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SUMMARY

During the year 1974 a new primary circuit has been manufactured for the CHINON 3 gas-
cooled reactor. The vibrations of this circuit were analysed with computer programs using ex-
perimental data concerning the sources of vibration.

The considered sources of vibrations were: the mechanical vibrations (6zm R.M.S.)and the
noise (150 dB) of the blower, the noise in the heat exchanger (160 dB) and the turbulence in-
duced in the mitre elbows.

After having studied the amplification of the noise in the circuit, the behaviour of the
system of pipes was analysed, then the behaviour of special elements such as: the expansion
joints and guide vanes situated in the elbows.

An evaluation of the stresses due to the vibrations was carried out with the following con-
servative hypotheses:

— a small damping ratio (1%);
— a coificidence in frequency when the frequency of a mechanical mode was close to that of
the source of vibrations.

It appeared that the computed stresses were weak (less than 1 hbar R.M.S.) except for the
stresses in the cascades. Thus a program of measurements was undertaken in laboratory, using
a 0.2 scale mock-up.

The noise of the blower was simulated with two loudspeakers and the stresses measured
with strain gages. From these tests, a maximum level of 5 hbar R.M.S. could be obtained dur-
ing the operation of the reactor.

These tests were completed by tests in situ using six loudspeakers. The level of 1 hbar
R.M.S. could be expected in the working conditions of the reactor.

During the commissioning tests of December 1974, the noise of the blower appeared to be
of the expected value, but happily the level of stress was found to be one fourth of the computed
value.

As a conclusion, the authors wish to thank the following organisations involved in this pro-
gram: Société CREUSOT LOIRE, Société C.C.M. — SULZER and COMMISSARIAT A
L’ENERGIE ATOMIQUE.
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1. - Introduction

At the end of 1973 the Electricit& de France (E.D.F) asked an association of cortructors
(Creusot-Loire and C.C.M. - Sulzer) to carry out the design and replacement of the primary
circuit of the Chimon 3 graphite-gas reactor.

The circuit consists of four loops including straight pipes, bellows and mitred elbows.
A loop, as represented in figure 1, is divided into two branches, each of them having seven
bellows (symbol B), two in the hot part (normal working temperature 365°C) and the others in
the cold part (240°C) and a large number of mitred elbows (symbol E) often in close proximity
to each other.

All the bellows are of ring - reinforced type having seven or nine corrugations. An inter-
nal sleeve inside the bellows prevents the contact of the corrugations with the gas flow
(the velocity is 20 m/s in the hot part and 15 m/s in the cold ome).

Guide vanes, represented in figure 2, are set in each elbow.

The vibrations of this complex circuit were studied by computation and mock-up tests
during the year 1974. The purpose of this paper is to summarize the studies carried out by
the following organisatioms : Société Creusot~Loire, Société C.C.M. Sulzer, Commissariat 3
1'Energie Atomique and E.D.F.

The first part will be concerned with the study of the noise sources of the circuit, the
second with the study of noise amplification and the third will be devoted to the response of

structures.
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2, - Sources of excitation considered in the dvnamic analvsis of structures
The data of this first part will be of an experimental nature, most of them resulting
from tests effected in 1970 when the heat exchanger noise was a problem and which was finally
reduced by setting up resonators [l], [2], [3].
The main sources of excitation known in the circuit were : the blower, the heat exchanger
and the mitred elbows.
2.1. - The blower : this machine gave two types of excitation :
=~ a mechanical excitation at the frequency N corresponding to the number of revolutions
per minute of the blower and having a level of 6 ym R.M.S. ;
~ a noise at the blade passing frequency 9 N. The level of the noise was 160 dB for the
nominal 3 300 R.P.M. regime, the corresponding frequency being 495 Hz.
This level was supposed to vary as NA.
2.2, - The heat exchanger : the heat exchanger noise was characteristically a pure tone

having a constant frequency for a wide range of the blower speeds (see table 1).

Velocity range of the blower Noise localisation Level Frequency
R.P.M. mbar Hz
R.M.S
1900-2300 "bottles" < 16 96
2300-2900 "bottles" + cold circuit
upstream of the blower 16 112-115
2900-3300 "bottles" < 16 146
TABLE 1

Heat exchanger noise

In fact the sharp acoustic resonances of the heat exchanger circuit were successively
excited by vortex shedding due to the cross flow in the bottle shaped parts.
2.3. - Mitred elbows :
The optimization of the geometry of mitred elbows was very important. This problem was
studied by mock-up tests in Winterthur and Chatou, near Paris [4] [5].
The results of these studies showed that :
- the vortex shedding excitation at the trailing edge of the blades could be suppressed
by using an asymmetrical profile with a 45° angle ;
~ the separation of the flow along the blades could be avoided by a more careful design
of the blades giving an acceleration of the fluid in the inner channel (figure 2) ;
- nevertheless it was necessary to take into account a fluctuating pressure having a
maximum level of 0.2 P4 in the inner part of the elbow which exerted on the pipe a
force F with a flat spectrum in the range 0-20 Hz and a R.M.S. value given by the

following formula :
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F = 0.2 dexDZ [@))]

with : Pd - dynamic pressure

D -~ diameter of the pipe
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Figure N°2
CASCADE FOR MITRED ELBOW

2.4, — Other sources analysed

Other sources of excitation were also considered [5] [6]

- the Dall tube flowmeters ;

- the channel rupture detector ;

- the by-pass circuits of the blowers

- the reactor shutt-off valves.

Tests showed that these devices did not modify significantly the flow structure. They
will not be considered below.
3. - Acoustical amplification of the noise in the circuit

A first type of amplification could occur in the cavity located between the ondulations
and the sleeves of the bellows (symbol B in figure 1). This cavity acts as a resonator for the
noise inside the pipe. A computer program with a very efficient transfer matrix method [7], [8]
was used to compute the acoustic eigenmodes of seven corrugation bellows for air at room tem-
perature. These frequencies were checked experimentally and had an accuracy of 10 Z [9]. The

maximum amplification of the noise was found to be about 20 dB at the bottom of the resonator,
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for the three first modes. For higher frequency modes the amplification ratio were less.
Of course, the eigenfrequencies in the working conditions are proportionnal to the sound

velocity of the gas in the pipe. The following results were obtained.

Bellows type Working conditions Eigenfrequencies
Hz

7 corrugation bellows hot part
365°C , 25.5 bar 117, 362, 635

7 corrugation bellows cold part
240°C , 26.2 bar 106, 327, 573

9 corrugation bellows cold part
240°C , 26.2 bar 101, 303, 504

TABLE 2

Eigenfrequencies in the working conditions

The higher frequencies were not considered as being significative.

Another noise amplification could occur in the cascades. The acoustic resonances were
computed with a computer program using a variable separation method giving the acoustical
modes in the three directions [10]. It appeared that these modes could be excited by the
blower noise.

4. - Dynamic analysis of the circuit :

The behaviour of the piping will be investigated first, then the behaviour of special

elements : bellows and elbows.

4.1, - Dynamic analysis of the piping

From a modal analysis of the piping carried out with the computer program TEDEL [11], it
was possible to deduce the bending moments associated with forces of constant frequency or
noises [12]. The following conservative hypotheses were adopted

- a small damping ratio (Il %) ;

- a coincidence in frequency when the frequency of a mechanical mode was close to that

of the excitating force.

The stregses were deduced by using a finite element method []3] and also the stress

concentration ratios recommanded in the A.S.M.E. code [14] with the following formula :

g=C. Do .M (2)
I i
with :
[ stress concentration ratio (C = 10)
Mi resultant moment ;
I moment of inertia of the section ;
D outside diameter of the pipe.
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4.1,1. - Mechanical eipenmodes : the following results were obtained :

- heat exchanger blower branches (upper part of the circuit)

1°% mode : 0.3 Hz unpre-stressed piping
0.4 Hz pre-stressed piping
displacement in the y direction

2nd mode : 0.7 Hz displacement in the x direction

- blower reactor branches (lower part of the circuit)

lst mode : 2.3 Hz , an mode : 3.0 Hz , 3rd mode : 3.8 Hz

4.1.2. - Effects of the various sources of excitation

Blower : it was supposed that the mechanical excitation took place at 52,7 Hz, the
frequency of the 27th mode of the piping. The torresponding stress level was 2 hbar R.M.5. for
the elbow N° 18 of the lower part and O.1 hbar for the elbow N° 10 of the upper part of the
circuit. For this computation the expansion joints were supposed released. If they were
blocked, the frequencies would be different, but the strese level would be analog.

Noise of the blower : it was considered to have no influence.

Heat exchanger : the only force to take into account was a vertical force at
112 Hz resulting from the transverse acoustic mode in the cold manifold of the heat exchanger.
The corresponding maximum stress was 0.02 hbar (elbow N° 13).

Mitred elbows : a force localized at each elbow due to turbulence, as described in
paragraphe 2.3., gave a maximum stress of 0.l hbar in the upper part of the circuit.

The dynamic analysis of the behaviour of the piping has shown that the heat exchan-
ger and the mitred elbow excitations had no effect. The only significant excitation was intro-
duced by the blower vibration, which gave a maximum stress level of 2 hbar.

4,2, - Dvnamic analysis of the bellows

The dynamic behaviour of the two-ply bellows of ring reinforced type could be success -
fully described by a computer program using a finite element method. The results were controlled
experimentally with a good accuracy [15].

Then the response to the various sollicitations could be analyzed [IG].

4.2.1. - Mechanical eigenmodes : these modes were given by computation for the

working conditions in the reactor (internal pressure 26 bar, temperature 240°C). Many modes
were found. The firet ones were of sgring type (zero order modes).

Seven corrugation bellows : six eigenmodes at the following frequencies
21 - 41 - 58 - 72 - 82 - 87 Hz

Nine corrugation bellows : eight eigenmodes at the following frequencies :

17 - 34 -~ 49 - 62 - 73 - 81 - 87 - 91 Haz,

4.2.2, - [16]

Blower : the forced vibration of the pipe induced by the mechanical vibration of
the blower (+ 10 ym) induced a vertical movement of the rings. The maximum resulting stress
from this excitation was | hbar for the most loaded corrugation of the seven or nine corruga-
tion bellows. As for the piping a coincidence in frequency was supposed and a damping ratio

of 1 1 was considered.
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Noise of the blower : there was no resonance of the blower noise inside the cavity

limited by the sleeve and the corrugations at high regimes of the blower. This excitation was
considered to have no influence.

Heat exchanger : the only frequency to be amplified was that at 112 Hz, with a
maximum amplification factor of 10 (a resonance was supposed). The corresponding stress was
computed by using the static computation []7] since the frequency of the extensional mode of
corrugations was very high (1 000 Hz approximately) [18]. The stress level was 0.5 bar R.M.S.

Mitred elbow : the resonator could not be excited by the low frequency noise from
the mitred elbows.

To sum up, the only important excitation was that produced by the mechanical
vibration of the blower and the heat exchanger noise for the 2300-2900 range of blower speed.

4.3. - Dynamic analysis of the cascades :

This analysis is difficult : the natural frequencies of the mechanical modes are in close
proximity [5] » because the guide vanes exhibit a variety of lengths.
Thus the behaviour of cascades will be

studied experimentally by tests on a 0.2 scale
modell and on the prototype. Tests on site Loudspeaker
will be preferred to mock-up tests, because it
is difficult to have a modell mechanically
similar to the prototype. My
Nevertheless, some computations were carried
out with the NASTRAN program which fitted well
with the tests reported in reference [5]. E21 E18
The first bending mode of the blades having
a frequency of 180 Hz, this study will be cen- 5
tered on the excitation due to the blower noise.
The other excitations will have no influence.
With the experimental device of 0.2 scale Elbow N°25
represented in figure 3, it was possible to E29
simulate the blower reactor branch of the cir-
cuit and the noise of the blower, Six micro-
phones were used to measure the noise in the
pipe and the channels of the cascade. A strain Mg
gage was installed on the main blade. M3
With a 130 dB noise in the pipe the stress My
level was 0.5 hbar at a frequency corresponding
to the 2 400 R.P.M. regime of the blower. Some
smaller peaks existed also.
Supposing a 140 dB noise in the pipe during Figure N°3
the reactor operation a stress of 1,5 hbar could Arrangcment of the acoustical

be expected. measurement on the modell
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Complementary tests were carried out on site in which the noise was produced by six
loud-speakers installed in the pipe D9]. The stress level was 0.35 hbar for the working conditions
Thus, the level of stress was strongly dependent of the type of excitation adopted.

During the tests on site, another resonance giving a stress of 1 hbar for the working
conditions was found at a frequency corresponding to the 3 000 R.P.M. regime of the blower.
This resonance was not found in mock-up tests.

Happily, the commissioning tests of december 1974 [20] showed that the stress level was
less than 0.15 hbar, the stress levels being the fourth of the expected ones from the preli-
minary tests on site. The probable cause is that it is very difficult to represent a blower

noise, even with six loud-speakers.

5. = Conclusion

A detailled analysis of the different possible sources of excitation in the circuit has
allowed us to estimate the resulting stress levels in the piping or in special elements
such as : bellows and cascades.

This analysis is interesting firstly to take into account the vibration stresses in the
design analysis, secondly to indicate the special elements to be looked at during the commis-
sioning tests of the reactor.

Because the structure of the blower noise was simplified and the mechanical vibrations
of the blower were overestimated during the preliminary studies, stress levels found during

the commissioning tests were lower that expected.

Acknowledgements : The authors wish to express their appreciation to Mr. Mc Hugh for a

partial revision of the English text.
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