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ABSTRACT

Utilizing an ultrasonic vibratory cavitation facility, the
onset of cavitation was observed in liquid sodium for different
liquid sodium temperatures and at various sinusoidal pressure
field frequencies. It was observed that the pressure oscillation
required to initiate cavitation decreases linearly as the tempera-
ture of the sodium is increased from 500 to ISOOOF. For frequen-
cies below 20 kHz the cavitation threshold pressure amplitude is
essentially independent of frequency. For frequencies above 20
kHz the cavitation threshold begins to increase sharply. Using
the onset of cavitation data and the saturation temperature-pres-
sure data for liquid sodium, the superheat required to produce
nucleate boiling in liquid sodium was calculated. As the satura-
tion temperature of liquid sodium is increased the calculated
superheat decreases. For frequencies below 20 kHz the calculated
sodium superheat requirements, which are independent of frequency,
are in good agreement with steady-state sodium superheat data re-

ported in the literature.
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I. INTRODUCTION

With the development of sodium cooled fast breeder nuclear
reactors, renewed emphasis has been placed on determining the
heat transfer characteristics of liquid sodium. The determination
of the boiling properties of a reactor coolant is necessary since
changes in the coolant '"void fraction'' affect the nuclear reactivity,
thus affecting the reactor power output. Generation of a coolant
void fraction generally occurs when the fuel element temperature
is increased sufficiently to produce nucleate boiling within the bulk
of the coolant. Thus if the reactor temperature is increased so
that nucleate boiling occurs, the void fraction increases producing
a change in the nuclear reactivity. If the reactor has a ""positive
void coefficient'', an increase in the void fraction produces an in-
crease in reactivity which in turn produces a further increase in
temperature, thus leading to a serious instability, This situation
is especially critical in fast breeder reactors since large changes
in reactivity may lead to an extremely rapid increase in the reactor
power output.

Nucleate boiling is characterized by two separate processes:
the formation of bubbles (nucleation), and the subsequent growth of
these bubbles, For the first process to occur there must exist, in
the liquid,sites or locations from which the bubbles can nucleate.
Consistent with most current literature, we have assumed that these
sites are small spherical vapor bubbles somehow stabilized in the
liquid. A force balance on a spherical vapor bubble of radius R in

unstable equilibrium in a liquid indicates that

P, - B, = 20/R (1)
where Pv = vapor pressure inside bubble
P_ = liquid pressure



surface tension

H

R bubble radius.

1]

Unstable equilibrium exists in that for a bubble of radius
less than R, eq. (1) is no longer satisfied and the bubble will
collapse. For a bubble of radius larger than R, eq. (1) is again
no longer satisfied and the bubble will grow. Thus, if the condi-
tions in the liquid are such that eq. (1) is satisfied and then there
is a slight increase in R, bubble growth will occur.

In the idealized heat transfer case nucleate boiling in a

liquid is produced under constant liquid pressure, P by in-

L’
creasing the liquid temperature, Tv’ until the saturation pressure
corresponding to the liquid temperature (which for thermal equi-
librium in the liquid is identical to PV) satisfies eq. (1). At this
point the liquid is in a superheated condition since the liquid
temperature is above the saturation temperature corresponding
to the liquid pressure. The required superheat becomes the dif-
ference between the liquid temperature, TV, and the saturation
temperature corresponding to PL
Eq. (1) can also be satisfied by maintaining the liquid
temperature constant, thereby keeping PV constant, and then

lowering the surrounding liquid pressure, P_, until eq. (1) is

L
satisfied and bubble growth occurs. This would be the idealized
cavitation case. Superheat can be defined in the same manner as
for the heat transfer case except that ’I‘V is assumed constant, and
the lower temperature of concern becomes the saturation tempera-
ture corresponding to the reduced liquid pressure, PL. Using
this cavitation technique to study superheat requirements for nu-
cleate boiling provides the advantage of allowing the application of

the required changes in liquid pressure in a very short time., For

example, if an ultrasonic transducer is used to transmit a 20 kHz



pressure wave through the liquid, the duration of the negative
pressure pulse producing the cavitation or nucleate boiling in the
liquid is only 25 microseconds, Ultrasonic cavitation techniques
were used in the present experiment to determine the time de-
pendence of the superheat requirements for nucleate boiling in
liquid sodium on the liquid saturation temperature and on the

frequency of the applied sinusoidal pressure field.

II. EXPERIMENTAL EQUIPMENT

The University of Michigan high-temperature ultrasonic

vibratory facility, initially developed by Garcia, (1, 2)

(3)

was modified
for this experiment, A brief description of the modified facility
is included for convenience.

Fig. 1is a schematic diagram of the modified facility. The
sinusoidal voltage signal, supplied by a variable frequency audio-
oscillator, is amplified and applied to a lead-zirconate-titanate
electrostrictive piezoelectric crystal, the displacements of which
are amplified by the "exponential horn'' portion of the assembly.
The axial motion of the tip of the ''test specimen'' produces pres-
sure waves in the test fluid. If the negative portion of these waves
is such that the local liquid pressure is reduced sufficiently, ""cavi-
tation'' or "boiling" will occur in the test fluid. A cover gas system
is employed to provide the required atmosphere and pressure above

the test fluid in the cavitation vessel, Fig. 2 is a photograph of the

facility.

*Nomenclature applies to the conventional use of this apparatus
for cavitation damage tests.



ITI. PRESSURE FIELD ANALYSIS

£

The cavitation vessel which contains the test fluid is a
stainless steel right circular cylinder. A circular baffle plate
is mounted to the vessel top plate so that the bottom surface of
the test specimen is flush with the bottom surface of the baffle
pléte (Fig. 3). This baffle-plate geometry was used to allow a
mathematical analysis of the pressure field as explained below.

If A is the maximum tip amplitude, the tip displacement
at any time is then A sin (wt), and its velocity is Uo cos (W t),
where W 1is the angular frequency of vibration and U0 =W A
is the maximum velocity of the test specimen,

(4)

The analysis developed by Lansing et al was used to
determine the amplitude of the pressure field at any point within
the vessel, Neglecting viscosity and other dissipative mechanisms,
and assuming rigid vessel walls, the acoustic wave equation was

solved and the following expression obtained:

2 == -
- 5= A cos ,Q,k(l-z)]
P(F,20= Lk QU C { Tr[—nmj

e — - -
L2 L cos [KJ (l—z)] Jo(on r) Jl (DCJ_A)

— > sin Wt
.H.J (K,
oCJ iYo )

j=1 ]
where T = r/a

g = 2/a

2 = z/Q

kK = ad

w = w/c

A = b/a

I—{j _ ﬁ (T<2 _“jz )1/2
o(j =  j-th zero of Jl



J‘ = Bessel function of the first kind of order one.
o = Bessel function of the first kind of order zero
ﬁ. = f(- sin f(-
J J J

Eq. (2) indicates that longitudinal resonant conditions
exist when sin (iE) = 0, transverse modes occur whenever Ej
= 0, and longitudinal and transverse modes occur when sin Ej
= 0. Eq. (2) may be used to determine the pressure field inside
the vessel only if conditions are far removed from any resonant
condition, since eq. (2) predicts infinite pressure at resonance,

Eq. (2) contains the geometrical parameters, fluid density,
and velocity of sound,which are known functions of temperature,
frequency of applied voltage, and horn amplitude. This last quantity was
measured using ‘the output voltage from the lead-zirconate-titanate
piezoelectric crystal mounted on the top of the assembly. This
output voltage is proportional to the test specimen displacement.
Calibration was obtained using a KD-38 Fotonic Sensor* to monitor
the horn tip displacement in air. (2)

To verify eq. (2), the pressure field was measured in water
using a microprobe described elsewhere, (2) especially developed
for this task. Fig., 4 compares a typical set of experimental pres-
sure points with the theoretical curve from eq.(2). Because of the
close agreement obtained, and since the fluid properties of water
and sodium are quite similar, eq. (2) was used to determine the

pressure field in the cavitation vessel with either water or liquid

sodium as the test fluid,

* MTI Instruments Division, Latham, New York.



IV, EXPERIMENTAL INVESTIGATIONS IN LIQUID SODIUM

For the sodium tests, horn assemblies of differing resonant
frequencies (14, 20, 22, and 25 kHz) were used to investigate the
frequency dependence of the cavitation threshold pressure oscilla-
tion. For each transducer horn assembly the effective length of
the cavitation vessel was adjusted such that conditions inside the
vessel would be far removed from resonance.

The horn tip units (''test specimens'') were of 304 stainless
steel, with bottom surfaces machined in a lathe to an approximate
32 p-inch finish, comparable in roughness to drawn tubing. (4) An
acoustic probe especially developed for this purpose, connected to
a vacuum tube voltmeter and a dual beam oscilloscope, was used
to detect the onset of cavitation. This technique is common in
many places.(S)The argon cover gas was maintained at a pressure
of 15,0 psia, providing a slight overpressure to prevent air leakage
into the cavitation vessel., New sealed sodium ingots were loaded
into the vessel in a dry box under argon for each test series, using
the technique previously developed in this laboratory for lithium. (1,2

The temperature of the liquid sodium was raised to 500°F after
the ve==erl was placed in the furnace. With the sodium temperature
held constant at BOOOF, the input power to the transducer horn as-
sembly was slowly and continuously increased until the onset of cavi-
tation was determined by the acoustic probe. The power to the trans-
ducer horn assembly was then decreased to zero, The counterweight
crystal (Fig. 1) output voltage at the onset of cavitation was observed
(using a vacuum tube voltmeter) to determine horn tip amplitude.

This process was repeated ten times while maintaining the tempera-
ture constant at 500 °F. The resulting ten values of counterweight

crystal voltage at the onset of cavitation were averaged to obtain one
data point for the onset of cavitation at 500°F. The temperature was

. o . . .
then increased to 750 F and the onset of cavitation was again determined



a total of ten times, and these values averaged to obtain a data
point for the onset of cavitation at 750°F. This process was re-
peated at approximately 1000, 1250, and 1500°F. To determine re-
peatability, the entire procedure was again repeated using the
same charge of sodium and the same transducer horn assembly.
The entire process as described above was performed
for each of the four exponential horns using a new 304 stainless
steel test specimen and a fresh charge of sodium for each horn,
Finally, an additional check run was made for each of the four
exponential horns to further check repeatability, A fresh charge
of sodium and a new test specimen were used for each of the four
check runs,
Upon completion of the last data run using liquid sodium
as the test fluid, the cavitation vessel was removed from the
furnace and delivered to Atomic Power Development Associates,
Inc., Detroit, Michigan,for analysis of the sodium. Table ]
lists the oxygen, hydrogen, and carbon content of the sodium used
in the last data run, This can be considered a typical run, since
the procedures followed for all runs were identical. Table 1 also
lists impurities found in sodium samples taken from the Enrico
Fermi sodium cooled fast reactor, indicating that the sodium in
our tests at their conclusion was approximately of reactor grade,
Figs. 5, 6, 7, and 8 show the onset of cavitation data using
the 14, 20, 22, and 25 kHz transducer horn assemblies, respectively.
The peak pressures of the applied sinusoidal pressure wave are ob-
tained from eq. (2) when evaluated at the pointr=0 and z = 0, The
test specimen displacement was obtained from the counterweight
crystal calibration curves using the counterweight crystal voltages
observed at the onset of cavitation. A least mean square analysis
was used to establish the linear relationship between applied changes

in pressure and liquid temperature at the onset of cavitation. Similar



linear relationships have been reported in the literature where

(6, 7)

water was used as the test fluid, To determine the frequency
dependence the data from Figs. 5, 6, 7, and 8 were replotted in
Fig. 9 as peak values of sinusoidal pressure vs, frequency for

various liquid sodium temperatures.

V. DISCUSSION OF RESULTS

In reviewing the experimental data the frequency and
temperature dependence are of major interest.

A, Frequency Dependence

As the frequency of the applied pressure field is increased,
the observed cavitation thresholds increase (Fig. 9) at an increasing
rate for frequencies above approximately 20 kHz, i.e., there is
relatively little frequency dependence on the cavitation thresholds
for frequencies below 20 kHz, For frequencies above 20 kHz the
cavitation thresholds begin to increase sharply,

Boguslavskii and Korets (8)provide the most comprehensive
theoretical investigation of the effect of frequency on the cavitation
threshold. They considered the influence of the inertial and viscous
forces on the motion of vapor cavities in an incompressible liquid
under the action of an alternating pressure field. In order to dis-
cuss the frequency dependence a partial review of their analysis

will be given here.

Starting with the Noltingk -Neppiras equation (9,10) des-
cribing the growth of a vapor cavity, we have
e 3 22 20 R .
PRRR+5 R + T+ 405 = P_sinwt + P - P
where P = density of fluid
R = radius of vapor bubble

o =  surface tension
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dynamic viscosity

Po sinwt =  applied pressure field
Py = saturation vapor pressure
Pq = atmospheric pressure
w = 2w f
f = frequency of applied field.

Boguslavskii and Korets approximated the sinusoidal
pressure field by a square wave variation, with the dilation
and compression pulses possessing an amplitude Po for a time
T = T/2where T=27/W . If eq. (3) is written for the dilation
pulse we have with the square wave approximation

e 3 2 20~ R
/O(RR+—ZR)+—R——+47E_ZO (4)

where Z =P 4+ P -P
o o s a

is the tension applied to the liquid during the dilation pulse,
The first term of eq. (4) is the inertial term and has an order
of magnitude /OEZ/TZ where R represents the radius of the
bubble at the end of the dilation period “C . The second term
is the surface tension term, and the third represents the effects
of viscosity, having an order of magnitude 4'? /T. Boguslavskii
defines the onset of cavitation as the point at which the incipient
nuclei with radius of approximately 10_4 cm grow to a radius of
the order R = 5 x 10_2 cm during the time “C . This choice of
R is consistent with the work of Noltingk and Neppiras. (9,10)
Using liquid sodium as the test fluid it is found that the sur-
face tension term is approximately 3 atmospheres, using & = 148
dynes/cm, an average value for the temperature range of 500 to
1500°F. The inertial term reaches 3 atmospheres when the fre-

quency is increased to approximately 17.5 kHz. The viscous term
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( I? =0,41 % 10_2 poise) does not reach 3 atmospheres until the
frequency reaches approximately 108 Hz, and therefore remains
relatively negligible for the present investigation. Using the above
analysis and assuming an initial radius of 10_4 cm, it appears that

the cavitation threshold for liquid sodium is essentially independent
of frequency until the frequency reaches approximately 15-20 kHz.
The cavitation threshold then becomes significantly frequency-de-
pendent, and increases substantially for increases in frequency

above 15-20 kHz. These theoretical predictions are obviously

quite consistent with our measured data (Fig. 9). It should be pointed
out that the choice of the initial bubble size for liquid sodium is some-
what arbitrary., However, as mentioned later, if one assumes that
spherical vapor bubbles serve as nucleation sites, the radii of these
bubbles from these experiments is shown to be on the order of 10—4‘
cm, as was assumed in the preceding analysis.

B. Temperature Dependence

The required liquid pressure oscillation to provide cavitation
‘initiation was observed to decrease approximately linearly with
temperature. This temperature dependence can be understood by
considering the effects of a change in temperature on the physical
properties of the fluid, namely vapor pressure, surface tension,
viscosity, and gas content,

If it is assumed that the spherical bubbles serving as nuclea-
tion sites contain a small amount of undissolved gas, then eq. (1)
becomes

P+ Pg - P, o= 20-/R
where P is the partial pressure of the undissolved gas within the

bubble. Thus an increase in the partial pressure Pg reduces the required
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change in P| necessary to produce cavitation. Galloway observed
cavitation thresholds for water and benzene while varying the per
cent air concentrations. He reported a linear increase in the cavi-
tation threshold as the air concentration was decreased from 100
per cent to approximately 5 per cent, The solubility of argon in
liquid sodium (1) at 1 atm and 480°C is about 0.4 x 1078 atom frac-
tion and increases by an extrapolated factor of about 102 to 15000F,
giving a volume percent at 1500°F and 1 atm of about 0. 001% vs. -
about 1-2% for air in water at room temperature, Nevertheless,
this large increase in solubility with temperature for sodium may
tend to reduce the cavitation threshold requirements even though the
solubilities are very small at all temperatures,

The vapor pressure PV for the test fluid of course increases
as the temperature of the test fluid is increased. From eq. (5) it
can be seen that if Pv is increased the required change in the local
liquid pressure necessary to produce bubble growth is reduced,
since the argon over-pressure was maintained constant for all tests.
For liquid sodium P = 5,15 x 1074 psi at 500°F and P = 1.86 psi

at 1500°F. 12

Therefore, this relative change in PV, large com-
pared to the absolute pressure, contributes to the observed tempera-
ture dependence.

The surface tension for liquid sodium decreases linearly

(12) From

from 176 dynes/cm at 500°F to 120 dynes/cm at 1500°F,
eq. (5) it can be seen that this decrease in surface tension results
in reducing the change in pressure requirements necessary to pro-
duce cavitation,
It was pointed out earlier that the viscosity effect on bubble
behavior was small compared to inertial and surface tension effects
(13)

for frequencies of interest. Briggs et al compared the cavitation

threshold strengths of liquids with varying values of viscosity and
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found that the cavitation threshold decreased slightly with a decrease
in viscosity., The viscosity of liquid sodium decreases from 0. 41 x

(12) The reduction

10™2 poise at 500°F to 0,17 x 10”2 poise at 1500°F.,
in viscosity may also contribute to the decrease in cavitation thres-
hold for an increase in temperature; however, this effect is probably

small,

VI. CONVERSION TO SUPERHEAT REQUIREMENTS

Fig. 10 illustrates the relationships among the vapor pressure
PV, the argon cover gas pressure Pa, and the applied pressure field
Po sin wt. The applied sinusoidal pressure field alternates about
the applied cover gas pressure which for the present experiment
was maintained at 15,0 psia. With the application of the alternating
pressure field,the liquid pressure PL becomes

PL = Pa - Po sin wt.

As shown in Fig. 10 the liquid pressure must be reduced
to some value below the Vapor bressure to satisfy eq. (1) and to
initiate cavitation in the liquid. If it is assumed that the liquid
responds approximately to the peak value of the sinusoidal pressure
field, then substituting eq. (6) into eq. (1) we obtain at the onset of

cavitation

P +P - P = 20/R

Po is determined from the data recorded at the onset of
cavitation, PV and 0 , which are functions of temperature, are
known quantities. Pa was held constant at 15, 0 psia. Thus the

radius of the vapor bubble which serves as the nucleation site
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becomes the only unknown quantity, and can be determined from
eq. (7). In other words, for the range below about 20 kHz where
frequency effects are small, by determining the liquid pressure
oscillation required to produce cavitation, the radius of the vapor
bubble existing in the liquid which serves as a nucleation site can
be determined., For frequencies above about 20 kHz, as previously
stated, inertial effects become important and begin to affect the
cavitation threshold, so that pressure oscillation for cavitation
initiation is affected not only by Ro’ but also by inertial effects.
Thus at higher frequencies, an effective bubble radius R' must

be utilized, if the equation

" - = !
I‘o+ PV Pa 20 /R

is to be used for all frequencies. For frequencies below 20 kHz
the effective radius R' is equal to the radius of the bubble serving
as the nucleation site, if this is indeed a spherical bubble, For
frequencies above 20 kHz, R' represents an effective radius which
takes into account inertial and possible viscous effects. Thus R'
is smaller than the actual radius R0 for high frequencies.

We have then the following steps in converting the onset
of cavitation data to superheat requirements;.

1.  From the onset of cavitation data determine the cor-
responding quantity 2 0/R' using eq. (7a).

2. Identify the temperature of the liquid at the onset of
cavitation as the temperature TV.

3. For a particular value of TV determine the difference
between the saturation pressure corresponding to TV and the value
of 2 6/R' determined from the cavitation data for the chosen value
of TV. This difference becomes the saturation pressure corres-

i T
ponding to sat
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4. From the curve of saturation pressure versus satura-

tion temperature for liquid sodium determine Ts The tempera-

at”

ture difference TV - TS is then the required superheat. The

interpretation of this suzterheat requirement is that liquid sodium
with a boiling point of Tsat must be heated to TV before nucleate
boiling occurs in the liquid. This change in temperature would
be applied as a sinusoidal temperature change with a frequency
equal to the frequency of the pressure field used to obtain the
cavitation data used in step 3 above.

Following these steps, the onset of cavitation data shown in
Fig. 9 were converted to sodium superheat requirements. Shown
in Fig, 1l are curves of Z6/R' versus Tv for 14.0, 17.5, 21.0,
and 24.5 kHz. The curves of 26 /R' were determined using the
data in Fig. 9 and eq.(7a). Listed in Table 2 are the numeriéal
values used in the calculation of the sodium superheat. It was
necessary to extrapolate the 2 6/R' curves for the 21.0 and
24.5 kHz frequencies since at relatively low temperatures the
resulting difference between the saturation pressure corres-
ponding to TV and the quantity 2 § /R' becomes negative and cannot
be used as a saturation pressure for Tsat' Plotted in Fig. 12 are
the resulting curves of superheat versus liquid sodium saturation
temperature for 14,0, 17,5, 21.0, and 24.5 kHz. To indicate the
frequency dependence the data in Fig. 12 were replotted in Fig. 13

as curves of superheat requirements versus frequency for the

saturation temperatures of 500, 750, 1000, 1250, and 15000F.

VII. DISCUSSION OF SUPERHEAT RESULTS

From the curves of 20 /R' versus sodium temperature,

the effective bubble radius R' can be determined. Knowing the

values of surface tension as a function of temperature,the effective
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radius R' was calculated and varies from 0. 80::10_4 cm at 500°F
and 24.5 kHz to 31 7x10" % cm at 1500°F and 14 kHz (Table 2). For
constant frequency the effective bubble radius R' increases for
increasing temperature. For example, at 14 kHz the effective
bubble radius increases from 1. 93x10-4 cm at 500°F to 31, '7x10-4

cm at 1500°F. In other words, as the temperature at which boiling
occurs in the liquid is increased, the effective radius of the bubble
serving as the nucleation site appears to increase. Physically,

this is reasonable for several reasons. As the temperature is
increased, the surface tension is reduced, tending to increase

the radius of the bubble stabilized in the liquid. The vapor pres-
sure PV increases with temperature with the possible result that

the radius of the bubble would be increased. The solubility of

argon in liquid sodium increases with temperature and this solu-
bility may contribute to a larger radius for the bubble stabilized

in the fluid. However, it should be emphasized that the mechanisms
involved in the stabilization of these spherical bubbles are not known
and the exact effect of the changes in the above mentioned variables
cannot be determined, although the trends outlined above appear
reasonable in accounting for the increase in R' for an increase in
temperature.

It is noted that for a constant liquid sodium temperature the
effective radius R' decreases for increasing frequency. As discussed
in the previous section this decrease in R' is due to the frequency
dependence of the required onset pressures, and is presumably
primarily a result of inertial resistance to bubble growth in the
liquid,

In reviewing the numerical values calculated for the effective
bubble radius it is observed that for temperatures below 10000F, the

-4
values of R' are on the order of 10 cm)which was the value assumed
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for the radius in the previous discussion on frequency dependence,
 lending credence to the present experimentally determined values
of R'.,
Fig. 12 indicates that as the saturation temperature is in-
creased the required superheat decreases. This is primarily due
to two effects. First, the superheat requirement increases with
the quantity 2 ¢°/R', and 2 6 /R' decreases for increasing sodium
temperature (Fig, 11). Second, from the saturation curve for liquid
sodium, for a constant change in pressure the corresponding changes
in saturation temperature decrease for higher liquid temperatures. (12)
In other words, because of the nonlinearity of the saturation curve
for sodium (typical of most liquids), a given change in pressure
required to produced cavitation results in a much larger superheat
requirement for a relatively low value of temperature than for a high
value of temperature. Therefore, the combination of the reduction
in the measured 2 § /R' for increasing liquid sodium temperature
and the nonlinearity of the saturation line for liquid sodium results
in a decrease in superheat for an increase in saturation temperature,
The superheat requirements for frequencies from 14 to approxi-
mately 18 kHz are essentially independent of frequency (Fig. 13) and as
such should be comparable to superheat requirements determined from
steady state heat transfer experiments. The majority of the sodium
superheat measurements reported in the literature were made in
essentially steady state heat transfer experiments in which the in-
crease in temperature necessary to produce boiling in the liquid
sodium was applied over relatively long periods of time compared
to the application times utilized in this study. Holtz and Singer(M)
presented a comparison of currently available data on sodium super-

heating taken from seven different sources. The majority of the

superheats reported by Holtz and Singer lie within the shaded area
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shown in Fig. 12. In comparing the results of this investigation
with the data represented by the shaded area in Fig. 12 it is noted
that the curves of superheat requirements for the frequencies 14
and 17. 5 kHz are within this shaded area for saturation tempera-
tures from approximately 1150 to 1600°F. In other words, there
appears to be reasonably good agreement between the lower fre-
quency portion of the data of this study and the relatively steady
state data reported in the literature for comparable value of Tsat
It would be difficult to obtain a more exact comparison because of

the many variables that can affect supherheat behavior of liquid sodium.

15)

As discussed by Fauske( these variables include heat flux, heating
surface, fluid velocity, pressure, pressure-temperature history,
"aging, purity, radiation, and heating method. However, it is en-
couraging to note that the sodium superheat data obtained using

cavitation techniques does fall within the range of superheat data

obtained using heat transfer techniques.

VIII. CONCLUSIONS

(1) A method has been developed to determine the change in

liquid pressure at relatively high frequency required to initiate cavi-
tation in liquid sodium. This change in liquid pressure was determined
as a function of the liquid sodium temperature and as a function of the
frequency of the applied sinusoidal pressure field. It was observed
that the cavitation threshold decreases approximately linearly as
the liquid sodium temperature is increased from 500 to 1500°F. For
frequencies below approximately 20 kHz the cavitation threshold was
found to be essentially independent of frequency. For frequencies
above 20 kHz the cavitation threshold begins to increase sharply.

(2) Utilizing the effective radii of the spherical bubbles

which are assumed to serve as nucleation sites for the onset of
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cavitation, the superheat requirements for liquid sodium were de-
termined. It was calculated that,as the saturation temperature of
the liquid sodium is increased,the resulting superheat requirements
decrease. The calculated values of sodium superheat for frequencies
below 20 kHz which are independent of frequency are in good agree-
ment with steady-state sodium superheat data found in the literature.
(3) The results obtained in this study can be related to condi-
tions which may arise in a sodium cooled nuclear reactor, The
purity of the sodium used in this study was comparable to the purity
of liquid sodium used in fast breeder nuclear reactors. The bottom
surfaces of the test specimens used in this study were machined in
a lathe to a commerically smooth condition so that their roughness
is approximately comparable to that of the sodium containment sur-

faces found in nuclear reactors.
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Figure 2, Photograph of the High-Temperature Ultrasonic
Cavitation Facility
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TABLE 1

Analysis of Sodium Used in This Experiment and Analysis of
Sodium Used in the Enrico Fermi Nuclear Reactor

Concentration Found

Concentration Found

Impurity In Sodium Used In In Sodium Used in
Experiment Fermi Reactor

Oxygen 22-25 ppm 5-25 ppm

Total Hydrogen

Content 3.6 ppm 145 ppm

Total Carbon 33.50 ppm 20-200 ppm

Content
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