavity wall. The drag force at the impact pointlites two componentE;(]{ in the direction
X; and th in the direction Z

D

“r

L 4

Cavity -

r /’, : -

& i34
o \ i Water
S

a) b)
Figure 5The scheme of drag force calculatibg, (a),

The «cheme owetted length calculaticl, (b).

The magnitude drag force in directionixXspecifiedby:

Ximpo 2 rea

(XYNX) UT, (3.7)

in which: A _(XYNX) ; is the immersed area of the projectile at point B;

rea

A (XYNX ) =1 ?cos‘l(r_'kfta”ej ~(r=1,tan®)./dI, tar

U is the magnitude velocity of projectile in dirigct X,
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Calculate the magnitude of component force in tibecz; of F,.,. The first, calculate
the magnitude of component forces in directig® only the cross section under consideration,
its magnitude shown:

f, =-IwAgc, (3.8)

Zivpp 2

in which: G is the coefficient drag, its value is the samehasvalue of the coefficient drag at
the projectile

A, =2d;; (= (I - &)tagp
W, =W + (L - a)Q
The second, substituting the valuesAof andV\g on the equation (3.8), this force is then

integrated over the wetted length to give the tédate acting on the projectile at the impact
point. The expression for this force is given by:

Ty = -pFC,+ dtarh (3.9
in which:
E 16 2 4 2 8

t 105G 7 ' WP (2 i 3WQLL72+ 3G 07 15002 W- QU) |

3.5. Calculate the wetted length

(X_IZJZ y?
5% + D, 5=1 (3.10)
) (%)

y=ax+b

in which: The first equation in the equations (3.18 the profile equation of ellipse for
cavity [8], the second equation is the line equati@nd it is made by two points A and C on
the cavity (Figure 5b)

_YeTVYa
Ya, Xais O in the first step. Then, it receives the vatuthe steps 1,2,3...,n of the equation (2.1)
when | <0 and (2.2) when* 0.
Yo =(W+LQ)AL; X, =L —UAt
XC
cosd

the final result:l, =L -

4. THE RESULTS
4.1. Data input for calculation

The shape, dimension and parameters of projettile/s in Figure 6
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L
de
1 ]
—f ————————————— b - [N
T Y
Xem
Parameters L d de Xew m I
Model (m) (m) (m) (m) (kg) (kgm?)
Type A 0.1084 0.015 0.0015 0.0442 0.149990 0.000141
TypeB 0.1284 0.015 0.0015 0.0452 0.163827 0.000201
TypeC 0.1084 0.015 0.0015 0.0482 0.129664 0.000135
TypeD 0.1084 0.015 0.0015 0.0522 0.116382 0.000121

Figure 6.Shape, dimension and parameters of projectile.
- density of waterp =10° kg / n? ,
- pressure within the cavity, = 2,5kPz [9],
- flow pressure at the depth of 1p=111,131kP;,

- depth from the water surface to point launchhm,
- initial velocity in X; direction U = 272 m/s,

- initial velocity in Z direction W, = 0 m/s,

- initial angle velocity Q=1 rad/s.

The simulation is carried out for 0.2 sec.

4.2. The calculation results

N
T SRETR TSP
4+ 1. L=0.1084, xx=0.0442
. L=0.1284, X:=0.0452
. L=0.1084. X;;=0.0482

. L=0.1084, x:n=0.0522

Drag Force

0,000 0,050 0,100 0,150 0,200 time(sec)

Figure 7.Time evolution of the drag force.
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Figure 8.Time evolution of the impact force.

5. CONCLUSION

The authors considered the magnitude of drag fioréeur cases with the projectile length
and mass distribution of differen. The results shioat if the length , is longer, the drag force
will reduce promptly and the rotational velocwsil increase rapidly, that leads to the projectile
tail impacts rapidly on the cavity wall, while tirapact force is generated. The impact force is
the cause of the projectile tail impacts on theagjfip of cavity wall. In the case when the length
Xem INCreases longer, which makes the magnitude oBamnforce on the opposite cavity wall
smaller compared to the case when the center of neser bottom of the projectile.

We also considered the cases, when the projeditgtiis are different. The results
indicated that the projectile with a longer lengtli soon appear the impact of the projectile tail
on the cavity wall. On the other hand, the magritofl impact force is smallemaking the
depth of penetration of the tail in the water dsedecreased. This the reason why the
trajectory of projectile is more stable.
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TOM T AT

NGHIEN CUU CAC LUC TUONG TAC KHI VIEN DAN
CHUYEN BONG DUGI NUGC VOI HIEU UNG CAVITY

Nguyén Thai Ding" ", Nguyén Buc Thuyén
Hoc vién Kj thugt Quan s, 236 Hoang Qdc Viét, Ha Nsi

"Email: thaidung1966@gmail.com

Chuyén dong aia viéndan duéi nuéc i higu ting khoang éng bao gm hai chugn dong:
Chuyén dong aia viéndan Vé phia tagc va chugn dong quay @a khbi tam quang i dan, do
cac chugn dong nay néniudi dan < va cham wi thanh @a khoang dng. Vi th 3 sinh ra cac
lyc va chim, cac trc nay bao §m hrc kéo i miii dan va krc va cham tai diém va chim. Bai bao
nay nghién gu céc trc sinh ra trong qua trinh vié@an chuyén dong drdi nudc véi hiéu ung
khoang éng. Ngoai ra, bai bao con xéén anh hrong aia chu dai va phan dcaa viéndan
dén do 16n caa lyc kéo va frc va cham cia viéndan chuyn dong drdi nudc v6i hiéu tng
khoang éng.

Tir khéa: khoang éng, $ khoang éng, chéu daiudt, viendan cé héu ttng khoang dng dréi
nuéc.
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