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AN ACOUSTIC METHOD FOR CHARACTERIZING THE ONSET OF CAVITATION 
IN NOZZLES AND PUMPS 

P. COURBIERE 

The high sodium flow rates required by the reactor 
power rating have led to the use of sodium loop and pump 
designs in which a cavitation hazard exists. This paper 
discusses CEA test results on incipient cavitation, and 
examines pump impeller scale effects, sodium-water simili
tude criteria and the influence of the entrained gas content 
in the sodium flow. 
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SUMMARY 
The high sodium flow rates required by the reactor 
power rating have led to the use of sodium loop and 
pump designs in which a cavitation hazard exists. 
This paper discusses CEA test results on incipient 
cavitation, and examines pump impeller scale effects, 
sodium-water similitude criteria and the influence 
of the entrained gas content in the sodium flow. 

NOMENCLATURE 

D : diameter (m) T y . vapor pressure (bar) 
H : manometric head (m H2O) v : flow velocity (m/sec) 
I : noise intensity p . density (jg/m') 
N : rotation speed (rpm) a : Thoma number 
NPSH: net positive suction head(m H 20) Subscripts 
P : pressure (bar) i : incipient cavitation 
P Ay : downstream pressure (bar) m : pump mockup value 
Q : flow rate (m'/sec) A,a : acoustic criterion 



INTRODUCTION 

The high sodium flow rates used in fast breeder reactors are liable 
to generate cavitation phenomena at various points in the loops as 
well as in the sodium pumps. 

Cavitating conditions must be avoided for two major reasons : (a) it is 
not possible at present to discriminate between cavitation noise 
and sodium boiling noise in the core ; (b) the erosive action that 
may accompany cavitation can diminish the long-term mechanical strength 
of system components, representing an unacceptable safety risk. 

In an effort to prevent cavitation without excessively conservative 
design ratings, a research program was undertaken to define the parameters 
characterizing cavitation inception in sodium. 

Water cavitation tests have shown that the loop geometry is often 
optimized experimentally and that the incipient cavitation limit 
values are defined empirically. Sodium tests, moreover, are delicate, 
time-consuming and expensive to implement. Further work was therefore 
carried out to determine whether similarity criteria exist between 
water and sodium that would allow water test results to be transposed 
to sodium loops. 

This paper presents the results of the CEA's cavitation inception 
program used to refine the hydraulic design characteristics of LMFBR 
pumps and subassemblies. 

CAVITATION DETECTION METHOD 

Cavitation monitoring by optical techniques is already quite difficult 
in water under certain conditions,and is not feasible at the present 
time in sodium flows at temperatures ranging from 250°C to 550°C. 
An acoustic method was therefore developed to detect cavitation noise 
by comparative means. 



- 3 -

It soon became evident that it was difficult if not impossible to 
detect the first bubble implosions, especially in the presence of 
a high background noise level. Frequency analysis work resulted in 
the development of the acoustic system already described elsewhere 
[1] [2] 13] and shown schematically in Figure 1. 

Two types of piezoelectric acoustic sensors are used. One is a wall-
mounted barium titanate sensor capable of detecting frequencies up 
to 100 kHz. The second is a submerged lithium niobate sensor operational 
at frequencies up to 1 MHz. 

A recording system was developed primarily to quantify the cavitation 
noise level of the signals received from the piezoelectric sensors. 
The instrument system minimizes background noise and can be used 
either in selected optimum frequency bands or with a high-pass filter. 

Two major types of experiments have been carried out using this equipment 
(a) pump test loop experiments ; (b) sodium and water cavitation 
tunnel experiments. 

POMP TESTING (Scale Effects) 

It has already been observed [1] [3] [5] that the acoustic method 
makes it possible to monitor changes in the flow noise in response 
to variations in ptmp characteristics, i.e. the NPSH and consequently 
the Thoma number : 

NPSH 
a — 

H 
It was thus observed during pump tests that the flow noise increases 
slightly or remains constant as the NPSH decreases until a sudden 
noise variation occurs, characterizing an incipient cavitation threshold. 

During the next phase the flow noise increases as the NPSH decreases, 
often peaking at a value corresponding to a 1% performance dropoff. 
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In the third phase the noise diminishes as the performance characte
ristics drop» after reaching a minimum, the noise then increases 
again if the system NPSH can be further reduced. 

Test Description 

Two water test loops [3] [4] were used to compare pump mockup test 
results with the results obtained on the actual full-scale sodium 
pump. 

The Jeumont-Schneider facility at Jeumont, France, was used to test 
a 1 : 4 scale Superphenix pump mockup. 

The Superphenix test loop, specially designed and built by Electricité 
de France (EDF) at Gennevilliers, was used for water-testing the 
Superphenix primary sodium pumps at various rotation speeds including 
those corresponding to rated and maximum reactor power (Figure 2). 

Test Results 

The purpose of the mockup and pump tests was to define an acoustic 
criterion for operation at a required net positive Section head 
(NPSH) beyond which potentially erosive cavitation is liable tc req 
appear. 

Pump mockup operating conditions were compared with the results 
obtained for the three primary pumps tested at Gennevilliers in order 
to verify whether a similitude ratio exists for cavitation inception. 

The following table indicates the test parameters for the mockup 
and full-scale pump experiments. 

Flow rate Pump speed Water 
(m'/sec) (rpm) temperature 

1:4 scale mockup 0.3 - 0.5 1600 22 - 55°C 
Superphenix primary 

pumps 4.8 - 5.8 445 35 - 55°C 
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Figures 3 and 4 show typical relative noise incensity variations 
at specified flow rate, water temperature and pump rotation speed 
values for the pump and the pump mockup. 

The acoustic criterion adopted is the Thoma number o = — A 

H 
corresponding to the first change of slope in the noise curve beyond 
which cavitation becomes certain. This was achieved by varying the 
suction pressure; the evolution of the flow noise intensity I was 
then determined with respect to a reference noise level I 0, and the 
I/I0 versus a curve was then plotted for various pump flow rates. 

Similitude between the mockup and full-scale pumps was analyzed on 
the basis of the following relations : 

°"^ % {is 

The NPSH values vary according to the head and are proportional to 
•-.he impeller inlet diameter. 

Figure 5 compares the mockup test results, transposed to full-scale 
conditions, with the results obtained for the actual Superphenix 
pumps during water testing. A comparison between the NPSH versus 
flow rate curves shows that the mockup test values are slightly 
conservative when transposed to 1:1 scale. 

CAVITATION TUNNEL TESTING 

Test Equipment and Instrumentation 

The sodium cavitation tunnel shown schematically in Figure 6 and 
described in references [1] [2] {3] comprises a sodium loop with 
a pressure-reducing device inserted downstream from the test channel, 
designed to create a variable pressure drop with a maximum pressure 
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of 4 bars in the upstream tank. The sodium temperature can be regulated 
between 200°C and 550°C. 

In addition to the sodium tests, a water test loop of the same design 
and dimensions was used to define sodium-water similitude criteria 
for comparative analysis. 

A vacuum outgassing technique was studied to measure the entrained 
gas content in the sodium, based on Van Slyke's extraction method 
for measuring an overall gas quantity in water. Reference was also 
made to work by Dhar & Veleckis [8] and by Thormeier [9], who studied 
argon and helium solubility in small volumes of static sodium. 

The entrained gas content is measured in a three-step process. 

(1) The circuit is prepared by circulating sodium in tank No.2 with 
helium to eliminate any impurities. 

(2) The sodium is transferred from tank No.1 to tank No.2. 

(3) After restoring the sodium to a temperature of 200°C the argon 
is extracted from the sodium to a small tank for subsequent gas 
chromatography analysis. 

Test Description 

Cavitation inception is studied in the sodium and water tunnel facilities 
after first stabilizing the loop at a specified temperature and pressure. 
Cavitation is then induced only by modifying the fluid flow rate, 
which is gradually increased until cavitation microbubbles are formed. 

The flox conditions corresponding to incipient cavitation are characterized 
by the Thoma number : 

P T 
a = J W - V 

W pV 2 

Sodium and water cavitation similitude criteria were studied using 
a 15mm diameter orifice plate manufactured to French AFNOR standards 
for pressure-reducing fluid flow measurement devices. The orifice 
plate was mounted inside a 78mm I.D. pipe (Figure 8). 



Sodium tests were carried out under the following conditions 

" ^ • ^ A V ( b a r ) 

T(°C) ^"""- - - -^^^ 1.1 2 3 4 

545 X X 

500 X X X X 

400 X X X X 

300 X X 

250 X 

Figures 9, 10 and 11 plot the flow noise evolution at different tempe
ratures . 

Test Results 

A aa value can be defined as a characteristic of a cavitation inception 
threshold, i.e. a state of discontinuous but regular formation of 
bubbles which implode one by one. 

The pairs of ( o&, Re) values corresponding to incipient cavitation 
are plotted on Figure 12, where the sodium test results are compared 
with the results of identical tests conducted using the same orifice 
plate in the water cavitation tunnel at temperatures between 22°C 
and 60°C. 

The cavitation inception results shown in Figure 12 seem at first 
glance to indicate a disparity in sodium that cannot be explained 
solely by temperature and pressure variations. The influence of free 
gas entrainment in the sodium flow was therefore also examined. Figure 13 
shows the correlation between the cavitation oa values and the 
undissolved entrained gas concentration in the 400°C sodium. 

Similar entrained gas measurements were not carried out in water, 
but a Bekmann probe was used to measure the dissolved gas content. 



It was thus observed that in the sodium flow, as the a parameter 
varied from 2 to 3 (a substantial difference), the entrained gas 

-5 -4 content varied from 10 to 10 . Moreover, the dissolved oxygen 
content in cold water was 5 - 1 mg per liter, compared with 3 to 
12 mg/liter in 60°C water as the downstream pressure varied from 
1 to 4 bars. 

CONCLUSION 

Sodium cavitation inception studies have provided significant data 
in a number of areas. 

Thus, while incipient cavitation has a negligible effect on the fluid 
nucleation state in a Venturi configuration [7], it becomes appreciable 
in the presence of vostex cavitation as created by an orifice plate. 

In orifice-plate pressure reducing systems the sodium-water similitude 
is satisfactory as long as the entrained gas volume in the sodium 
remains below 10 , and the water is insaturated and degassed. The 
Thoma number may increase by 40% in sodium with a higher gas content. 

The determination of an acoustic criterion for pump operation can 
help in designing pumps on the basis of scale model studies. This 
criterion indicates the limit that cannot be exceeded without the 
appearance of a cavitation hazard and its potential erosive consequences. 

The next step in the ongoing research program should be to confirm 
the absence of erosion on an impeller operated on the basis of this 
criterion. 

These results are sufficient to justify the current sodium cavitation 
erosion test program designed to develop similar methods applicable 
on an industrial scale. 

Based on the results obtained to date, major program objectives now 
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include determining scale effects, for which no fundamental cavitation 
erosion law is available; evaluating the effects of fluid pressure, 
temperature and flow velocity parameters, and assessing the influence 
of the sodium-entrained gas content on cavitation erosion. 
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