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ABSTRACT

The effects of entrained and/or dissolved gases in a
venturi with water as test fluid on the observed cavitation
number for inception were investigated. Tests were conducted
for air contents from ~/ 0.5% to 4.0% by volume in water over
a temperature range of 50 to 150°F, a velocity range of 65 to
200 ft./sec., and a venturi throat diameter range from 1/8"
to 3/4", including intermediate sizes of 1/4" and 1/2".

Since it is quite difficult to differentiate between
the amount of gas that is in solution and that which is entrained,
the results are presented in terms of total gas content. The
facilities used for the investigation are briefly déscribed
and the experimental techniques presented.

Computerized least mean square regression analyses have
been made in order to develop equations relating the dependent
variable of observed cavitation number to the independent
variables, which include: gas content, temperature, loss
coefficient, and throat velocity. The last two variables were
then combined in the form of a throat Reynolds' Number.

It was found as a result of this investigation that:

a) There is a significant effect of gas content on cavi-
tation number for inception (incipient cavitation number). In
general it increases with increasing gas content.

b) No very significant temperature correlations were
possible due to the limited temperature range permitted with

the existing equipment.
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c) There is a significant effect of velocity on incipient
cavitation number. In general, it decreases with increasing
velocity.

d) The general trend for size effects is an increase of in-
cipient cavitation number with increasing venturi throat diameter.
e) There is a decrease of incipient cavitation number with
increasing Reynold's Number, although the correlations seem to be

restricted in their application to the various venturi throat
sizes so that no good fit was obtained across the whole range of

venturi sizes.
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CHAPTER T

INTRODUCTION

To the present there have been only a very few attempts
at delineating the effect of gas content on cavitation perfor-
mance of fluid-handling machinery such as centrifugal pumps,
hydraulic turbines, etc. It is expected that there are significant
effects both upon cavitation damage and fluid-dynamic performance.
The damage effects of entrained gas have been touched upon slight-
ly in the literature and some slight indications of the probable
effects have been gathered by tests of this laboratory. The
present state of affairs regarding gas content effects upon cavi-
tation damage are covered in another report from this laboratoryol
The present report is concerned only with the effects upon fluid-
dynamic performance.,

No clear-cut understanding of these performance effects
has yet evolved. It is evident that the relationships are very
complex and are also bound up with the general group of phenom-
ena labelled "scale effects" in the cavitation literature, ie,
the observed departures from classical scaling relations due
to changes in velocity, size, temperature, gas content, etc.

2,3,etc.

In past reports from this laboratory considerable data

regarding these effects in cavitating venturi systems using
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both water and mercury as test fluids has been presented. The
effects of gas content in particular have been covered in ref.
4 and 5 for mercury. The present report presents comparable
information for the water tests, and in the same form so that
eventually the behavior of these two fluids in similar flow
configurations can be compared.

It is expected on theoretical grounds that entrained
gas will be much more important in influencing cavitation incep-
tion than dissolved gas. Since the lifetime of a cavitation
bubble in a flowing system is very short (order of millisec.),
substantially only that dissolved gas which is within the liquid
volume which actually vaporizes to form the bubble can be
involved. This will then be only an extremely small fraction
of the bubble contents since the saturation content of air in
water is only a few ppm by mass. Entrained gas, however, is
of very great importance in bubble nucleation, since, per se
it provides an interface or nucleus necessary to start a rupture
of the liquid. In the absense of even traces of entrained gas,
substantial liquid tensions would be possible so that for all
practical engineering purposes, cavitation would not exist.
There is some indication that in some liquid metal systems the
quantity of entrained and/or dissolved gas is so low that this
condition may be approached.6 From the view point of boiling
systems this means that inconveniently large superheats are
required to nucleate boiling.

In water tests, the entrained portion of the gas is

usually only a very small portion of the total gas. Since only



3

the total can be conveniently measured, it is difficult to
separate out that portion which is thought to be important, ie,
the small entrained portion. Since the solubility of gasses
varies with pressure, temperature, etc., so that at any given
position in a rapidly flowing system equilibrium solubility
conditions probably cannot be expected. For this reason, tests
to measure the effect of gas content upon cavitation inception
number, for example, may be subject to great lack of precision
if only the total gas content 1s measured. Unfortunately this
is the case with most existing studies including the present
tests. It is thus indicated that the development of an instru-
ment capable of measuring only the entrained gas (or the "nuclei
content”" as it is sometimes called) is of great importance.
Possible techniques for such an instrument utilize either the
absorption of acoustic energy 1in appropriate frequencies by
bubbles7 or high-magnification visual techniques.

As indicated, results with mercury have already been

415 This mercury data has an

reported from this laboratory.
inherent advantage as compared with the present water data,
in that only entrained gas is involved, since, as for most
liguid metals, gas solubilities are essentially nil.
Considerable data in water of application to this
general approach has been gathered for a doctoral thesis,3 and
has been reduced and correlated in the same manner as the above
mentioned mercury data in order that comparisons of this data
can be made between the two fluids in the same geometries.

A systematic variation of the many variables in the systems

has been made in a controlled manner in order to explore the
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effects of each variable individually. These variables include
venturi size, fluid velocity and temperature, degree of cavi-

tation, and gas and impurity content.



CHAPTER II

MAJOR EXPERIMENTAL FACILITIES

The main facility used in the current investigation has
been thoroughly described in the literatureg, and will be
briefly presented in this section. The water system consists
of a centrifugal pump, stainless steel piping, and four cavi-
tation test loops (Fig. 1 and 2). These four loops are all fed
from a main high pressure tank. They discharge into a low pres-
sure tank (or manifold). Flow is returned by a centrifugal
pump driven by a variable speed drive. For the current tests,
only one loop was used. A bypass loop exists to vary the gas
and impurity content of the fluid, and a cooling system allows
some degree of temperature variation. The maximum temperature
is limited by the plexiglas venturis to about 150°F. Velocities
between 65 and 200 ft./sec. can be attained in 1/2" diameter
throat venturis for cavitation inception conditions.

Flow control on this system is achieved by variation of
venturi back pressure (through gas loading of a surge tank)
and pump RPM, so that no control valves are required. Flow
measurement is obtained by suitable orifice plates of three
sizes, to obtain precise measurement over the entire range of
velocities used.

The measurement of total gas content of the water was
accomplished with the use of a Van Slyke apparatus, (Fig. 3),

which was originally designed for use in the medical profession

5
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Fig. 2.--Photograph of water cavitation, closed loop,
venturi facility.
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for "blood gas" analysis. To accomplish the measurement in the
present system, a sample of the water-gas mixture is removed
from the venturi outlet and immediately put into the Van Slyke.
The sample is put under a torricellion vacuum and agitated to
separate all gas from the water. This gas 1s then quickly
compressed into a known volume at known temperature, and the
pressure is measured with a manometer. With the temperature,
volume and pressure known the mass of the gas sample can be
determined and related to the original mass of the known sample
size in order to compute the percent volume gas content of the
fluid.

Thevpressures that are required from the system are
measured with high-precision Heise gages selected to suitably
cover the full pressure range, reading from a manifold which
can be quickly connected to wvarious tap positions along the
entire length of the venturi. These are spaced more closely
in the regions where the minimum pressures are known to exist
from previous experience. Vapor pressure is subtracted from
the measured pressures., The result is then normalized by
dividing through by the kinetic pressure, so that all pressures
are reported in the form of a cavitation number. The minimum
such number along the venturi for a given flow condition is then
the classical cavitation number for that condition. The reduc-
tion and subsequent plotting of this raw data is accomplished
with the aid of a digital computer program.

There are several important effects to be considered
during the planning of a test program, one of which is the effect

of the past history of the water to be cavitated. There has
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been previous reference to the importance of this effectg'lo,
in that when the water has been held under high pressure for
some time before the test is initiated, the cavitation number
is affected. This is presumably due to the fact that the gas
solubility of the fluid is higher at higher pressures and thus
less entrained gas is present at the onset of the test for
bubble nucleation, ie, the gas nuclei are reduced both in number
and size. Succeeding exposure to low pressure and turbulence in
the cavitating region drives some of the gas from solution back
into the entrained form. Thus the water is returned to its
normal state and can no longer sustain a high degree of tension.
This has been clearly demonstrated in recent tests in this
laboratory3, Fig. 4.

Other parameters as roughness, pressure pulses in the
flow due to pumping effects, etc. may influence the magnitude
of the measured cavitation number. Currently tests to determine
the transient pressure behaviour and detailed structure of the
flow in a cavitating venturi are being conducted in this labor-

11

atory. It is hoped to relate these effects to the measured

cavitation number.
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CHAPTER TIIT
SCOPE OF THE EXPERIMENTAL DATA

The venturis used in the facility were all geometrically
similar plexiglas venturis (Fig. 5) with throat diameters of
3/4", 1/2", 1/4", and 1/8". These venturis correspond to the
venturi numbers of 534, 412, 614, and 818, respectively, and
are shown in Figs. 6, 7, 8, and 9, with the water loop connec-
tions shown. The experimental data was all taken within the
temperature range of 50°F to 140°F.

In the water system it was not possible to visually
detect any gas (using strobe light illumination), When the
measured content was below the saturation level of about 2%
by volume, so that it was assumed that substantially all the gas
was either in solution or in the form of microbubbles of a size
below the visual 1limit under the stated conditions of observation.
Above the saturation level, gas was admitted to the system
through a small valve and mixed in the loop until homogenous
conditions were attained. A previous report12 summarizes this
work. The total gas content for the data under consideration
all varies between 0.68% and 2.60% of saturation by volume at
STP.

The flow velocities vary between 60 ft./sec. and 220
ft./sec., with the majority of the data points distributed
around the velocities of 70 ft./sec., 100 ft./sec., and 200

ft./sec.
12
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Approximately 64 runs were made using the 3/4" diameter
venturi. Similar runs were lumped together for the computer
analysis yielding a total of 32 data sets. These runs include
data at the following cavitation conditions (defined in the
appendix): zero cavitation, initiation* (including sonic and
visible which were equivalent for these tests**), standard
cavitation, and first mark cavitation. Approximately 132 runs
were made using the 1/2" diameter venturi. These were lumped
into a total of 44 data sets, including data for the same four
cavitation conditions. Approximately 80 runs were made with the
1/4" venturi, yielding a total of 39 data sets in the same four
cavitation conditions. Approximately 60 runs were made using
the 1/8" venturi, yielding a total of 30 data sets, again in

the same four cavitation conditions.

*Called "sonic" in Tables, Appendix, and text.

**No difference was detected in these tests, except
for those us%pg prepressurized water, as has been reported
elsewhere (14 "petween the inception cavitation condition as
approached alternately from the non-cavitating or fully cavi-
tating side. However, no very detailed attempt to investigate
the possibility of such a difference was made.



CHAPTER IV

REDUCTION OF THE DATA

Since there were many variables to be considered in
this investigation, it was necessary to group the data into
several sets according to three cavitation conditions (initia-
tion, standard, and first mark, zero cavitation being of no
interest) and four venturi sizes (3/4", 1/2", 1/4", and 1/8").
This results in twelve groups of data. The parameters of
velocity, gas content, temperature, and loss coefficient were
then allowed as variables, and a correlation made with a regres-
sion analysis computer program4 between these variables and the
measured cavitation numbers. This was deemed to be the only
practical way of handling the data in view of the large number
of variables so that a meaningful correlation could be deter-
mined. The range of the experimental variations in the variable
parameters is shown in Table 1 with the problem numbers indi-
cated where the data sets were used for the computer correla-

tions as shown in the appendix.

19
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TABLE 1
Venturi Cavitation Temperature Velocity Problem Number
Number Condition °F ft./sec. Volg L. C.
534 Sonic 80 70 1 4,5,6
80 100 2
80 180 3
534 Standard 60 100
80 70
80 100
80 182
534 1lst Mark 80 70 35
80 100 35
90 180 35
412 Sonic 50 63 ’
50 100 7
80 220
120 63 9
120 100 8 11,12,13
120 220 10
412 Standard 55 65
80 210
113 65
100 55 23 24,25,26
100 120
140 212
412 1st Mark 55 65
55 100 36
77 200
105 65
120 100
135 200
614 Sonic 70 68 14
70 96 15
82 195 16
614 Standard 65 70
65 100 27 29,30,31
85 200
100 100 29,30,31
614 1lst Mark 70 67
70 100
85 200
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TABLE 1 (Continued)

m—

Venturi Cavitation Temperature Velocity Problem Number
Number Condition °F ft./sec. Vol$ L. C.
818 Sonic 65 75 17
65 100 18 20,21,22
65 150
80 200 19
100 80
100 100
818 Standard 60 76 32
65 100 33
75 200 34
100 80 32
100 100 33
818 lst Mark 65 75
65 100
70 200
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The computer analysis employed is a simple linear
regression. Basically the analysis involves taking a set of
experimental data which includes a series of independent varia-
bles (the program can handle 100 such variables) and a single
dependent variable and deriving a linear combination of the
independent variables which best describes the distribution of
the dependent variable data over a certain range according to
the criterion of least mean square error in the approximation.
The independent variables being considered here are:

1. Venturi throat diameter: 3/4", 1/2", 1/4", 1/8"

2. Temperature: 50°F to 140°F

3. Throat velocity: 70 ft./sec., 100 ft./sec., 200 ft./sec.

4. Cavitation condition: sonic, standard, first mark

5. Gas content: 0.68% to 2.60% by volume
For any fixed combination of the above independent variables
of the experiment, there presumably exists a definite wall
pressure profile and flow rate. These constitute the basic
dependent variable measurements which were made. From the wall
pressures, the minimum wall pressure is determined, and consider-
ing the vapor pressure at the set temperature, the cavitation
number is computed, utilizing the throat velocity derived from

the flow rate measurement and the observed cavitation condition:®

- V()m.L\ -/Pu—;
G_Cj ?V:/Z%o - —-— (\)

In addition, the loss coefficient for the venturi,
\P‘\n -— /PD\)\
-/

= G-._ - 2z - - -
LC— G._V{/Z%° (2)
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is computed. This is a measure of the disturbance to the single
phase flow caused by the cavitation. It increases rapidly for
more developed cavitation conditions, since the diffuser efficien-
cy decreases rapidly for increased cavitation.
For the purposes of this investigation it is assumed

that a relation of the following type exists:
(jz_:; (S:(L.Co, Vol.%, V, T, Cavitation Condition) - ”,(3)

In view of this relation, single plots of cavitation number vs.
gas content, or any other single parameter, are not meaningful
unless the variation in all other parameters listed has only
negligible effect. Difficulties were encountered in actually
conducting the tests at selected values of some of the indepen-
dent variables and a sometimes substantial variation in loss
coefficient was noted when the cavitation condition was set.
Thus the data generally could not be considered as applying for
all conditions except a single variable fixed. Hence it was
decided to correlate the data assuming variation in all indepen-
dent variables. The program could then be utilized to generate
a power series summation utilizing only a small number of terms,
wherein the effects of the different parameter variations could
be assumed to act independently. Thus relations of the form

exhibited below are to be generated:

3 ' 3 1 o3 .
t < L ¢ t
o= Cor T CGLEY TS CUl%Y+ Y W) 4 G (T)s--- @)
\L'—O ‘l’-o icg 27@
A more detailed explanation of the program was given in a pre-

. 4
vious report.
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To derive any meaningful information from the computer
developed correlations, it is necessary to examine the behavior
of the cavitation number under the influence of individual
parameters with the remaining variables held constant. Thus
the data sets under each group were lumped into problems with
the cavitation number as a function of the independent variable
of interest and the remaining variables held constant by using
their average values in the computer developed group equations.
Only data containing a small range of other than the variable
of primary interest were lumped to obtain the average values
for these other variables which were then used as constants
in the equations from which the two-variable plots were made.

For example, suppose that it is desired to»consider
the cavitation number as a function of gas content for venturi
534 at the sonic cavitation condition with constant temperature,
velocity, and loss coefficient (group equation No. 1). The
data selected to give the average temperature, velocity, and
loss coefficient to be used as constants in the group equation
must cover only a small range. Thus runs with temperatures
of 80°F * 10°F and velocities of 70 ft./sec.t¥10 ft./sec. were
considered suitable, and an average loss coefficient for this
data was found, since the loss coefficient is a function of these
variables. Using these averages, curves were generated for
cavitation number versus gas content for venturi 534 at the sonic
cavitation condition for an average loss coefficient of 0.2698
by the computer plotting routine described earlier.5 A similar

procedure was followed for other independent variables of
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interest for other venturies and other cavitation conditions
resulting in a total of 36 computer plotted single variable
correlations which are all included for the sake of completeness
in the appendix. These were combined into several multiple
plots for comparison and evaluation of the effect of varying
different parameters,

A least mean square curve following the form of eq. (4)
was generated to fit the data with the aid of a computer for
each data group using the regression analysis developed pre-
viously. The resulting group equations from which the two-varia-
ble plots were generated by holding all variables but one con-
stant by using averaged values applicable to a given run set
for the others,are:

l. Venturi 534, sonic (including sonic, visible, and
visible +*) cavitation condition.
Qe = 0.107984 - 0.19342(vols)? + 0.0817994 (vols)> -
0.0000011593(ve1)2 + 0.0012874 (temp) - 2.0668583(l.c)3
2. Venturi 412, sonic (including sonic, visible, and visi-
ble +) cavitation condition.
Qe = 0.230813 - 0.02924(vols) + 0.00609217(vol%)3 -
0.001398201(vel) + O=000000017214(vel)3 +
0.0011736 (temp) - 00000000040486(temp)3 - 0.876878(1l.c.) +
6.6044644 (1.c.)">
3. Venturi 614, sonic (including sonic, visible, and visi-
ble +) cavitation condition.
(E-= 0.13561814 - 0.03736142(vol%)2 + 0.021944314(vol%)3 -
0.0013994318(vel) + 0.00000519484(vel)2 -

0.000000086895 (temp) >

* 1]
Cavitation condition slightly greater than visible inertia,
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4. Venturi 818, sonic (including sonic, visible, and
visible +) cavitation condition.
Cﬂ,= 0.53389034 + 000010037953(vol%)3 + 0.0000066279‘1.(vel)2
0.000000033542 (vel) > - 2.3543948(Ll.c) + 6.4742613(1.c.)>
5. Venturi 534, standard cavitation condition.
G:= 0.018438258 - 000000000220666(‘tfemp)3
6. Venturi 412, standard cavitation condition.
U:= 0.28363498 + 0.016803564(vols) - 0.00030307242(vel) +
09000000001889(vel)3 - 0.00000001036023(temp)3 -

2 4 26.997634(1.c.)3

10.679294(1.c.)
7 Venturi 614, standard cavitation condition
6:= 0.04827969 - 000014004958(vol%)3 - 0.00045697679 (vel) +
0.0000000050095(vel)3 + 0.043272207(1l.c.)

Venturi 818, standard cavitation condition.

Venturi 534, first mark cavitation condition.

8

Q.= 0.026887401 - 0.00055891578 (vols) 3 - 0.000095049423 (vel)

9

O“ 3
(4

= -0.0204071892 + 0.015932593(volg) + 0.00041013340(vol$%)

10. Venturi 412, first mark cavitation condition.

G:= 0.013075832 - 0.039778393 (vol%)2 + O.Ol7262038(vol%)3 -
0.000016933835(vel) + 030000039611217(temp)2 -
0.000000027824(temp)3 + 0.057207588(1l.c.)

11. Venturi 614, first mark cavitation condition.
Insufficient data was taken in this area for the re-
gression analysis to occur.

12. Venturi 818, first mark cavitation condition.

G = 0.020174654 - 0.000077390731(vel)



CHAPTER V

RESULTS

The results presented here represent approximately 300
test runs and approximately 150 distinct data sets, taken for
all the vardious conditions described above. Multiple correla-
tions and cross correlations are presented in hand plots which
in most cases have been taken from a combination of several

computer plots.

A. Gas Content Effects

Cavitation number versus gas content is plotted as a
function of various other parameters for cavitation inception
in Figs. 10 through 15. The general trend observed from these
plots is that the observed cavitation number increases as the gas
content of the water increases. Fig. 10 is a plot of the
inception cavitation number versus gas content for three vel-
ocities, 64 ft./sec., 100 ft./sec., and 215 ft./sec. This plot
was obtained from preliminary data3 and shows the theoretically
anticipated trends more closely than do some of the computer
developed plots using all the data. Many of the curves show

cavitation number decreasing with increasing gas content in the

27
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low gas content range (€1.5%) and increasing thereafter. It is
believed that the curve fitting techniques have generated the
rising curve toward the low pressure end, which is the "tail"
of the polynomial generated to fit the data primarily in the
higher gas content range where mcst of the data was taken. Thus
it seemed reasonable to disregard the very low gas content
region. Thus in general, as the gas content of the water in-
creases so does the inception cavitation number. This is of
course to be expected on theoretical grounds.,

Figs. 16 and 17 show the effect of gas content upon
cavitation number for a more fully developed cavitation condi-
tion, "standard cavitation". For this cavitation condition the
cavitation number definitely decreases as gas content increases,
ie, the pressure in the cavitation is apparently less when some
alr is present. No explanation for this rather unexpected

result is presently available.

B. Temperature Effects

Due to test apparatus limitations, it was not possible
to make very significant changes in the operating temperature.
The plexiglas venturis could not be operated at temperatures
7 150°F, and the minimum possible temperature was about room
temperature, so that only a small temperature differential was
possible. The data reflects this limitation showing no very

consistent or significant temperature correlations.
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C., Velocity Effects

In general, as the velocity of the water through the
venturi increases, within the range of the experiment, the
cavitation number decreases. Fig. 11 includes only one velo-
city and hence presents no information for a velocity correla-
tion. While Fig. 12 shows no correlation with velocity, the data
scatter is great and the curves are not widely spread. Figs.

13 and 14 do verify the velocity effect stated above for cavi-
tation inception. Fig, 15 shows the same effect if the curve
for 76 ft./sec. is neglected, since its loss coefficient differs
significantly from that of the others. A correction to the loss
coefficient to the lower value exhibited by the other curves

on this figure would raise the curve, ie, move it in the direction
required for consistent results. Fig. 16, for "standard cavi-
tation" shows a reverse effect, perhaps due to the fact that
only five data points were available for this correlation.

Thus the conclusion that an increase in velocity, all other
parameters being held constant, results in a decrease in the
inception cavitation number (in the range tested) is verified

by the data.

Fig. 18 (reproduced from a previous study3) shows that
a decrease in the inception cavitation number occurs until a
velocity of approximately 150 ft./sec. is reached. There 1is
then a slight increase for higher velocities. Other factors
seem to come into play after a certain velocity is reached
which nullify or overshadow the pure velocity effects. This

data (Fig. 18) comes from earlier tests conducted expressly
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Fig. 18.--Cavitation inception number vs. throat

velocity for 3/4" plexiglas venturi at 80°F in water.
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to observe the effects of velocity variation. The present data,
correlated by the regression analysis, is not in sufficient
detail to detect the increase in cavitation number at very high
velocity. Fig. 19 is a cross plot of the preliminary data
which was presented in Fig. 10. Again this iIs much closer to
the predicted trends than any of the computer developed corre-
lations using all of the data., It is shown (Fig. 19) that:

a) Gas content effects upon cavitation number are much
more pronounced at low velocity than at high wvelocity, perhaps
because more time is afforded for the emergence of gas from
solution.

b) For near saturation air content (STP) cavitation
number decreases with increasing velocity for low velocities
and then increases at high velccity, giving an "optimum" velo-
city from the viewpoint of attempting to avoid cavitation.

cj For low air content, cavitation number increases
continuously with increasing velocity. However, the extreme
low air content curves shown are mereliy extrapolated and hence
must be considered relatively unreliable.

It appears that the water data is extremely sensitive
to environmental paramefers such as the amount of gas entrained
versus that dissolved and to temperature variations. This was
shown to be the case by the prepressurization runs (Fig. 4).
Thus problems of repeatability arise when the water in the loop
is changed and when the data is taken on different days when
slight changes in the environment may have occurred. For this

reason the "preliminary data" already discussed (Figs. 10, 18,
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Fig. 19.--Cavitation inception number vs. throat
velocity for 1/2" plexiglas venturi at room temperature
and several air contents in water.
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and 19) which was taken in runs of relatively short duration on
the same day with the same water in the loop are much more
consistent than the computer correlations of numerous data sets
taken on many different occasions, since these also contain all
variables of water condition other than as expressed by the
total gas content, surface roughness changes as the venturi is

exposed to cavitation, etc.

D. Venturi Sigze Effects

In general cavitation number ilncreases with increasing
venturi throat diameter. This trend is just opposite to that
which was observed in this laboratory when mercury was used
as the cavitating fluid in a stainless steel venturi, but
relatively similar to that observed when mercury was used in a
plexiglas venturi. This may indicate a significant effect due
to the difference in roughness between the stainless steel and
the plexiglas venturis. Figures 20, 21, and 22 are plots of
cavitation number versus venturi throat diameter for plexiglas
venturis, for inception and "standard cavitation" conditions,
with water as the cavitating fluid. In slightly more than half
of the cases the minimum cavitation number occurs for a wventuri
throat diameter of approximately 1/4" with an increase in the
cavitation number for bocth the 1/8" and the 1/2" venturis. The
increase generally continues on to the 3/4" size. A similar
trend was also observed when mercury was used as the cavitating
fluid in a plexiglas venturi in this laboratory. The increase
of cavitation number for the very small diameter {(1/8") may be

due to what was termed a "biocking effect" for increasing gas
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content, since the gas and vapor bubbles become of large dimen-
sion compared to the throat opening and are thus capable of
momentarily completely filling the passage. This 1is not the
case when the venturi throat diameter is increased beyond 1/4".
Thus this two-phase flow does not scale properly even though

the flow passages used are geometrically similar.

E. Reynolds Number Effects

Figs. 23 and 24 are plots of cavitation inception number
versus Reynolds number for the 3/4", 1/2", 1/4", and 1/8"
diameter venturis at gas contents of 1%, 1.5%, and 2%. Fig.
23 shows the actual data points and Fig. 24 shows the points
calculated from the computer developed curves. The curves are
generally similar, although minor differences exist. The trend
of decreasing cavitation number with increasing Reynolds number
is shown in both cases. The curves are quite similar to those
obtained in earlier investigationsz, showing a decreasing cavi-
tation number with increasing Reynolds number for relatively
low Reynolds number and relatively little change in cavitation
number above a Reynolds number of 1060 However, in the very
high range there is a tendency for cavitation number to increase
as Reynolds number 1is further increased. This minimum in the
cavitation number versus Reynolds number curve 1s consistent

13 This lower range

with recent tests on a cavitating inducer.
indicates that the cavitation number increases with decreasing
Reynolds number, Fig. 24, and then decreases sharply for the

1/8" venturi. Again this peculiar behavior may be due to the
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smallness of the passage size, and the lack of flow scaling
previously mentioned. The general trend is that cavitation
number decreases with increasing Reynolds number. However, the
data does not plot on a single curve, but tends to be grouped
according to the venturi throat diameter size. A previous
comparison of venturi cavitation data in this laboratory (Fig.
25), showed that water and mercury data from the same venturi
did not plot together. Hence it must be concluded that Reynolds

number is not an all inclusive cavitation correlating parameter.
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CHAPTER VI

CONCLUSIONS

The general conclusions that can be drawn from this
investigation are as follows.

1) There is a significant effect of gas content on
cavitation number for all four venturi sizes tested. This effect
is such that cavitation number generally increases with gas
content increase. The effect is greatest for low velocity.

2) No significant temperature effects on the cavitation
number were noted, as the temperature range covered was inade-
quate in this respect.

3) Cavitation number tends to steadily increase with
increasing throat velocity for the low gas content values and
tends to decrease and then increase with the higher gas contents,
with the minimum in the latter plots falling at a velocity of
approximately 150 ft./sec. for the 3/4" and 1/2" venturis.

4) Cavitation number generally increases with in-
creasing throat diameter for the lower gas contents and remains
relatively constant for gas contents around the saturation
level at STP.

5) Cavitation number generally decreases with increasing

5

Reynolds number above a value of~2x10~ with a lessening rate of

50
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decrease above a value of~106. An increase 1s observed for
still higher Reynolds numbers. The Reynolds number data plots
best when grouped according to venturi throat size, and this is
consistent with previous data from water and mercury tests in
the same venturi where the two fluids did not plot together.
Thus Reynolds number is apparently not an all inclusive cor-

relating parameter for cavitating venturis.



APPENDIX

A. Definition of Cavitation Conditions

The following are the definitions of the degrees of
cavitation as used in this investigation:

Sonic Initiation* --- first visible or sonic manifestation
of cavitation in the venturi.

Visible Initiation*-- continuous ring of cavitation at the
throat outlet, about 1/8" long.

Standard Cavitation - cavitation cloud extends from throat
outlet to termination at 1.520(D)
inches downstream.

First Mark Cavitation-cavitation cloud extends from throat
outlet to termination at 3.440 (D)
inches downstream.

*The flow conditions corresponding to these two inception
conditions are the same for this set of tests so that both
conditions are called "cavitation inception" in the report.

B. Computer Plots and Correlations of Data

The following plots are the direct output from the
computer plotting program and list the correlating equations
that resulted from the data fitting, with plots of both the
experimental data(*) and the generated correlation curve(+)
from the listed equation. In general, more experimental data
was used to generate the correlation equation than appears to
be the case looking at the small number of experimental data

points presented on some of the plots. The equations were

52
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generated using all applicable data, which may have included
several gas contents, temperatures, velocities, and loss coef-
ficients, all for the same venturi and cavitation condition.
However, once the equation was in hand, it was necessary to
fix all independent variables but one in order to obtain a
two-variable plot. Then only that data which had direct cor-
respondence with the actual values of the fixed independent
variables that were inserted into the correlation equation

was plotted.
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