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ABSTRACT

This paper presents the results of cavitation erosion
tests conducted in the Cavitation Tunnel at the Cadarache
Nuclear Research Center. The CANASTA system was used for
acoustic monitoring of cavitation noise during the experi-
ments. Comparative results are also presented for sodium
and water tests.
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1 INTRODUCTION

At the present time, excessive safety margins on pump design

specifications and restricted operating ranges are considered necessary not

only because of the inadequate data available to characterize an incipient

cavitation criterion, but also because of the difficulties encountered in

attempting to discriminate between potentially erosive cavitation flow and

nondestructive cavitation flow conditions.

Water cavitation tunnel tests on soft materials such as lead or aluminum

have shown that at high Reynolds numbers, wastage cavitation occurs downstream

from the cylindrical obstacle. This is the form of cavitation erosion

encountered in hydraulic plants |7||8||9|.

Similar erosion tests have been conducted by the CEA/IRDI in the Sodium

Cavitation Tunnel at the Cadarache Nuclear Research Center. This research

program was motivated essentially by the importance of cavitation phenomena in

the development of sodium pumps for fast breeder reactors. It has provided

valuable data on the effects of various hydraulic and geometrical parameters

on cavitation erosion in sodium.

This paper is a comparative review of the sodium erosion tests carried

out by the DRNR/STRA at Cadarache. Cavitation erosion is also compared in

sodium and water, and the results of acoustic monitoring techniques are

presented for these erosion experiments.
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2 TEST EQUIPMENT AND INSTRUMENTATION

2.1 Cavitation Tunnels

The Sodium Cavitation Tunnel is shown schematically in Figure 1 and

described in references |1||2||3|. It includes a loop with a pressure reducer

downstream from the test section, designed to create a variable pressure drop

with a maximum pressure of 4 bars in the downstream vessel. The sodium

temperature may be held constant at any value between 200°C and 500°C.

In addition to sodium testing, a water loop of identical size and design

was built in order to establish sodium-water similarity criteria for

comparative studies.

2.2 Entrained Gas Measurement

A vacuum degassing technique was developed to determine the entrained gas

content in the sodium. This procedure was derived from Van Slyke's extraction

method for measuring an overall gas quantity in water; reference was also made

to work by Veleckis and Dhar |4| and by Thormeier |5| on the solubility of

argon and helium in small volumes of static sodium. The test setup is shown

in Figure 2.

This measurement involves three steps:

(1) Preparing the loop by circulating sodium in tank 1 and isolating tank 2

under helium atmosphere to eliminate impurities.

(2) Transferring the sodium from tank 1 to tank 2.

(3) Extracting the argon after cooling the sodium to 200°C.

The gas is sampled in a small vessel for subsequent gas chromatography

analysis.
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2.3 Cavitation Detection Method

As mentioned in references |2| and |3|, cavitation detection in the Tunnel

is based on an acoustic technique. Optical methods are already very difficult

to implement in water, and impossible in sodium. As a result, work was

undertaken to develop piezoelectric acoustic sensors and detection equipment.

The CANASTA system is capable of quantifying a sound level on the basis of the

output signals from the piezoelectric sensors. The acoustic detection system

minimizes the effect of background noise and allows an optimum frequency band

to be selected.

3 TEST DESCRIPTION

The cavitation erosion tests conducted in the Sodium Cavitation Tunnel

were based on earlier work by SHALNEV (USSR) |7||8| and by VARGA & SEBESTYEN

(Hungary) |8||9| using water tunnels to produce cavitation erosion by placing

cylindrical obstacles in the flow stream. These tests showed that downstream

from a cylindrical obstacle at high Reynolds numbers the cavitation erosion

observed was of the same type as encountered in hydraulic facilities. It was

therefore decided to conduct similar tests in sodium.

Subsequent tests were carried out in which the obstacle was replaced by a

vane-shaped test piece, and then by a triple vane assembly to investigate

various forms of turbulent flow.

The test channel and the erosion specimens are shown in Figure 3.

The following procedure was used in the Cavitation Tunnel for both sodium

and water tests:

- The loop was first stabilized at selected temperature and pressure values.

- Cavitation was then induced by gradually increasing the fluid flowrate until

cavitation microbubbles began to form.
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4 TEST RESULTS

The tests were conducted under the following experimental conditions:

- Sodium temperature: 400°C, corresponding to the PHENIX and SUPER PHENIX 1

reactor pump operating temperature.

- Pressure (Pav) downstream from the test specimen: 1.2 to 6 bars.

- Sodium flow velocity (V) in restricted section: 33 m's"-*- at flowrates of

6 1-s"1.

Figure 4 plots the flow noise variation versus the Thoma number from

subcavitating conditions to supercavitating conditions:

P _ T
a = av v

where V: sodium flow velocity past the obstacle.

The flow noise as a function of the sodium velocity was monitored by the

CANASTA system, which revealed a characteristic point for incipient cavitation

and allowed the experimental conditions to be defined for the erosion tests.

Cavitation erosion tests were conducted in the configurations indicated

together with the principal results in the following table:
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TEST SPECIMEN(S) *av DURATION
(bar) (hours)

REMARKS

Al 316L steel cylinder 1.2

A2 316L steel cylinder 4.8

A3 316L steel cylinder 6.5

B 316L steel vane 6

C Three 316L steel vanes 5

1500 No erosion; trace of wake zone

1500 Superficial erosion; slight
pigmentation

560 Pitting erosion in a zone
2.5 cm long; max. pitting
depth: 0.9 mm (Figure 5)

1000 Erosion (Figure 6)

1000 0.8 mm deep (Figure 7)

4.1 Sodium-Water Similarity

A 560-hour water erosion test was conducted under the same experimental

conditions as sodium test A3 (Figure 8). On conclusion of the water test the

specimen showed signs of a wake that differed from those observed in sodium.

No cavitation pigmentation or loss of surface polish was observed.

These findings confirm previous conclusions by F.G. HAMMITT |10| and by

Y.S. CHA |11| on the similarities between cavitation erosion in water and

sodium: cavitation erosion damage is much greater in 400°C sodium than in

water in the same geometry and under the same pressure and flow velocity

conditions. One point was not previously reported, however: for equivalent

pressures and flowrates, the cavitation figures observed in sodium and water

show significant differences, attributable to the different Reynolds numbers.

y
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4.2 Cavitation Noise Analysis

The experiments were monitored acoustically in an attempt to discriminate

between erosive cavitation and nondestructive cavitation flows. The CANASTA

system was used for real time monitoring of the noise spectrum integral at

regular intervals throughout the experiments. This quantified noise spectrum

integral represents the flow noise intensity and therefore the sound energy

released by imploding cavitation bubbles.

Observation of the energy spectrum integral over a + 2 kHz bandwidth

centered on 40 kHz confirmed that for the 1500-hour experiments in which no

destructive erosion was detected on trfe test pieces, the cavitation noise

spectrum integral remained constant in time. Conversely, for experiments A3,

B and C in which significant erosion was observed, the noise level fluctuated

as indicated in Figures 9, 10, 11 and 12., These noise variations may be

attributed to rising and falling sound intensity levels that are certainly

related to the evolution of the cavitation erosion.
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5 CONCLUSIONS

As already mentioned, the cavitation erosion mechanism is far from fully

elucidated, especially in sodium. The work described here substantiates the

following conclusions that have not previously been reported:

- Pressure effects are as important as flow velocity in a cavitating flow

stream.

Erosion increases with the pressure over a certain range. In these

experiments, a 1.7-bar pressure increase in a nonerosive cavitating flow led

to very significant surface damage in 400°C sodium . Extreme caution will

thus be required in sodium lines with regard to any pressure rise at constant

flowrate in cavitating media.

- Acoustic detection methods are capable of discriminating between erosive and

nondestructive cavitation flows.

This result alone is enough to justify the current effort on sodium

cavitation erosion in order to develop an industrial scale application.

On the other hand, it is difficult to explain the experimental result

comparing cavitating water and sodium flows under the same pressure and

flowrate conditions. Before the physical parameters for the two fluids can be

correlated they must first be investigated separately to identify the

predominant factors determining cavitation erosion. Under these conditions,

long and complex research will be necessary before similarity criteria can be

proposed for cavitation erosion in water and sodium, and only qualitative

results can be expected initially.

On the basis of the findings obtained in sodium, the current CEA program

is now concentrated on three major areas:

- scale effects, for which no fundamental laws are available for either water

or sodium flows;

- parameter effects: pressure, temperature, and flow velocity;

- the effect of the entrained gas content in the sodium on cavitation erosion.
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