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(57) Abstract: Methods and apparatus for a bi-directional dual chamber orifice fitting comprising a body with a chamber in fluid
communication with a flow bore. The fitting also comprises an orifice supported by an orifice plate carrier that is selectably dispos-
able in the bore. In the preferred embodiments, the lower chamber includes two passageways connecting the chamber to the flow
bore. One passageway is located on either side of the orifice plate. Each passageway may also be equipped with a check valve to
permit flow in only one direction through the passageway. In operation, the passageway on the upstream side of the orifice would
allow fluid to flow into the lower chamber while the passageway on the downstream side would prevent flow back into the flow bore.
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Bi-directional Dual Chamber Orifice Fitting

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

Not applicable.

BACKGROUND OF THE INVENTION

he invention relates to methods and apparatus for monitoring characteristics of a flow
stream in a pipeline, in particular to dual chamber orifice fittings. More precisely, the
embodiments of the invention relate to dual chamber orifice fittings supporting fluid flow 1n
two directions.

In pipeline operations and other industrial applications, flow meters are used to measure
the volumetric flow rate of a gaseous or liquid flow stream moving through a piping section.
Flow meters are available in many different forms. One common flow meter is an orifice
meter, which includes an orifice fitting connected to the piping section. The orifice fitting
serves to orient and support an orifice plate that extends across the piping section perpendicular
to the direction of flow stream. The orifice plate is generally a thin plate that includes a circular
opening, or orifice, that is typically positioned concentric with the flow stream.

In operation, when the flow stream moving through the piping section reaches the
orifice plate, the flow is forced through the orifice, thereby constricting the cross-sectional flow
area of the flow. Due to the principles of continuity and conservation of energy, the velocity of
the flow increases as the stream moves through the orifice. This velocity increase creates a
pressure differential across the orifice plate. The measured differential pressure across the
orifice plate can be used to calculate the volumetric flow rate of the flow stream moving
through the piping section.

A dual chamber orifice fitting embodies a special design that enables the orifice plate to
be removed | ffom the ﬁtﬁng without ini;errupting fhe ﬂoﬁv str'ehla;m. moving ﬁough the piping
section. This specially designed fitting has been known 1n the art for many years. U.S. Patent
No. 1,996,192, hereby incorporated herein by reference for all purposes, was 1ssued in 1934
and describes an early dual chamber orifice fitting. Fittings with substantially the same design
are still in use in many industrial applications today. Although the design has remained

substantially unchanged, operating conditions continue to expand and dual chamber fittings are

now available for a wide range of piping sizes and working pressures.
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A cross-sectional view of common dual chamber orifice fitting 12 1s illustrated in
Figure 1. Orifice fitting 12 includes body 16 and top 18. Body 16 encloses lower chamber
20, which is in fluid communication with the bore 34 of pipeline. Top 18 encloses upper
chamber 22 and is connected to body 16 by bolts 17. Aperture 30 defines an opening
connecting upper chamber 22 to lower chamber 20. Valve seat 24 1s connected to top 18 by
bolts 28 and provides a sealing engagement with slide valve plate 56, which 1s slidably
actuated by rotating gear shaft 54. Lower drive 36 and upper drive 38 operate to move orifice
plate carrier 32 vertically within fitting 12 between lower chamber 20 and upper chamber 22.
Orifice plate carrier 32 can be removed from fitting 12 through upper chamber 22 by
loosening bolts 46, which engage locking bar 44 to compress sealing bar 40 and sealing
gasket 42 against top 18.

In operation, as shown in Figure 1, aperture 30 is closed by slide valve plate 56
hydraulically isolating upper chamber 22 and lower chamber 20. Pressurized fluid flow
bore 34 passes through orifice 52, which is located on an orifice plate 50 supported by orifice
plate carrier 32 that sealingly engages the wall of bore 34. If lower chamber 20 has a lower
pressure than bore 34, the pressure in bore 34 will tend to urge orifice plate carrier 32 upward
and into lower chamber 20, potentially causing misalignment between orifice 52 and bore 34

that can decrease measurement accuracy.

In order to counter the pressure differential described above some of these fittings
include an equalization flow path 60 between the lower chamber and the bore that allows
pressure to equalize across the orifice plate carrier. This equalization flow path 60 1s generally
Jocated upstream of the orifice so as to located in the region of highest pressure within the bore.
Because many dual chamber orifice fittings are configured to operate with flow moving 1 only
one direction, the equalization fluid path is often positioned upstream of the orifice. In some
applications, such as metering for bulk storage facilities, it may be desirable to be able to
operate an orifice fitting with flow in either direction through the fitting, in order to measure the
alternating flow into and out of the facility. If the equalization flow path 1s downstream from
the orifice the pressure in the bore at the flow path location may be less than the pressure 1 the
bore that acts on the orifice plate carrier, creating a pressure differential across the carrier and

urging the carrier into the lower chamber.

Therefore, there remains a need in the art for a bi-directional dual chamber orifice

fitting that provides for pressure equalization across the orifice plate carrier. Thus, the
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embodiments of the present invention are directed to bi-directional dual chamber orifice

fittings that seek to overcome these and certain other limitations of the prior art.

SUMMARY OF THE PREFERRED EMBODIMENTS

The preferred embodiments include methods and apparatus for a bi-directional dual
chamber orifice fitting comprising a body with a chamber in fluid communication with a flow
bore. The fitting also comprises an orifice supported by an orifice plate carrier that 1s selectably
disposable in the bore. In the preferred embodiments, the lower chamber includes two
passageways connecting the chamber to the flow bore. One passageway 1s located on either
side of the orifice plate. Each passageway may also be equipped with a check valve to permit
flow in only one direction through the passageway. In operation, the passageway on the
upstream side of the orifice would allow fluid to flow mto the lower chamber while the
passageway on the downstream side would prevent flow back into the flow bore.

In one embodiment an orifice fitting comprises a body having a flow bore and a
chamber adjacent to the flow bore. An orifice plate 1s supported mn alignment with the flow

bore by an orifice plate carrier that is exposed to the chamber. A first passageway provides

fluid communication between the flow bore and the chamber and 1s on a first side of the orifice
plate. A second passageway provides fluid communication between the flow bore and the
chamber and is on a second side of the orifice plate. In certain embodiments, check valves are
disposed within the first and second passageways so as to only allow fluid communication from
the flow bore into the chamber. With the check valves installed, fluid flow through the flow
bore in a first direction will flow through the first passageway but not the second passageway
and fluid flow through the flow bore m a second direction will flow through the second
passageway but not the first passageway. In select embodiments, the orifice fitting further
comprises a valve providing fluid communication between the chamber and the flowbore only
when the pressure within the chamber exceeds the pressure within the flowbore.

In another embodiment, a method for equalizing the pressure against an orifice plate
exposed to the lower chamber and the flow bore of a dual chamber orifice fitting, the method
comprises providing fluid communication through a first passageway between the flow bore
and the chamber on a first side of the orifice plate; and providing fluid communication through
a second passageway between the flow bore and the chamber on a second side of the orifice
plate. In certain embodiments, the method further comprises providing check valves disposed
within the first and second passageways so as to only allow fluid communication from the flow

bore 1nto the chamber. The check valves act such that fluid flow through the flow bore m a first

3
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direction will flow through the first passageway but not the second passageway and tluid tlow
through the flow bore in a second direction will flow through the second passageway but not
the first passageway. The method may also comprise providing fluid communication between
the chamber and the flowbore when the pressure within the chamber exceeds the pressure
within the flowbore.

In another embodiment a body for housing an orifice plate comprises a chamber and a
bore disposed adjacent to the chamber. The body also includes an orifice plate aperture
connecting the chamber to the bore, wherein the orifice plate aperture is closed when the orifice
plate is disposed within the bore. A first passageway and a second passageway connect the
chamber to the bore. The aperture is located between the first passageway and the second
passageway. The first and second passageways are operable to maintain a pressure balance
between the chamber and the bore. The body may also include check valves disposed within
the first and second passageways so as to only allow fluid to flow from the bore into the
chamber. In other embodiments the body may include a pressure relief valve in fluid
communication with the chamber so as to relieve pressure from the chamber if the pressure in

the bore is less than the pressure within the chamber.

Thus, the embodiments of present invention comprise a combination of features and
advantages that enable substantial enhancement of the operation of dual chamber orifice
fittings. These and various other characteristics and advantages of the present invention will
be readily apparent to those skilled in the art upon reading the following detailed description
of the preferred embodiments of the invention and by referring to the accompanying

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more detailed understanding of the present invention, reference 1s made to the
accompanying Figures, wherein:
" Figure 1 is a cross-sectional view of a prior art dual chamber orifice fitting;
Figure 2 is a partial cross-sectional view of one embodiment of a bi-directional dual

chamber orifice fitting in accordance with the present invention;

Figure 3 is a partial cross-sectional view of the bi-directional dual chamber orifice

fitting of Figure 2 showing flow in a first direction; and

Figure 4 is a partial cross-sectional view of the bi-directional dual chamber orifice

fitting of Figure 2 showing flow in a second direction.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the description that follows, like parts are marked throughout the specification and
drawings with the same reference numerals, respectively. The drawing figures are not
necessarily to scale. Certain features of the invention may be shown exaggerated 1n scale or
in somewhat schematic form and some details of conventional elements may not be shown in
the interest of clarity and conciseness.

Referring now to Figure 2, a partial cross-sectional view of an orifice fitting 100 having
body 110 is shown contaming bore 120 and lower chamber 130. An orifice plate carrier 140
supports orifice 145 in alignment with bore 120. Seals 150 prevent leakage between orifice
plate carrier 140 and bore 120. Passageways 160 and 170 provide fluid communication
between lower chamber 130 and bore 120 when orifice plate carrier 140 is sealed in place.
Check valves 180 and 190 are connected to passageways 160 and 170, respectively, and allow
fluid communication only from bore 120 into lower chamber 130. Check valves 180 and 190

do not allow fluid flow from lower chamber 130 to bore 120. Check valves 180, 190 may be of
any suitable construction as selected by one of ordinary skill in the art.

Fitting 100 may also include relief valve 195 to provide fluid communication between
bore 120 and lower chamber 130 when the pressure in the lower chamber 1s higher than the
pressure in the bore. Relief valve 195 is configured such that as the pressure within bore 120 1s
reduced, fluid trapped in lower chamber 130 will flow back into the bore. Relief valve 195 1s
selected to be closed during normal operation and only allow fluid flow once pressure in bore
120 is reduced significantly, such as would happen of flow through bore 120 was stopped.
Relief valve 195 thus prevents high pressure fluid from becoming trapped in lower chamber
130 as pressure within bore 120 is reduced. Relief valve 195 may preferably be placed at the
maximum distance from orifice 145. In certain embodiments, an alternate relief valve may be
provided to vent any pressure within lower chamber 130 to outside fitting 100 and not back into
bore 120. | S

Referring now to Figure 3, body 110 is shown supporting fluid flow m a direction
indicated by arrow 200. By virtue of flow through orifice 145, the fluid pressure 1s higher on
the upstream side of the orifice than on the downstream side. As the fluid approaches orifice
145, a portion of the fluid will flow through valve 180 and passageway 160 mto lower chamber
130. Valve 190 prevents the fluid from flowing through passageway 170 back imto bore 120.

With fluid able to flow across passageway 160, the pressure in lower chamber 130 will equalize
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with the pressure in bore 120 and eliminate any pressure differential created forces that may

move orifice plate carrier 140 out of alignment with bore 120.

Referring now to Figure 4, body 110 is shown supporting fluid flow in the direction
indicated by arrow 210, opposite the flow direction shown in Figure 3. As with flow i the
opposite direction, there is a pressure drop across orifice 145. As the fluid approaches orifice
145, a portion of the fluid will flow through valve 190 and passageway 170 into lower chamber
130. Valve 180 prevents the fluid from flowing through passageway 160 back into bore 120.
With fluid able to flow across passageway 170, the pressure in lower chamber 130 will equalize
with the pressure in bore 120 and eliminate any pressure differential created forces that may
move orifice plate carrier 140 out of alignment with bore 120.

Once the pressure within bore 120 is reduced, pressure will be trapped inside lower
chamber 130 by check valves 180 and 190. It is preferred that the residual pressure within
lower chamber 130 be relieved before the fitting is opened to the atmosphere. In certain
embodiments, this residual pressure can be released to atmosphere through a vent (not shown)
in body 110. This release may happen automatically or by manual or control system
intervention by opening a valve. In alternate embodiments, body 110 may include
automatically opening valves, such as relief valve 195, to allow fluid to flow from the lower
chamber 130 back mto bore 120. In other embodiments:, check valves 180 and 190 may also be
reversible or otherwise switchable check valves that can be opened to allow fluid flow opposite
the normal direction of operation.

By providing a providing a pressure equalization flow path on either side of the orifice
145, the meter can operate with flow moving in either direction. Restricting the flow of fluid
into and out of the lower chamber with check valves, or other uni-directional valves, requires
no manual interface when switching the flow direction. Thus, the preferred embodiments are
especially useful in applications where the direction of fluid flow may change frequently and 1t
is desirable to fully measure the flow in each direction.

The preferred embodiments of the invention relate to a bi-directional dual chamber
orifice fitting. The present invention is susceptible to embodiments of different forms. There
are shown in the drawings, and are described in detail, specific embodiments of the invention
with the understanding that the present disclosure is to be considered an exemplification of the
principles of the invention, and is not intended to limit the invention to that illustrated and
described herein. In particular, various embodiments of the invention provide a number of

different arrangements to improve operation of the fitting. The use of the concepts of the
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invention is not limited to the described applications, and can be used for any other applications
including other dual chamber fittings and orifice fittings. It is to be fully recogmzed that the
different teachings of the embodiments discussed below may be employed separately or in any

suitable combination to produce desired results.

The embodiments set forth herein are merely illustrative and do not limit the scope of
the invention or the details therein. It will be appreciated that many other modifications and
improvements to the disclosure herein may be made without departing from the scope of the
invention or the inventive concepts herein disclosed. Because many varying and different
embodiments may be made within the scope of the inventive concept herein taught, including
equivalent structures or materials hereafter thought of, and because many modifications may
be made in the embodiments herein detailed in accordance with the descriptive requirements

of the law, it is to be understood that the details herein are to be interpreted as illustrative and

not in a limiting sense.
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What is claimed i1s:

1. An orifice fitting comprising:
a body;
a flow bore through said body;
a chamber in said body adjacent to said flow bore;
an orifice plate supported in alignment with said flow bore by an orifice plate
carrier, wherein the orifice plate carrier is exposed to said chamber;
a first passageway providing fluid communication between said flow bore and
said chamber, wherein said first passageway is on a first side of said orifice plate; and
a second passageway providing fluid communication between said flow bore
and said chamber, wherein said second passageway is on a second side of said orifice
plate.
2. The orifice fitting of claim 1 further comprising check valves disposed within said first
and second passageways so as to only allow fluid communication from said flow bore into said
chamber.
3. The orifice fitting of claim 2 wherein fluid flow through said flow bore m a first
direction will flow through said first passageway but not said second passageway.
4, The orifice fitting of claim 2 wherein fluid flow through said flow bore in a second
direction will flow through said second passageway but not said first passageway.
5. The orifice fitting of claim 2 further comprising a valve providing fluid communication
between said chamber and said flowbore only when the pressure within said chamber exceeds

the pressure within said flowbore.

0. The orifice fitting of claim 1 wherein the orifice plate carrier is selectably disposable in
sald bore or said chamber.
7. A method for equalizing the pressure against an orifice plate exposed to the lower
chamber and the flow bore of a dual chamber orifice fitting, the method comprising;:
providing fluid communication through a first passageway between the flow
bore and the chamber on a first side of the orifice plate; and
providing fluid communication through a second passageway between the flow
bore and the chamber on a second side of said orifice plate.
8. The method of claim 7 further comprising providing check valves disposed within the

first and second passageways so as to only allow fluid communication from said flow bore into

said chamber.



CA 02567152 2006-11-17
WO 2005/116789 PCT/US2005/017077

9. The method of claim 7 wherein fluid flow through the flow bore in a first direction will
flow through the first passageway but not the second passageway.
10. The method of claim 7 wherein fluid flow through the flow bore in a second direction

will flow through the second passageway but not the first passageway.
11.  The method of claim 7 further comprising selectably providing fluid communication

between the chamber and the flowbore when the pressure within the chamber exceeds the

pressure within the flowbore.

12. A body for housing an orifice plate, the body comprising:

a chamber;
a bore disposed adjacent to said chamber;

an orifice plate aperture connecting said chamber to said bore, wheremn said
orifice plate aperture is closed when the orifice plate is disposed within said bore;
a first passageway connecting said chamber to said bore;
a second passageway connecting said chamber to said bore, wherein said
aperture is located between said first passageway and said second passageway.
13.  The body of claim 12 wherein said first and second passageways are operable to
maintain a pressure balance between said chamber and said bore.
14.  The body of claim 12 further comprising check valves disposed within said first and
second passageways so as to only allow fluid to flow from said bore into said chamber.
15.  The body of claim 14 further comprising a pressure relief valve in fluid communication
with said chamber so as to relieve pressure from said chamber if the pressure in said bore is less
than the pressure within said chamber.

16.  The body of claim 15 wherein said pressure relief valve is operable to selectably allow

fluid to flow from said chamber into said bore.
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