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Abstract

Flow resistances such as orifices are often necessary for tuning of auxiliary systems
in power plants. Installation of flow restricting devices can lead to strong cavitation
which effects the downstream piping and attached components. For limitations in time and
costs the cavitation cannot be eliminated entirely. Therefore it is essential to estimate
consequences of vibration under certain operating conditions. The paper gives an overall
view of the problems related to cavitation induced vibration of pipings including a theo-
retical survey, experimental detection and a trouble-shooting case history. The paper is
based on experience gained during start up testing of various systems and focuses on
structural effects of the cavitation phenomena.

1. Introduction

There are various types of vibration that can be adequately predicted and analysed
during the design of a plant. However, the majority of the piping is qualified for vibration
during plant testing. 5

The implosion of vapour filled bubbles produces pressure waves in the surrounding
fluid. These pressure waves are stochastic in nature and occur at a well defined location.
Structural effects of such fluid transients are investigated in the present paper.

Theoretical description of vibration of piping due to cavitation cannot be handled
analytically. Not only the computed natural frequencies of bending vibration will not cor-
respond to the experienced resonance frequency but (due to the fluid-structure-interaction
(FSI) between pipe-wall, water and vapour bubble) the experiences shell type vibration modes
will also be far from analytical estimates.

However, it is possible to make a clear distinction between the different types of
vibration. This paper presents a typical case in which trouble-shooting has been possible
with reasonable expenses using a simple measurement technique, the available experimental
results and correct theoretical interpretation.

The presented case is the vibration at a section in a cooling-water circuit in a
nuclear power plant. The piping section which initially experienced severe vibration is
presented in figure 1.

Cavitation generally occurs whenever there is a large pressure drop into a relatively
Tow-pressure section of piping and may cause
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i) noise,
ii) vibration of pressure vessels and attached components, exerting nonanticipated loads on
support structures and
iii) erosion leading to leckage.
The different effects of cavitation are represented in a chart in figure 2. These effects
are typical in power piping with relatively large pressure drop.
The structural dynamic effects of cavitation are (i) beam type vibration, (ii) longi-
tudinal vibration and (iii) shell type vibration.
The experience shows that although the frequency of excitation at the usual parameters is
well above the first beam type natural frequencies of the piping, these first beam type
natural frequencies will be excited by cavitation and the resultant amplitudes can be
significant. The shell type of vibration can also cause havaries if proper measure is not
taken. This excitation can be identified in the displacement response spectrum as a "white
noise" in a certain frequency range. The amplitude in this range corresponds to shell type
vibration caused by waves with large pressure differences. This vibration occurs at fre-
quencies below the first shell type natural frequency calculated for water-filled pipes.

2. Detection, Measurement and Assessment of Vibration

A recent paper [1] gives a good survey of programs used in the industry for qualifying
piping for steady-state and transient flow-induced vibration. The objective of the paper
referred to has been to find and correct flow-induced piping vibration problems.

Governing codes and regualtions require tests to confirm that the piping systems, re-
straints and components will withstand flow-induced dynamic loading during service.

The mentioned paper [1] presents an approach which is conform with the ANSI Standards
[2] and is suitable for selecting those pipelines which need additional action. The addi-
tional approach can be
- qualification by system walkdown,

- qualification by simplified criteria,
- qualification by analysis, ¢

- fix and retest or

- detailed testing.

Another paper [3] is using simple beam analogy which helps in certain cases to avoid a
computer analysis.

During preoperational tests in the presented system strong vibration has been detected.
The analysis governing the correcting action is presented here. The presented analysis
method applies for the stresses the upper bound criteria developed in [4] using a simplified
analytical model. The measurement of amplitude then was completed with the special vibration
modes which were of shell type.

The measured amplitudes between 270 and 300 Hz equal the radial displacement of the
pipe in a so called "breathing mode"”. This has been proved by getting the same results on
different locations of the circumference. Further on amplitudes of this frequency range
cannot be detected on the next supports, though all other frequencies of bending or axial
vibration can be measured with an amplitude of at least 1/3.

The measured radial displacement corresponds to a hoop stress produced by an equivalent
pressure called Ap in fig. 5.
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To qualify a system with successive improvements of the system behaviour until the
upper bound criteria for bending vibration were met has been possible after the identi-
fication of the shell type vibration.

The presented method is outlined as follows:

(1) To identify the bending type vibration a simple measuring device is to be used to
deliver the maximum amplitude. Obtaining the displacement at selected locations a good
estimate for the beam type vibration can be constructed.

(i1) Then the measurement of acceleration response spectrum determines the region where the
shell type vibration takes place.

(iii) The radial displacement of the pipe-wall will finally be measured. This displacement
causes hoop stresses and will cause the reduction of the allowable limits for the amplitude
given in the upper bound criteria.

Figure 1 is presenting the piping section which has been elected to present the method.
This section contains of an orifice and connected piping in the main flow, and a bypass line
with a valve.

Figure 3 shows some acceleration response spectra measured during operation with dif-
ferent flow rates with opened/closed bypass valve. (The position of the valve can be iden-
tified in figure 5.) These spectra have been taken at suitable locations and clearly iden-
tify the region of beam type (bending) vibration in the lower frequency region. Above this
region in all shown diagrams a frequency range with no significant vibration is present. The
shell type vibration can be identified in all three diagrams in figure 3 to begin above
270 Hz.

One of the operating conditions provided estimated pressure peaks in the range of 5 MPa
which for the given piping may cause stresses far above the allowable fatigue Timits. The
frequency of this pulsating vibration is much lower than the theoretically obtained first
shell type natural frequency for water filled piping [5], [6]. This must be explained with
the interaction between the water, vapour and pipe-wall during cavitation.

In figure 4 an acceleration response spectrum at the valve in the presented bypass Tine
is shown. This spectrum is taken with the operating condition which identifies in figure 6
the node with 1,8 g acceleration. This load also causes higher stresses in the connected
piping than those calculated for Safe Shutdown Earthquake.

The orifice in figure 1 then has been modified until the estimates obtained with the

above presented methods showed acceptable vibration due to cavitation, i.e. the stresses due
to beam type and shell type vibrations could be Towered below the usual limits. Field expe-

rience indicated that the combination of the stresses of the two different kind of vibration
deliners good estimates for stresses during cavitation.

The used measurements devices are a hand-held vibrometer which gives the maximum ampli-
tude from 3-3000 Hz and a VIBROMETER VM-3/x with the options: maximum applitude in frequency
ranges 3-30 Hz, 30-300 Hz, 300-3000 Hz; amplitude versus frequency in the same ranges and
maximum amplitude at a certain frequency between 3 and 3000 Hz.

3. Summary

During preoperational testing of various systems the following actions needed to be
taken to reduce failure probability:
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i) Increase of orifice-diameter.

ii) Introduction of multi-stage resistances.

ii1) Construction of multi-hole resistances.

iv) Decreasing the piping diameter thus lessening the magnitude of the necessary pressure
drop in the orifice.

One or combination of several of the above actions supported by the measurement des-
cribed in this paper helped to get acceptable piping vibration.

The method of updating of the upper bound 1imit for amplitude with stresses due to the
first shell type vibration is easily implemented and has been successful in detecting poten-
tial vibration problems.

The presented qualification method should prove useful not only to meet present indus-
try requirement but also in programs designed to increase plant availability by finding and
correcting excessive vibration before they result failure.
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Fig. 3 Typical displacement response spectra at the orifice
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Fig., 4 Displacement response spectrum corresponding to the

acceleration of 1.8 g in fig. 6
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Fig. 6 Maximum acceleration of the bypass-valve
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