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The purpose of the paper is to analyze the peculiarities of the partially cavitating vehi-
cle dynamics. The research method is a computer simulation using the approximation
model of the unsteady supercavity basing on G. V. Logvinovich’s principle of indepen-
dence of supercavity’s sections expansion. A method of determination of the balanced
motion parameters for the partially cavitating vehicle is elaborated. The examples of
computer simulation of the partially cavitating vehicle motion are given, incluing the
vehicle speeding-up and deceleration. The longitudinal motion of the balanced par-
tially cavitating vehicle is is shown to be statically unstable on depth. In this case,
the motion stability loss occurs in “hard” non-oscillatory manner, unlike the super-
cavitation case. The methods of stabilizing the partially cavitating vehicle motion are
proposed. The effect of cavity ventilation on the dynamics of the cavitating vehicle is
studied.
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1. INTRODUCTION

The flow regime of planing within a supercavity, when a vehicle is fully located inside
the cavity, is the optimal regime of the cruise motion of high-speed supercavitating vehi-
cles (HSSV). The supercavitating vehicle dynamics has been studied for different control

strategies in our previous works [1-5].

The vehicle motion in the partial cavitation regime, when a cavity covers only the part
of the vehicle body, is possible when the vehicle speeding-up or deceleration, and also when
maneuvering and when arising the unsteady cavity oscillation (see Fig. 1). Non-symmetry
of the cavity shape and the line of the cavity closure on the body is caused by the inclination
of both the cavitator plane and the body axis relatively to mainstream, and by the gravity

action as well.

Many papers are devoted to studying the partial cavitation flow over hydrofoils and
3D bodies. In this case both the experimental and the numerical methods were applied.
Papers [6-9] are devoted to investigation of the partial cavitation flows over 3D bodies.

70



ISSN 2616-6135. I'V/IPOJIMHAMIKA I AKYCTHUKA. 2018. Tom 1(91), Ne 1. C. 70-84.

To attain the required small value of the cavitation number ¢ for the specified motion
depth and velocity H, V, the cavity pressure p. > p, must be usually ensured (where
Py = 2.350 kPa is the saturated vapor pressure), i.e., the cavity must be ventilated.

As opposed to the fully developed
supercavities, the partial cavities al-
ways are essentially unsteady. There
are two different mechanisms of the
partial cavity instability. The first one
is caused with periodic formation and
destruction of a reentrant jet and oc- Fig. 1. Scheme of a partially cavitating vehicle
curs for both the vapour and the venti-
lated cavities. It was experimentally established that blowing the gas into the cavity weakens
this instability type [9].

In practical calculations (in the mathematical model described below as well) this type of
“natural” non-stationarity is usually neglected. In this case the cavity shape and the rate of
gas loss from the cavity Qoy are averaged by time, and the cavities are considered as steady
ones.

The second cause of unsteady behaviour of the partial cavities is connected with the sta-
bility loss and arising the ventilated cavity pulsation when exceeding some critical magnitude
of the similarity parameter 8 = o,/0 (where o, is the vapour cavitation number) [10, 11].
The mathematical model described below takes this non-stationarity type into consideration.

Purpose of this article is to analyze peculiarities of dynamics of the high-speed underwater
vehicles moving in the partial cavitation regime. The research method is the computer
simulation of a cavitating body dynamics with using the approximation model of an unsteady
supercavity basing on the G. V. Logvinovich principle of independence of the supercavity
section expansion [12]. Practically important cases of longitudinal motion of the partially
cavitating vehicle, its speeding-up and deceleration are considered.

2. MATHEMATICAL MODEL OF 3D MOTION OF A PARTIALLY CAVI-
TATING VEHICLE

We accept the following assumptions when formulating the problem of calculation of the
self-propelled cavitating vehicle dynamics:

e the vehicle body has a shape of an elongated body of revolution;

e the cavitator is a disk with diameter D,,;

the vehicle mass m and the engine thrust F}, are fixed;

both the angle of attach a and the sliding angle 8 are always sufficiently small;

the time dependence of all the forces acting is quasistationary.

The following forces and their moments relatively to the vehicle mass center must be
taken into consideration in the partial cavitation case:

e the hydrodynamic force acting onto the cavitator and its moment ﬁn, Mn;
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the gravity force of the vehicle ﬁg = —myg (it does not create moment);

the hydrostatic buoyancy (Archimedean) force and its moment acting onto the wetted
part of the vehicle F;, M,;

the skin friction drag and the transversal hydrodynamic force and its moment arising
in case of flowing the vehicle with angles of attack and/or sliding Fy,, M;

the inertial force and moment acting on the wetted part of the vehicle i’i, ]\711-;

—

e the thrust of the engine and its moment ﬁcr, M.

Also, the control force on the fins and its moment F '+, vecMy has to be added in problems
on vehicle maneuvering.
In this case a set of vector equations of the vehicle motion has the form [13]:

14 = = = = = = =
m(ﬁ—l—(;})xV):Fn+Fb+Fi+Fa+FQ+FPr’ (1)
dK . o oo
%—'—WXK:MR‘FMb‘i‘MZ‘_f'Ma_’_Mpr; (2)

where V = {Vi1, Vi1, Va1 } is the velocity vector of the body mass center and its components
in the body coordinates; & = {wy1,wy1,w,1} is the angular velocity vector relatively to the
body mass center; K is the body kinetic moment.

The model position relatively to the
Earth-fixed coordinates is defined by
the pitch angle v, the yaw angle ¢, and
the roll angle #. The model position
relatively to the flow coordinates is de-
T~ fined by the angle of attack o and the
sliding angle 5. Three kinematic Fu-
ler’s relations [13] and three differentia-
tion equations of motion of the vehicle
mass center relatively to the fixed co-
ordinates [4] have to be added to equa-
tions (1), (2).

The sum of the gravity and the hydrostatic force projections onto the axes of the body
coordinates is as follows:

Fig. 2. Scheme of forces acting onto a partially
cavitating vehicle in steady-state motion

Foo+ Fop = (Fy + F,)sin,
Fyy + Foy = (Fy + F,) cos i cos b, (3)

Fo.+ Fo, = (F, + F,) cosysin#,

where F, = —mg; F, = pgQ.; Q. is the volume of the wetted vehicle part. The Archimedean
buoyancy force F, is applied to the center of the volume @), located on the distance x, from
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the cavitator. Then projections of the moment of the force F, relatively to the mass center
are equal to:

May = Fazlaa Maz = Faylm la = Te — Lg- (4)
The skin friction drag of the wetted vehicle part is calculated by formulae:
pV? 0.075 L,V
Fyy = ———Sucy, = =3  Rey=—, 5
’ g vt “ (lgRe, —2)2 ¢ v (5)

where S, is the area of the wetted vehicle part surface; c¢; is the skin friction coefficient in
the turbulent boundary layer [14]; Re, is the Reynolds number; L. is the average cavity
length; 1, = L — L. is the average length of the wetted model part (see Fig. 2).

Components of the transversal hydrodynamic forces on the body Fj,, Fj. for slender
partially cavitating body will be the same as in the non-cavitating flow [12]:

2 2
%Sb, Fy, = =25 %
where 5 is the model transom area. We have o« = 9, 8 = ¢ in the steady-state horizontal
motion. One considers that the force F’;, application point is located at the model tran-
som [12]. Then projections of the moment of this force relatively to the model mass center
are equal to:

Fyy = 2a Sh, (6)

My, = Fyyly, My, = —Fy.ly, ly=x.—L. (7)

Note that using the average length of the partial cavity in calculation is reasonable for
sufficiently small angles «, 8 and not too small magnitudes of the Froude number. These
conditions are usually fulfilled in practice.

The more precise method of the force determination when the non-symmetric cavity
closes on the body basing on the method of plane section was proposed in monograph [15].
In this case the authors stated that the partially cavitating body motion is stable if the
cavity length exceeds a half of the body length.

The inertial force and its moment expressed in terms of the added masses of the transver-
sal flow oo, A3z, etc. are essential in the unsteady flow over the vehicle in the partial
cavitation regime. For vehicles having a shape of an elongated body of revolution the six
coefficients of the generalized added masses are nonzero, and only three of them are inde-
pendent: Ass = A3z, Aog = —A35, Ags = Ass [16]. The method of plane sections is used to
calculate the added masses:

L L L
Moo = pr [ R*(s)ds, Mg =pm | R*(s)(s—z.)ds, Xes=pr | R*(s)(s—x.)ds, (8)
Lc Lc LC

where R(z) is the current radius of the vehicle wetted part. Projections of the inertial force
and moment onto the axes of the body coordinates are as follows [16]:

Fig = =A22(wyVar — w:Vin) + )‘26<w§ +wl),

WVir_ dwe

Fiy = =dn=0" = daoy (9)
dV, dw

F. ==\ z Mo —2

iz 22 It + Aog T
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dw, V.,

M;, = —)\55% + A a0 AoeVaiwy + A2V Vi,
d dv, (10
Wy
M;, = _>\55E — Ao dz?fﬂ — A Vaiw, — >\22Vx1V;/1-

The added mass of the longitudinal flow of the cavitating vehicle \; is small in comparison
with the vehicle mass m and therefore it is not taken into consideration.

3. COMPUTER SIMULATION OF THE CAVITATING VEHICLE DYNAM-
ICS

We accept the following assumptions when formulating the problem of calculation of
unsteady behavior of the ventilated cavity:

e the first cavity instability type is not considered (see above);

e the cavity sections remain circular;

e the cavity gas expands isothermally;

e the cavity pressure p. is synchronously varied along the cavity.

A set of twelve equations of the solid body dynamics in projections onto the axes of
the body coordinates is integrated numerically together with two equations describing the
unsteady ventilated cavity evolution [17,18]:

02S.(1,t) ki,
= —5‘/ (T)o(T,1), (11)

% [pc(t)Qg(t)] = Po Qin - Qout(t)] ) (12>

where S, is the cavity section area; 7 < t is the instant of the section formation; k; is the
constant; Q; = Q. — @ is the cavity gas volume; Q.(t) is the cavity volume; Q,(t) is the
volume of the body within the cavity; Qi and Qo are volumetric rates of the gas supply
in the cavity and the gas loss from the cavity related to the water pressure p,. The semi-
empirical formula is used to calculate the volumetric gas loss rate when the cavity closes on

a body:
L (07

Qout = C’éVﬂD%D—itg o>
where « is the average angle between the body contour and the cavity contour at the closure
point; C? = 0.28-1072 is the empirical coefficient that weakly depends on both the cavitation
number and the body shape.

Also when calculation, the cavity axis curvature caused by the cavitator center displace-
ment, the cavitator inclination, and the gravity acting [2] is taken into consideration.

The model having a shape described in paper [2] was used as the calculation model of
the partially cavitating vehicle. Its main parameters are: the length L = 5 m; the cylindrical
part diameter D, = 340 mm; the cavitator diameter D, = 70 mm; the mass m = 600 kg;

(13)
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the moments of inertia relatively to the vehicle axes I, = 8 kg'm?, I, = I, = 900 kg-m?.
The cruise motion parameters are: the velocity V., = 120.0 m/s; the depth H = 5.0 m;
the cavitation number o = 0.02; the gas rate coefficient Qi = 0.0013; the cavity length
L. = 6.555 m; the engine thrust F, = 23.213 kN.

The underwater vehicle motion is called as balanced, if sum of all the forces acting and
sum of all the moments are equal to zero. A method of numerical determination of balanced
values of the cavitator inclination angles 9., the thrust deflection angle 7)., and the pitch angle
1 was proposed in work [1]. Tab. 1 gives the balanced values of the angles §, and ¢ when
71, = 0 for a number of positions of the vehicle mass center z. = x./L for the supercavitating
vehicle motion in the cruise regime.

Table 1. Balanced angles ¢, and v in the cruise regime (degrees)

T 0.4 0.5 0.6
0y | =8.760 | —7.260 | —5.779
P* 1 0.3902 | 0.3718 | 0.3538

As is know, the longitudinal motion of the supercavitating vehicle in the regime of planing
within a cavity is unstable on depth [1]. In this case a scenario of a “soft” stability loss is
realized, when oscillation of the pitch angle ¢ and deflection of the model mass center from
the straight path y arise and then increase. Then on the cruise part the supercavitating
vehicles need the motion depth-stabilization with an automatic error-closing control [1]:

5.(t) = 0% + Byt — 1) + ka[to(t — 1) — 0] + ks (t — 1) (14)

where 07, 1" are the regulated values of the parameters; ki, ko, k3 are the non-negative
coefficients of feedback (transfer ratios of a regulator); t; is time of delay of the actuator
reaction; § = y/L; @ = L /Vy; the angle are measured in radians. For this model in the
cruise regime, the following values of transfer ratios are used: ky = 2.0, ks = 5.0, k3 = 0.

4. BALANCING A PARTIALLY CAVITATING VEHICLE

A problem of determininig the balanced values of the angles 4., 7., and ¥ in the steady-
state motion of the vehicle in the partial cavitation regime is solved numerically. In this case
a set of equations for the model balance has the form:

Frg + Fop + Fop + Fyp + Fpcosn, = 0,
Foy + Fyy, + F,y + Fyy + Fipsinn, =0, (15)

an + sz + Maz + Mprz + Miz = 07

where M,,, = Fpyxe; My, = Fpesinng, (L — x.); M;, = —AVi1 V1. Eliminating F, from
equations (15), we obtain a set of two functional equations with three unknowns:

F1(02,n:,0) =0, Fy(02,m:,¢) = 0. (16)

From these equations, fixing any of three angles 9,, 7., ¥, one can determine the balanced
values of two other angles. Let, for example, we want to determine the balanced values of
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angles 0%, ¢* for fixed n,. For numerical solving a set of equations (16) we use the Newton’s
iteration algorithm: 65" = 6% 4+ A6,, D = @ + Ag, where additions Ad,, Ay for

each iteration 7 = 1,2, ... are solution of a set of two linear equations:

20
8F(i) aF(i) ' '

10 L_AS, L A= —F, (§@ @
a(sz + aw w 1 ( z 7¢ ) )

0 - . .
aF(Z) @F(Z) ) )

2GS, + —2Atp = —F, (69, ¢

ol 90. o
(17)
| Derivatives in the left parts of equa-
-20 . I . I . I . I .

0.0 0. 0.4 0.6 0.8 L, tions (17) are calculated numerically by the
finite differences.

Fig. 3. Balanced values of angles ¢, and v Fig. 3 gives the calculated dependencies

in the partial cavitation regime: §*(L,.) and 1*(L.) for the fixed n, = 0 for

1 —2.=04,2—2.=053—2.=0.6 three position of the mass center Z. (the

0.04 angles are in degrees). Magnitudes L. =

0.5 and L. = 0.9 corresponds to the vehi-

0.03 cle velocity magnitudes V5 = 90 m/s and
0.02 Vo = 110 m/s, respectively, when the mo-
tion depth is H = 5 m.

0.01 One should note that the range of val-

| ues Z., for which the cavitating vehicle may

0.0 | be balanced for the specified values of the

001 b oo parameters m and 7, is decreased with de-
0 10 20 30 s creasing the cavity length.

Also, the described algorithm is appli-
cable for determining the balanced parame-
I — the planing within a cavity regime, ters' for the case of the sqperca%\/lt.atlng vghl—

2 — the partial caitation regime cle in the regime of planing within a cavity,
and it is even more effective than the earlier

Fig. 4. Loss of the cavitating vehicle
motion stability:

method [1].

5. LONGITUDINAL MOTION OF A PARTIALLY CAVITATING VEHICLE

We consider first a case of the longitudinal motion of the balanced partially cavitating
vehicle when the engine thrust is equal to the total hydrodynamic drag: Fp,, = —F.

Fig. 4 gives graphs of dependence of the pitch angle ¥ (in degrees) and the mass center
deflection y = y/L from the flight path § = s/L in the longitudinal motion of both the super-
cavitating and the partially cavitating models. In both cases the calculation was performed
for the initial balanced magnitudes of the parameters when z. = 0.6.

As is seen, the longitudinal motion of the balanced partial cavitating model is stati-
cally unstable on depth. In this case the stability loss of the vehicle motion occurs in the
“hard” non-oscillatory manner, and the more is the average cavity length L., the more is
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the model “stability margin”. For the unbalanced vehicle, variations of the parameters ¥, y
are proportional to the starting deviations of parameters from their balanced values.

One can consider that when L, < L, the partially cavitating vehicle dynamics is similar
to dynamics of a non-cavitating elongated body of revolution. As is known, it is statically
unstable owing to action of the overturning moment M;,. In practice, passive stabilization
of the elongated body motion in non-cavitating flow is realized with the tail fins. It seems,
the tail fins may be applied for passive stabilization of motion of the partially cavitating
vehicles as well.

The computer simulation has shown that one can successfully apply the automatic error-
closing J-stabilization on depth similar to one described in our paper [1] to active stabilize
the longitudinal motion of the partially cavitating vehicle. In this case the law of automatic
regulation of the cavitator inclination angle has the form:

0:(t) = 07 + ka[th(t) — "] + ks (1), (18)

where ky > 0, k3 > 0 are the regulator transfer ratios. It was established that, in difference
from the supercavitating vehicle case, one does need directly regulate deflection of the vehicle
mass center on depth y in the case of partially cavitating vehicle (i.e., k; =0 in (14).

It should be noted that the optimal values of the transfer ratios ko, k3 may be varied in
dependence on a number of the parameters, especially . and L.. In paricular, the values
ko = 5.0, k3 = 20.0 ensure stable motion for a wide range of values x., L. for this calculated
model.

Also, computer simulation has shown that longitudinal motion of the partially cavitating
vehicles (i.e., when ¢, = 0 and ¢ = 0) is stable on course. The same is true for supercav-
itating vehicles. If the starting values 0,(0) # 0 and/or ¢(0) # 0, then variation of the
parameters ¢(t), z(t) in the vehicle lateral motion is proportional to the starting deviation
of the parameters d,, ¢ from zero.

6. CAVITATING VEHICLE DYNAMICS DURING SPEEDING-UP

The cavity development up to its length L. corresponding to the cruise regime with the
velocity V., must be ensured during speeding-up the cavitating vehicle from the low starting
velocity. In our paper [19], the speeding-up process has been studied with the assumption
that the model path is straight-line (as when testing the models on the cable launching
tank [20]) und the cavity is axisymmetric. Consider now the speeding-up process with
taking into account the dynamics of the partially cavitating vehicle by equations (1), (2). In
this case calculation of possible deviations of the parameters ¢, ¢, y, z on the speeding-up
part and elaboration of methods of their stabilization are of the practical interest.

Paper [19] shows that a starting engine with the thrust Fy; exceeding in about five times
the cruise engine thrust F,, is required to accelerate this cavitating vehicle model with the
admissible maximal overload a = a/g ~ 20. The following starting parameters were accepted
in calculation: V(0) = 10 m/s; p.(0) = 2.350 kPa, in this case we have o(0) = 2.894;
L., =0.130 m.

Computer simulation has shown that when speeding-up the balanced model its “stability
margin” usually is sufficient up to the acceleration part end, and in this case deviations of the
parameters 1, y are very small. After finishing the speeding-up, the system of stabilization
of the balanced cruise parameters (14) must be turned on.
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0.8 1,8

Fig. 5. Variation of motion parameters during speeding-up:

a — without stabilization, b — with d-stabilization on depth

On the contrary, at presence of starting imbalance of the model motion the deviations
on the acceleration part may become inadmissibly large. Fig. Ha gives graphs of varying the
parameters V = V(t)/Viy, Lo = Lo(t)/Ler, 1, § on the interval 0 < ¢ < 1 s. The following
initial values of the parameters were accepted in calculation: 4, = 0, ©» = 0. The starting
engine with thrust F,;, = 150 kN is turned off at instant ¢t = 0.5 s, then the cruise engine is
turned on.

As is seen, in this case the cruise values L, V., are not attained, what is explained by
increasing the motion depth H = Hy — y. The graphs of variation of the same parameters
for the same conditions but when operating d-stabilization on depth (14) is given in Fig. 5b.
In this case the complete speeding-up the cavitating vehicle occurs on the same interval 0.5
s with the small deviations of the parameters 1, y.

The cavity development during speeding-up of the cavitating vehicle may be accelerated
by increasing the rate of gas-supply into the cavity Q.. However, in this case the cavity
evolution will be increasingly influenced by dynamic properties of gas-filled cavities. As
was shown in [10, 11], when exceeding the some critical value of the similarity parameter
f = o,/0 (where o, is the vapour cavitation number) the cavity loses stability and begins
to pulsate intensively. In this case the rate of gas-loss from the cavity Qo increases, and
that prevents next increasing the average cavity length. It was concluded in work [19] that
the effectiveness of the increased gas-supply during speeding-up the supercavitating vehicle
is weak, and it decreases when the starting engine thrust increases.

7. CAVITATING VEHICLE DYNAMICS DURING DECELERATION

The cavity evolution law and law of the vehicle velocity reduction after turning off the
cruise engine is of practical interest. At transition from the supercavitating regime to the
partial cavitation regime the vehicle becomes imbalanced in the general case. In this case,
the non-stationary transversal forces begin to act on the vehicle, so that the deviations of
the motion parameters from specified ones may rapidly exceed the admissible values.

Fig. 6 gives graphs of varying the model velocity V', the cavity length L., and the angle
of attack a (in radians) in the model motion on inertia after the cruise engine turning off.
It is assumed in this case that the gas supply into the cavity is not changed, and the depth
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stabilization system continues to operate.
In this calculation, the balanced param-
eter values for the cruise regime are used as 1.5 1
the initial data (see Tab. 1, Z. = 0.6). On
the time interval 0 < ¢ < 2.0 s the model en-
ters on the regime of steady oscillation of the
pitch angle with the frequency 6.562 Hz. At
instant ¢ = 2.0 s the cruise engine is turned
off, after this the model moves on inertia.
In this case both the velocity and the cavity
length decrease. The calculation was per-

T
|

o

1.0 15 2.0 25 1,s

ormed to instant ¢ = 2.71 s, when the model
angle of attack exceeds the admissible value Fig. 6. Variation of motion parameters
a="7°. after the cruise engine turning-off

As is seen, the motion on inertia of the
partially cavitating vehicle without fins rapidly loses the static stability. Computer simula-
tion has shown that in this case the motion can not be stabilized by means of the automatic
d-control (18). It seems, in practice the motion may be stabilized by opening or extending
the tail fins from the vehicle body.

8. EFFECT OF CAVITY VENTILATION ON THE CAVITATING VEHICLE
DYNAMICS

As it was said above, in practice one has to blow gas into a cavity (i.e., to ventilate a
cavity) for ensuring required cavity dimensions for specified magnitudes of the velocity and
depth V', H of the supercavitating vehicle motion. During speeding-up the vehicle, the cavity
development may be accelerated by increasing the gas-supply rate Qi,.

Obvious effect of the gas-supply rate onto the cavitating vehicle dynamics is explained by
the cavity dimensions and shape variation at the cavity ventilation. In this case the forces
of interaction of the vehicle with water are changed for both the partially cavitating vehicles
and the supercavitating vehicles moving in the planing within a cavity regime.

Consider the cavitating vehicle motion with the same depth H and the same cavitation
number o, but with different velocities V. In these cases, the dynamical similarity of flow will
be disturbed because of the cavity shape distortion under gravity action owing to changing
the Froude number Fr, and also owing to possible unsteady behavior of the ventilated cavity.
In this case the balanced values of the angles ¢, ¥, 1, and other parameters will be changed,

Table 2. Parameters of the partially cavitating vehicle steady-state motion:
H=50m;n,=0;0=0.03

Vim/s| & pro | B ] B | Qn
50.0 [ —10.905 | 0.8835 | 60.35 | 3.880 | 0.2000
70.0 | —6.262 |0.4463 | 84.49 | 1.966 | 0.2181
90.0 | —3.770 | 0.2711 | 108.6 | 1.189 | 0.2255
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and this leads to additional cavity shape distortion (see Tab. 2).

The table has nomenclature: Fr = V/y/gD,, is the Froude number; Qi, = Qun/VD? is
the coefficient of the gas-supply rate.

Fig. 7 gives graphs of varying the parameters ¢, y for the range 0 < ¢t < 10 s. The
calculation was performed for starting magnitudes of the parameters V, H, 9., ¢ from
Tab. 2 with turned-on d-stabilization on depth (14).

In the first case we have g > ., therefore the ventilated cavity rapidly loses stability and
begins to pulsate (see [10,11]). As a result, the “hard” instability of the partially cavitating
vehicle motion is developed in spite of the d-stabilization. In the second case and in the third
case we have J < (.., and perturbations arising at the J-stabilization system operation are
damped with the lapse of time.

9. CONCLUSIONS

The mathematical model of 3D dynam-
ics of the self-propelled partially cavitating
underwater vehicle has been developed.

3 The method of determination of the bal-
/3 ________ anced motion parameters of the partially

0.05

0.0

I cavitating vehicle is elaborated. Examples
005 1 N Mmoo of computer simulation of the partially cav-
—V itating vehicle motion (especially for both
P Y the vehicle speeding-up and deceleration)

0 1 2 3 4 i, s are givemn.
The performed computer simulation has
Fig. 7. Variation of motion parameters shown that the longitudinal motion of the
at different gas-supply rates: balanced partially cavitating vehicle is stat-
1—V =50.0m/s, 2—V =70.0m/s, ically unstable on depth. In this case the
83—V =90.0m/s motion stability loss occurs in “hard” non-

oscillatory manner unlike the supercavitation case.

The deviations of parameters v, ¢, y, z during the speeding-up depend on degree of
the starting imbalance of the cavitating vehicle and can become unacceptably large. Thus,
the partially cavitating vehicle motion requires in additional depth stabilization like the
supercavitating vehicle motion. It has been shown that the same error-closing control system
as for the supercavitating vehicles may be successfully applied to stabilize the partially
cavitating vehicle motion for both the fixed velocity and the speeding-up.

It has been shown that the ventilated cavity shape distortion and their unsteady be-
haviour with the same cavitation number but with different gas-supply rates can influence
essentially onto the cavitating vehicle dynamics. This conclusion is valid for both the par-
tially cavitating vehicles and the supercavitating vehicles moving in the planing within a
cavity regime.
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B. M. Cemenenko, O. I. HaymoBa
JuHamMmika 94acTKOBO KaBiTyIO4YOro IiJBOJHOTO anmapara

Metoro poboTu € anajiz 0cobOJIMBOCTEN JUHAMIKM YaCTKOBO KaBiTylounx amnapariB. Me-
TOJT JOCJIPKEHHSI — KOMII'IOTePHE MOJIEIOBAHHS 3 BUKOPUCTAHHSIM AITPOKCUMAIIHOT
MOJIeJIi HECTAIIOHAPHOT CylePKaBEPHU, sTKa 0a3yeThCsl HA MPUHIIAI HE3aJIEXKHOCTI PO3-
mupenns nepepizis kasepuu [. B. Jlorsunosuua. Po3pobieno MmeTos 3HaX0MKEHHS PiB-
HOBaXKHUX 3HAYEHDb [APAMETPIB PyXy YaCTKOBO KaBiTylOo4uoro amnapara. HasejeHo mnpu-
KJIAJI1 KOMII'IOTE€PHOTO MOJIEJIIOBAHHS PYXY YACTKOBO KAaBITYIOUOro amaparta, 30KpeMma

83



ISSN 2616-6135. I'IV/IPOJIMHAMIKA I AKYCTHUKA. 2018. Tom 1(91), Ne 1. C. 70-84.

Ipu #oro po3roui i raabmyBanHi. [lokazamo, 110 MO3M0BXKHIN PyX 30a/1aHCOBAHOTO Yac-

TKOBO KaBITYIOYOr0 arapara CTaATUIHO HecTiiikuil o rmbuni. [Ipu nbomy BTparta criii-

KOCTi pyXy, Ha BiJMiHYy BiJ BUIIQJIKy cyllepkaBiTallil, Bi/[0yBaeTbcs “KOPCTKUM HEKO-

JINBAJIbHIM YHHOM. 3AIPOIIOHOBAHO CIIOCOOU CcTabiymizalil pyxy 4acTKOBO KaBITYIOUOTO

amapata. Jloc/tiKeHo BIUIMB BEHTUJISIN] KABEPHH HA JIUHAMIKY KaBITYIOUOro amaparta.

KJIFOYOBI CJIOBA: 4gacTKoBO KaBITyrOUHIl amapaT, BEeHTHJIbOBAHA KaBEpHA, CTili-

KiCTh, KOMII'FOTEDHE MOJETIOBAHHST

B. H. Cemenenko, O. 1. HaymoBa
JuHaMuKa 9acCTUYHO KaBUTHPYIOIIEro IIOABOAHOTO armapara

Hesibio paboThI siB/IsIeTCsT aHAJN3 OCOOEHHOCTEN JIMHAMUKKA YACTUIHO KABUTHUPYIONUX

allrrapaToB. MGTO,ZL uccjieJoBanud — KOMIIBIOTEpHOE MOJIC/INPOBaHUE C UCIIOJIbSOBaHUEM

AIIIIPOKCUMAIIMOHHON MOJIEIN HECTAIMOHAPHONW CyIllepKaBEepHBbI, OCHOBAHHON Ha IPUH-
IUIIe HE3aBUCUMOCTH PacITupeHus cedenuii kapepusbl 1. B. Jlorsurnosnyua. Pazpaboran
METOJ HAXOXKIEHNUSI PABHOBECHBIX 3HAYEHUI IMapaMeTPOB IBUKEHNUST TaCTUIHO KaBUTH-
pyrorrero anmnapata. [[puBeieHbI TpUMEPBhI KOMITBIOTEPHOTO MOJICTUPOBAHUS JIBUXKEHUST
JaCTUIHO KABUTHUPYIIErO allapara, B YACTHOCTH IIPU ero pa3roHe u TopMmoxkenuu. 1lo-

Ka3aHO, 9TO IIPOAOJIbHOE JIBU2KEHHNE C6aJIaHCI/IpOBaHHOFO JaCTUYIHO KaBUTUPYIOUIETO all-

rmapaTa CTATUIeCKU HEYyCTOWYUBO 1o riryouue. [Ipu 9T0M moTepst yCcTOMINBOCTH JIBUKE-

HUA, B OTJIMYUE OT CJIy4dad CyIIepKaBUTAIUU, ITPOUCXOIUT ‘“skecTKAM’ HEKOJIe0ATEAbHBIM

obpazom. [Ipenoxkenbr criocoObl CTaOMIM3AINY JBUKEHUS YACTUIHO KABUTUPYIOIIErO

allrrapara. MCCJIQ,ZLOB&HO B/INAHNE BEHTUJIAINN KaBEPHBI Ha JUHAMUKY KaBUTHUPYIOIIIETO

anmaparta.

KJIFOYEBBIE CJIOBA: yacTuiHO KaBUTHPYIOIIUI AllllapaT, BEHTHIAPYEMasl KaBepHa,

yCTOfI‘II/IBOCTb, KOMITBIOTEPHOE MOJE/INPpOBaHUue
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