EXPERIMENTAL STUDY OF INTERNAL CAVITATING FLOWS

A. F. Babitskii UDC 532.528

The parameters of a cavitating liquid are determined on the basis of measurements of the

~ initial flow parameters and forces acting on the nozzle. The volume concentrations of a
cavitating flow are also measured by a conductometric method simultaneously with a deter-
mination of their values from measurements of the forces acting on the nozzle.

The solution of a number of engineering problems requires knowledge of the structure and quantitative
characteristics of a flow both outside and in the interior of a chamber. The methods used to investigate
cavitating flows [1-5] are based primarily on the hydrédynamics of a single-phase incompressible fluid. In
addition to visual observations, the volumetric fluid flow rate and pressure along the flow have been meas-
ured in this connection.

We have obtained the characteristics of one-dimengional cavitating flows by measuring and calculating
the forces acting on a moving nozzle in which there is a cavitating flow. A diagram of the experimental
arrangement is given in Fig. 1. The tests were performed on two transparent nozzles (1 = 0.300 m, dy =4,
=0,150 m, d; = 0.100 m and d; = 0.112 m) and on one opaque (! =1,50, dy =d, =0,170 m, d; = 0.140mj,
The method of investigation is to determine the characteristics of the cavitating flow at the nozzle exit from
measurements of the forces acting on the nozzle and the flow parameters.at the nozzle entry, A movable
sealed coupling is formed between the nozzle and the pipeline by means of packing glands. Since the flow
diameter is large (d = 0.150 m), the ratio of the friction force in the glands to the force acting on the nozzle
as measured with a strain gauge does not exceed 5 to 10%. The rate of flow of water into the nozzle is de-
termined from the pressure difference in the convergent section (d; = 0.400 m) between cross section 1-1
and 2-2, The pressure in the pipe sections and the working section (cross sections1, 2, 3, 4) is measured
with standard laboratory manometers.

In the experiments we used fap water at 5 to 23°C, Temperature measurements in the flow and inside
the chamber by differential thermocouples show that the temperature inside the chamber is 1 or 2°C lower,
on the average, than in the freestream flow.

IREEEE

Cieftd

!/
Fig. 1. Experimental arrangement. 1-4) Labeled cross
sections; 5) probe for measurement of the volume concen-
tration of mixture components [6]; 6) suspension system
with strain gauge.
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Fig. 2. Experimental and analytical data for nozzles (7= 0.3 m,
dy =d; =0.150 m). a) dy/d; = 1.33; b) 1.5. 1) Water velocity v,
in narrowest section of nozzle (cross section 3-3); 2) pressure
induced reaction component R ; 3) velocity 54 of mixture at nozzle
exit (cross section 4-4); 4) reaction R acting on nozzle; 5) entry
velocity vV, of water into nozzle (cross section 2-2); 6) head loss
factor ¢y; 7) energy loss factor ¢g; 8) reaction component ﬁm

due to change of momentum; 9) volume concentration c, of gas
(vapor and air) at nozzle exit; 10) ratio p; of nozzle exit pressure
to nozzle entry pressure.

The equation for the reaction force acting on the nozzle is written as follows in the one-dimensional
approximation:

R=m(v,—1y) + Sypy— Sypy = Ry, + R, @)
The mass flow through the nozz}e is
m = S,0,01, = SvaPy = S, (1,01 + CgPg), @)
where
ey +eg=1. 3)

Equation (2) is constrained by the condition that the liquid medium and vapor formed (air) move
across cross section 44 at the same velocities.
With regard for Eq. (2) the reaction force component induced by the change of momentum of the mass
moving through the nozzle is '
Uy

Rm :_—,m'(v4_ 02) = pL,v';’ Sz (—v— — ) . (4;)

3

Accordingly, the second component of the reaction force is

Fig. 3. Volume concentration
¢, of vapor and air at nozzle
exit ¢ =1.50m, dy =d, =0.17
m, dy/d; = 1.2 for H, = 1.24);
r =r/r, is the dimensionless
nozzle radius at cross section
4-4, 1) From conductometric
measurements [6]; 2) from
measurements of forces on
nozzle; 3) average value for -
curve 1,
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R,=S8,(ps—p,) Tor S,=S,. ®)

In the experiment we measured the pressure-induced component of the reaction force according to
Eq. (5) and the total force R, from which it is then possible to determine R, and so the velocity and den-
sity of the fluid emerging from the nozzle:
cLoL-+%Py o, S35 . ©)
oL (R—R,) 84+ 9y S35

At the same time, the volume concentration of air (vapor) in the cavitating flow is
Co — (R '—Rp) pLS4 . )
8 {0y, —Pg) [(R —Ry) S, - pp, S
Inasmuch as the pressure of the cavitating liquid is usually small, the density of the gaseous components
can be neglected in most cases.

The experimental and analytical data on one-dimensional cavitating flows are given in Figs. 2a and
2b in the dimensionless form

5 R S R 5 R = Py .
R= ; Rp=or-5 Rp= o235 pa=——3
Sofle " SH c P SH, ‘ P
D= 2 = 2 g2 g
Ve v Ve
fh=1— H4; t.=1 H,S,
H,°~ HSu,
7 H 1
H2: —l; sz p2+ —é— 01,95 HL_pLT — 003

1 a
Hy=p,+ o (cLoy, + cgpg) vy .

The préssure and velocity at the inception of cavitation in cross section 3~3 are identical for both trans-
parent nozzles (dy/d; = 1.50 and dy/d; = 1.33): Pe = 0.2 N/m; v, = 24 m/sec.

The head loss factor ¢, and energy loss factor £ e Are best represented as follows in the given case:

el et m[l—cgl—egl b "
(1— =) H, (1— ) [l—cg(l_..pg)] H,
Sy %y [1—cg(1— op)] + 03
L=l (=) 24 =1 — 4 to ©
e (1—2h) S0, (I—xo) [I-Cg(l— Pg)]zHg
Here
7-42ﬂ1——' o 2p.C; ag: Pg
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The results of conductometric measurements [6] of the volume concentrations at points of cross sec-
tion 4-4 and a simultaneous determination of the volume concentrations by measurement of the forces
acting on the nozzle are presented in Fig. 3.

The following conclusions are based on these experimental investigations of internal cavitating flows.
The flow parameters suffer a discontinuity (jump) at the inception of cavitation.

The pressure in the expanding part of the nozzle, as observed in the experiments of Hochschild [2],
is not restored. However, the almost complete loss of potential energy inside the chamber at the exit from
the nozzle is largely offset by growth of the flow kinetic energy (v;/vy > 1; Ry, > 0). The total losses of
potential and kinetic energy (see Figs. 2a and 2b, curve 7) range from 50 to 159, depending on the c¢onstric-
tion of the nozzle (d,/dy) and the cavitation flow regime (ﬁz) . With an increase in the degree of expansion
of the duct the lost head increases as well, while the energy losses decrease; this behavior is explained
by the compressibility (expansibility) of the vapor —air-—water mixture.
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It is evident from a comparison of the ﬂow velocities (curves 1, 3, and 5 in Figs. 2a and 2b) that the
exit velocity of the vapor—alr—water thixture is greater than the Water entry velocity to the nozkle, but less
than the flow veloclty at the narrowest cross seetmn, for all cavitation flow reglmes

The conductometric measurements of the volume concentratmns of the mlxture components at points
of the flow cross section show that the chamber has a wall layer 8 to 10 mm thick, inside which the vapor
and air are 70 to 80% by volumeé. The flow core is denser and the vapor-air in it less by volume: 30 to 609,
depending on the nozzle constnctlon (dy/dz) and the caVLtatlon flow regime H,).

A comparison of the .volume coneentration measurements by the two different independent methods
exhibits reasonably good agreement.

-NOTATION

P is the pressure;

v is the velocity;

Py, is the density of the liquid;

is the density of the gas (vapor);

ey, is the volume coneentration of liquid;

is the volume concentration of gas (vapor);

S is the flow cross-sectional area.

The numerical subscripts indicate the labeled cross sections of the working length, as illustrated in Fig. 1.
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