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Introduction

Steam leak neoise is an ever present problem in steam raising plant. 014
methods of pin-peinting the leak can vary from the use of subjective hearing
directivity and visual inspection in the case of wet low pressure steam leaks,
to searching with a rag at the end of a long pole in the case of high pressure
superheated invisible steam leaks.

Ultrasonic 1istening to detect pasecous leaks is mot a new technigne and the use
of ultrasonic sensors to locate steam leaks is therefore logical. The develop-
meat of a device to locate the point of the leak accurately and From a safe
distance is desirable with respect to both the envirosment and the operational
efficiency of the plant.

Steam Lenk Spectra

Before the developmeat of an ultrasenic device for the detection of steam leaks
it was important to establish the fregquency epectra of steam leaks particularly
at ultrasonie Frequencies. A mimber of noisc measurements were therelore
carried out on steam leaks of various sizes and at different distances and the
sound spectra plotted (Figure 1). From the measurements it was established
that
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Figure 1. Steam Leak Sound Pressure Spectra

dltrasomic frequencies within the range of 10kHz to 100kHz were present.
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An ultrasonic transducer desipgned to operate at 40klz was easily available and
as it was both rupped and cheap it was decided to utilise it for leak location.

Transducer Characteristics

The transducer selected for the leak locator was the Massa-Hingham TR89 Type 40.
1ts polar directional chararteristics were studied by exposing the transducer
to parallel rays of 40'2klHz noise in an anecheic chamber. A clover teaf polar
diapram was obtained having a main frontat Tobe with a drop in sensitivity of
W At 129, Parther tosts were then carried out to improve the traunsducer's
dircetional characteristic by the use of a beam former (Figure 2}. A oumber of

Figure 2 -

Polar Diagram of TREY
Transdovcer with different
RBeam Formers.

a) Wide anpgle TRRY
b) Wide angle tube.
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formers wers constracted and tried, inclwding & tube, a1 cone, a hyperholic
horn, & parahalic dish aml a paraboalic harn,

D) A Tube

Ad oimplicd this was g parallel tabe af diameter te it the transducey {2%mm).
Tl length of the tube was varied From Sma te 23mm. The tests showed that
aftlumph the side bobes were progressively reduced the frantal Jobe did nnt
amarkedls clame . A slipght variation was chen introdnced tn the form of the
insertion of eollars or hushes into a short tobe.  This resulted in the elimin-
Atien of the side lobes and a slight broadeniug of the frontal lobe, for
example 2 20w Tong tube of 21em dismetor with a £2.5mn long collar of 16om
diameter gave a0 single smoath frontal Inhe of 3B At vt

§) A Jlyperbolic torn

A serdes of horns with a throat diameter of [mm oand vavying length were then
faosbleal. Thes very eltectively elminated the side loles and the wider the
horo enth the narrewer became the frontal Tobe, A horn mouth of diameter 25m
for examphe pave o sensitivity dvop of 3dRE at 118" and 2048 at 307, Whilst

A V7eq mouth diameter horn of exactly the same cross section gave a sensitivity
drop of WH at A" and 2n A 3sY

iiir A Parabolic Reflector
The principle of enhancing the signal reccived Tfrom a distant sonrce and [

fornssing it onto a transducer by the use of a parabobie dish is well kaown,
Ihe alteasonic transdocer was placed faring a patiabalic dish of 115m focal
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length and 360fm fim diamétar. The polar diagram of this assemgiy was measured
ang found to have a directivity dropping sharply by 3dB at +2.5 and 20dB at
B .

iv) ‘A Parabolic Horn

A chdnge in the parameters of the parabola can result into a more compact
reflector which can be used as a ray collecting horn to focus rays onto a
forward facing transducer placed at its fecal point. The parabolic horn has

4 number of advantages over the parabolic dish. There is the practical advan-—
tage .that the transducer is protected from physical damage by the horn itself,
Alsoiin the horn the transducer and its mounting do not ohstruct any incoming
rays. Such a reflector with a parabolic profile of x% = 2.54y was tested and
an effective narrow forward facing polar characteristic was obtained with a
sensitivity drop of 3dB at 12.5% and 20dB at +5°. Side lobes at #16° were
present but were 14dB dowm [rom maximum sensitivity.

The parabolic horn was therefore considered the most promising solution and a
protdtype device was constructed.

1t wds considered that an optimum of £7.5" for a 3dB fall off in response
would give good lovation with a target of about 1m diameter at 15m distance.

The requirement was to deal with a wide range (60dB) of sound pressures at
40kliz as presented by steam leaks of different sizes and at vaviable distances,
without the need to adjust a manual gain contrel on the device, This was
salved by a unique method in which twe transducers were used on the instrument,
one with a marrow field and the other with a wide field characteristic. The
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Fipure 3. Schematic Signal Processing Figure 4. The lLeakator

Circuitry

ratio of the signal veceived by these two transducers which was independent of
sound pressure level, was arranged to energise a series of LEDs in such a way
that when on target a maximum number was lit. The schematic diagram of the
electronics is piven in Figure 3. An additional feature was the provision of
an audio sipgnal output giving an increasing piteh as the signal was approached.
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The prototype device (Fipure 4) named the 'lLeakator' was made up therefore of
a patabolic horn for the narvow field sensor and a short tube for the wide
field sensor. The indiecation was piven visually by a column of LEDs and a

plug in carphone system was provided as an optional addition [or target
homeding.

The author wishes to ackuowledge the contributions of his colleagues, Messrs
C.F. Richardzon anmd B, Barker in developing the electronics and Messrs

N.J. Snow, D.J. Wilkins and W.P. Keen for their help with acoustic measure-
ments.
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