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A DESUPERHEATER SEAT-RING APPARATUS

FIELD OF THE INVENTION

[0001] The present invention relates fo an apparatus and method of deploying
a desuperheater with a Seat-Ring designed to provide coolant injection at high
temperature differential. The present invention’s robust design provides for a high
level of flexibility that allows operating at high temperature differentials between the
coolant and the superheated fluid. The desuperheater Seat-Ring is made as a split
hoilow ring with a perpendicular siit traversing the ring’s circumference. The opened
slit design provides a high level of flexibility, which allows the seat ring to sustain
severe temperature extremes by reducing thermal stress. The coolant is supplied to
the seat ring through a specially designed coolant nipple liner connected to the seat-

ring.

BACKGROUND OF THE INVENTICON

[0002]in the operation of steam and boiler systems, it is often the case that
steam which is available for use will be at a temperature much greater than is
necessary or desired for a particuiar end use. In such cases, it is customary to utilize
a desuperheater, by which a fluid, usually water is injected into the flowing stream of
high temperature steam and subsequently mixed. Ideally, the injected fluid itself
almost immediately turns to steam, serving to convert the incoming, high
temperature steam to a somewhat larger volume of steam at a lower temperature,

that is, the steam will have less superheat.

[0003] An earlier patent granted to Sanford S. Bowlus, U.S. Pat. No.

2,945,685, discloses an advantageous form of automatic desuperheater device,
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known as a variable orifice desuperheater. In the device of the Bowlus patent,
incoming steam, traveling vertically upward through a desuperheater housing inlet,
was arranged to lift against gravity a weighted valve element. The extent to which
the valve element opened is automatically a function of the volume and velocity of

the incoming steam.

[0004] Surrounding the weighted valve element is a smal! orifice
communicating with a source of desuperheating water. When steam is flowing
through the system the weighted valve element is lifted, resulting in a high velocity
flow of the steam around the valve and an atomizing action of the steam on the
surrounding water. The arrangement is such that, relatively independently of the
volume of steam flow within reasonable limits, there will be an effective atomizing
action of the steam upon the water. The amount of water injected into the
desuperheater and combined with the incoming steam is controlled independently,

as a function of steam temperature.

[0005] In basic principle, the variable orifice desuperheater of the Bowlus U.S.
Pat. No. 2,945,685 is highty effective in operation. Thus, the present invention seeks
to utilize the significant operative principles of the earlier Bowlus patent, while at the
same time incorporating such principles into 2 substantially improved physical
embodiment, which is more resistant to thermal fatigue than prior devices and at the
same time less costly to produce and maintain. These advantages are achieved
without sacrifice of performance and, indeed, with improvement in performance in

certain respects.



[0008] For a more complete understanding of the above and other features and
advanfages of the invention, reference should be made to the following detailed

description of a preferred embodiment and 1o the accompanying drawings.
SUMMARY OF THE INVENTION

[0607] Embodiments of the present invention advantageously provide for a
variable orifice desuperheater device for in-line operation in conjunction with upstream
and downstream piping. According to a first aspect, there is provided a desuperheating
device for in-line operation in conjunction with superheated fluid piping upstream and
downstream therefrom and of type comprising an upper housing section and a lower
housing section joined with a middie housing chamber of enlarged diameter relative to
the upstream and downsiream piping to form a mixing chamber of enlarged diameter
relative to the upstream and downstream piping, wherein said joined housing sections
being adapted for connection to said upstream and downstream piping. It also includes
a desuperheater seaf ring support fixed in said middie housing and supporting therewith
an annular seat injection ring with a slot and said annular seat injection ring being
adapted for connection to a cooling fluid inlet piping to supply a cooling fluid to said
annular seat injection ring and a valve plug slideably received in the axially disposed

valve cage base structure to cooperate with said slot of said annular seat injection.

10008] According to a second aspect, there is provided a method for cooling a
superheated fluid with a desuperheater device, which comprises receiving at a lower
housing section of a desuperheater device said superheated fluid and flowing said
superheated fluid though a variable orifice in a middle housing chamber of said

desuperheater device and



delivering a cooling liquid into said middle housing chamber in a substantially circular
pattern. The method also include mixing said superheated fluid and said cooling liguid in
said middle housing chamber to produce a desuperheated fluid and flowing said
desuperheated fluid out of said desuperheater device through an upper housing section.

[0009] According to a third aspect, there is provided means for cooling a
superheated fluid with a desuperheater device, including the means for receiving at a
fower housing section of said desuperheater device said superheated fluid and the
means for flowing said superheated fluid though a variable orifice in a middle housing
chamber of said desuperheater device and the means for delivering a cooling liquid info
said middle housing chamber in a substantially circular patiern. It further includes the
means for mixing said superheated fluid and said cooling liquid in said middle housing
chamber to produce a desuperheated fiuid and the means for flowing said

desuperheated fluid out of said desuperheater device through an upper housing section

[6010] There has thus been outlined, rather broadly, certain embodimenis of the
invention in order that the detailed désdtiption thereof herein may be better undersicod,
and in order that the present contribution to the art may be betier appreciated. There
are, of course, additional embodiments of the invention that will be described below and

which will form the subject matter of the claims appended hereto.

[0011] In this respect, before explaining at least one embodiment of the invention
in detall, it is to be understood that the invention is not limited in its application to the
details of construction and to the arrangements of the components set forth in the
following description or illustrated in the drawings. The invention is capable of

embodiments in addition fo those described and of being practiced and
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carried out in various ways. Also, it is to be understood that the phraseology and
terminology employed herein, as well as the abstract, are for the purpose of

description and should not be regarded as limiting.

[06012] As such, those skilied in the art will appreciate that the conception
upon which this disciosure is based may readily be ulilized as a basis for the
designing of other structures, methods and systems for carrying out the several
purposes of the present invention. It is important, therefore, that the claims be
regarded as including such equivalent constructions insofar as they do not depart

from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above-mentioned and other features and advantages of this
disclosure, and the manner of attaining them, will become more apparent and the
disclosure itself will be better understood by reference to the following description of
various embodiments of the disclosure taken in conjunction with the accompanying

figures.

[0014]1F1G. 1 is a cross sectional view of the desupheater valve of an

embodiment of the present invention.

[0015])FIG. 1a is a close up cross sectional view of the desupheater valve of

an embodiment of the present invention.

[0018]FIG. 2 is a plan view of the seat ring deployed in an embodiment of the

present invention.

[0817]FIG. 3 is a sectional slice view of the seat ring.
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[0018]FIG. 4 is a view of the seat ring ends of the seat ring.

[0019]FIG. 5 illustrates a cutaway view of a desuperheater valve with flange

connection.

[0C201FIG. 6 is a plan view of the seat ring deployed in another embodiment

of the present invention.

{00211FIG. 7 is a slide view of the seat ring showing the cooling fluid infet

which is deployed inside the seat ring.

[0022]FIG. 8 is a side view orientation of the seat ring and its location in

conjunction with seat ring support of the embodiment show in FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

{0023] in the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice them,
and it is to be understood that other embodiments may be utilized, and that
structural, logical and processing changes may be made. It should be appreciated
that any list of materials or arrangements of elements is for example purposes only
and is by no means intended to be exhaustive. The progressicn of processing steps
described is an example; however, the sequence of steps is not limited fo that set
forth herein and may be changed as is known in the art, with the exception of steps

necessarily occurring in a certain order.
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[00624) The Desuperheater consists of 2 body which houses the
desuperheater internals. The body incorporates a seat over which a cage is located
in such a manner that a coolant annulus is created around the seat. The coolant
enters this annulus by means of a branch on the desuperheater body. The plug is
free floating, but incorporates a spring-loaded stability button which provides stability
to the plug under light load conditions. Incorporated in the top of the cage is a plug

stop to limit the amount of travel of the plug.

[0025] In service, incoming vapor acts on the underside of the plug, which is
weighted in such a manner that a certain amount of the energy in the vapor is used
to lift the plug. As more vapor flows through the desuperheater, the higher the plug is
lifted, thus creating a variable orifice for the vapor flow. The energy used in iifting the
plug creates a pressure drop across the seat which is quite constant regardless of
the vapor flow. This pressure drop creates a relatively high velocity across the seat
area, and i is at this point of low pressure constant velocity that the coolant is

admitted into the vapor flow.

[0626] Coolant enters the annujus under the dictates of a control valve
responsive o a temperature controlier sensing the downstream vapor temperature.
The coolant is admitted into the vapor flow through a peripheral gap between the
underside of the cage and the top of the seal. Coolant is admitted via slot located

around the circumference of the seat to ensure that unegual ceoling does not occur.

[0027] The coolant is picked up by the vapor flow as it discharges from the
seat, and the low pressure zone that exisis at this point is instrumental in atomizing
the coolant into fine particles. In the turbuience which ensues as a result of the

change in direction and velocity of the vapor, intimate mixing of the vapor and



WO 2051/153403 PCT/US2011/0396G12

coolant takes place. Above the plug, as the vapor attempts to return to laminar flow,
a vortex is created and any particles of coolant not completely absorbed by the vapor
are drawn into this vortex where they suffer a further pressure reduction which again

speeds up the atomizing process.

[0028] As virtually all of the desuperheating occurs within the desuperheater
body itself, and as no coolant impinges on either the desuperheater or associated

piping, no protective thermal liners for downstream piping are required.

[0022]1F1Gs. 1and 1a are a cross sectional views of an embodiment of the
present invention. The desuperheater valve assembly 10 has three sections, a
desuperheated fiuid outlet or upper housing section 22, a middle housing section 26
and a superheated fluid inlet or lower housing section 20. They are joined logether
by welds 2. Although the welds are shown as a single welded butt joint, the joining
of the upper housing section 22, the middle housing section 26 and the lower

housing section 20 can be accomplished by any coupling method or casting method.

[0030] inside the housing 26, the segment rings 18 can be found adjacent o
the seat support ring 42. The seat support ring 42 holds and supports the annular
seat injection ring 16. A spacer ring 44 is iocated above the seat injection ring 16.
The valve cage base structure 38 is axially disposed inside the valve assembly and
is on the downstream side of the spacer ring 44. In this embodiment, the cage base
structure 38 is welded to the housing 26. A thermal liner 24 is attached to the cage
base structure 38 and is positioned between the housing 26 and the internal cage
46. Cage ribs 36 are located positioned above the cage base 38. The plug stop 28
is located at the top of the internal cage 46 to limit travel of the plug assembly 40.

The plug assembly 40 includes a locking pin 30, a loading spring 32 and a stability
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bution 34 to provide stability to the plug under light lcad conditions. The thermal
liner 24 is attached to the cage base structure 38 and is free to expand and contract
reliving thermal stresses and protecting the housing 26 from thermal stress cracking.

It may be attached, for example, by a welding process.

[0031]In operation, the cooling fluid enters the desuperheater valve through
the booling manifold fluid inlet 12 and fiows through a first end of the coolant thermal
sleeve 14, The coolant thermal sleeve protects the weld joinis and also reduces
thermal stresses, extending design live of the unit. The coolant thermal sleeve 14
has piston rings 48 positioned about the coolant thermai sieeve 14 to permit
movement of the thermal sleeve 14 within the cooling manifold 12. The other end of

the thermal sieeve 14 is positioned inside the annular seat injection ring 16.

[0032] Now, referring to FiGs 1-4, the seat injection ring 16 is hollow and is
shaped like a torus and includes a coolant nippie 17 attached to receive a cooling
fluid. For example, the cooling fluid could be water, which is injected into the
superheated fluid flowing through the desuperheater valve assembly 10. As
discussed above, the superheated fluid is moving through the desuperheater device,
the plug assembly 40 will move away from the seat injection ring 16 creating an
atomizing orifice area and the cooling fluid is then dispersed into the superheated
fiuid via slot 21. The slot 21 travels around the circumference of the annular seat
injection ring 16. The cooling fluid is pulled into the superheated vapor flow and the
low pressure zone that exists at this point is aids in atomizing the cooling fluid into

fine particies.

10033} in this embodiment, the seat injection ring 16 is interrupted by two seat

ring ends 19 and are attached by welds 2a. The interruption permits the seat
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injection ring 16 to expand and contract without causing damage to the device. For
example, when the ring becomes heated and expands, the gap between the two
seat ring ends 19 will narrow. However, depending on the temperatures involved in
the operation of the desuperheater valve and the materials making up the
desuperheater valve itself, other configurations of the seat injection ring 16 can be
deployed. For example, the seat ring could be continuous, without the interruption
and would not need the seat ring ends 19. The seat injection ring 16 many also
employ only one seat ring end 19 fo distribute the cooling liquid in a particular

manner.

[0034] When the desuperheater valve operation is closed, the plug assembly
40 meets up with the seat injection ring 16 covering the slot 21. As the superheated
fluid enters the desuperheater valve and the pressure builds, the generally cylindrical
valve plug assembly 40 lifts, permitting the cooling fluid to with the superheated fluid,
and thus lowering the temperature of the superheated fiuid. FIG. 5 illustrates a
cutaway view of the desuperheater valve of the present invention showing parts

placement.

[0635] Now referring to FIGs 6 - 8, the coolant nipple 17 is placed inside the
seat injection ring 16. This configuration provides valve designers more flexibility
when sizing and scaling desuperheater valves. FIG. 8 illustrates an inner iniet seat
ring support 43 which would accommodate the coolant nippte 17 if it were to be

placed inside the seat injection ring 16.

[0036] The desuperheater valve can be made out of various temperature and
pressure tolerant materials. For example, the desuperheater valve can be made out

of carbon steel, stainless sieel and other types of low alloy steel.

10
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[0037] Thé processes and devices in the above description and drawings
illustrate examples of only some of the methods and devices that could be used and
produced to achieve the objects, features, and advantages of embodiments
described herein and embodiments of the present invention can be applied to
indirect dry, direct dry and wet type heat exchangers. Thus, they are not io be seen
as limited by the foregoing description of the embodiments, but only limited by the
appended claims. Any claim or feature may be combined with any other ctaim or

feature within the scope of the invention.

[0038] The many features anc advantages of the invention are apparent from
the detailed specification, and, thus, it is intended by the appended claims fo cover
all such features and advantages of the invention which fall within the true spirit and
scope of the invention. Further, since numerous modifications and variations will
readily cccur to those skilled in the art, it is not desired to limit the invention to the
exact construction and operation ilustrated and described, and, accordingly, all
suitable modifications and equivalents may be resorted to that fall within the scope of

the invention.

1]



WO 2011/153403 PCT/US2011/039012
What is claimed is:

1. A desuperheating device for in-line operation in conjunction with
superheated fluid piping upstream and downstream therefrom and of type
comprising:

an upper housing section and a lower housing section joined with a middle
housing chamber of enlarged diameter relative to the upstream and downstream
piping to form a mixing chamber of enlarged diameter relative to the upstream and
downstream piping, wherein said joined housing sections being adapted for
connection to said upstream and downstream piping;

a desuperheater seat ring support fixed in said middle housing and supporting
therewith an annular seat injection ring with a slot and said annular seat injection
ring being adapted for connection to a cooling fluid inlet piping to supply a cooling
fluid to said annular seat injection ring; and

a valve plug slideably received in the axially disposed valve cage base

structure to cooperate with said slot of said annular seat injection,
2. The desuperheating device according to claim 1 further includes an
axially disposed valve cage base structure mounted on said desuperheater seat ring

support;

3. The desuperheating device according to claim 2, wherein said annular

seat injection ring is shaped like a torus.

4. The desuperheating device according to claim 3, wherein said annular

seat injection ring is hollow.

12
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5. The desuperheating device according to claim 4, wherein said annular

seat injection ring is interrupted by a first seat ring end.

6. The desuperheating device according to claim 4, wherein said annular
seat injection ring is interrupted by said first seat ring end and a second seat ring

end.
7. The desuperheating device according to claim 2, wherein said cooling
fluid inlet piping has a coolant nipple located immediately adjacent said annular seat

injection ring.

8. The desuperheating device according to claim 2, wherein said cooling

fluid inlet piping has a coolant nipple located inside said annular seat injection ring.

9. The desuperheating device according to claim 2, wherein said slot is

circular.

10.  The desuperheating device according fc claim 2, wherein said annular

seat injection ring is made out of carbon steel.

11.  The desuperheating device according to claim 3, wherein said annular

seat injection ring is made from stainless steel or other types of low alloy steel.

12.  The method for cooling a superheated fluid with a desuperheater

device, comprising:

i3



WO 2011/153403 PCY/US2011/635012

receiving at a lower housing section of a desuperheater device said
superheated fluid;

flowing said superheated fluid though a variabie orifice in a middle housing
chamber of said desuperheater device;

delivering a cooling liquid into said middle housing chamber in a substantially
circular pattern;

mixing said superheated fluid and said cooling liguid in said middie housing
chamber {0 produce a desuperheated fluid; and

flowing said desuperheated fluid out of said desuperheater device through an

upper housing section.

13.  The means for cooling a superheated fluid with a desuperheater device,
comprising:

means for receiving at a iower housing section of a desuperheater device said
superheated fluid;

means for flowing said superheated fluid though a variable orifice in a middle
housing chamber of said desuperheater device;

means for delivering a cooling liquid into said middle housing chamber in a
substantially circular patiern;

means for mixing said superheated fluid and said cooling liguid in said middle
housing chamber to produce a desuperheated fluid; and

means for flowing said desuperheated fluid out of said desuperheater device

through an upper housing section.
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