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Cavitat i on i n Liqu i d Helium* 

~ . D. ~inch , R. Kagi wada , M. Barmatz, I. Rudnick 

university of California (Los Angeles) 

Ultra soni c cavitation has been induced in liquid helium over ~he 

tcMpexature ran ge 1 .2° K to 2.3°K, using a pair of i dentical transG-cer 5. 

The t ransdu cers wer e calibrated usin g a r eciprocity technique a .. d ·:he 

cavita tion thr e shold was determined at 90 Kc/s. I<.: was found ·t_.;: ", this 

thre shold ha s a sharp peak at the A point, but is , at all temper~·~res 

quite low, with an approximate ran ge of . 001 to . Olatm. The significance 

of t hese r esults is discussed. 
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Int:roductioT}; 

Estimates of the tensile strengths of liquids, based on the assumption 

that it is possible to rupture molecular bonds. are considerably higher 

than measured values. For example, in the case of water at room temper-

atures such predictions of tensile strength vary from 500 tp 10,000 atmos-

pheres while empirical values range from a fraction of an atmosphere to 

280 atreospheres (1,2). To explain these discrepancies it has been pro-. 

posed that true rupture does not occur in practice but that the applied 

tension is relieved by the sudden growth of relatively large cavities from 

microscopic nuclei. It is possible to nucleate cavitation in normal 

liquids by the following principal agencies: 

(1) 

(2) 

(4) 

minute gas or vapor filled bubbles, mechanically or 
electrolytically created, 

inclusions of gas or vapor in cracks on solid surfaces, 

solid-particles unwetted by the liquid, 

cosmic rays and radio-activity. 

The last mentioned agency was first suggested since even degassed d,is-

tilled liquids have relatively low thresholds (3). There is now a growing 

body of phenomena in which cosmic rays and radio-activity nucleate 

cavitation (4·-10). 

It has been· pointed out by Beams (11) that the variety of possible 

nucl~i is much restricted in liquid helium since it cannot contain bubbles 

filled with anything but its own vapor, it is a very efficient wetting agent 

and due to its low viscosity and density cannot readily carry solid particles 

in suspension. If cavitation in liquid helium is nucleated then the most 

likely agency would'be cosmic rays. 

When the vapor above liquid Helium I is pumped away, evaporative 

cooling occurs, and bubbles rise through the liquid. On reaching the 

A. point the bubbling stops and bel0'117 this temperature the liquid, Helium II, 

-------~--~------- --------..,...,..~~-====.:::_:__c--====== 
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has excellent heat transfer properties, causing the disappearance of bubbles 

(12). This and other manifestations of superfluidi ty make it especially in-

teresting £or cavitation studies. 

The tensile strength of Helium II was first measured by Misener and Herbert 

(13) in the temperature range 1.092°K to 2.147°K using a bellows technicri.le. 

They concluded that if Helium II had a tensile strength it could no"!: exceed 

0.3 atmospheres. Beams (11) measured the tensile strength o£ Helictm II by a 

spinning capillary method and by a piston and cylinder method at a tempera tu.re 

0 
of about 1. 9 K. He found the negative pressures necessary for rup·eure were 

0.14 ~.02 atmospheres with the first method and about one half of this value 

with the second method. Since these values are much less than theoretical 

estimates, Beams concluded that there must have been nuclei present. Du.:·i,1g. 

preliminary experiments £or the design of a liquid helium bu'bble chambe:r 

W. M. Fairbank· et al (14) applied negative pressures of a'!Jout .100 r.JU to Heli:..:m E 

and obtained photographs of bubbles. No tracks were found but there were some 

'double' bubbles, which Fairbnnk et al conjectured mig.~"!: have :o;one relat:~on·-· 

ship to quantized vortices. ·-
The uncertain ties; in these experiments arose from dif£icul ties in ·:::•e 

measurement o£ small negative pressures and in the detection of "'.:he onse·t of 

cavitation. Relatively low negative pressures can be readily app.J.ied and 

measured using ultrasonic techniques. Further, u.1. trasonic cavitation gives 

rise to a characteristic noise which is generated by the collapse of c,a-,i-

ties during the positive pressure phase. This noise: when amplified, affords 

a sensitive means of detecting the onset of cavi"!:a~ion. 

·Apparatus. 

The object of the present experiments wc:s, t!'1e::!·, to measure -.·.-.c ....... .~. ..... .. ~2::-eshold 

of ultrasonic cavitation in liquid helium over a te:2pera'tu::.-e rc.:1g~. To do 

this two transducers were ell).ployect'': one to act as a driver and t~e othe:.: 

~ - --· .... -~------~ 
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as a microphone. A block diagram of the criving and microphone circuits ~.s 

given in Fig. _1. As will be explained later, it was possible to measure 

a~oustic pressures simply by monitoring the driver and mi~rophone voltages, 

vvhile ·che threshold could be detected with cavitation noise, heard in ear-

phones and seen on an oscilloscope tracew 

The tvm transducers were identical discs of Clevite PZI' 4 ceramic, one 

half inch in radius and in thickness, with electrodes on the flat faces. The 

resonant frequencies of the transducers were both within 0.2% of 91.15 Kc/s 

in _l~quid helium and their capaci tar:ces were also the same' to within o. 5%. 

Tests made with a third transducer shmoJed that their sensitivities as micro-· - . 

phones were also essentially the .same. They were suppor~ed by t~reads (for 

vibration isolation) from a metal cradle with their opposed faces parallel, . . . 
there being a_separation of some 4.5 em between them, as_seen in Fig. 2. This 

photo~4aph also shows a carbon resistor which when immersed in helium formed 

or:·:: a:.:m of a. bridge so that by moni torit::tg the. off bal~Qce current an accu:z:a t~ 

.:.:-ldicatioa of temperature change was possible. The assembly shown in Fig. 2. 

S'~::;pended vertically in a standard low temperature doub~e Dewar system. 

ascembly ~ould be viewed through parallel vertical slits in the_silvering 

of the iJewars. Temperatures Wel;'e determined by mea;suring vapor pressure 

u.::ing ·v;c>.llace and Tiernan gauges. 

P~f}.i::._-d.:ary Obse.rva tions of Ca. vita tion 

l~hen the driving voltage was increased from zero there came a point 

at which intermittent bursts of noise could be heard in the earphones. 

This point corresponded to the cavitation threshold and could also be ob--

served as ~ no:i.'se" on an oscilloscope trace of the microphone output after 

it had been filtered to eliminate the 91 Kc/s driving frequer:cy. tvith 

further increase of the driving cur~ent the bursts became a steady white 

noise hiss, char(icteristic of·ultrasonic cavitation, this noise being 

easily distinguished from that of boiling above the A point, when the 

... ~·---- ·-- -·-·-----~-------······--·· 
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appearance of rela'tivel y large rising bubbles could be correlated with 

~burbling' sounds. '\IJith driving currents an order of magnitude or so 

higher than at threshold the cavitation no.1se was sufficient! y loud to be 

heard outside the cryostat with an unaided ear. At these power leve~s the 

cavities were visible as transient bubbles of about 1/2 to 1 mm. in dia-

meter, uniformly distributed throughout the volume between the transducers. 

This was the case whichever transducer was driven. It should be noted, 

however, that it was not easy to see these bubbles due to the low refractive 

index of liquid helium, and the use of photography was not practical since 

the cryostat could not readily accomodate optical systems of any size. 

With these reservations in mind it may be stated that no rdouble' b~bbles 

were seen. An examination was made with an RCA 6810'-A photomultiplier 

(cathode sensitivity 60 ~amp/lumen, current gain: 12.5 x 106) but no 

sonoluminescence could be detected at any temperature in the operating 

range. 

Measurement of Cavitation Thresholds 

It has been shown by Maclean (15) that using the laws of reciprocity 

for a four-terminal network it is possible to determine the sensitivity 

of a reversible transducer using only one other identical transducer. 

Following the principles laid down by Maclean it may be shoWn that for two 

identical transducers·: 

(1) 

---~ 
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where M -
0 

sensitivity of a transducer used as a microphone in e.s.u. of 

potential/dy'ne/cm2. v
2 

and r1 are respectively the microphone open 

circuit potential difference and driving current in e. s. u., as indi-

cated in Fig. 3. Q is given by: 

. 2 
= acoustic pressure (dynes/em ) at ~he_ microph?ne_face!_ U 1 __ :;;; _ 

particle velocity at the driver face (em/sec.) and S =area of a trans­

ducer face (cm2). 

In the present case a standing wave is set up in the volume between 

the transducers. However, since the driver has a high impedance the 

particle velocity u1 ~ill not_differ appreciably from the free field 

particle velocity_ ,UF. Suppose that due to the non-directionality of 

the beam the pressure in a progressive wave is reduced by a factor r in 

travelling once between the transducers. T~e pressure at the microphone, 

P2 , will then be given by: 

where PF is the free field pressure at the driver. Thus, in this case:. 

)}..£ 
Q = l s ~ 2 (1-r ) 

lffuere rand c are the density and sound velocity of liquid helium respectively. 
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In I~ig. 3 CT represents the capacitance of the transducer and C the .g 

capacitance of the cable. The capacitances of the cables had essentially 

the same value (within 0. 5% of 524f.J.F) shovving no appreciable change over 
/ / 

the operating temperature range. Under these circumstances v2 I 1 = V2I 1 
/ / 

and I,l = v
1

Zo, where_Zo i~ the combined impedance of a transducer and its 

cable. A further test .was made to confirm that ZD did not vary with tem­

perature. Hence, substituting in equation (1) for Q and taking values of 

I / 
v

2 
and I

1 
appropriate to the onset of cavitation then the pressure at the 

~icrophone, Pm, will be: 

2r 
- 2 
(1-r ) 

-. 
where v

1
_and v

2 
are ~xpressed in volts and ZD in ohms. The pressure at the 

driver is then the cavitation threshold, Pt' given by: 

(2) 

The ratio r was measured by applying pulses of about lOOf.l.sec width to 

the driver, without removing the assembly from the helium, displaying the 

microphone voltage on the oscilloscope and measuring the ratio of successive 

reflected pulses. This gave r 2 , which was found to be 0. 69 by averaging a 

number of measurements, so that r = 0.83. Then, taking 

3 = 0.146 gm/cm , 

4 c ~ 2.38 x 10 em/sec, 

= 2 S 5 .• 07 em 

and 2o = 2. 75 x 10
3 olli~s, from equation (2) 

Pt = 3. 72 x 10
3 jv1v2 

" Thus··the tlireshold at any temperature could be deduced directly from two 
voltage readings. 

~~-··----- -··---.----~-~----~..,....,...,.,.,..----'-=-.,.-~--=-~---..,.....,.,..,....=====--======-
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The procedure adopted was "~o increase the driving voltage until 

cavitation noise could just be heard continuously. Then by gradually 

reducing the driving voltage a point was reached with car-eful ·tuning where 

a burst of noise could not be heard more than once every five seconds. The 

voltage readings were then made. Certain precautions had to be observed to 

obtain consistent readings. To begin with, care was take:1 to ensur-e ·chat 

particles of frozen air .did not get into the helium, Second.l y, it was found 

that the process of temperature. stabilization (achieved by balancing the 

heat input from the :transducer a·gainst the pumping rate) had to be truly 

effective and the threshold measurement not made ·too h:.t.::ried.ly after 

stabilization. The results shown in Fig. 4 were obtained only after the 

temperature had remained stable for some ten to fifteen min:t"tes. The lit}Uid 

level wa:s 7. 2 em above the face of the top -trs.r.zc·c:ce1· G~:.:.-ing -~his run and ·che 

bottom transducer was used as the d:.i~re.:-" 

Some calorimetric measurements were carri.;:d. m.:t by tir;Jing t:1e temper­

ature rise from 1. 53 to 1. 73°K with the sound pressure maintained just 

above threshold level, and then with no· sound at all. The time inte:rvu.ls 

in the two cases did not differ by more than about 5%, so that the 

threshold could not be determined accurately. 

the total power flux due to self-heating and :::cu:1d c:.;:::ro ss the st.::rface of 

the transducer was of the order of m?.gnitude of one 

Discussion of Results 

In the first place, it is necessary to es-t.J .. b.lish -that the phenomenon 

observed was truly cavitation and not boili~;g a-!: -~!1::: s-:.::rface of the trans~ 

ducer. In order to boil·Helium II it is necessa.::·y i.:o ge:1er~te a heat cun~c-nt 

of sufficient magnitude to con:vexi: the liczuid st.<.!-rou.nding the so"J<::ce i~to -Helium _ 

after which the boiling occurs. A numbe.~ of ~'lo:dce:::-s ha·.r-~ fo:·:::d -tl1c.t thi3 heat :.·.:.:-:::-:::·;: 

~--------. -
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2 is of the order of 1 i'latt/cm (16, 17) and that heat currents of the s-ame 

order of magnitude are required. for nucleate boiling of Helium I (18). In 

the present experiments the heat current at threshold was of the order of a 

milliwatt/cm2. Only when driving the transducer at full power could the heat 

2 flux have attained lw/cm . This is strong evidence that boiling was not pre-

sent, a conclusion corroborated by a number of facts. For instance the white 

noise obtained was quite distinct from the sounds of nucleate boiling and 

typical of ultrasonic cavitation. Again, at high ultrasonic powe_r transient 

bubbles could be seen uniformly distributed in the space between the trans-
~ 

ducers, even when driving the upper one. \iJhereas if the phenomenon were boil-

ing the vapor phase might be expected to occur in the locality of the drivlng 

transducer or as stable bubbles rising from it. 

A significant aspect of the results is the fact that the threshold is 

very low at all temperatures. Apart from the A. point the situation is - . 

similar to the case of gassy water where the threshold is determined by the 

static pressure head. However, the methods for estimating the tensile 

strength of a normal liquid may not be applicable in the case of helium, so 

that the values of 4 atms. and over, as cited by Beams (11) should be 

treated with some reserve. 

The other remarkable feature of the results is-the sharp peak at the 

A point. Many of the properties of liquid helim show pronounced effects 

in this vicinity, especially the thermal properties. There is for instance 

the well known behaviour of the specific heat which rises sharply to very 

high values at the A point. One possible tentative explanation of this 

apparent correlation between the threshold and thermal properties can be 

given in terms of the Seitz theory of the bubble chamber (19). 
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As has been mentioned in the introduction, of the agents that are known 

to nucleate cavitation in normal liquids, cosmic rays and radio-activity are 

the most likely to be operative in liquid helium~ That the passage of high 

energy particles in liquid helium can give rise to bubbles is evidenced by 

the successful operation of helium bubble chambers. According to Seitz, 

the particle produces highly localized energy deposits or 'thermal spikest 

in the liquid. The thermal spikes then cause the growth of microbubbles 

whose equilibrium size is partly determined by the thermal properties of 

the liquid. Possibly it is these microbubbles which nucleate the cavitation 

event. If the threshold is a function of nucleus size, as in normal liquids, 

then a relationship might be expected between the threshold and the thermal 

properties. 
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