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1. Introduction

The objective of this study is to estimate the
feasibility of acoustic emission method for the internal
leak from the valves. In this study, two types of valve(a
3 1/2 inch glove valve for 600 psi steam and a 4 inch
ball valve water ) leak tests using three different leak
path and numerous leak rates were performed in order
to analyze acoustic emission properties when leaks arise
in valve seat. As a result of leak test for specimens
simulated valve seat, we conformed that leak sound
amplitude increased in proportion to the increase of
leak rate, and leak rates were plotted versus peak
acoustic amplitudes recorded within those two narrow
frequency bands on each spectral plot. The resulting
plots of leak rate versus peak acoustic amplitude were
the primary basis for determining the feasibility of
quantifying leak acoustically. The large amount of data
collected also allowed a grief investigation of the
effects of different leak paths, leakage rates, pressure
differentials and transducers on the acoustic amplitude
spectra. From the experimental results, it was suggested
that the acoustic emission method for monitoring of
leak was feasible.

2. Methods and Results
2.1 Steam Valve Investigation

A used 3 in. globe valve was procured and installed
in a test stand. The valve was found to be leaking and
was not modified internally. Flexible hoses were added
to isolate the test stand from external structure-borne
sources.

The test stand was supplied with saturated steam at a
nominal pressure of 600 psi, through a flexible hose
which isolated the test stand from noise in the supply
line, A comparison of acoustic signatures immediately
upstream and downstream from the flexible hoses
confirmed the effectiveness of the hoses in isolating the
steam valve test stand from noise in the steam supply
line, which had high steam flow rates, valving, etc., for
other tests, Without the hoses, it was impossible to
detect an acoustic signal from a leak of less than 37ml
per min of condensate but with the hoses installed, leak
rates as low as 0.03ml per min of condensate were
observed acoustically. A 6ft length of pipe, terminating
at a blank flange, was attached to the downstream side

of the test valve to more closely model the acoustic
characteristics of the valve installed in a piping system.
A graph of leak rate versus the peak acoustic
emission amplitude of the averaged spectra is shown in
Figure 4. The highest acoustic emission amplitudes
occurring in the frequency band of 45 to 50 kHz were
used in this plot. All of the data were recorded with the
transducer located at the top of the upstream valve
flange. Temperatures and pressures shown adjacent to
the data points to which they pertain refer to upstream
temperatures and pressures.
Curves of the general form

logy=a+blogx

where x equals acoustic amplitude, and y equals leak
rate, were fitted to the data points plotted in Figure 1. it
shows 35 to 45 kHz in a frequency range .

Compared to similar curves fitted to high pressure air
valve data, the standard deviations of the steam valve
data are fairly large. The number of steam valve data
points is smaller by at least an order of magnitude than
the number of comparable high pressure air valve data
points, principally because of the difficulty, as
previously noted, in controlling the leakage rate, Also,
the data were not all recorded at the same temperatures
and pressures. The attainable precision of any
instrument to be developed is difficult to determine at
present. Some factors yet to be considered include
pressure and temperature effects, valve construction,
leak path variations(i.e., valve defects or damage such
as warped or wire-draw seats, etc.), and multiple
measurements at similar leak rates.

2.2 Water Valve Investigation

A used, 4 in. ball valve of the type found in Naval
shipboard seawater systems was procured and installed
in a test stand. the test stand was normally operated in
an open loop configuration with a tap water source,
however for some tests (e.g., with degassed water) it
was necessary to recirculate the water in a closed loop.
For some tests, a clear plastic blank flange was used to
replace the pipe downstream of the test valve to permit
visual observation of the flow, bubble entrainment, air
pocket formation, and so on. Tests were run on a
variety of valve ball and seat combinations and
conditions.



The differential pressures across the valve were in
the range of 5 to 8 psi. It was noted that there were
several types of acoustic emission that were apparently
unrelated to leakage rate.
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Figure 1. Acoustic emission amplitude versus leak rate in
steam globe valve

it was hypothesized and tentatively confirmed that
some of the observed acoustic emission was due to air
coming out of solution and that some was related to the
existence of air pockets in the leakage flow path
immediately downstream from the ball of the test valve.
Other acoustic emission resembled random whistles and
periodic clicks. Figure 2 is a plot of acoustic amplitude
versus frequency for three differential pressures across
the test valve. Leakage of approximately 2000 ml per
min was obtained using the rough ball with new seats in
the test valve. The transducer was attached to the valve
flange and data were collected with the signal averager
and x-y plotter. The data show that under the test
conditions there is an adequate signal-to-noise ratio
only below frequencies of about 75 kHz.

The figure also shows a strong increase of acoustic
emission amplitude with increasing differential pressure
at similar leak rates. This suggests that the use of higher
differential pressures might produce acoustic signals
related to leak rate that are stronger than the observed
signal fluctuations not related to leak rate. This
corresponds to a previous observation that the 5 to 7 psi
range is threshold of differential pressure for acoustic
leak detection. Most of the investigation was restricted
to low differential pressures across the valve because in
practical applications higher differential pressures are
difficult and costly to obtain.

The data in figure 2 are typical of the acoustic
emission signature associated with leakage through
large ball valves. There was found to be a poor
correlation between the amplitude of this signature and
leakage rate at constant pressure even for a single valve.
When the valve was cycled (opened and then re-shut)
the leakage rate and the signature both changed, but the
changes were not consistent with each other.
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Figure 2. Typical spectra of acoustic emission amplitude from
leakage through a 4 in. seawater ball valve, showing strong
dependence of amplitude on pressure.

3. Conclusion

Experimental data reported herein show that there are
detectable acoustic signals associated with hydraulic,
steam, and high-pressure air valve leakage, and that the
signals increase with increasing leakage rate. Some
evidence exists to suggest that acoustic measurement of
hydraulic valve leak rates of less than 10 ml per min
might be feasible. This will require a better
understanding of the air release upon depressurization
of hydraulic fluid. The detection of hydraulic leaks
above the 10 ml per min threshold is immediately
attainable, and the acoustic emission seems to be
localized well enough that it is feasible to acoustically
identify the leaking valve in a manifold of several
hydraulic valves mounted together.
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