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(54) Leak test probe for use in industrial facilities

(57) Methods and apparatus are provided for per-
forming accurate, repeatable leak test measurements in
wet, dusty and/or fluid-filled systems, such as a power
plant, with no special sampling pumps, carrier gases or
separators required. A leak detector probe (102) is in-
stalled directly in a pipe or other component (110) carry-
ing a gas flow (112) to be tested and is coupled to the

inlet of a leak detector (130). The leak detector probe
(102) includes a test gas permeable membrane (182)
which is positioned in the gas flow to be tested. The test
gas permeable membrane may, for example, be posi-
tioned in a central region (132) of a pipe in the flow of
gas toward the evacuation pump. In some embodiments,
the position of the leak detector probe in the pipe or other
component may be adjustable.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to detection of leaks in
large piping systems operating below atmospheric pres-
sure and, more particularly, to methods and apparatus
for test gas leak detection in industrial facilities, such as
power plant systems, for example.

BACKGROUND OF THE INVENTION

[0002] Helium mass spectrometer leak detection is a
well-known leak detection technique. Helium is used as
a test gas, which passes through the smallest of leaks in
a sealed test piece. After passing through the leak, a test
sample containing helium is drawn into a leak detection
instrument and is measured. In the instrument, a mass
spectrometer or other detector detects and measures the
helium, In one approach, a test piece is pressurized with
helium. A leak detector probe, or "sniffer probe", connect-
ed to the test port of the leak detector is moved around
the exterior of the test piece. Helium passes through
leaks in the test piece, is drawn into the probe and is
measured by the leak detector. In another approach, the
interior of the test piece is coupled to the test port of the
leak detector and is evacuated. Helium is sprayed onto
the exterior of the test piece, is drawn inside through a
leak and is measured by the leak detector.
[0003] The prior art discloses leak detectors which in-
corporate a test gas permeable member coupled be-
tween a volume to be tested and a test port of the leak
detector. The test gas permeable member allows the test
gas, such as helium, to pass and blocks other gases,
liquids and particles. The permeable member may be
quartz, which is permeable to helium when heated. The
prior art also discloses a composite membrane that in-
cludes a porous membrane, which may function as a
substrate, and a semi-permeable membrane in series.
[0004] Various leak detector probe configurations are
known in the prior art. A conventional leak detector probe
includes a probe tip having an orifice of known size to
control gas flow to the leak detector. Other known leak
detector probes include a glass tube and a heating ele-
ment. When the glass tube is heated, the glass is per-
meable to helium.
[0005] It is sometimes required to perform leak testing
in vacuum applications that have wet, dusty and/or fluid-
filled environments, for example chemical factories, the
condenser pipes of a power plant, or in the exhaust of a
steam ejector pump for in-line testing of turbines.
[0006] A power plant turbine is turned by high pressure
steam generated in a boiler. The boiler heats water and
converts it to steam, which flows through the turbine in
order to rotate the turbine and generate electrical power.
After exiting the turbine, the steam is routed through a
condenser operating under vacuum, which cools the
steam back to water, which is then returned to the boiler

to start the cycle again.
[0007] Leaks in pipes and flanges of the system can
result in power loss in excess of one megawatt per tur-
bine. However, leak testing of power plant components
presents a challenging set of problems. Typically, the
high pressure region of a turbine operates at a pressure
of about 200 bar (2900 PSIA), while the low pressure
region operates at a vacuum pressure of 50 millibar (38
Torr) or lower. As a result of air in-leakage, the vacuum
level can deteriorate and degrade the system efficiency.
The most widely accepted method to identify air in-leak-
age is the use of test gases, such as helium. However,
a known problem in the industry makes accurate and
reliable leak testing difficult.
[0008] Power plant condenser systems are extremely
large, with many pipes and flanges, all of which can leak.
Typically, sections of power plant pipes and flanges are
sprayed with helium test gas along the outside diameter.
Helium is drawn into a leak and flows with the stream of
gas inside the pipe downstream to the location of the leak
detector. Due to atmospheric air convection, the effects
of wind, etc., only a small amount of the helium sprayed
actually enters the leak, and enshrouding a section of a
large power plant to provide a controlled helium atmos-
phere is not practical. The amount of helium that actually
enters a given leak is typically small and quite variable.
In addition, the system contains large amounts of water
vapor and amines, which add to the difficulty in testing.
There is often a long distance between the connection
point of the leak detector and a leak location, so reliable
and repeatable response is critical for locating and re-
pairing leaks in a time and cost effective manner. In power
plant condensers and other industrial facilities, the vol-
ume of gas is very large in comparison to the small
amount of test gas entering the system and thus is difficult
to detect.
[0009] Various methods have been tried in an attempt
to improve leak test reliability, including use of multiple
pumps, sampling bypasses, tapping members in parallel
with the pipe in test, and feed members circulating a car-
rier gas in viscous flow. Permeable membranes have al-
so been used in prior art industrial leak testing. However,
the membranes have typically been a flat disk pinched
between two flanges and mounted on a flange side port
on the outside diameter of the pipe, far away from the
primary gas stream at the center of the pipe in test. A
plurality of permeable members has also been tried in
the prior art in an attempt to achieve reliable results. All
of the prior art approaches have resulted in complex and
expensive systems that are difficult to move around in a
large, multi-story power plant complex and do not provide
sufficiently reliable test results.

SUMMARY OF THE INVENTION

[0010] The present invention provides methods and
apparatus to perform accurate, repeatable leak test
measurements in wet, dusty and/or fluid-filled systems,
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such as a power plant, with no special sampling pumps,
carrier gases or separators required. A leak detector
probe is installed directly in a pipe or other component
carrying a gas flow to be tested and is coupled to the inlet
of a leak detector, yielding a simple, highly reliable and
efficient leak test process. The leak detector probe in-
cludes a test gas permeable membrane, which is posi-
tioned in the gas flow to be tested. The test gas permeable
membrane may, for example, be positioned in a central
region of a pipe in the flow of gas toward the evacuation
pump. In some embodiments, the position of the leak
detector probe in the pipe or other component may be
adjustable. The ability to perform leak testing during nor-
mal plant operation saves time and money, and makes
it possible to find leaks that might not be found when the
system is tested at a non-operating pressure.
[0011] According to a first aspect of the invention, a
leak detector probe assembly comprises a leak detector
probe including a tube having an internal passage con-
figured to carry a test gas to a leak detector and a per-
meable element that is permeable to the test gas, the
permeable element affixed to the tube and disposed be-
tween an exterior of the probe and the internal passage
of the tube, and a mounting mechanism configured to
mount the leak detector probe to a component carrying
a gas flow to be tested, with the permeable element hav-
ing a desired position in the gas flow to be tested.
[0012] In some embodiments, the permeable element
is located at a probe tip of the leak detector probe. The
permeable element may comprise a porous structural
element and a test gas permeable membrane in series
with the structural element. In some embodiments, a
disk-shaped permeable element may be sealed to an
inside diameter of the internal passage in the tube. In
further embodiments, the permeable element may have
a hollow cylindrical configuration and may be sealed to
the tube. A protective element may be positioned over
the permeable element.
[0013] The mounting mechanism may be configured
to mount the leak detector probe with the permeable el-
ement positioned in a central region of a pipe carrying
the gas flow to be tested. In some embodiments, the
mounting mechanism defines a fixed position of the leak
detector probe. In further embodiments, the mounting
mechanism is configured for adjustable positioning of the
leak detector probe. The mounting mechanism may com-
prise a flange for sealing to an opening in the pipe or
other component carrying the gas flow to be tested.
[0014] According to a second aspect of the invention,
a method for leak detection comprises positioning a leak
detector probe in a gas flow to be tested, the leak detector
probe including a tube having an internal passage and a
permeable element that is permeable to a test gas, the
permeable element disposed in the gas flow between an
exterior of the probe and the internal passage of the tube,
and drawing test gas that passes through the permeable
element into a leak detector for detection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a better understanding of the present inven-
tion, reference is made to the accompanying drawings,
which are incorporated herein by reference and in which:
[0016] Fig. 1 is a schematic, cross-sectional view of a
pipe, illustrating flow of a test gas in a central region of
the pipe;
[0017] Fig. 2 is a schematic block diagram of a prior
art leak detector configuration;
[0018] Fig. 3 is a schematic block diagram of a leak
detector configuration in accordance with embodiments
of the invention;
[0019] Fig. 4 is a schematic diagram of a leak detector
probe assembly in accordance with embodiments of the
invention;
[0020] Fig. 5 is an enlarged cross-sectional view of a
probe tip of a leak detector probe in accordance with
embodiments of the invention;
[0021] Fig. 6 is a schematic diagram of a leak detector
probe assembly in accordance with further embodiments
of the invention; and
[0022] Fig. 7 is an enlarged cross-sectional view of a
probe tip of a leak detector probe in accordance with
further embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention provides methods and
apparatus for performing accurate, repeatable leak test
measurements in wet, dusty and/or fluid-filled systems,
such as a power plant. A leak detector probe is installed
directly into the pipe or other component carrying a gas
flow to be tested and is coupled to the inlet of a leak
detector, yielding a simple, highly reliable and efficient
leak test process. The leak detector probe includes a test
gas permeable membrane, which is positioned in the gas
flow to be tested. The test gas permeable membrane
may, for example, be positioned in a central region of a
pipe in the flow of gas toward the evacuation pump. In
some embodiments, the position of the leak detector
probe in the pipe or other component may be adjustable.
The ability to perform leak testing during normal plant
operation saves time and money, and makes it possible
to find leaks that might not be found when the system is
tested at non-operating pressure.
[0024] The gas dynamics in a large industrial system,
such as a power plant, present special problems for leak
testing. The diameter of a typical power plant pipe can
be 10 to 100 centimeters, while the mean free path for
helium tracer gas, the distance a gas molecule can move
before it strikes another gas molecule, is several orders
of magnitude smaller. The mean free path for helium can
be found using the general equation: 
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where λ is the mean free path in centimeters (cm), T is
temperature in degrees Kelvin, ξ is the diameter of a he-
lium atom in centimeters, and P is the gas pressure in
Torr. At 295K and a pressure of 38 Torr (50 millibar), the
mean free path for helium is 3.7 x 10-04 cm. In a mixture
of gases having different masses, such as water vapor
and air from a leak, the mean free path for helium will
vary slightly depending on the relative concentration of
gases and the temperature, but remains in the 10-04 cm
range at the stated working pressure.
[0025] As shown in Fig. 1, the diameter of a typical
power plant pipe 10 is several orders of magnitude larger
than the mean free path for helium, making it difficult for
helium test gas to migrate to a test port on the outside
diameter of the pipe in test. The gas flow through pipe
IO includes large molecules 12, such as water vapor,
nitrogen and oxygen, and small helium atoms 14_ The
helium atoms with a mean free path on the order of E -
4 cm are captured in the primary viscous, laminar flow
by successive collisions with more massive and more
numerous gas molecules. Thus, helium atoms 14 tend
to flow in a region 16 near the central axis of pipe 10.
[0026] Further, it is well known in engineering literature
that gas flow velocity in a pipe in laminar viscous flow is
maximum at the central axis of the pipe and is zero at
the pipe wall. The primary gas flow, and the flow of helium
test gas, is therefore near the center of the pipe, far from
a test port on the outside diameter of the pipe. Consid-
ering the small concentration of helium actually entering
a leak, the extremely small mean free path of helium test
gas and high gas flow only near the center of the pipe in
a practical application, such as condenser piping in a
power plant, any helium test gas entering the system
through a leak is captured in the high flow region near
the central axis of the pipe. Due to the small mean free
path, the helium atoms cannot migrate laterally to a leak
test port on the outside diameter of the pipe.
[0027] A prior art configuration for leak detection in a
pipe is shown in Fig. 2. A pipe 30 carries a gas flow 32,
having a flow profile 34 with a maximum flow at central
axis 36 of pipe 30 and zero flow at the wall of pipe 30. A
permeable membrane 40 is mounted between flanges
of a lateral test port 42. Helium, if any, that enters lateral
test port 42 passes through membrane 40 to a leak de-
tector 46. Due to the small amount of helium in compar-
ison with the volume of gas flow and due to the zero flow
at the wall of the pipe, very little helium enters the test
port 42.
[0028] With the configuration of Fig. 2, it is common to
spray helium directly on a leak and to observe no re-
sponse at all in the leak detector. After some time, tur-
bulence inside the pipe may enable helium test gas to
migrate laterally to the test port in the side of the pipe

and be detected. However, pinpointing a small leak or
multiple leaks in a large system can be a very difficult
and time-consuming problem.
[0029] One approach to leak testing with the gas dy-
namics described above is to connect the leak detector
to the exhaust of the vacuum pump used to maintain
vacuum pressure in the condenser system. With prior art
leak detection technology, the leak detector must be sep-
arated from the system to be tested by a trap to remove
water vapor and dirt particles before the gas enters the
leak detector. Any water vapor that goes into the leak
detector will result in contamination of the spectrometer
or other detection device, degrade pump lubricants and
bearings, and corrode leak detector components. The
trap used to remove water vapor from the gas will se-
verely limit the sensitivity and response of the leak de-
tector, again resulting in difficult leak test problems. In
the case of an orifice-based sniffing probe, the suction
line will eventually become blocked so that erroneous
test results are obtained.
[0030] A leak detector probe assembly and a leak de-
tector system in accordance with embodiments of the
invention are shown in Figs. 3-5. As shown in Fig. 3, a
leak detector probe assembly 100 includes a leak detec-
tor probe 102 and a mounting mechanism 104. The leak
detector probe assembly 100 is installed in a pipe 110
carrying a gas flow 112 to be tested. A probe tip 120 of
leak detector probe 102 is positioned by mounting mech-
anism 104 in the gas flow 112 in pipe 110. The leak de-
tector probe 102 is connected by a hose 124 to a leak
detector 130. In embodiments of the invention, the probe
tip 120 of leak detector probe 102 includes a test gas
permeable membrane, and the probe tip 120 is posi-
tioned at or near a central axis 132 of pipe 110.
[0031] As shown in Figs. 4 and 5, embodiments of the
leak detector probe 102 include a corrosion-resistant
tube 150 having an internal passage 152, probe tip 120
and a connector 154. The probe tip 120 includes a per-
meable element 160 affixed to tube 150 and disposed
between an exterior 162 of probe 102 and the internal
passage 152 of tube 150. Probe tip 120 and connector
154 may be located at opposite ends of tube 150. The
mounting mechanism 104 is configured to mount the tube
150 to a pipe, duct or other component carrying a gas
flow to be tested, with the permeable element 160 having
a desired position in the gas flow to be tested.
[0032] Connector 154 provides a vacuum-tight con-
nection between tube 150 and hose 124. The tube 150
can be connected via hose 124 to the inlet of any type
of helium or hydrogen leak detector. A leak detector vac-
uum pump creates vacuum inside hose 124 and leak
detector probe 102.
[0033] Mounting mechanism 104, which can be a com-
pression-type flange fitting, permits leak detector probe
102 to be installed vacuum-tight in a port of the pipe to
be tested. In some embodiments, the position of leak
detector probe 102 is fixed relative to mounting mecha-
nism 104. In other embodiments, the position of leak de-
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tector probe 102 is adjustable relative to mounting mech-
anism 104. By loosening the compression fitting, leak
detector probe 102 can be positioned inside the pipe such
that the probe tip 120 and the permeable element 160
are located at or near the central axis 132 of the pipe
110, where the gas flow and helium concentration are
maximum. It will be understood that any suitable mount-
ing mechanism 104 can be utilized for positioning leak
detector probe 102 in the gas flow to be tested. The
mounting mechanism 104 may seal the leak detector
probe 102 to the component in which it is mounted.
[0034] In some embodiments, permeable element 160
may include a porous structural member 180 and a test
gas permeable membrane 182. The permeable element
160 is configured such that the test gas flows in series
through the permeable membrane 182 and the structural
member 180, or vice versa, to the internal passage 152
of tube 150. In the embodiment of Fig. 5, permeable el-
ement 160 is disk-shaped, with a diameter to permit seal-
ing into the internal passage 152 of tube 150.
[0035] The materials of the structural member 180 and
the permeable member 182 are selected to resist steam,
hot water, amines and other chemicals that may be
present in the steam system of a power plant or other
industrial facility. The structural member 180 may be Vy-
cor glass, alumina, beryllia, or a sintered metal, for ex-
ample. The structural material is chosen for cost, porosity
for the test gas, and material strength. The structural
member may be a small diameter, 6 to 12 millimeters for
example when the probe is to be mounted in a lateral
port of the vacuum line in a condenser, or it may be large
in diameter, 2 to 6 inches for example, if it is to be mounted
in the outlet of a vacuum pump. The larger diameter gives
more surface area for permeation and a higher signal.
The thickness of the structural member varies with diam-
eter and material strength, since it must withstand the
force of one atmosphere differential pressure with vacu-
um inside and with atmospheric pressure outside.
[0036] The permeable membrane 182 may be CVD
(chemical vapor deposition) deposited silica, or a poly-
mer, such as FEP (fluorinated ethylene propylene), PFA
(perfluoroalkoxy), or PTFE (polytetrafluoroethylene), or
acetate, for example, but the material of the permeable
membrane is not limited to these materials. The perme-
able membrane should be significantly permeable to he-
lium and hydrogen, yet largely impermeable to water va-
por, steam, and other gases. The membrane should with-
stand temperatures up to 500 degrees F, be inert to
chemicals and solvents, and have a high resistance to
impact and tearing. If a polymer is used, the permeable
membrane 182 may be a polymer disc bonded to the
structural member 180 or spray coated on the structural
member 180.
[0037] The structural member 180 may be bonded to
the tube 150 using an adhesive selected for its bonding
characteristics for the structural and permeable mem-
bers and for robustness in harsh environments. As shown
in Fig. 5, tube 150 can be provided on its inside diameter

with a shoulder 184 for retaining structural member 180.
In some embodiments, a disc of stainless steel mesh
screen can be bonded over permeable member 182 for
protection against damage due to incidental impact.
[0038] In further embodiments, a permeable element
200 may have a hollow cylindrical configuration, as
shown in Figs. 6 and 7.’ Permeable element 200 includes
a tubular structural element 202 sealed to the end of tube
150. A test gas permeable membrane 204 may be affixed
to an outside surface of structural element 202. In other
embodiments, the test gas permeable membrane 204
may be affixed to an inside surface of structural element
202. The end of cylindrical permeable element 202 may
be sealed with a corrosion resistant cap 206 or with an
additional permeable element. The cylindrical permeable
element 200 has greater surface area than the embodi-
ment of Fig. 5 and thus provides greater sensitivity.
[0039] Permeable membrane 182 is located between
the gas flow 112 in pipe 110 and the leak detector 130.
Permeable membrane 182 may be a material that is per-
meable to the test gas used for leak detection under spec-
ified conditions. The test gas may be a light gas such as
helium, hydrogen, neon, and isotopes thereof. The per-
meable membrane 182 substantially passes, or perme-
ates, the test gas while substantially blocking other gas-
es, liquids and particles. The permeable membrane 182
thus acts as a test gas window in the sense of allowing
the test gas to pass, while blocking other gases, liquids
and particles. The structural element 180 provides me-
chanical support for permeable membrane 182 and may
be a porous material that passes the test gas. Composite
membranes which have a more or less constant perme-
ance to the test gas over a range of temperatures are
described in U.S. Patent Publication No. 2008/0313881,
published December 25, 2008, which is hereby incorpo-
rated by reference.
[0040] In use, the leak detector probe 102 is positioned
in the pipe 110 to be tested with the probe tip 120 located
at or near the region of maximum flow. As discussed
above, the region of maximum flow may be near the cen-
tral axis of the pipe or other conduit. The probe 100 is
sealed into pipe 110 by vacuum flange 170 and is con-
nected via hose 124 to leak detector 130. A technician
then sprays helium or other test gas onto the pipe, pipe
fitting or other component upstream in the gas flow from
leak detector probe 102. The helium is drawn into the
pipe 100 through a leak, travels with the gas flow to leak
detector probe 102. The helium in the gas flow passes
through permeable element 160 and is drawn into leak
detector 130 by the vacuum pump of leak detector 130.
The leak detector 130 determines the amount of helium
in gas flow 112, which thereby indicates the presence or
absence of a leak at the location where the helium was
sprayed onto the pipe or other component. The leak de-
tector probe 102 installed directly in the gas flow provides
high sensitivity and a reliable leak test response.
[0041] Having thus described several aspects of at
least one embodiment of this invention, it is to be appre-
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ciated various alterations, modifications, and improve-
ments will readily occur to those skilled in the art. Such
alterations, modifications, and improvements are intend-
ed to be part of this disclosure, and are intended to be
within the spirit and scope of the invention. Accordingly,
the foregoing description and drawings are by way of
example only.

Claims

1. A leak detector probe assembly comprising:

a leak detector probe (102) including a tube
(150) having an internal passage (152) config-
ured to carry a test gas to a leak detector (130)
and a permeable element (160, 200) that is per-
meable to the test gas, the permeable element
(160, 200) affixed to the tube (150) and disposed
between an exterior (162) of the probe (102) and
the internal passage (152) of the tube (150); and
a mounting mechanism (104) configured to
mount the leak detector probe (102) to a com-
ponent (110) carrying a gas flow (112) to be test-
ed, with the permeable element (160, 200) at a
desired position in the gas flow to be tested.

2. The leak detector probe assembly as defined in claim
1, wherein the permeable element (160, 200) is lo-
cated at a probe tip (120) of the leak detector probe
(102).

3. The leak detector probe assembly as defined in claim
1 or 2, wherein the permeable element (160, 200)
comprises a porous structural element (180, 202)
and a test gas permeable membrane (182, 204) in
series with the structural element (180, 202).

4. The leak detector probe assembly as defined in claim
1, 2 or 3, wherein the permeable element (160, 200)
is sealed to the internal passage (152) in the tube
(150).

5. The leak detector probe assembly as defined in claim
1, 2, 3 of 4, wherein the mounting mechanism 104
is configured to mount the leak detector probe (102)
with the permeable element (160, 200) positioned in
a central region (132) of a pipe carrying the gas flow
(112) to be tested.

6. The leak detector probe assembly as defined in claim
1, 2, 3, 4 or 5, wherein the mounting mechanism
(104) is configured for adjustable positioning of the
leak detector probe (102).

7. The leak detector probe assembly as defined in any
one of claims 1 to 6, wherein the test gas permeable
membrane (182) is selected from silica, fluorinated

ethylene propylene, perfluoroalkoxy, poly-
trafluroethylene, and acetate.

8. The leak detector probe assembly as defined in any
one of claims 1 to 7, wherein the permeable element
(160) is disk-shaped and is dimensioned for sealing
to an inside diameter of the internal passage (152)
in the tube (150).

9. The leak detector probe assembly as defined in any
one of claims 1 to 7, wherein the permeable element
(160) comprises a cylindrical permeable element
sealed to the tube (150).

10. A method for leak detection, comprising:

positioning a leak detector probe in a gas flow
to be tested, the leak detector probe including a
tube having an internal passage and a perme-
able element that is permeable to a test gas, the
permeable element disposed in the gas flow be-
tween an exterior of the probe and the internal
passage of the tube; and
drawing test gas that passes through the per-
meable element into a leak detector for detec-
tion.

11. The method as defined in claim 10, wherein posi-
tioning a leak detector probe includes positioning the
permeable element of the leak detector probe in a
central region of a pipe.

12. The method as defined in claim 10 or 11, wherein
positioning a leak detector probe comprises adjust-
ing a position of a leak detector probe in the gas flow
to be tested, preferably using an adjustable mounting
mechanism.

13. The method as defined in claim 10, 11 or 12, wherein
positioning a leak detector probe comprises position-
ing the permeable element of the leak detector probe
in a region of maximum gas flow.

14. The method as defined in claim 10, 11, 12 or 13,
wherein positioning a leak detector probe comprises
positioning a disk-shaped permeable element or a
cylindrical permeable element in the gas flow to be
tested.

15. The method as defined in claim 10, 11, 12, 13 or 14,
wherein the permeable element includes a porous
structural element and a test gas permeable mem-
brane affixed to the structural element.
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