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FREQUENCY IN FORIIATION OF CAVITATIOI" POCXETS IN
TURBULEI'T BOUI'DARY LAYERS AND SATELLITE FLOVS

- USSR -

/Following is the translation of an article by V. I.

Il'ichev in Doklady Akademii Ilauk SSR (Reports of USSR
fcademy of Sciences), Vol 156, No 5, 1961, lioscow,
pages 1047-1050./

T?e experimental studies of X. X. Shal'nev (1),

xnapn (2), and Daily (3),have forced the conclusion that

the formation and growth of cavitation pockets in turbulent
boundary layers and satellite Tlows ls connected with the
pressure pulsations in the turbulent flow. By making use of
this conclusion, 1t is possible to use the following diagram
as representing the dynamics of cavitation pockets in a tur-
bulent flow: at a pgiven moment the nucleus, for which the
amount of critical pressure Py 1s greater than P, falls into
the rarefaction field, which is formed to the pressure pul-
sation. The bubble grows, while the amount Py -~ P remains
positive. Falling into the zone of increased pressure, the
bubble closes up. In this way the frequency in formation

of cavitation pockets is determined by the frequency with
which the rarefactions zones appear, the pressure in which
is lower than a certain critlcal pressure level, and also

by the probability of the cavitation nucleus, with this
critical pressure level, falling into the zone of local
pressure reduction. (See Figure 1)

In order to simplify the task in the future, it will
be assumed that density of the nucleus is great in the liquid
being studled, that the liquid is uniform in terms of stabll-
ity, and that any volume of 1t can be characterized by the 7
critical pressure Pyg, at which the cavitation pocket is
formed. Thls cavitatlon pocket can be made up of several
gas or vapor bubbles, the dynamlcs of which 1s connected with
one and the same dlscharge of pressure. Let us also assume LIm—
that the air bubbles which are formed do not have an actual
effect on the characteristics of the turbulent flow. R

Taking into account all of these factors, we can
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formulate the problem of the frequency of formatlon of cav-
itation pockets in the followingc way: it 1s necessary to
determine the frequency of formation of cavitatlon pockets
in a certain volume 6f turbulent flow Awv,, which equals the
volume of the flow correlation, if thils frequency agrees
with the frequency with which the pressure 1s lowered to the
critical pressure level Py. The symbols which are used for
pressure in the turbulent flow being studied are riven in
Figur? }. The problem is analogous to that worked out by
Rice \#) for the frequency Nj of excesses 1n discharges of
electric nolse with amplitudes A, which are distributed
according to normal laws above a certalin fixed level Ay.

The result which Rlce obtalned can be 1lllustrated as
follows: see (1) ,
where :.: == 18 the circular frequency; .i{.» -- the spectral
density of a_random value of A; ¢ -- the average square
deflection; A -~ average value of a chance value of A. The
brackets in Formula (1) represent the average square, cir-
cular frequency of the random process.

It can be assumed that the pressure pulsations in,a
turb?l?nt flow are distributed according to normal laws (D):
see (2
where U1-- the critical speed (with u >uj the flow is tur-
bulent); k -- /a constant; 1 -- characteristic ° th of the
body; v -- kinematic viscosity; Re -- Reynolds . e
Therefore, it is possible to use formula (1) to . Jvlate
the frequency of formation of cavitatlion pockets ! . « volume
equal to the volume of correlation. In order to dlscover
the general number of cavitation pockets which are feormed
around the body in one second, it 1s necessary to sum up the
values of Nj according to all the elementary volumes of {..,
taking into account the fact that the values of the average
rarefaction P} = Pg ~ w.x3 /2 and of the average square
deflection 5; (Re) depend on the dietribution of the elemen-
tary volume \v,: see (3)

Formula (1) can be verified by experimental data(l),
In this wvork it 1s assumed that gas bubbles are built up
under the cavitaion pocket into a vortex, which breaks away
from a circular cylinder. Therefore, we can determine the
average square frequency of pressure pulsations in formula (1)
as the averapge square frequency of formatlion of vortices
around the cylinder, leaving out smal&-scale pulsations. It
is well known that when Re = 103 «4 10°, the B'yenar-Karmen
trail is formed behind a ¢ircular cylinder, and the formation
process for the vortices at a constant flow speed 1s close to
belng periodical, due to which the mean square frequency of
the process is close to the mean, and the relationship of the
mean square frequency to the flow speed at infinityue and to
the dlameter of the cylinder ! can be described as follows:
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see (4)
vwhere 0,18 4 0,22 -- 1s the Strukhal St number for g?e vor-
tices which break avay from the circular cylinder (6),

By substituting the expressions for the mean pressure
in the chosen elementary volume for the mean square pressure
deflection and for the mean square circular frequency, we
obtain: see (5)

For a circular cylinder, the critical Reynglds' num-
ber is Rey = 50. The value (P, - Py)/42(u.- - u1)3= Q, i.e.,
the cavitation number. lthen Up3uy, this is ldentical to
that which is used in hydrodynamics literature.

Formula (5) can be written in another way: see (6)

From formulas (4) and (5), it 1s possible to deter-
mine the relationship between the St number for the cavita-
tion pockets and the parameters of the flow and the form of
the body around which it is flowing: see (7)

Constants : and k occur in formulas (6) and (7). We
can determline the value of the rarefaction coefficient - for
the formation point of the vortices (the point at which the
turbulent boundary layer breaks away from the wall of the
circular cylinder) from the distribution ?; the pressure,
which has been determined experimgntally ), around the cir-
cular cylinder when Re = 105 4-100: -+ 2,1. The value of
the proportionality coeffient between the mean square deflec-
tion of pressure and the speed of the flow k ?%? taken to be
equal to 0.58. It was obtained by Betchelor for the case
of i1sotropic turbulence. It is apnarent that the value of
the mean square deflection of pressure in the boundary layer
will be 0.58.

The speed of the flow at infinity in an infinite
medium occurs in formulas (6) and (7). Ixperiments by
K. X. Shal'nev were carried out making use of a hydrodynamic
tube; therefore, in comparing theoretical and experimental
data 1t is necessary to take into account & correction for
the effect of bo?n?aries. Since the speed of flow u has
been determined ‘1) as the mean speed for every cross section
of a hydrodynamic tube in the absence of a model, in cal-
culating the frequency of formetion of cavitation pockets
according to formula (6) it is necessary to assume u. = 1l.17u,
and 1ln calculating the St number according to formula (7) for
cavitation pockets -- u..= 1.26 u. These were determined
experimentally by K. X. Shal'nev.

In filgure 2, the results of calculating the frequency
of formation of cavitation pockets and the St number for
them are C?T?ared with the experimental data given in the
reference o« The relationship of the St of cavitation
pockets to the cavitation numver Q 1s set forth in figure 3.
The number of cavitation pockets was calculated according to
formula (7). see Figures 2 and 3

-3 -




Usually in hydrodynamics the number of cavitations is
used to represent cavitation phenomena. Formulas (1)-(7)
show that uniformity in the number of cavitations does not
guarantee a similarity in frequencies of formatlon of cav-
itation pockets, as their number also depends on the size of
the body around which the flow 1s passing and, through the
coefficients for the mean square deflectlion of pressure,
the mean rarefaction and the mean square frequency of pul-
sation on the Reynolds' number. Thus, in order to have
similarity in frequencies of formation of cavitation pockets,
there must be a uniformity in the cavlitation number, the
Reynolds' number, and the Strukhal number.

Let us consider the scale factor which can be observed
by patterning the critical speed of formation of cavitation
after the cavitation numter. If the speed at which the
number of cavitation pockets sherply increases is used for
the critical speed of cavitatlion, it can then be determined
from the formula: see (8)
vhere = -- 18 a certain constant which has been selected at
rand?mi The formula determining u, can be written thus:
see (9
where u; = Rejv/1. It can be concluded from formula (9)
that an increase in the size of the cylinder leads to a
decrease in the critical speed for formation of cavitatlion
(scale factor).

Above we have considered the use of formula (1) in
the case of cevitation about a circular cylinder; however,
1t can be used in the case of cavitation along boundaries.
To do this it 1s only necessary to determine the mean square
frequency of pressure pulsation. Using data from the theory
of lsotroplc turbulence of Kolmogorov-Obukhov, it can be
shown that the value of enormous pulsations of pressure 1is
proportional to w./1. Then, for the frequency of pocket
formation with cavitation along boundaries, the following
formula must be correct: see (10)

This formule shows that at a constant cavitation
number the frequency of formation of cavitation pockets is
proportional to the flow speed -- a conclusi?n which 1is
confirmed by the experimental work of Knapp '2). The linear
relationship of N to the flow speed can be observed when the
value of the exponent 1s close to one, which, for example,
is realized when values Q and + are small.

In conclusion, we can state that the use of formulas
cited above makes it possible to calculate the relationship
of the intensity of cavitation noise and cavitation erosion
to characterlistics of the flow and of the body around which
‘the flow 1s passing.

Acoustical Institute
USSR Academy of Sclences
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Figure 1. Distribution of Pressure in the

Liquild Being Studied.

Py - Hydrostatic Pressure; _

Pk - Critical Cavitation Pressure;

Pz P,—opUia/2 - Average Pressure
in Elementary Volume of the
Liquid ’

O - Rarefaction Coefficient

)~ Density of the Liquid

Uy~ Speed of the Liquid to Infinity

l —y a.l?m']

Flgure 2. Relationship of the number of cavita-
tion pockets N and the Strukhal number for the
cavitation pockets St. to the flow speed V at
a constant cavitation number Q. oints are the
experimental data of reference (1 « Lines are
the values, which were determined theoretically,
of N and St of cavitation pockets for two val-
ues of the Strukhal number for the vortices
0.18 (1) and 0.22 (2).




Figure 3. Relationship of the St number of
cavitation pockets on the number of cavita-
tions 4J. -~ 18 experimental data of the
reference (l); =~ the absence of cavitation
according to data in a reference (7): -
the first tone indications of cavitation (7);

7 ?roken pockets which can be seen visual-
1y 7/ =~ jump in resistance to the
flowing (7); ~=- flow which separates.
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