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(57) Abréegée/Abstract:

A water hammer mitigation device (100) includes an inlet (102), an outlet (104), an expansion housir
The Inlet (102) recelves fluid from a source. The outlet (104) passes the fluid to a destination. Tk
disposed between the Inlet (102) and the outlet (104). The expansion housing (106) defines an inte

g (106), and a deflector (136).
e expansion housing (106) Is
nal expansion chamber (132)

having an expansion volume sufficient to hold a plurality of volume units of the fluid. Each volume unit is defined by a fluid flow
volume over a duration of time. The deflector (136) Is disposed within the expansion chamber (132). The deflector (136)
substantially redirects a backward energy pulse, which enters the expansion chamber (132) through the outlet (104), away from

the inlet (102).
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FIG. 6

(102), an outlet (104), an expansion housing (106), and a detlector (136).
— The inlet (102) receives fluid from a source. The outlet (104) passes the
fluid to a destination. The expansion housing (106) 1s disposed between
the mlet (102) and the outlet (104). The expansion housing (106) defines
e an internal expansion chamber (132) having an expansion volume suffi-
cient to hold a plurality of volume units of the fluid. Each volume unit 1s
defined by a fluid flow volume over a duration of time. The deflector (136)
is disposed within the expansion chamber (132). The deflector (136) sub-

- stantially redirects a backward energy pulse, which enters the expansion
chamber (132) through the outlet (104), away from the inlet (102).
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METHOD AND APPARATUS FOR MITIGATING UNDESIRED FLUID VIBRATION

BACKGROUND

0002} In certain fluid flow applications, a propagating wave of energy is generated due to a
sudden stoppage of fluid flow. This may be due to a sudden pump shut-down or a quick closing valve.
Thas creates a backward surge or pulse of energy that can increase as it travels. This back surge carries
with it a pressure spike and energy causing a vibration through the system sometimes known as "water
hammer." Water hammer can damage the piping system and cause premature fatigue on pipes, component
and joints. The further the wave travels, the more damaging the generated energy becomes.

[0003] One attempted solution involves a cylindrical-type dampener attached to the pipe in
which the backward energy pulse is traveling. However, these solutions to suffer the drawback that in
order to create a minimal solution or to mitigate the pulse, the system has to be pressurized entirely in
order to change the direction of the pulse or surge into the dampener. The backward pressure spike or
surge will find the path of least resistance, which doesn't usually involve a change in direction into the
dampener until the system has been pressurized. But at that point, the surge has hit all the pipes, joints,
valves, etc., and some damage will already have been done.

[0004] Some conventional solutions involve fixed choke devices positioned in-line in the pipe.
However, these devices only mitigate a small percentage of the backward surge or pulse. Additionally,
these devices often cause a pressure drop in the system which could adversely affect the makeup of the
fluid flowing through the pipe. For example, in a pumping system for liquid propane (LP), if the water

hammer device causes too big of a pressure drop in the forward direction, then the fluid could actually gas
off.

SUMMARY

[0005] According to one aspect of the present invention, there s provided a water hammer
mitigation device for redirecting a backward energy pulse, the water hammer mitigation device
comprising: an expansion housing including an inlet, an outlet, and an interior housing surface, wherein
the interior housing surface of the expansion housing defines an internal expansion chamber; a deflector
within the expansion chamber, the deflector fixedly mounted to a portion of the intertor housing surface,
the deflector including a fixed convex surface that substantially faces toward the inlet, the deflector
including a fixed concave surface to define a concave volume wherein the concave volume is bounded

between the outlet and the inlet by the fixed concave surface and opens in a direction substantially toward
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the outlet, wherein an end of the outlet extends into the concave volume of the deflector, and wherein the

deflector 1s configured to substantially redirect the backward energy pulse, which enters the expansion

chamber through the outlet, away from the inlet; and a dampener in fluid communication with the

expansion chamber, wherein the fixed concave surface of the deflector is ali ened to redirect the backward
energy pulse at least partially foward the dampener to absorb at least a portion of the backward energy
pulse. .

According to another aspect of the present invention there 1s provided a method of installing a
water hammer mitigation device, the method comprising: coupling an inlet of the mitigation device to a
source pipe to receive fluid from a source; and coupling an outlet of the mitigation device to a destination
pipe to pass the fluid to a destination; wherein the mitigation device comprises: an expansion housing
disposed between the inlet and the outlet, wherein the expansion housing defines an internal expansion
chamber having an expansion volume sufficient to hold a plurality of volume units of the flmid, wherein
each volume unit is defined by a fluid flow volume over a duration of time; and a stationary deflector
fixedly mounted within the expansion chamber, the stationary deflector having a concave surface and a
convex surface, wherein at least a portion of the convex surface 1s spaced apart from both the mnlet and an
interior surface of the expansion housing, wherein the deflector 1s configured to substantially redirect a
backward energy pulse, which enters the expansion chamber through the outlet, away from the inlet.

According to a further aspect of the present invention, there is provided a water hammer
mitigation device for redirecting a backward energy pulse, the water hammer mitigation device
positionable in a flutd transmission line configured to convey a fluid, the water hammer mitigation device
comprising: an expansion housing including an inlet, an outlet, and an nterior housing surface; a
deflector fixedly mounted within the expansion housing, the deflector including a convex surface that
substantially faces toward the inlet, wherein a first flow path zone within the expansion housing is
bounded at least in part by a first portion of the interior housing surface of the expansion housing and at
least a portion of the convex surface of the deflector, wherein a second flow path zone within the
expansion housing is bounded at least in part by a second portion of the interior housing surface of the
expansion housing and at least a portion of a concave surface of the deflector, and wherein the deflector is
configured to substantially redirect the backward energy pulse, which enters the expansion housing
through the outlet, away from the inlet; and a dampener in fluid communication with the expansion
housing, wherein the concave surface of the deflector is aligned to redirect the backward energy pulse at

least partially toward the dampener to absorb at least a portion of the backward eliergy pulse.

[0006] Other aspects and advantages of embodiments of the present invention will become

apparent from the following detailed description, taken in conjunction with the accompanying drawin 08,

ilustrated by way of example of the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0007} Fig. | depicts a schematic diagram of one embodiment of a mitigation device shown
within the context of a piping system.

10008] Fig. 2 depicts a schematic diagram of another embodiment of a mits gatidn device shown
within a piping system.

[0009] Fig. 3 depicts a side sectional view of the mitigation device of Fig. 2.

10010] Fig. 4 depicts a top sectional view of the expansion chamber and the deflector of the
mitigation device of Fig. 2.

[0011] Fig. 5 depicts a process diagram of one embodiment of forward flow of a tluid through
the mitigation device of Fig. 2.

10012} Fig. 6 depicts a process diagram of one embodiment of backward flow of a fluid through
the mitigation device of Fig. 2.

[0013] Fig. 7 depicts a side sectional view of another embodiment of a mitigation device with an

elongated expansion housing.

[0014] Throughout the description, similar reference numbers may be used to identify similar
elements.

DETAILED DESCRIPTION

[0015] It will be readily understood that the components of the embodiments as generally

described herein and illustrated in the appended figures could be arranged and designed m a wide variety
of different configurations. Thus, the following more detailed description of various embodiments, as
represented 1n the figures, 1s not intended to lumit the scope of the present disclosure, but 1s merely
representative of various embodiments. While the various aspects of the embodiments are presented in
drawings, the drawings are not necessarily drawn to scale unless specifically indicated.

[0016] - Thepresent invention may be embodied in other specific forms without departing from
its spirit or essential characteristics. The scope of the invention is, therefore, indicated by the appended
claims rather than by this detailed description. All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their scope.

[0017] Reterence throughout this specification to features, advantages, or similar language does
not imply that all of the features and advantages that may be regﬂized with the present mnvention should be
or are 1 any single embodiment of the invention. Rather, langﬁage referring to the features and

advantages is understood to mean that a specific feature, advantage, or characteristic described in
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connection with an embodiment 1s included in at least one embodiment of the present invention. Thus,
discussions of the features and advantages, and similar language, throughout this specification may, but
do not necessarily, refer to the same embodiment.

j0018] Furthermore, the described features, advantages, and characteristics of the invention may
be combined in any suitable manner in one or more embodiments. One skilled in the relevant art will
recognize, in light of the description herein, that the invention can be practiced without one or more of the

specific features or advantages of a particular embodiment. In other instances,

3a
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additional teatures and advantages may be recognized 1n certain embodiments that
may not be present 1n all embodiments of the invention.
[0019] Reterence throughout this specitication to “one embodiment,” “an
embodiment,” or stmilar language means that a particular feature, structure, or
5  characteristic described 1n connection with the indicated embodiment 1s included

1n at least one embodiment of the present invention. Thus, the phrases “in one
embodiment,” “'1n an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment.
[0020] Embodiments of the present invention have been developed in

10  response to the present state of the art and, 1n particular, 1in response to the
problems and needs 1n the art that have not yet been fully solved by currently
available structures and methods. Accordingly, embodiments of the invention
have been developed to provide structures and methods to overcome various
shortcomings of the prior art. The features and advantages of various

15  embodiments of the invention will become more fully apparent from the following
description and appended claims, or may be learned by practice of the invention as
set torth hereinafter.
[0021] While many embodiments are described herein, at least some of the
described embodiments relate 1n general to mitigating undesired fluid pulsation

20  due to sudden fluid stops 1n tluid tlow. In a specific embodiment, a vessel 1s
configured to contain and redirect a pulsation wave caused by backward fluid flow
into a dampener, while substantially maintaining operational pressure 1in a forward
fluid tlow.
[0022] Fig. 1 depicts a schematic diagram of one embodiment of a

25  mitigation device 100 shown within the context of a piping system. The
illustrated mitigation device 100 includes components to provide certain
functionality described herein. However, other embodiments of the mitigation
device 100 may 1nclude fewer or more components to provide less or more
functionality.

30 [0023] The illustrated mitigation device 100 includes an inlet 102 and an
outlet 104. In a forward flow situation, the inlet 102 1s where fluid enters the

mitigation device 100 and the outlet 104 1s where the fluid exits the mitigation

device 100. The mitigation device 100 includes an expansion housing 106
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disposed between the inlet 102 and the outlet 104. In some embodiments, the expansion
housing 106 sits on a base 108 that may be attached to another structure (i.e., a floor or a
wall). The mitigation device 100 also includes a dampener 110. The dampener 110 may
be coupled to the expansion housing 106 by one or more structural braces 112. The
illustrated dampener 110 includes typical adjustors 114 and 116. In some embodiments,
at least one of the adjustors 114 and 116 is a bleeder valve to bleed gas from an internal
bladder (see Fig. 6). In some embodiments, at least one of the adjustors 114 and 11615 a
loading valve (or a charging valve) to load gas into the bladder. The mitigation device
100 also includes a dram plug 118.

[0024] In general, the mitigation device 100 is coupled within a pipeline to
mitigate backflow energy such as water hammer. The mitigation device 100 1s shown
coupled between a source pipe 120 and a destination pipe 122. Water, or another fluid,
typically flows from the source pipe 120 to the destination pipe 122.

10025] In the illustrated embodiment, the expansion housing 106 is a
hemisphere (or substantially hemispherical shape) with a certain diameter. Some
examples diameters include, but are not limited to, up to about a 16 inch diameter, up to
about a 34 inch diameter, and up to about a 51 inch diameter.

[0026] Various materials could be used for the expansion housing 106 and other
parts of the mitigation device 100. For example, the expansion chamber could be made of
SA516 metal. It will be appreciated that various materials could be used that can be
welded, bonded, or otherwise attached to the source and destination pipes 120 and 122.
For example, in one embodiment, the expansion housing 106 could be made out of a
PVC high pressure fiber glass. Additionally, the expansion housing 106 may be made out
of any number of constituent parts. For example, the expansion housmg 106 may be
made in two halves (or nonsymmetrical pieces) and mechantcally clamped together.
[0027] The minimum wall thickness and maximum allowable working pressure
due to circumferential stress of the expansion housing 106 and other components of the
mitigation device 100 may be determined by standard formul}as. Similarly, standard data
and formulas may be used for pipe flanges and diameters thdt can be used in conjunction

with embodiments of the mitigation
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device 100. Also, joint efficiencies can be determined by standard radiography
techniques.

[0028] Fig. 2 depicts a schematic diagram of another embodiment of a
mitigation device 100 shown within a piping system. The illustrated mitigation device
100 of Fig. 2 1s similar in many aspects to the mitigation device 100 of Fig. 1, except that
the inlet 102 and outlet 104 are smaller in diameter, to match smaller source and
destination pipes 120 and 122. '

[0029] Fig. 2 also illustrates a backtlow device 124, which s representative of
any device which may cause a backflow energy pulse. Some examples of typical
backflow devices 124 include pumps and valves. When a pump shuts down or a valve
closes, this action may cause a backflow energy pulse which travels backwards towards
the source pipe 120. As explained above, the backward surge or pulse of energy can
cause harmful vibrations which can weaken the piping system or even cause the piping
system to fail.. '
10030] In general, the mitigation device 100 1s coupled within the pipeline
system relatively close to the backflow device 124 in order to mitigate the effects of the
backflow energy pulse. In some embodiments, the mitigation device 100 1s disposed a
distance from the backflow device 124 in the pipeline system that 1s within
approximately 30 times the cross-sectional diameter of the destination pipe 122.
However, spectfic installation distances may be greater than this typical distance, for
example, 1n situations where the pipeline layout does not accommodate a proper
mounting location for the mitigation device 100. In other words, the relative distance
between the backflow device 124 and the mitigation device 100 may vary depending on
the specific mstallation conditions of each pipeline system.

[0031] Fig. 3 depicts a side sectional view 130 of the mitigation device 100 of
Fig. 2. For clarity and convenience some of the designations shown 1 Figs. 1 and 2 are
not repeated in Fig. 3 or the other figures that follow. The 1llustrated mitigation device
100 includes an expansion chamber 132 defined within the expansion housing 106.
Typically, the cross-sectional dimensions of the expansion chamber 132 are larger than
the cross-sectional dimensions of the inlet 102 and the outlet 104. This allows the
expansion chamber 132 to hold a greater volume of fluid than the inlet 102 and the outlet

104, In some embodiments, the
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expansion chamber 132 1s a certain percentage larger than the diameter of the pipe
to which 1t 1s attached.

[0032] The dampener 110 attached to the expansion housing 106 also
defines a dampener chamber 134, The dampener chamber 134 1s 1n fluid
communication with the expansion chamber 132. Thus, in some circumstances,
fluid may flow between the expansion chamber 132 and the dampener chamber
134.

[0033] The illustrated mitigation device 100 also includes at least one
deflector 136 within the expansion chamber 132. In general, the deflector 136
redirects at least some of the backflow energy resulting from a backtlow event
into the dampener chamber 134. A specific type of detlector 136 1s shown 1n
F1gs. 3 and 4, but other embodiments may utilize other physical configurations of
one or more deflectors 136 to result in deflection of a backward energy pulse (or a
portion thereot) toward the dampener chamber 134.

[0034] In the 1llustrated embodiment, the deflector 136 has a convex surface
which substantially faces the inlet 102 of the mitigation device 100. A
corresponding a concave surtace of the detlector substantially faces toward the
outlet 104 of the mitigation device 100. The concave surface at least partially
defines a concave volume 138 of the deflector 136. In some embodiments, the
shapes and surfaces of the detlector 136 facilitate forward flow and redirected
backflow within the mitigation device 100.

[0035] In some embodiments, the pipe of the outlet 104 extends into the
concave volume 138 of the deflector 136. This configuration ensures that a
backtlow energy pulse 1s substantially controlled by the detlector 136 and
contained within the mitigation device 100, without transferring back through the
inlet 102 into the source pipe 120.

[0036] Also, in the illustrated embodiment, the deflector 136 is mounted
within the expansion chamber 132 using one or more structural braces 140 or
supports. A point or section 142 of the detlector 136 also may be welded or
otherwise structurally affixed to the inner surface of the expansion housing 106.
The amount and type of structural support that 1s provided for the detlector 136
may depend on the amount and type of backtlow energy that 1s projected to occur

within the mitigation device 100.
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[0037] Fig. 4 depicts a top sectional view of the expansion chamber 132
and the deflector 136 of the mitigation device 100 of Fig. 2. In particular, the
opening of the concave volume 138 of the detlector 136 1s shown.

[0038] There may be a relationship in volume and/or area of the diameter of
the source pipe 120 (or the destination pipe 122) to the volume and/or area of the
expansion chamber 132, The volume of a pipe can be derived from the flow rate
of the pipe by taking the volume of fluid that flows through a cross-section of the
pipe during a unit of time (1.e., one second). In one embodiment, the volume of
the expansion chamber 132 1s between about 2 and about 6 times the volume of
the source pipe 120 (or the destination pipe 122). In another embodiment, the
volume of the expansion chamber 132 1s between about 3.5 and about 4.5 times

the pipe volume. In another embodiment, the value of the expansion chamber 132

1S about 4 times the pipe volume. Other embodiments may implement other
volumes for the expansion chamber 132,

[0039] As a specific example, if a flow rate for a particular pipe is 120
gallons per minutes, that value can be converted into 1ts equivalent 1n cubic 1inches
per second of fluid or material moving through the pipe. In this example, the tlow
rate 1s approximately 462 cubic inches per second. Multiplying this number by 4

equals 1848 cubic inches. Thus, using the formula for the volume of a sphere

(i zr’), the corresponding diameter of the expansion chamber 132 can be

3

determined, which 1n this case would be about 15.22 inches. In one embodiment,
the flow rate of a pipe 1s determined, and then a commercially available
hemispherical expansion housing 106 having a volume that 1s approximately 2 to
6 tumes, or more specifically, 4 times the pipe volume (derived from the flow rate)
1s used. In another embodiment, the cubic inches of commercially available
hemispheres are determined along with the tlow rates of a number of lines 1n
cubic inches per second and both are placed 1n a table for easy comparison to
determine whether the ratio of expansion chamber volume and flow rate volume 1s
within an acceptable range.

[0040] By implementing the expansion chamber 136 with a larger volume
than the flow rate volume of the source pipe 120 leading into the mitigation device

100, the expansion chamber 136 has very little restriction on the operation of the
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overall piping system. In particular, the mitigation device 100 still allows the
fluid to expand 1nside the expansion chamber 132. So there 1s relatively little or
minimal disturbance in tluid 1n the forward tlow because the expansion chamber
132 can hold multiple times (e.g., approximately 4 times) as much fluid as the
source pipe 120 leading into the expansion chamber 120. The expansion chamber
132 1s also s1zed to decrease the pressure drop due to the installation of the
mitigation device 100. In other words, the expansion chamber 132 can be si1zed
and shaped to avoid a drop 1n the operating pressure of the fluid as 1t passes
through the mitigation device 100. If the mitigation device 100 were to introduce
a pressure drop 1n the fluid, then 1t may be necessary to increase a pump size to
counteract the pressure drop, so that the resulting pressure of the fluid delivered
by the system 1s not changed. For example, if the mitigation device 100 were to
cause a substantial pressure drop, then the addition of the mitigation device 100 to
an existing system would likely require that a new, larger pump also be 1nstalled,
which would increase the cost related to the installation of the mitigation device
100. By maintaining a relatively small pressure drop, within an acceptable range,
the addition of the mitigation device 100 to an existing system would not require a
larger pump or other equipment to be installed or the corresponding expense to be
incurred.

[0041] Although some embodiments described herein use a spherical
expansion chamber 132, the expansion chamber 132 need not be spherical 1n
shape. In some embodiments, for example, the expansion chamber 132 1s
clongated. In other embodiments, the expansion chamber 132 1s ellipsoidal. In
other embodiments, the expansion chamber 132 1s spheroidal. In other
embodiments, the expansion chamber 132 can be another shape or a combination
of complex shapes. The expansion chamber 132 can be one of many different
shapes to accommodate various criteria such as space limitations, construction
materials, or fluid properties.

[0042] In one embodiment, the average cross-sectional area of the expansion

chamber 132 is configured to be up to about twice the area (77> ) of the opening
of the source pipe 120 teeding the expansion chamber 132. For example, 1f the
inside diameter of the source pipe 120 feeding the expansion chamber 132 1s 1.94

inches 1n diameter, then the area of the opening of the source pipe 120 1s about

9
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2.956 square 1nches. Thus, the 1nside area of the average cross-sectional area of
the expansion chamber 132 may be up to about 5.91 square inches. In other
embodiments, the average cross-sectional area of the expansion chamber 132 may
be more than twice the area of the cross-sectional area of the source pipe 120 (or
the destination pipe 122).

[0043] As mentioned above, the deflector 136 is configured to catch the
backward energy surge or pulse inside the expansion chamber 132. Fluid flowing
back 1nto the expansion chamber 132 1s allowed to expand and pressurize, to a
certain point, and force the pressure upward into dampener chamber 134, allowing
for the dampening of the pulse. In this way, the backward energy pulse 1s
substantially captured and 1s not allowed to propagate further back upstream (1.e.,
into the source pipe 120) where 1t may cause damage or fatigue.

[0044] The deflector 136 may be affixed in any number of ways within the
expansion housing 106. In one embodiment, the detlector 136 1s welded to an
interior surface of the expansion housing 106. The deflector 136 also may be
chemically or electrochemically bonded to the interior surtace of the expansion
housing 106. In some implementations, where the expansion housing 106 1s
moldable, the deflector 136 may be formed or molded as an integral piece with the
expansion housing 106.

[0045] The deflector 136 may be substantially planar or have a continuous
or irregular curved surface. In other embodiments the deflector 136 may angular.
In one embodiment, the detlector 136 1s substantially hemispherical. The
hemisphere 1s concave to the flow of fluid into the expansion chamber 132 from
the outlet 104 (also referred to as a backflow 1nlet, in some cases) and convex to
the flow of the fluid 1nto the expansion chamber 132 from the inlet 102 (also
referred to as a forward flow 1nlet).

[0046] In this configuration, fluid or energy entering the expansion chamber
132 through the outlet 104 (1.e., tluid or energy traveling back upstream due to a
tlmid tlow stoppage or interruption downstream), 1s substantially redirected by the
deflector 136 into the dampener chamber 134, However, the flow of fluid
entering the expansion chamber 132 through the torward flow 1nlet, during regular

operational fluid flow, 1s affected relatively little or minimally.

10
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[0047] In the forward flow direction, the deflector 136 presents a convex or
minimal surface so that fluid 1n that downstream direction simply flows around
the detlector 136. It will be appreciated that this reduces strain on the pump, and
thus reduces costs. In one example, tluid 1s at an operation pressure of 153 psi

5  within the source pipe 120, and there 1s only about a 1.5 psi1 pressure drop going
across the deflector 136 through the expansion chamber 132. This 1s about a 1%
change 1n pressure due to the presence of the mitigation device 100. In other
embodiments, the mitigation device 100 may influence a smaller or larger change
1n pressure, or possibly even an imperceptible change 1n pressure. In some

10  embodiments, the mitigation device 100 may introduce a pressure drop of about 3-
4%. For most conventional piping systems, a pressure drop of 3-4% (or up to
about 4-5%) 1s acceptable because that amount of pressure drop would not require
a change 1n pump size, or would only require a small change 1n pump size. This
relatively small amount of pressure drop of 3-4% 1s much more acceptable than

15  conventional inline mitigation devices which typically cause a pressure drop of
18-25% or more.

[0048] The deflector 136 may be positioned at an angle relative to the outlet
104 of the expansion chamber 132. In one embodiment, the angle of the detlector
136 relative to the outlet 104 1s between about 15 and 75 degrees. In other

20  embodiments, the angle of the deflector 136 relative to the outlet 104 1s between
about 30 and 60 degrees. In one embodiment, the angle of the deflector 136
relative to the outlet 1s about 45 degrees. Where the detlector 136 1s a
hemisphere, the circular opening of the deflector defines a plane that 1s angled
about 45 degrees from the tlow direction of the outlet 104,

25 [0049] The deflector 136 also may be positioned at an angle relative to the
opening to the dampener chamber 134. In one embodiment, the angle of the
deflector 136 relative to the opening to the dampener chamber 134 1s between
about 15 and 175 degrees. In other embodiments, the angle of the deflector 136
relative to the opening to the dampener chamber 134 1s between about 30 and 120

30  degrees. In another embodiment, the angle of the deflector 136 relative to the
opening to the dampener chamber 134 1s between about 45 degrees and about 90
degrees. In other embodiments, the deflector 136 may be positioned within the

expansion chamber 132 1n any number of configurations to efficiently and/or
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optimally redirect backtlow tluid or energy from the outlet 104 into the opening to
the dampener chamber 134.
[0050] In some embodiments, the positioning of the deflector 136 within the

expansion chamber 132 optimally creates the right amount ot turbulence of fluid

or energy coming back into the expansion chamber 132 through the outlet 104 by
trying to maintain a rotation of the backtlow fluid or energy in an upward motion,
so most of the energy of the fluid 1s being forced upward. If there’s too much
turbulence, then the fluid and fluid energy 1s less controlled and attempts to find
its own way and may not find its way up 1nto the dampener chamber 134, If there
1S too little turbulence, then the fluid and fluid energy may just flow around the
deflector 136.

[0051] In some embodiments, the mitigation device 100 also includes an
outlet extender, which 1s a pipe or tube that extends from the outlet 104 to the
interior of the concave volume 138 of the deflector 136. In this embodiment, the
extender directs the backtlow energy pulse directly into the detlector 136 for more
efficient operation and alignment. In some embodiments, without the extender,
the backflow energy pulse might enter the expansion chamber 132 at the edge
where the backtlow energy pulse would be allowed to disperse to a degree betore
encountering the deflector 136.

[0052] Embodiments of the deflector 136 are designed to have relatively
little or minimal effect on the flow rate of the fluid. For example, if the fluid 1s
flowing through a 2 inch pipe and enters the expansion chamber 132 with a
forward flow rate of about 120 gallons per minute, then the position and the
configuration of the deflector 136 within the chamber may be such that the fluid
leaving the expansion chamber 132 1s also flowing at substantially 120 gallons per
minute. Thus, certain geometries and configurations ot the expansion chamber
132 and the deflector 136 can influence or change the flow rate compared with a
sumilar piping system which excludes the mitigation device 100. If a flow
constant 1s detined to characterize the tflow rate through the piping system, the
inclusion or exclusion of the mitigation device 100 from the piping system can
account for a ditference 1n the flow rate value. In some embodiments, including
the mitigation device 100 1n the piping system only decreases the tlow rate value

by 5% or less. In another embodiment, the mitigation device 100 only decreases
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the flow rate value of the piping system by less than about 2%. Other embodiments may result 1n
lower or higher flow rate changes when the mitigation device 100 is added to the piping system,
[0053] Fig. 5 depicts a process diagram 160 of one embodiment of forward flow of a
fluid through the mitigation device 100 of Fig. 2. The forward flow of the fluid through the
mitigation device 100 is shown by the dashed arrow. As the fluid flows through the inlet 102 into
the expansioﬁ chamber 132, the fluid flows around the deflector 136. Although only a single arrow
1s shown bypassing the top of the deflector 136, the tluid may flow around various edges of the
deflector 136, depending on where and how the deflector 136 might be attached to the expansion
housing 106. Once on the other side of the deflector 136, some of the fluid (or other fluid already
wi;hin the expansion chamber 132) exits the expansion chamber 132 through the outlet 104.
[0054] Fig. 6 depicts a process diagram 170 of one embodiment of backward tlow of a
fluid through the mitigation device 100 of Fig. 2. For convenience, the description of backflow (or
backward flow of ﬂui.d) may refer to the actual flow of fluid or to the propagation of energy
through the fluid, or both. The backward flow of the fluid through the mitigation device 100 1s
shown by the dashed arrow. In response to a backflow event downstream of the mitigation device
100, the fluid flows back into the expansion chamber 132 through the outlet 104. Instead of
flowing around the deflector 136 and upstream to the source pipe 120 (see Fig. 2) connected to the
inlet 102, the deflector 136 redirects the fluid or energy pulse toward the dampener chamber 134.
Although only a single arrow 1s shown deflecting up into the dampener chamber 134, the fluid or
energy pulse may flow in any path toward the dampener chamber 134. Also, although some of the
fluid or energy pulse may flow around various edges of the deflector 136, a sigmficant portion of
the backflow is deflected toward the dampener chamber 134.

[0055] The illustrated dampener 110 also includes a dampener matenal 172. The
dampener material 172 may include compressible media. The deflector 136 within the expansion
chamber 132 directs the pressure spike or backward energy surge into the dampener chamber 134,
allowing for the compressible media to be compressed. Thus, the dampener 110 serves to dampen

the backward pulse or
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pressure spike caused by the sudden flow stoppage. The compressible media
absorbs at least some of the energy of the backward surge to mitigate the damage
due to water hammer. In one embodiment, the compressible media 1s gas. The
gas could be air, hydrogen, oxygen, helium, or a stmilar gas, or a combination of
5  gasses. In one embodiment, the dampener material 172 1s a gas-charged bladder

where the gas substantially comprises nitrogen. In other embodiments, various
gasses or combinations of gasses may be utilized based on their compressibility,
stability, 1inertness, etc.
[0056] In another embodiment, the dampener material 172 1s a gel or a solid.

10  In another embodiment, the dampener material 172 may be a suspension of solids.
In one embodiment, the compressible media 1s foam. The foam may have gas
entrained 1nside of 1t so that it compresses at a certain rate., The dampener
material 172 also may be a solid with gas trapped 1n it. Other compressible
material could be used to absorb the energy of the pressure spike within the

15 dampener 110. For example, in one embodiment, a mechanical device such as a
spring stores the energy for later release 1n a way that does not cause damage to
the system.
[0057] In one embodiment, the volume of the dampener chamber 134 1s
determined according to the following formula:

20

V = ConstantA x I x Pmax x ((ConstantB x I.) — T)

Pmax - P

Where:
25 ConstantA 1s a value preferably between about 0.1-2.0 (e.g., about 0.924).
ConstantB 1s a value between about 0.001-0.01 (e.g., about 0.005).
I 1s the flow rate volume through the source or destination pipe.
Pmax 1s the existing spike pressure (1.e., the new maximum pressure of the
fluid 1n the pipe due to the reversing pulse or water hammer).
30 P 1s the normal operating pressure of the fluid 1n the source pipe.
L 1s the distance from the source of tlow stoppage back to the device.

1T 1s the time 1n which 1t takes the flow to stop.
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[0058] As one example, the following parameters may describe operating

conditions of the piping system:

ConstantA = 0.924 (cubic inches times minutes per gallons times seconds)
5 ConstantB = 0.005 (seconds/1t)

F =100 (gallons per minute)

Pmax = 30 (psi1)

P = 20 (ps1)
L =200 (feet)
10 T =0.25 (seconds)
[0059] For these parameters, the volume of the dampener chamber 1s

calculated to be about 207.9 cubic inches.
[0060] In some embodiments, the dampener 110 has a relatively low profile

15  to accommodate placing the mitigation device 100 1n a variety of places. In other
embodiments, several different dampeners 110 are affixed to one expansion
housing 106. The potential thicknesses for the dampener 110 and the potential
thread shear for threaded caps on the dampener 110 may be determined by
standard formulas.

20  [0061] Fig. 7 depicts a side sectional view 180 of another embodiment of a
mitigation device 100 with an elongated expansion housing 106. The 1llustrated
mitigation device 100 includes multiple deflectors 136 which are positioned at
various locations within the expansion chamber 132. Some of the deflectors 132
(e.g., the angular deflectors of IF1g. 7) are attached 1n series to the inner surtaces of

25  the expansion housing 106. Others detlections 132 (e.g., the elliptical deflectors
of IF1g. 7) span across the width of the expansion housing 106 and attach to
opposing inner surtaces of the expansion housing 106. The number and type of
deflectors 136 that might be implemented 1n a particular embodiment 1s not
limited to the 1llustrated types and quantities.

30  [0062] By implementing unique configurations of the mitigation device 100,
embodiments of the expansion chamber 132 can 1solate a backtlow energy surge
and/or prevent the backflow energy surge from tlowing back upstream to cause

damage due to water hammer. Rather, the expansion chamber 132 contains the
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backflow energy surge and, 1in some cases, redirects the backtlow energy surge to
the dampener chamber 134 where the surge 1s absorbed and reduced.
Embodiments of the mitigation device 100 mitigate the pressure spike due to the
back flow up to about 85%. Consequently, only about 15% of the pulse wave due
to sudden flow stoppage propagates upstream past the mitigation device 100.
Other embodiments provide more or less mitigation, depending on the design and
performance specification for each piping system.

[0063] One embodiment of a method for making a mitigation device 100, as
described herein, includes determining the size of the pipe in which the device 1s
to be placed. The ratio of the volume of the expansion chamber 132 to the flow
rate volume of the pipe 1s then determined. In one embodiment this ratio 1s

between about 2 and 6. In another embodiment, the ratio 1s between about 3.5 and

4.5. In yet another embodiment, the ratio 1s about 4. The deflector 136 can then
be fixed within the expansion chamber 132 at an appropriate angle. The inlet,
outlet, outlet extender (optional), and dampener (optional) are the combined with
the expansion chamber. Also, the wall thicknesses, pipe, tlange, and thread
dimensions and tolerances can be tested, and the operating pressures and pressure
drops can be determined. Based on those results, adjustments may be made.
[0064] One advantage of certain embodiments of the mitigation device 100
1S that the mitigation device 100 captures the backiflow energy pulse or surge at a
certain point and mitigates the atfects of the pressure spike before 1t propagates
upstream through the piping system. Additionally, 1n contrast to some
conventional mitigation devices, embodiments of the mitigation device 100
described herein significantly reduce or minimize the pressure drop 1n the forward
direction. Many fluids 1n pipes require a constant pressure within a certain range
to keep the tluid from changing physical states. Another advantage of some
embodiments of the mitigation device 100 1s that the addition of the mitigation
device 100 to the piping system has relatively little or minimal effect on the
regular operating pressure of the piping system. Thus, embodiments of the
mitigation device 100 reduce or minimize any physical change 1n the fluid that 1s
being pumped. Additionally, embodiments of the mitigation device 100 do not

require a substantial increase 1n the work required to pump the fluid through the
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device piping system. As a result, the cost or energy to move the same amount ot
product through the pipe 1s not increased.

[0065] In the above description, specific details of various embodiments are
provided. However, some embodiments may be practiced with less than all of
these specific details. In other instances, certain methods, procedures,
components, structures, and/or functions are described 1n no more detail than to
enable the various embodiments of the invention, for the sake ot brevity and
clarity.

[0066] Although the operations of the method(s) herein are shown and
described 1n a particular order, the order of the operations of each method may be
altered so that certain operations may be performed 1n an inverse order or so that
certain operations may be performed, at least in part, concurrently with other
operations. In another embodiment, instructions or sub-operations of distinct
operations may be implemented 1n an intermittent and/or alternating manner.
[0067] Although specific embodiments of the invention have been described
and 1llustrated, the invention 1s not to be limited to the specific forms or
arrangements of parts so described and illustrated. The scope of the invention 1s

to be defined by the claims appended hereto and their equivalents.
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WHAT IS CLAIMED IS:

1. A water hammer mitigation device for redirecting a backward energy
pulse, the water hammer mitigation device comprising:

an expansion housing including an inlet, an outlet, and an interior
housing surface, wherein the interior housing surface of the expansion housing defines an
internal expansion chamber;

a deflector within the expansion chamber, the deflector fixedly mounted
to a portion of the interior housing surface, the deflector including a fixed convex surface
that substantially faces toward the inlet, the deflector including a fixed concave surface to
define a concave volume wherein the concave volume is bounded between the outlet and
the inlet by the fixed concave surface and opens in a direction substantially toward the
outlet, wherein an end of the outlet extends into the concave volume of the deflector, and
wherein the deflector is configured to substantially redirect the backward energy pulse,
which enters the expansion chamber through the outlet, away from the inlet; and

a dampener in fluid communication with the expansion chamber, wherein the
fixed concave surface of the deflector is aligned to redirect the backward energy pulse at

least partially toward the dampener to absorb at least a portion of the backward energy

pulse.

2. The water hammer mitigation device of claim 1, wherein a proximate

end of the dampener is coupled to the expansion chamber, and a distal end of the

dampener is further away from the expansion chamber.
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3. The water hammer mitigation device of claim 2, wherein the dampener
comprises compressible media disposed at approximately the distal end of the dampener,

wherein the compressible media is configured to compress in response to the backward

energy pulse.

4. The water hammer mitigation device of claim 3, wherein the

compressible media comprises a gas enclosed within a bladder, wherein the gas

comprises nitrogen.

5. The water hammer mitigation device of claim 1, wherein the deflector is

turther configured to diffuse within the expansion chamber a forward fluid flow of a tlmd

from the inlet to the outlet.

6 The water hammer mitigation device of claim 1, wherein the deflector

has a substantially quadric shape.

7. The water hammer mitigation device of claim 1, wherein the deflector is
hemispherical.
8. The water hammer mitigation device of claim 1, wherein an expansion

volume of the expansion chamber is sufficient to hold about 2 to 6 volume units of a

fluid, wherein each volume unit s further defined as a the fluid flow volume through the

inlet during one second of time.
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9. The water hammer mitigation device of claim 1, wherein an expansion
volume of the expansion chamber is sufficient to hold about 3.5 to 4.5 volume units of a

fluid, wherein each volume unit is further defined as a fluid flow volume through the inlet

during one second of time.

10. The water hammer mitigation device of claim 1, wherein an expansion
volume of the expansion chamber holds about 4.0 volume units of a fluid, wherein each

volume unit is further defined as a fluid flow volume through the inlet during one second

of time.

11. The water hammer mitigation device of claim 1, wherein an average

cross-sectional area of the expansion chamber is at least twice a cross-sectional area of

the inlet.

12. The water hammer mitigation device of claim 1, wherein the expansion

chamber 1s substantially spherical.

13. The water hammer mitigation device of claim 1, wherein the expansion

chamber is substantially elongated.

14. A method of installing a water hammer mitigation device, the method

comprising:

coupling an inlet of the mitigation device to a source pipe to receive fluid

from a source; and

20
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coupling an outlet of the mitigation device to a destination pipe to pass

the fluid to a destination;
wherein the mitigation device comprises:
an expansion housing disposed between the inlet and the outlet, wherein
5 the expansion housing defines an internal expansion chamber having an

expansion volume sufficient to hold a plurality of volume units of the fluid,
wherein each volume unit is defined by a ﬂ'uid flow volume over a duration of
time; and

a stationary deflector fixedly mounted within the expansion chamber, the

10 stationary deflector having a concave surface and a convex surface, wherein at

least a portion of the convex surface is spaced apart from both the inlet and an
interior surface of the expansion housing, wherein the deflector is configured to
substantially redirect a backward energy pulse, which enters the expansion

chamber through the outlet, away from the inlet.

15
15. The method of claim 14, wherein coupling the outlet of the mitigation
device to the destination pipe further comprises coupling the outlet within a
predetermined distance to a backflow device which, upon stoppage of fluid flow, causes
the backward energy pulse.
20

16. The method of claim 14, wherein the predetermined distance is within

approximately thirty times a cross-sectional dimension of the destination pipe.
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17. The water hammer mitigation device of claim 1, wherein at least a
portion of the deflector is located such that the deflector intercepts a first axial alignment

of the inlet and a second axial alignment of the outlet.

18. The water hammer mitigation device of claim 17, wherein the outlet 1s in

coaxial alignment with the inlet.

19. A water hammer mitigation device for redirecting a backward energy
pulse, the water hammer mitigation device positionable in a fluid transmission line
configured to convey a fluid, the water hammer mitigation device comprising:

an expansion housing including an inlet, an outlet, and an interior housing
surface;

a deflector fixedly mounted within the expansion housing, the deflector including
a conveXx surface that substantially faces toward the inlet, wherein a first flow path zone
within the expansion housing is bounded at least in part by a first portion of the interior
housing surface of the expansion housing and at least a portion of the convex surface of
the deflector, wherein a second flow path zone within the expansion housing is bounded
at least in part by a second portion of the interior housing surface of the expansion
housing and at least a portion of a concave surface of the deflector, and wherein the
deflector is configured to substantially redirect the backward energy pulse, which enters
the expansion housing through the outlet, away from the inlet; and

a dampener 1n fluid communication with the expansion housing, wherein the
concave surface of the deflector is aligned to redirect the backward energy pulse at least

partially toward the dampener to absorb at least a portion of the backward energy pulse.
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20. The water hammer mitigation device of claim 19, wherein an end of the

outlet extends into a concave volume of the deflector.

21. The water hammer mitigation device of claim 19, wherein the inlet is in

coaxial alignment with the outlet, and wherein at least a portion of the deflector intercepts

the coaxial alignment of the inlet and the outlet.
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