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The french Phénix reactor is provided with ar.in-core 
multi sensor acoustic surveillance system. But its 
efficiency with regard to early boiling detection is still 
to be proven ; For lack of boiling events within the core, 
a cavitating dummy steel subassembly has been loaded into 
the reactor, as a simulation of boiling signal. Cavitation 
is controlled through a slow rise of the primary flow in 
various core conditions : isothermal situation an during a 
rise of power. Assuming that the signal to noise ratio is 
of the same order of magnitude for cavitation signals as 
for boiling ones, the response of several signal processing 
techniques are evaluated. Pulse connecting seems to be the 
most efficient conventional method while pattern recogni
tion appears as a promising alternative solution. 
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1 - INTRODUCTION 

Acoustic detection of sodium boiling seems to be a promising tool 
in core surveillance as far as local blockages in a single subassembly 
are to be detected. A lot of experiments has already been performed 
in this field either in loops or in small reactors / —1 7- From these 
experiments, C.E.A. has drawn the conclusion that the major 
difficulty ia the analysis of such results lies in a realistic év»lu- -
ation of the signal to ncise ratio in core conditions. 

In most of the evaluations already published, the boiling 
signal is measured in loops which are almost noise-free,whilst the 
background noise is taken from the reactor core. As the réponse of 
the sensors involved in these measurements depends strongly of the 
geometry of the mechanical structure, the ratio of the two values 
must be established with great care. 

Therefore it looks compulsory to simulate a boiling accident 
in a given reactor taking into account the charateristics of the 
measuring system (core + sensor) and that of the noise source. This 
point of view has already been followed in tentative actions by 
U.K.A.E.A. (Dl'R 1973- DFR 1S76) C.E.A. (RAPSODIE/Nabo 1975) U.S.S.R. 
(BOR 60 1977). 
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For the core or the power plant PHENIX (250 Mwe) obvious 
safety regulations made it impossible to create a true boiling zone. 
An experiment based on the assumption that the noise source of a 
cavitatinp fluid is reasonably similar to that coming from a boiling 
zone has been performed. This paper gives the results of a preliminary 
analysis of this experiment. 

2 - DESCRIPTION OF THE EXPERIMENT 

Fig. 1 give; a general view of the core of PHENIX for this 
experiment. A special steel subassembly has been provided with a 
circular sharp-edged diaphragm,located in its upper sect ion,through 
which the sor'ium flow cavitates beyond a critical velocity. This 
system is loaded in the first row of sub assemblies outside the core 
in the radial neutron shielding zone. In this position it is cooled 
by a significant sodium flow controled by the speed of the primary pumps. 
The diameter of the diaphragm has been designed so that cavitation 
incipience is reached for a critical flow corresponding to the mid 
range of the possible variation of the primary flow. Special care 
has been taken to prevent erosion of the structures ; so, the cavi-
tating sub assembly can be operated for a long time even at full 
primary flow. 

For this experiment the conventional acoustic detection system 
of PHENIX has been used. The piezoelectric sensors (of the wave-guide 
type) are spread all over the core according to fig. 1• 

The electric signals are first amplified, then filtered in the 
10-80 KHz range and an on-line analog circuit gives continuously the 
RMS value or the power density of each sensor. During the experiment 
signals an also recorded on magnetic tape for off-line processing. 
The experiment itself consists in a slow rise step by step of the 
speed of the •vimary pumps with or without a corresponding power rise. 
The acoustic signals are recorded for each step, then processed. 
The detection of the incipience of cavitation is achieved through a 
plot of the signal characteristics a.s a function of the speed 
of the pumps (or the primarv flow). 



3 - EXPERIMENTAL DETERMINATION OF THE THRESHOLD OF CAVITATION 

Several signal processing methods have been compared for 
this experiment. The first two rely on conventional analog tools 
while the last, based on the pattern recognition technique, is still 
in progress in close collaboration with the French Université de 
Technologie de Compiègne. 

3.1 - DETECTION BASED ON AN INTEGRAL QUANTITY : THE POWER OF THE 
SIGNAL 

Fig. 2 gives a plot of the on line power indication as a 
function of the primary pumps speed. It arises from this plot that 
the behaviour of the signal is significantly different for various » 
sensors. In particular sensors 12 which is close to the source shows 
a steep variation of the slope of the curve beyond 620 rpm;sensors 
3, 4, 5, 6 only show a slow increase in signal power a the pump 
speed is increased. From this, we think that the increase of the 
acoustic signal in the vicinity of the source is due to cavitation, 
the first bubbles appearing beyond 620 rpm. This value is in close 
agreement with the designer's theoretical prediction. 

3.2 - AN ALTERNATIVE DETECTION METHOD : ACOUSTIC PULSES COUNTING 

From fig. 2 it appears that signals taken in the vicinity 
of the acoustic source must bear evidence of the signal of cavitation. 
The proof is given in fie- 3 which shows the signal structure for 
three selected speeds of the primary puros. This plot has been taken by first 
rectifiyng the direct signal, then filtering it in a low pass filter 
(h - 1 ms). Acoustic pulses are present in the signal, their size 
and frequency increasing with the pump regime. Counting techniques 
applied to such signals with a siutable threshold lead to fig. 4 which 
clearly shows that cavitation incipience takes place at about 650 rpm. 
As a comparison the average counting le/el in normal (without cavi
tation) operating conditions has been established at 820 rpm. 



3.3 - PATTERN RECOGNITION TECHNIQUES 

A direct visual comparison of the PSD of the previous signals 
(fig. 5) gives no evidence as far as cavitation incipience is 
concerned.However, the previous results show that the frequency picture 
of the signals of fig. 3 do contain informations about cavitation. 
With this assumption in mind, a pattern recognition procedure has been 
tailored in order to evaluate these PSD. Whitout going into a deep 
description of this procedure f~Réf. 2_7 we can say that erch expe
rimental situation is represented by a vector, the 20 components of 
which are the. relative acoustic power contributions, averaged over 20 
constant width frequency hands, to the total power. A clustering 
technique (ISODATA code) applied to a representative set of such 
vectors shows that 2 classes of events can be distinguished : one 
corresponding to PSD taken with pump speeds lower than 625 rpm, the 
other corresponding to higher speeds. This result is quite consistent 
with the previous conclusions concerning the incipience of cavitation. 

Further mathematical treatment relying on feature selection 
algorithms (BRANCH and BOUND code) gives the two more significant 
components of the PSD •'•vectors. With these two components the experi
mental results can be displayed in a two-dimensional representation 
leading to fig.6 in which two distinct clusters can be seen. Fro-\ 
this analysis, an unknown new vector can be located in one of tue 
two regions of the 2 components space according to a very simple 
mathematical test ; consequently cavitation can be detected quite 
easily by this method. 

4 - CONCLUSION 

The original cavitating subassembly test performed in PHENIX 
appears as a fruitful experiment to compare the efficiency of different 
signal processing methods applied to the same acoustic signals. From 
the first evaluation already performed it arises that two methods 
are able to provide tn^ utility of a large LMFBR plant with a simple 
and reliable tool to monitor cavitation phenomena within the core. 
Further efforts, still in progress, are devoted to refinements in 
these methods, specially in the field of pattern recognition and on 



- *j - 1 
the physical asrriiption that cavitation may be considered, at least 
as far as acoustic wave generation is concerned, as a convinient 
boiling simulation. A similar experiment is scheduled during the 
commissioning of SUPER-PHENIX 1. 
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Fig.1. PHENIX CORE FOR THE CAVITATING 
SUBASSEMBLY TEST 
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Fig.3_ ACOUSTIC SIGNAL STRUCTURE FOR VARIOUS PUMP SPEEDS 
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Fig.6-DETECTION OF CAVITATION 

BY THE PATTERN RECOGNITION 
PROCEDURE 
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