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[57] ABSTRACT 

A leak detecting microphone inserted directly into fluid 
within a pipe includes a housing having a first end being 
inserted within the pipe and a second opposed end ex­
tending outside the pipe. A diaphragm is mounted 
within the first housing end and an acoustic transducer 
is coupled to the diaphragm for converting acoustical 
signals to electrical signals. A plurality of apertures are 
provided in the housing first end, the apertures located 
both above and below the diaphragm, whereby to 
equalize fluid pressure on either side of the diaphragm. 
A leak locating system and method are provided for 
locating fluid leaks within a pipe. A first microphone is 
installed within fluid in the pipe at a first selected loca­
tion and sound is detected at the first location. A second 
microphone is installed within fluid in the pipe at a 
second selected location and sound is detected at the 
second location. A cross-correlation is identified be­
tween the detected sound at the first and second loca­
tions for identifying a leak location. 

8 Claims, 2 Drawing Sheets 
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LEAK LOCATING MICROPHONE, METHOD AND 
SYSTEM FOR LOCATING FLUID LEAKS IN PIPES 

CONTRACTUAL ORIGIN OF THE INVENTION 5 

2 
phragm for converting acoustical signals to electrical 
signals. A plurality of apertures are provided in the 
housing first end, the apertures located both above and 
below the diaphragm, whereby to equalize fluid pres­
sure on either side of the diaphragm. 

A leak locating system and method are provided for 
locating fluid leaks within a pipe. A first microphone is 
installed within fluid in the pipe at a first selected loca­
tion and sound is detected at the first location. A second 

The United States Government has rights in this 
invention pursuant to Contract No. W-31-109-ENG-38 
between the United States Government and Argonne 
National Laboratory. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

10 microphone is installed within fluid in the pipe at a 
second selected location and sound is detected at the 
second location. A cross-correlation is identified be­
tween the detected sound at the first and second loca-The invention relates to a method and system for 

detecting fluid leaks in pipes and a leak detecting micro­
phone operating directly within a gas or other fluid at l5 
high temperature and high pressure for generating a 
signal used to locate a fluid leak. 

2. Background of the Invention 
Detection and location of leaks in gas, steam and 

other fluid-carrying lines is of significant importance to 20 
utility and other industrial organizations. In some in­
stances, microphone systems have been used. 

For example, U.S. Pat. No. 4,289,019 discloses a 
method and apparatus for passive detection of a leak in 
a buried pipe containing fluid under pressure. Noise 25 
produced by the leak is detected by a plurality of acous-
tic detectors that are placed in contact with the outside 
wall of the pipe and the detected signals are correlated 
to locate the leak. 

However, it is understood that the sensing elements 30 
for the microphones have been mounted and operate 
external to the fluid. One disadvantage of the known 
arrangements is poor sensitivity so that only substantial 
breaks in pipes can be reliably detected. Also back­
ground noise and structural noise vibration can result in 35 
erroneous leak detections. 

It is an object of the present invention to provide an 
improved method and system for locating a fluid leak. 

It is an object of the present invention to provide an 
improved method and system using at least two micro- 40 
phones disposed into a fluid within the pipe for locating 
a fluid leak. 

It is an object of the present invention to provide an 
improved method and system using at least two micro­
phones disposed into a fluid within the pipe for locating 45 
a fluid leak to provide improved sensitivity and reliable 
operation. 

It is an object of the present invention to provide a 
microphone capable of being inserted into a pipe di-
rectly in contact with a fluid. 50 

It is an object of the present invention to provide a 
microphone capable of being inserted into a pipe di­
rectly in contact with a fluid having a high temperature, 
such as 350° F. and at high pressures, such as 180 psi. 

It is an object of the present invention to provide an 55 
improved method and system for locating a fluid leak 
overcoming some of the disadvantages of known ar­
rangements for locating a leak. 

tions for identifying a leak location. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention together with the above and 
other objects and advantages may best be understood 
from the following detailed description of the embodi­
ment of the invention illustrated in the drawings, 
wherein: 

FIG. 1 is a schematic block diagram representation of 
a leak detection system of the invention; 

FIG. 2 is a schematic representation of a microphone 
of the leak detection system of FIG. 1; and 

FIG. 3 is a schematic representation of apparatus for 
inserting the microphone into a fluid filled pipe in the 
leak detection system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In accordance with the present invention, a leak de­
tection system 10 includes two or more microphones 12 
mounted to extend directly into the gas or other fluid 16 
carried within a pipe 18 or other similar fluid-carrying 
vessel. Each of the microphones 12 detect sound waves 
or noise within the fluid 16 generated by leaks in the 
pipe 18. An acoustical signal generated by each micro-
phone 12 is amplified by a preamplifier 20. The ampli­
fied signal output of the preamplifier 20 is applied to and 
filtered by a filter 22. The amplified and filtered acousti­
cal signals from the filters 22 are applied to a cross-cor­
relator 24. Knowledge of the distance between the two 
microphones 12 indicated by an arrow labelled X and of 
the velocity of the propagation of the sound waves 
detected by the microphones 12 enables the cross-cor­
relator 24 to identify a detected leak location as indi­
cated at a block 26. 

Microphone 12 allows fluid leaks to be detected and 
located by analyzing the acoustic signal sensed by two 
microphones 12. Microphones 12 can be separated by 
several thousand feet. 

U.S. Pat. No. 4,289,019 discloses acoustical signal 
processing circuitry that advantageously can be used 
for the filters 22 and cross-correlator 24. The disclosure 
of U.S. Pat. No. 4,289,019 is incorporated herein by 
reference. 

Referring to FIG. 2, there is shown a schematic rep-
SUMMARY OF THE INVENTION 

In brief, these and other objects and advantages of the 
invention are provided by a leak detecting microphone 
inserted directly into fluid within a pipe and a leak 
locating method and system. The microphone includes 

60 resentation of the microphone 12 of the leak detection 
system 10. Microphone 12 includes a housing 30 having 
a first end 32 inserted within the pipe 18 and a second 
opposed end 34. Microphone 12 employs a piezoelectric 

a housing having a first end being inserted within the 65 
pipe and a second opposed end extending outside the 
pipe. A diaphragm is mounted within the first housing 
end and an acoustic transducer is coupled to the dia-

transducer (PZT), leadmetanioate or other piezoelec­
tric material crystal 36 attached to a stainless steel dia­
phragm 38 for converting acoustical signals into electri-
cal signals. The diaphragm 38 and crystal 36 are directly 
exposed to the fluid 16. Frequency response of the mi-
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crophone 12 is critical to the operation of system 10. 
Frequency response is set at a selected frequency, for 
example, such as approximately 5 kHz or in a prede­
fined range of 3-8 kHz to help eliminate spurious back­
ground noise but low enough to allow propagation of 5 
acoustic leak signals over great distances in a pipe. The 
ratio of the crystal diameter to diaphragm diameter, and 
diaphragm thickness is optimized through conventional 
theoretical considerations. 

Various commercially available crystals can be used 10 
for crystal 36 such as sold by Crystal Technology Inc. 
of Mountain View, Calif. or by Solvay Technologies, 
Inc. of New York, N.Y. Diaphragm 38 is made of a 
corrosion resistant material having sufficient strength to 
tolerate differential pressure and flexibility to transmit 15 
acoustical signals to the crystal 36. A relatively thin 
stainless steel member, for example, such as 5 mils thick, 
advantageously is used for diaphragm 38. 

A plurality of holes 40 are provided in the cylindrical 
housing 30 above and below the crystal 36 and dia- 20 
phragm 38 to provide for equalization of pressure. 
Holes 40 keep the fluid pressure on either side of the 
diaphragm 38 equalized when the microphone 12 is 
inserted into the fluid 16, thus preventing its failure 
while still allowing it to resonate. An epoxy or cement 25 
filler 42 surrounds a conductor 44 coupling the electri­
cal signal from crystal 36 to the preamplifier 20 and 
seals the microphone 12. 

By using a pair of these microphones 12 and cross 
correlation analysis of the amplified and filtered signals 30 
from a small leak, a leak which was between the sensors, 
could be located to within less than a foot. Signals from 
steam leaks could be detected by these microphones 12 
at temperatures up to 350° F. 

A feature of the invention is that microphone 12 is 35 
designed to be used with a hot-tap so that the micro­
phone can be inserted into a pipe without turning off the 
gas or steam. The microphone 12 is small enough to be 
inserted through a hot-tap arrangement illustrated and 
described with reference to FIG. 3 into the pipe 18. The 40 
microphone 12 has a predetermined size, for example, 
such as a 9/16 inch diameter or 1.4 cm, to be inserted 
through a valve opening into the fluid without turning 
off the gas or steam. 

Microphone 12 isolates the background and struc- 45 
tural noise vibrations while still maintaining good sensi­
tivity. Microphone 12 can be operated at temperatures 
to 350° F. and pressures to 180 psi. 

Microphone 12 of the leak-detecting system 10 oper­
ates at a frequency of about 5 kHz. Operational tests of 50 
the leak detection system 10 with a pair of microphones 
12 using cross correlation analysis, have resulted in the 
location of a leak to within less than a foot. 

FIG. 3 illustrates apparatus for installing the micro­
phones 12 into the pipe 18. First a standoff 50 is welded 55 
to the pipe 18, indicated by weld 52. A pair of small 
valves labelled Valve A and Valve Band a protective 
shield 53 are attached to the standoff 50. Initially Valve 
A and Valve Bare closed, then Valve A is opened and 
a drill (not shown) is inserted and the drill is sealed at a 60 
packing 54. Then valve Bis opened and an opening at 
12A for receiving the microphone 12 is drilled in the 
pipe 18. Next the drill is raised beyond Valve B and 
Valve Bis closed. Then the drill is removed and Valve 

65 

4 
A is closed. To insert the microphone 12 into the pipe 
18, Valve A is opened and the microphone housing 30 is 
inserted and sealed at the packing 54. Then Valve Bis 
opened and the microphone is pushed into the pipe 18. 

While the invention has been described with refer­
ence to details of the illustrated embodiment, these 
details are not intended to limit the scope of the inven­
tion as defined in the appended claims. 

What is claimed and desired to be secured by Letters 
Patent of the United States is: 

1. A leak detecting microphone for insertion directly 
into fluid within a pipe comprising: 

a housing having a first end being inserted within the 
pipe and a second opposed end extending outside 
the pipe; 

a diaphragm mounted within said first housing end; 
an acoustic transducer coupled to said diaphragm for 

converting acoustical signals to electrical signals; 
and 

a plurality of apertures provided in said housing first 
end, said apertures located both above and below 
said diaphragm, whereby to equalize fluid pressure 
on either side of the diaphragm. 

2. A leak detecting microphone as recited in claim 1 
wherein said housing is a generally cylindrical member 
formed of corrosion resistant material. 

3. A leak detecting microphone as recited in claim 1 
wherein said diaphragm is a member formed of corro­
sion resistant material. 

4. A leak detecting microphone as recited in claim 1 
wherein said diaphragm is formed of stainless steel. 

5. A leak detecting microphone as recited in claim 1 
wherein said acoustic transducer is a piezoelectric crys­
tal. 

6. A leak detecting microphone as recited in claim 1 
wherein said acoustic transducer is a leadmetanioate 
crystal. 

7. A leak detecting microphone as recited in claim 1 
wherein said acoustic transducer is a piezoelectric trans­
ducer. 

8. A leak locating system for locating fluid leaks 
within a pipe comprising: 

first microphone means disposed within the pipe for 
detecting sound at a first selected location; 

second microphone means disposed within the pipe 
for detecting a sound at a second selected location; 

cross-correlator means responsive to said first micro­
phone means and said second microphone means 
for identifying a leak location; and 

wherein each of said first microphone means and said 
second microphone means include; 

a housing having a first end being inserted within the 
pipe and a second opposed end extending outside 
the pipe; 

a diaphragm mounted within said first housing end; 
an acoustic transducer coupled to said diaphragm for 

converting acoustical signals to electrical signals; 
and 

a plurality of apertures provides in said housing first 
end, said apertures located both above and below 
said diaphragm, whereby to equalize fluid pressure 
on either side of the diaphragm. 

* * * * * 


