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Abstract. The work is devoted to both the experimental studies and the computer simulation of the process of formation and develop-
ment of a ventilated supercavity past the disk-cavitator in accelerated motion from the state of rest to the steady velocity. A series of
experiments were carried out in the high-speed experimental tank at the Institute of Hydromechanics of the National Academy of
Sciences of Ukraine for various values of the air-supply rate into the cavity. It has been established that the portion type of air-loss
from the cavity is always preserved in the case of horizontal accelerated motion, while the air-loss by vortex tubes is always realized
in the case of steady motion with the same velocity. In this case, shape of the cross sections of the unsteady cavity is close to circular
one along the whole cavity length and at all stages of acceleration. To describe this process, a modified mathematical model is pro-
posed that is based on the G.V. Logvinovich principle of independence of the cavity section expansion. An analysis of the influence of
both the immersion depth and the air-supply rate on the process of development of a ventilated supercavity during acceleration has

been performed by the way of computer simulation.
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1. Introduction

The purpose of this work is both the experimental
study and the computer simulation of the process of for-
mation and development of a ventilated supercavity in ac-
celerated motion from the state of rest with the specified
model acceleration a=dV/dt>0 and the specified volu-

metric rate of air-supply into the cavity Qm . The main fac-

tors determining the cavity growth speed are the increasing
the flow velocity V() and the balance between air-supply

into the cavity Q,, and air-loss from the cavity Q,,,(¢) .

The laws of air-loss from horizontal ventilated cavi-
ties in a steady flow have been studied quite well [1-4].
When calculating unsteady supercavitation flows with low
accelerations, these laws are also successfully applied in
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the quasi-steady approximation. However, as shown be-
low, their application in the case of accelerated motion with
relatively low velocities has its own peculiarities.

The process of formation and development of a
cavity during acceleration starting from a state of rest,
can be divided into two characteristic time stages. The
first stage is from the velocity /' =0 to the formation of

an initial cavity with the length L., with relatively low
velocity V|, corresponding to the cavitation number
c=2(p, - pc)/p V% =0.5. At the second stage, the model
velocity is increased from ¥}, up to the specified value V],
and the cavity length is increased from L, up to the speci-
fied value L, .

The processes of the gas-filled cavity formation at
the first stage are very complex [5, 6] and cannot be mod-
eled within the framework of the approximation mathemat-
ical model based on the G.V. Logvinovich principle of in-
dependent of the cavity section expansion [7, 8]. As the ex-
perience of applying this mathematical model shows, it
gives good results at sufficiently small values of the cavi-
tation number ¢ < 0.1 and relatively high values of veloci-
ty V' >10 m/s when the supercavity has a large aspect ratio.
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In our works [9, 10], using the method [8], we ana-
lyzed the process of accelerating self-propelled models from
the starting velocity ¥, =10m/s to reaching the speci-

fied supercavitation flow regime with velocity 7} =120 my/s.

In work [9], the acceleration process was studied under the
assumption that the model path on the acceleration distance
is rectilinear and horizontal, and the cavity is axisymmet-
ric. It was shown that supercavitating models have a “drag
hump” during acceleration, which may be overcome with
the help of both the increased starting thrust and the inten-
sive air-supply into the growing cavity in order to acceler-
ate its development. An estimation of the air-supply value
on the acceleration distance is given. In work [10], the ac-
celeration process was studied with full consideration of
the self-propelled supercavitating model dynamics. Re-
cently, the same mathematical model was used in work
[11] to simulate the accelerated and decelerated motion of
a supercavitating model, taking into account its maneuver-
ing with the help of hydrodynamic fins. In this case, it was
allowed to change the model velocity in a relatively narrow
range 50+60 m/s.

One of the purposes of this work is to check the pos-
sibility of applying the approximation mathematical model
[8] to simulate the behavior of a growing ventilated cavity
at the second stage of its formation. Comparison with the
obtained experimental data allows the necessary changes
to be made in this mathematical model.

2. Process of formation of a ventilated cavity

Qualitatively, the processes at the initial stage of a
cavity formation past a disk during its accelerated motion
are described in books [5, 6]. The cavity formation begins
with the formation of vapor and gas bubbles in the rarefac-
tion zone past the disk, and in the cores of vortex structures
in the wake past the disk. The process of bubble formation
is determined by values of the Reynolds number and the
Weber number, and also the presence of both the dissolved
gas and the cavitation cores in water. In work [12], one ob-
tains a semi-empirical estimation of the cavitation number
in the case of incetion of the bubble cavitation past the disk
depending on the Reynolds number Re=VD, /v, where D,

is the disk diameter:

6 =0.44+0.0036Re"?,

)
Re<2:10°.

According to formula (1), the bubble cavitation past the
disk occurs in the range of the cavitation number
6 =0.8+2.0. With increasing the cavitator motion velocity
(or with decreasing the cavitation number), the bubbles merge
and eventually form a single attached cavity. It is considered
that a developed cavity already exists when 6=0.5 [6].

The supercavity formation process can be signifi-
cantly accelerated by blowing air to the rarefaction zone

past the disk and thereby increasing the cavity pressure, i.e.
reducing the cavitation number for the same velocity. The
supercavity formation processes for a fixed flow velocity
and a variable air-supply were studied experimentally in
[13—15]. It has been established that the value of the air-
supply coefficient Q,, =0, / VD? required for the cavity
formation depends on the Froude number Fr =V / Jeb, ,

and this dependence is non-monotonic. So, according to the
results of work [13], Q,, is increased from 0.13 to 0.15

when Fr increases from 5 to 9, and then Q,, is decreased

from 0.15 to 0.07 when Fr increases from 10 to 18. It was
also shown that the processes of both the cavity formation
and the cavity collapse have a hysteresis form when the air-
supply into the cavity increases and decreases.

The processes of development of unsteady venti-
lated supercavities were numerically modeled using CFD
methods [16, 17]. The ventilated cavity reaction to both in-
creasing and decreasing the air-supply is modeled in work
[16]. In work [17], the cavitator motion near the free water
surface was considered, so that the cavity was ventilated in
a natural way by suction of the atmospheric air.

3. Peculiarities of unsteady ventilated
supercavities in ponderable fluid

As is known, for small magnitudes of the Froude
number the gravity influence onto the supercavity consists
in bending its axis upwards (so called the cavity floating-
up, see Fig. 1). The cavity axis deformation under the gra-
vity influence can be calculated by formula [18]:

=2
R(=U @
3Fy gL,

where h_g = h, /LC ; X=x/L,; Fr is the Froude number

with respect to the cavity length.

In this case, the velocity circulation I' directed
counter-clockwise takes place around the cavity in the pon-
derable fluid [1]:

gnD;

r=<j>Vd§z T 3)

where D, is the cavity mid-section diameter. As a result,

the transversal force acts onto the cavity directed down-
wards and balancing the Archimedean lift force. One can
show that in the ponderable fluid the maximally admis-
sible pressure in the cavity or the minimal cavitation num-
ber exists:

gD,

peD.
. PSP, 4
20 PP (4)

(o4

Thus, even for maximal air-supply into the cavity the cavi-

tation number smaller than G, can not be obtained.
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Fig. 1. Scheme of a supercavity in ponderable
fluid

The air-loss from a ventilated cavity in the steady
flow is defined by the flow behavior in the cavity closure
zone. When the cavity closes free, two main types of air-
loss ma be realized according to the Campbell-Hilborn
empirical criterion [2]:

cFr =1, &)

where 6=2(p,,—p,.) / p ¥? is the cavitation number:

Fr= V/ gD, isthe Froude number; D, is the cavitator
diameter. Values ¢ Fr >1 corresponds to the first (portion)
air-loss type, values 6 Fr <1 corresponds to the second

air-loss type (or air-loss by vortex tubes).
For the first type of air-loss, the approximation for-
mula was proposed [4]:

. AD?c
Qnu =C 'VDCLC =C,V = s (6)
= ol

where Qout () is the volumetric air-loss rate from a cavity;

C;=0.013 is the empirical coefficient. For the second

type of air-loss, the semi-empirical formula by L.A4. Epsh-
tein [2] is supposed the most reliable:

— 0.42¢? ~
Quut = 3 4 0 H Qout = Q ; (7)
o(c’Fri-25c,)

VD2’

where c,, is the coefficient of the cavitator drag when
6 =0 (for the disk-cavitator ¢, =0.82).

When calculating unsteady supercavitation flows with he
low accelerations, the laws (6), (7) are also applied in the
quasi-steady approximation.

However, as experiments have shown, criterion (5)
does not work in the case of accelerated motion of the su-
percavitating models (see below). Namely, in this case the
portion air-loss type is preserved when ¢ Fr < 1. This can
be explained by the fact that in the accelerated motion the
flow at the cavity aft zone does not have time to be rear-
ranged under the gravity influence. In this case the air-sup-
ply and the air-loss are not balanced: Q,, # Q,,, , and it ef-

fects on the cavity growth speed.
However, after the flow velocity becomes constant,

the vortex tubes are formed in the cavity aft zone under the
gravity influence, by which air is entrained from the cavity.

In this case we have O, =0, . In the experiments de-

scribed below, the air-loss from steady supercavities was
always realized by the vortex tubes.

The cavity development during the model accelera-
tion may be accelerated by increasing the air-supply rate
into the cavity Q, . However, in this case the dynamic

properties of gas-filled cavities [19, 20] will influence on
the cavity behaviour. It was shown that when a certain criti-

cal value of the parameter B=0, / O (where ©,, is the va-

por cavitation number) is exceeded, the cavity loses its sta-
bility and begins to pulsate intensively. The theoretical crit-
ical value is [, =2.645, it was obtained for the “slender”

supercavities with the large aspect ratio. In this case, the
air-loss rate Q,,m is increased appreciably, which prevents

further growth of the average cavity length. This circum-
stance together with relation (4) restricts the ventilated su-
percavity length achievable for the given parameters.

4. Experimental setup

A series of experiments was carried out for studying
the process of formation and development of a separated
cavitation flow past a disk cavitator during its acceleration
from the state of rest to a steady velocity.

Experimental studies were performed in the high-
speed experimental tank at the Institute of Hydromechan-
ics of the National Academy of Sciences of Ukraine. The
high-speed experimental tank has length of 140 m, width
of 4 m, and depth of 1.8 m. Experimental studies were
carried out in accordance with the methods [21] by per-
forming towing tests of cavitator models at the towing ve-
locities up to 10 m/s.

To create a cavity, a disk cavitator with a sharp edge
with diameter of D), =30 mm was used. The cavitator was

mounted to the suspension with the help of a threaded
adapter, its scheme is shown in Fig. 2.

direction of movement ———
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]
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.
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aperture for pressure measurement

Fig. 2. Scheme of suspension of the cavitator to
the towing system of the experimental tank
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The suspension consisted of a hollow pylon with
7 mm thick, in the upper part of which there were elements
for mounting it to the towing carriage of the experimental
tank. The lower part of the pylon was connected to a hori-
zontal pipe with an outer diameter of 16 mm. The internal
hollows of the pylon and the pipe had free communication
with each other. The ventiducts were made in the frontal
part of the pipe behind the threaded adapter to supply air
directly to the area past the cavitator.

Air was forcedly supplied to the cavity using a
6-staged axial fan. The air rate measurement was realized
using a Honeywell AWM?720P1 air rate sensor, which was
mounted at the inlet of the axial fan.

In addition, a drainage tube with the diameter of
4 mm was laid through the inner hollow of the pylon. Its
lower end was brought out approximately into the middle
part of the suspension, and its upper end was connected to
the pressure sensor. The cavity pressure was measured us-
ing a Motorola MPXV5004DP differential pressure sensor.

The cavitator immersion depth H was regulated by
vertical relocation of the whole pylon and was set at the
level H =150 mm during these experiments. In this case,
the static pressure in water is p,, =99.52 kPa.

At the pylon top, an accelerometer Analog Devices
ADXL203 was installed, which was used to record the ac-
celeration value a=V" during speeding-up of the towing
carriage of the experimental tank. The current velocity of
the carriage V' and the distance passed L at the time in-
stant ¢ were calculated by the formulae:

V= ja(r)dt , L= jV(r)dz . (8)
0 0

The towing system of the experimental tank was set
up in such a way that the acceleration of the towing carriage
from the state of rest to the steady velocity V'=7.12 m/s was
realized according to an acceleration law close to trapezoi-
dal. Fig. 3 shows graphs of the kinematic characteristics of
the towing carriage (the acceleration V' the velocity ¥, and
the relocation L) during acceleration.
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Fig. 3. Kinematic characteristics of the towing car-
riage when it is accelerated from the state of rest

All sensors and the accelerometer were included in
the automated system for collecting and processing infor-
mation from the experimental tank [22].

To determine the cavity shape past the cavitator, un-
derwater backlight photography was used. To organize
back lighting on the measuring part of the experimental
tank, a light screen was mounted in the direction of towing
carriage motion. The light screen was made of translucent
milky plastic and had dimensions of 1000x3000 mm. Ap-
proximately 1/3 of the light screen was located above the
water surface, and 2/3 of the screen was located under wa-
ter. The light screen was illuminated by underwater lumi-
naires, which were installed along the tank board and pro-
vided uniform illumination of the underwater part of the
screen along its whole length. The appearance of the light
screen in working condition is shown in Fig. 4.

Fig. 4. Appearance of the light screen in working
condition

To determine the cavity shape and its dimensions in
the horizontal plane (bottom view), the well-known
method of photographing with the help of an underwater
mirror installed on the bottom of the experimental tank was
used. An underwater mirror 500 mm wide and 3000 mm
long was hermetically mounted in a special lever-turn
mechanism.
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Fig. 5. Scheme of photographing the cavity in the
experimental tank

The underwater mirror, together with the lever-turn
mechanism was installed on the tank bottom (see Fig. 5).
The lever-turn mechanism made it possible to relocate the
underwater mirror across the tank and turn it along the lon-
gitudinal axis. Using a lever-turn mechanism, the mirror
was set in such a way that when photographing the cavity
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from the camera box, one half of the frame was occupied
by the side view of the cavity, and the other half of the
frame was occupied by the bottom view of the cavity,
which was reflected in the underwater mirror. This method
of photographing allowed the cavity contour parameters to
be determined with accuracy 1 mm.

5. Experimental results

During all the experiments described below, the axial
fan was tuned in such a way that the air-supply rate to the

cavity was fixed and was equal to Qm =291 Is. Fig. 6

shows the beginning and development of a separated cavita-
tion flow at the initial stage of the towing carriage motion.

At the starting time instants, the separated flow past
the cavitator is weakly developed. Therefore, air is not sup-
plied into the zone past the cavitator (see Fig. 6, @). Such a
flow pattern is observed on the motion distance equal to
about 3 D, . Then, the separated flow develops past the
cavitator, and zone past the cavitator is saturated with air
bubbles (see Fig. 6, b).

The cavity formation is begun when the cavitator
passes a distance equal to approximately 10 D, . Inthis
case, the cavity formation begins from its upper part
(see Fig. 6, ¢).

A developed supercavity covering the whole zone

A,
e
@ A e
FTR————— i e
l TERS

106 mm from start

295 mm from start

C

past the cavitator is formed when passing the distance
about 15 D, (see Fig.6, d). Below, the process of develop-

ment of the supercavitation flow is considered in detail on
the acceleration distances when the cavity is already
formed and covers the whole zone past the cavitator.

Fig. 7 shows the parameters of the supercavitation
flow after distance L = 613 mm (about 20 D,, ) from the start-

ing point. In Fig. 3, this position is indicated by the number .
At this time instant, the cavitator moved with the accelera-
tion = 5.40 m/s? and the velocity V' = 2.50 m/s.

Here and below, the photographic images of the cav-
ity were processed using the AutoCAD graphics editor (see
Fig. 7, b). The results of measurement of both the side con-
tour and the bottom contour of the cavity allow us to con-
clude that the cross sections of the developing cavity are
close to circular. In this case, the portion type of air-loss
from the cavity takes place, the cavity in the aft part is es-
sentially unsteady and pulsates.

Knowing the cavity midsection diameter D, , one

can estimate the instantaneous value of the cavitation num-
ber using the well-known formula [1, 2]:
D, =D, |01+ ©)
KOG
where k=0.9+1.0 is an empirical constant. In this case
we have D, =60 mm, 6=0.258, p. =98.715kPa.
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Fig. 6. Formation and development of a separated cavitation flow at the initial stage of the towing carriage motion
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613 mm from start

:

&

Fig. 7. Supercavitation flow after distance L = 613 mm: a — cavity view; b — cavity sketch

To estimate the effect of the cavitator motion non-
stationarity on the supercavitation flow parameters, a series
of experiments was carried out with a fixed velocity of the
cavitator motion. Fig. 8 shows the parameters of the steady
cavitation flow with the same velocity V' = 2.50 m/s as in
Fig. 7. In this case we have D, =64 mm, and we obtain

6=0.220, p.=98.833kPa by formula (9). As we can see,

the rearrangement of the air-loss type for the same velocity
leads to decreasing the cavitation number and, conse-
quently, to increasing the cavity dimensions. This can be
explained by increasing the cavity pressure p,. due to de-

creasing the intensity of the air-loss from the cavity Qou, ,

when the air-supply Qn is fixed.

As one can see, in this case, air-loss from the cavity
is realized by two vortex tubes. In this case, the cavity is
stable and its contours are clearly visible. On the cavity
frontal part, the cavity cross-sections are close to circular
ones (see Fig. 8, b). However, past the mid-section, the
cavity cross-sections become elliptical and degenerate into

two vortex tubes closer to the cavity aft.

Fig. 9 shows the parameters of the supercavitation
flow after distance L = 2050 mm from the starting point. In
Fig. 3, this position is indicated by the number 2| At this
time instant, the cavitator moved with the acceleration
V' =5.40 m/s and the velocity ¥ =4.70 m/s. In this case

D, =74 mm, and we obtain the estimation by formula (9):
6=0.156, p, =97.798 kPa.

One can see that the cavity has significantly in-
creased in both length and diameter in comparison with the
previous position. In this case, the shape of the cavity
cross-sections remains close to circular along the whole
cavity length, and the portion type of air-loss from the cavi-
ty is preserved. As a result, the cavity aft part does not have
clear outlines.

Fig. 10 shows the parameters of the steady super-
cavitation flow with the same velocity ¥ = 4.70 m/s as
in Fig. 9 for comparison. In this case D, =91mm, and

we obtain by formula (9) the estimation ¢=0.097,
P, =98.449kPa.

b

Fig. 8. Steady supercavitation flow with velocity V' =2.50 m/s: a — cavity view; b — cavity sketch
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Fig. 10. Steady supercavitation flow with velocity V= 4.70 m/s: a — cavity view; b — cavity sketch

Fig. 11 shows the parameters of the supercavitation
flow after distance L = 4350 mm from the starting point. In
Fig. 3, this position is indicated by the number . This time
instant corresponds to end of the acceleration process and
transition to the steady motion: the cavitator moved with the
acceleration V' = 4.50 m/s? and the velocity V= 6.77 m/s. In
this case D, =90 mm, and we obtain by formula (9) the

estimation 6=0.100, p, =97.229kPa.

It can be seen that the cavity continues to increase in
both length and diameter in comparison with the previous

4350 mm from start

position. In this case, the shape of the cross-sections re-
mains close to circular, and the portion type of air-loss
from the cavity is preserved. As a result, the cavity aft
part does not have clear outlines.

Fig. 12 shows the parameters of the steady super-
cavitation flow with the close velocity V' = 7.12 m/s for
comparison. In Fig. 3 this position is indicated by the
number . In this case D, =112mm, and we obtain by

formula (9) the estimation 6=0.063, p, =97.924kPa.
In this experiment, the pressure was measured in the

4350 mm from start

e
K

Fig. 11. Supercavitation flow after distance L = 4350 mm: a — cavity view; b — cavity sketch
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middle part of the cavity. In this case, the indication of the
differential pressure sensor was p,— p,,,= — 1.036 kPa,

i.e. p.=97.014kPa. When immersion depth of the cavita-

tor axis is H = 150 mm, and taking into account some in-
creasing the level of the free water surface, the measured
cavitation number is ¢ =0.071.

Comparing Fig. 12 with Fig. 11, Fig. 10 with Fig. 9,
and Fig. 8 with Fig. 7 shows that in all cases the steady
cavity length is almost twice greater than the unsteady cav-
ity length during acceleration for the same velocity. The
air-loss from the steady cavities is realized by two vortex
tubes, but the portion air-loss is realized from the unsteady
cavities. The cross-sections of the unsteady cavity remain
circular along the whole length of the cavity. The cross-
sections of steady cavities remain circular from the cavita-
tor up to the cavity mid-section, behind the midsection they
become elliptical, and closer to the aft the cavities degen-
erate into two vortex tubes.

Thus, shapes of the cavity aft part differ significantly
during acceleration and in the steady motion for the same
velocity. In this case, it takes a certain time to rearranging
the air-loss type and the cavity formation to dimensions
corresponding to the steady motion after termination of ac-
celeration. Significant increasing the cavity length after

changing the air-loss type for the fixed air-supply rate Qm
may be explained by the fact that the air-loss from the
steady cavity Qou, becomes less than the air-loss from the

unsteady cavity.

Fig. 13 shows the combined sketches of the side pro-
files of the frontal part of the unsteady cavity, which were
fixed during the cavitator acceleration. The designation of
the cavity profiles corresponds to the positions of the cavi-
tator during acceleration in Fig. 3.

Also, the cavity center line is plotted in Fig. 13. It
connects the centers of the cavity cross-sections and char-
acterizes intensity of the cavity floating-up under the action
of buoyancy. One can see that intensity of the cavity cross-
section floating-up is approximately the same at all motion
stages. This suggests that the ratio of the hydrodynamic
forces and the buoyancy forces is preserved at all stages of
the cavity formation.

167

Fig. 13. Combined sketches of the unsteady cavi-
ty side profiles

6. Mathematical model

To calculate the unsteady cavity shape in the accele-
rated model motion, we used the approximation mathe-
matical model based on the G.V. Logvinovich principle of
independence of the cavity section expansion [1]. The ex-
pression for the cross-section area of an unsteady axisym-
metric cavity on the its main part has the form [3]:

S(t1)=S, +%AD,,V(T)\/a(t—r)—%j(t—s)c(r,s)ds,

xX>x,

(10)
where S)(x;) is area of the “matching section” of the cavi-

ty frontal part and the cavity main part; & =4m/ A%,

A=2.0 is the empiric constant. The shape of the cavity
frontal part is calculated by empiric formula [1]:

3
S(x)anf[l+3—xj , 0<x<x
R

n

)

The best agreement with experimental data is attained
when x; =D, . The cavity axis distortion under the gravity
influence is calculated by formula (2).

The unsteady cavity pressure p,(¢) at each time in-

stant can be calculated from equation of the gas mass ba-
lance in the cavity [19]:

%[pc(t)Qc (t):|=pw|:Qin _Qout (t):|’ (12)
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where O, () is the cavity volume; p,, is the static water

pressure. The air-loss value is calculated by formulae (6), (7).

As the experience of using this mathematical model
shows, it gives good results for sufficiently low values &
and relatively high values of the velocity V. Our works
[23, 24] are devoted specially to the experimental verifica-
tion of this mathematical model.

However, in this case of accelerated motion and rel-
atively low velocities V' <7.12 m/s, which are typical for
the experiments described above, attempt of its application
gave unsatisfactory results. The reason is that values of the
parameter [ much exceed its critical value for low values

of V' and high values of p,, the cavities rapidly lose sta-

bility and begin to pulsate intensely. In this case, the
growth of the mean cavity length is ceased. However, such
pulsations of ventilated cavities were not observed in our
experiments.

In order to match the calculation results with the ex-
periment, the following changes were made in the mathe-
matical model (10)—(12):

1) It is accepted that the portion type of air-loss from
the cavity (6) is preserved at the stage of the model accel-
erated motion. After termination of acceleration and reach-
ing the steady motion with the fixed velocity /], the type

of air-loss changes to the gas loss by vortex tubes (7) after
a certain time 7 .

2) For the purpose of prevention of the cavity self-
induced oscillation, a specified law of the cavity pressure
monotonic  variation (particularly, the condition
p,. =const ) is accepted instead of equation (12).

The validity of these assumptions could be verified
by comparing the computer simulation results with the ex-
perimental data.

7. Computer simulation

The described calculation method is implemented in
the SCV computer program, which makes it possible to
display the calculation results on the screen “in real time”.
As in the experiment, the model is a disk cavitator with dia-

Table 1. The steady cavity shape, experiment Fig. 12

meter D, =30 mm. Fig. 14 shows the calculated shape of a

steady ventilated cavity after termination of acceleration
(H =0.15m; V="7.12m/s; 6=0.071, see Fig. 12).

STEADY CAVITY (side view) bl 1202
(A
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STV, Bulld 22w

1388 x/L n, /L= 0010

Fig. 14. Shape and parameters of the steady cavi-
ty after termination of acceleration

Table 1 and Table 2 compare the experimental shape
and the calculated shape of the steady ventilated cavity af-
ter termination of acceleration.

In the calculation, the air-loss from the steady cavity
is realized by the vortex tubes according to criterion (5), as
in the experiment (see Fig. 12). It is assumed in this math-
ematical model that the cavity sections remain circular
ones along the whole cavity length. Therefore, as expected,
we have a sufficiently close correspondence to the experi-
ment for the cavity shape up to the cavity midsection and
growing discrepancies behind the midsection. According

0,, =3.03Us,

which is close to the air-supply rate in the experiment 2.91 I/s.

To verify the accepted mathematical model, calcula-
tions with the parameter values corresponding to the exper-
iments were performed. The parameters corresponding to
Fig. 7, when equation (10) can already be applied, were ac-
cepted as the starting parameters (see Fig. 3, position ):
Vo =2.5m/s; Dy =60mm; 6=0.258. In calculation, the

air-supply into the cavity was considered to be fixed:

to formula (7), we obtain the air rate Q,,, =

X, mm 60 120 180 240 300 360 420 480

D, mm 70 87 99 106 111 112 111 107

hy, mm 0 2 4 6 8 10 13 17
Table 2. The steady cavity shape, calculation Fig. 14

X, mm 60.0 120.0 180.0 240.0 300.0 360.0 420.0 480.0

D, mm 69.76 87.35 99.41 107.82 113.38 116.50 117.39 116.09

hg’ mm 0.26 1.03 2.32 4.12 6.44 9.27 12.61 16.48
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0,,=3.03 I/s. The experiments showed that the cavity pres-

sure varied weakly during acceleration, so the cavity pressure
was considered to be fixed as well: p. =97.721 kPa. The

law of the velocity variation during acceleration corre-
sponded to the graph in Fig. 3. Fig. 15 shows an example
of a screenshot obtained during computer simulation of the
model acceleration with the SCV program.
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Fig. 15. Instantaneous shape of the unsteady cavity
during acceleration (¢ = 0.53 s)

Fig. 16 shows the calculated graphs of varying the
motion velocity V', the cavity length L., and the largest

cavity diameter D, on the acceleration distance. The ex-
perimental values D, from Fig. 7, Fig. 9, Fig. 11, and
Fig. 12 are plotted by circles.

1.5

0.0 0.4 0.8 ts

Fig. 16. Varying the cavity parameters L., D,

during acceleration

As one can see, calculation by the proposed method
gives slightly overrated values of D, for short cavities.
However the cavity growth speed is in satisfactory agree-
ment with the experimental data. This confirms the as-
sumption about the fixed cavity pressure during accelera-
tion and allows this mathematical model to be used in the
wider range of parameters.

Obviously, the cavity pressure p, for fixed both the

velocity V' and the immersion depth A should depend on
the air-supply rate into the cavity Qm .

Q;, s
8 -
6
Al 1
[ 10-0
2
(]
92 94 9 98 P, kPa

Fig. 17. Dependence of the air-supply rate on the
cavity pressure: 1 — the portion air-loss; 2 — the
air-loss by vortex tube

Fig. 17 shows graphs of the dependence of the air-supply
rate on the steady ventilated cavity pressure for both types of
air-loss, calculated by formulae (6), (7) when H =0.15 m;
V' =17.12 m/s. The corresponding values of the cavitation
number are also plotted here.

As one can see, the portion air-loss from the cavity
rate is larger than the air-loss by vortex tubes rate at the
same cavitation number.

Fig. 18 shows graphs of varying the cavity length L,

on the acceleration distance when A = 0.15 m for a num-
ber of the Q[n values. When calculating, the motion velo-
city V' was varied according to the same law as in Fig. 16.

For each Qn, the cavity pressure p, were interpolated in

the table p, (Qin) calculated previously by formula (6).

L

c:M

0.8

0.6

0.0 L L
0.0 0.4 0.8 ts

Fig. 18. Influence of the air-supply rate on the cav-
ity growth during acceleration 1 — Qn =1.01s;

2-Q,=3031s;2-Q, =5.01Us

As can be seen, even a significant changing the air-
supply rate has weak effect on the cavity growth speed dur-
ing acceleration. This confirms our earlier conclusion that
the cavity development is realized mainly due to increasing
the velocity but not due to increasing the air-supply [9].

Fig. 19 shows graphs of varying the cavity length L,

on the acceleration distance when p, =97.721kPa for a

number of values of the cavitator immersion depth H.
When calculating, the motion velocity V' was varied ac-

cording to the same law as in both Fig. 16 and in Fig. 18.
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Fig. 19. Influence of the cavitator immersion
depth on the cavity growth during acceleration

One can see that increasing the immersion depth
leads to decreasing the growing cavity dimensions owing
to increasing the static water pressure p,,. But it practi-

cally does not influence on the cavity growth speed.

8. Conclusion

Summarizing the results of the performed experi-
mental studies, one can state that the cross sections of the
unsteady cavity are close to circular ones along the whole
cavity length and at all stages of acceleration. During the
cavitator acceleration from a state of rest, the portion air-
loss from the cavity is preserved, although the air-loss by
vortex tubes is realized in the steady motion regimes with
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@dopMyBaHHSl Ta PO3BUTOK BEHTHJIbOBAHOI CylepKABEPHM 32 TUCKOBUM
KaBiTATOPOM NPH NPUCKOPEHOMY PYCi

B. Mopos!, B. Kounn', B. Cemenenxo!, O. Haymona!
! Incmumym ziopomexanixu HAH Vipainu, Kuis, Yxpaina

Anomauia. Poboma npucesuena excnepumenmanbHOMy 0OCTIONCEHHIO MA KOMN FTOMeEPHOMY MOOETI08AHHIO Npoyecy (pOpMy8aHHs ma
PO36UMKY 6EHMUTLOBAHOT CYNEPKABEPHU NPU NPUCKOPEHOMY PYCI OUCKOB020 KASIMamopa 3i CMany cnokoio 00 yCmaneHol ueuoKocmi.
Iposedeno cepii excnepumenmis y weuoKicHomy 0ocnionomy 6acetini Incmumymy ciopomexanixu HAH Ykpainu 3a piznux 3nauens
sumpamu nogimpsa Ha niodye kasepru. Bcmanoeneno, wo npu 20pu30HmManrbHOMy NPUCKOPEHOMY PYCi 3a62cou 30epicacmuvcs nopyiti-
HULL MUn 8UHOCY 2a3y 3 KAGEPHU, 8 MOl 4ac AK Npu YCMANEHOMY PYCi 3 MUMU HC UEUOKOCHAMU 8 OAHUX eKCHePUMEHMAX 3a8xcou
peanizyeascs mun GUHOCY a3y no euxposux mpyoxax. Ilpu ypomy popma nonepeunux nepepizie HecmayioHapHoi Kagepuu 61U3bKa 00
KpY2060i no 6Cill 0084CUHI KABEPHU MA HA 6CIX emanax po3eoHy. /s onucy yboeo npoyecy 3anponoHo8aHo MOOUQpIKosany mamema-
MUYHY MOOeNb, 3ACHOBAHY HA NPUHYUNT HE3ANeHCHOCME po3ulupeHs nepepizie kagepuu I.B. Jloeginosuua. Llnsxom komn tomeprozo
MOOeNBAHHS NPOGEOCHO AHANI3 GNIUGY SIUOUHU 3AHYPEHHSA MA GUMPAmU NOGIMPs HA Ni0JY8 HA NPOYec PO3BUMKY 6EHMUTLOBAHOT
CynepragepHu npu po32oHi.

Knruoei cnosa: ouckosuil kagimamop, 6eHMUIbO8AHA KABEPHA, NPUCKOPEHULL PYX, eKCHEPUMEHMATbHI 00CTIOHNCEHHS, KOMN TomepHe
MOOeN08aHHs.
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