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1
ROTARY PRESSURE EXCHANGER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE 10 RELATED
APPLICATIONS 10

This application is a reissue application of U.S. Pat. No.
7,201,557,

FIELD OF THE INVENTION 15

The 1nvention relates to pressure exchangers where a first
fluid under a high pressure hydraulically communicates with
a second, lower pressure, fluid, and transfers pressure
between the tluids. More particularly, the invention relates to 20
rotary pressure exchangers wherein compensation 1s made
for forces that may otherwise distort the components.

BACKGROUND OF INVENTION
25
Many industrial processes, especially chemical processes,
operate at elevated pressures. These processes require a high
pressure fluid feed, which may be a gas, a liquid or a slurry, to
produce a flmd product or effluent. One way of providing a
high pressure fluid feed to such an industrial process 1s by 30
feeding a relatively low pressure stream through a pressure
exchanger to exchange pressure between a high pressure
waste stream and the low pressure feed stream. One particu-
larly eflicient type of pressure exchanger 1s a rotary pressure
exchanger wherein a rotating rotor having axial channels 35
establishes hydraulic communication between the high pres-

sure fluid and the low pressure fluid 1n alternating sequences.
U.S. Pat. Nos. 4,887,942; 5,338,138; 6,537,035; 6,540,

487: 6,659,731:; and 6,773,226, the disclosures of which are
incorporated herein by reference, discuss rotary pressure 40
exchangers of the general type described herein for transfer-
ring pressure energy from one fluid to another. This type of
pressure exchanger 1s a direct application of Pascal’s Law:
“Pressure applied to an enclosed fluid 1s transmitted undimin-
ished to every portion of the fluid and to the walls of the 45
containing vessel.” Pascal’s Law holds that, 1f a high pressure
fluid 1s brought into hydraulic contact with a low pressure
fluid, the pressure of the high pressure fluid 1s reduced, the
pressure ol the low pressure fluid 1s increased, and such
pressure exchange 1s accomplished with minimum mixing. A 50
rotary pressure exchanger of this type applies Pascal’s Law

by alternately and sequentially bringing a channel which
contains one lower pressure fluid into hydraulic contact with
another higher pressure fluid thereby pressurizing the one
fluid 1n the channel and causing some fluid that was in the 55
channel to exit to the extent that higher pressure tluid takes 1ts
place, and thereafter bringing the channel into hydraulic con-
tact with a second chamber containing the incoming stream of
lower pressure fluid which pressurizes the fluid 1n the cham-
ber suificiently to cause some of the other fluid 1n the channel 60
to exit at still lower pressure.

The net result of the pressure exchange process, 1n accor-
dance with Pascal’s Law, 1s to cause the pressures of the two
fluids to approach one another. The result1s that, 1n a chemaical
process, such as sea water reverse osmosis, for example, 65
operating at high pressures, e.g., 700-1200 pounds per square
inch (ps1), where a seawater feed 1s generally available at low

2

pressures, €.g., atmospheric pressure to about 50 psi, and a
high pressure brine from the process 1s available at about

700-1200 ps1, the low pressure seawater and the high pressure
brine can both be fed to such a pressure exchanger to advan-
tageously pressurize seawater and depressurize waste brine.
The advantageous applicable effect of the pressure exchanger
on such an industrial process 1s the reduction of high pressure
pumping capacity needed to raise the feed stream to the high
pressure desired for efficient operation, and this can often
result 1n an energy reduction of up to 65% for such a process
and a corresponding reduction 1n required pump size.

In such a rotary pressure exchanger, there 1s generally a
rotor with a plurality of open-ended channels. Rotation of the
rotor 1s driven either by an external force or by the directional
entry of the high pressure fluid 1nto the channels, as known 1n
this art. Rotation provides alternating hydraulic communica-
tion of the fluid 1n one channel exclusively with an incoming
high pressure fluid in one of the opposite end chambers and
then, a very short interval later, exclusively with an incoming
low pressure fluid 1n the other end chamber. As a result,
axially countercurrent tlow of tluid 1s alternately efiected 1n
cach channel of the rotor, creating two discharge streams, for
example a reduced pressure brine stream and an increased
pressure seawater stream.

In such a rotary pressure exchanger having a rotating rotor
with a plurality of substantially longitudinal channels extend-
ing through the rotor, there will be many very brief intervals
of hydraulic communication through between chambers at
the opposite ends holding the two fluids which are otherwise
hydraulically 1solated from each other. Minimal mixing will
occur in the channels because operation 1s such that the chan-
nels will each have a zone of relatively dead tluid that serves
as a bulfer or interface 1n that channel between the fluids
which enter and exit from one respective end. This permits the
high pressure brine to transier its pressure to the mcoming
low pressure seawater stream without mixing.

The rotor usually rotates 1n a cylindrical sleeve or housing,

with 1ts flat end faces slidingly and sealingly interfacing with
end cover plates. These end covers are peripherally supported
by contact with the sleeve and have separate inlet and dis-
charge openings for alternately mating with the channels 1n
the rotor. As a result, these channels alternately hydraulically
connect with, for example, an incoming high pressure brine
stream and then with an mcoming low pressure seawater
stream; 1n both instances, there 1s discharge of liquid from the
opposite end of the channel. As the rotor rotates between
these intervals of alternate hydraulic communication, chan-
nels are brietly sealed off from communication from both
openings in each of the end covers.
The rotor 1n the pressure exchanger 1s often supported by a
hydrostatic bearing and driven by either the flow of fluids mnto
and through the rotor channels or by a motor. To achieve
extremely low friction, such a pressure exchanger usually
does not use rotating seals, but instead, flmd seals and fluid
bearings are used. Extremely close tolerance fits are used to
minimize leakage.

To minimize such leakage and to improve the dimensional
stability of constructional materials, improvements in rotary
pressure exchangers of this type are continually being sought.

SUMMARY OF THE INVENTION

The end covers which have flat inward end faces that slid-
ingly and sealingly interface with tlat end faces of the rotor
are 1mportant components of a rotary pressure exchanger of
this type. During operation, and particularly during high pres-
sure operation such as might be encountered 1n seawater
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reverse osmosis (SWRQO), the incoming brine stream may be
at a pressure which 1s 700-1200 ps1 greater than that of the
incoming seawater stream. To provide dimensional stability
of these components, 1t was found to be important that atten-
tion be given to these great differences in pressure.

It has been found that improved operation and stability of
rotary pressure exchangers utilizing such end covers can be
accomplished by supporting inward facing surfaces of the end
faces, preferably by balancing the forces to which these end
covers are constantly being subjected during operation.
Under a normal SWRO arrangement, the outward end faces
of the two end covers will be respectively subjected either to
the pressure of the high pressure incoming stream of brine, or
to the pressure of the high pressure outgoing stream of sea-
water while the inward end faces will be supported only
peripherally where they contact the sleeve. It has been found
that by providing central support, preferably by balancing
these pressures, improved overall operation and dimensional
stability of the end covers will result. Such balancing, when
employed, can be effected in various ways, including provid-
ing a chamber within the rotor itself and using that chamber to
balance the inward and outward forces on both end covers by
pressurizing that chamber through communication with
either the high pressure mncoming brine stream or the pres-
surized seawater discharge stream.

In one particular aspect, the present invention provides a
pressure exchange apparatus for transierring pressure energy
from a high pressure first fluid to a lower pressure second fluid
to provide a pressurized second fluid, which apparatus com-
prises: a rotatably mounted cylindrical rotor having a pair of
opposite planar end faces with at least two channels extending
axially therethrough and between openings located in said
planar end faces; a pair of end covers having mmward and
outward end faces, with said mmward end faces interfacing
with and slidingly and sealingly engaging said end faces of
said rotor, each said end cover having one inlet passageway
and one discharge passageway, said passageways being
located so that an 1nlet passageway 1n one said end cover 1s
aligned with one said channel 1n said rotor when a discharge
passageway 1n the other said end cover 1s aligned with the
same channel, said inlet passageway and said discharge pas-
sageway 1n each said end cover plate being constantly sealed
from each other during the operation by a sealing region at the
interface between said rotor end face and said end cover,
whereby said channel openings during rotation of said rotor
are, 1n alternating sequence, brought into partial or full align-
ment with an inlet passageway in one said end cover and a
discharge passageway in the other said end cover and then
into partial or full alignment with a discharge passageway 1n
said one end cover and an inlet passageway 1n said other end
cover; at least one pressure-balancing chamber which 1s 1n
fluid communication with an inward-facing surface of at least
one said end cover; and means connecting said chamber to
either the high pressure first tluid or to the pressurized second
fluid so that last-named end cover 1s subjected to relatively
equal forces upon said inward and outward end faces thereof.

In another particular aspect, the present invention provides
a pressure exchange apparatus for transferring pressure
energy from a high pressure first fluid to a lower pressure
second fluid to provide a pressurized second fluid, which
apparatus comprises: a rotatably mounted cylindrical rotor

having a pair of opposite planar end faces with at least two
channels extending axially therethrough and between open-
ings located 1n said planar end faces; a tubular sleeve sur-
rounding said rotor 1n which said rotor rotates; a pair of end
covers having inward and outward end faces, with said inward
end faces contacting end faces of said sleeve and interfacing
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with and slidingly and sealing engaging said end faces of said
rotor, each said end cover having one inlet passageway and

one discharge passageway, said passageways being located so
that an 1nlet passageway in one said end cover 1s aligned with
one said channel 1n said rotor when a discharge passageway 1n
the other said end cover 1s aligned with the same channel, said
inlet passageway and said discharge passageway 1n each said
end cover plate being constantly sealed from each other dur-
ing the operation by a sealing region at the interface between
said rotor end face and said end cover, whereby said channel
openings during rotation of said rotor are, in alternating
sequence, brought mto partial or full alignment with an inlet
passageway 1n one said end cover and a discharge passageway
in the other said end cover and then into partial or full align-
ment with a discharge passageway in said one end cover and
an 1nlet passageway 1n said other end cover; and means for
supporting central regions of said mmward end faces of said
end covers so that axial forces on the respective outward end
faces do not deform said end covers.

In a further particular aspect, the invention provides a
method for transferring pressure energy from a high pressure
first fluid stream to a lower pressure second fluid stream using
a pressure exchanger, which method comprises: supplying
the high pressure first fluid stream to an inlet passageway 1n a
first end cover at one end of the pressure exchanger to direct
said first fluid to a rotating cylindrical rotor having a pair of
opposite, generally planar end faces with at least two chan-
nels extending axially therethrough and between openings
located 1n the opposite end faces; supplying the lower pres-
sure second fluid stream to an 1nlet passageway in a second
end cover at an opposite end of the pressure exchanger to
direct said second fluid into opposite ends of the channels 1n
the rotating rotor, each of the end covers having inward and
outward end faces, which inward end faces interface with and
slidingly and sealingly engage the respective end faces of the
rotor, each end cover also having one discharge passageway
in addition to the inlet passageway, which passageways 1n
cach end cover are angularly separated from each other so that
cach channel 1n the rotor can communicate with only one
passageway 1n each end cover at the same time, rotation of
said rotor causing said channel openings, in alternating
sequence, to be brought 1into partial or full alignment with an
inlet passageway 1n one end cover and a discharge passage-
way 1n the other end cover, and then 1nto partial or full align-
ment with a discharge passageway 1n the one end cover and an
inlet passageway in the other end cover; said high pressure
first fluid being supplied to said first end cover via an 1nlet
chamber that 1s 1n fluid communication with the outward end
tace of the first end cover, and said pressurized second fluid
being discharged from the pressure exchanger through a dis-
charge chamber that 1s 1n fliud communication with the out-
ward end face of said second end cover, and supporting
inward end faces of the end covers against deformation by
axial forces that are applied by said high pressure first fluid
stream and said pressurized second fluid stream to outward
end faces thereol.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of an SWRO process wherein
seawater 1s supplied under pressure to a rotary pressure
exchanger where 1ts pressure 1s very substantially raised by
exchange with a high pressure brine stream exiting from an
SWRO membrane cartridge unit.

FIG. 2 1s a vertical cross-sectional view of a rotary pressure
exchanger incorporating various features of the present
ivention.
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FIG. 3 1s an exploded perspective view of the rotary pres-
sure exchanger shown in FIG. 2.

FI1G. 4 1s a front view of the upper end cover 1n the pressure
exchanger illustrated 1n FIG. 2.

FI1G. 5 1s a rear view of the upper end cover of FIG. 4

FIG. 6 1s a sectional view taken generally along the line 6-6
of FIG. 4.

FIG. 7 1s a fragmentary view of an alternative embodiment
ol a pressure exchanger.

FIG. 8 1s a fragmentary view of another alternative embodi-
ment of a pressure exchanger.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Although as earlier indicated, rotary pressure exchangers
can be used 1n many industrial processes where there 1s a high
pressure fluid stream that 1s no longer needed at such high
pressure conditions and a low pressure fluid stream for which
it 1s desirable to raise 1ts pressure, one present application that
has found considerable commercial interest 1s that of seawa-
ter desalination using reverse osmosis membrane cartridges
or elements disposed within pressure vessels. Therefore,
although 1t should be understood that any suitable fluids, e.g.
gases, liquids, slurries, etc., may comprise the high pressure
stream and/or the lower pressure stream between which pres-
sure exchange 1s to be carried out, for purposes of conve-
nience, the description which follows 1s set forth in terms of a
high pressure liquid brine stream being used to substantially
raise the pressure of a low pressure seawater feedstream.

Accordingly, although the following description 1s written
in terms of a brine stream and a seawater stream, 1t should be
understood that such rotary pressure exchanger operation
may be used to transier pressure energy from various high
pressure first fluid streams to various low pressure second
fluid streams. Similarly, although the term “high pressure™ is
used for convenience, it should be understood that high 1s
used 1n a relative sense and that it may be worthwhile to use
the rotary pressure exchanger to transier energy from fluids
over a wide range of pressures. Generally, the greater amount
ol pressure energy that can be recovered from a high pressure
stream that may be considered to be an effluent or the like, e.g.
one that will be perhaps returned to the environment, the more
advantageous will be the overall operation from an energy
saving standpoint.

Depicted 1n FIG. 1 15 a schematic representation of such an
SWRO system which includes a rotary pressure exchanger 1
and an SWRO cell 2 which may comprise a plurality of RO
membrane elements, for example, elements of a spirally
wound character that are disposed within a pressure vessel.
An mmcoming stream 3 of seawater 1s supplied by a main
seawater supply pump 4 that may raise 1ts pressure to 30 psior
greater. A major portion of the pumped stream 3 of seawater
enters a low pressure 1nlet of the rotary pressure exchanger 1,
while the remainder of the stream tlows to the suction side of
a main, high pressure pump 5. The seawater that enters the
rotary pressure exchanger 1 exits as a pressurized seawater
stream 3' and flows 1nto the suction side of a booster pump 6.
The discharge from the booster pump 6 joins the discharge
from the main high pressure pump 3 to become the pressur-
1zed seawater stream 3" which constitutes the feed tlow to the
SWRO cell. The SWRO cell 2 employs cross-tflow filtration
and uses a semipermeable reverse osmosis membrane to cre-
ate a product stream of purified, usually potable, water and a
retentate or brine stream 7. If the feed pressurized water
stream 3" enters the SWRO cell at, for example, about 1000
psi, the brine discharge stream 7 may have a pressure of about
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9’70 ps1, and the tlow rate of the brine exiting the cell may
equal about 60-70% of the tlow rate ol the feedstream 3", with
the remainder constituting the purified water permeate stream
9. The concentrated brine stream 7 tlows through a high
pressure inlet at the opposite end of the rotary pressure
exchanger 1 and gives up most of its pressure energy to the
incoming seawater stream 3, and a brine discharge stream 10
exits the pressure exchanger at near atmospheric pressure. If
desired, a minor portion of the high pressure brine stream 7
can be added to the seawater stream 3" for a second pass
through the SWRO cell, as 1s well known 1n the desalination
art.

In summary, the rotary pressure exchanger 1 utilizes the
pressure energy of the high pressure brine effluent stream 7 as
a source to pressurize a large percentage of an incoming
seawater feed to provide a substantial portion of the high
pressure feedstream 3" which 1s supplied to the SWRO cell 2.
The brine discharge stream 10 from the pressure exchanger 1s
commonly returned to the environment, ¢.g. the ocean, other
source of seawater, or the like.

Disclosed in FI1G. 2, 1n cross-sectional view, 1s one embodi-
ment of a rotary pressure exchanger 11 which embodies vari-
ous features of the present invention. The rotary pressure
exchanger 11 includes an elongated, generally cylindrical
housing or body portion 13, within which there 1s disposed a
cylindrical rotor 15 that has a plurality of channels 16 which
extend end-to-end and a surrounding sleeve 17 1n which 1t
rotates. Axially flanking the rotor are a first or upper end cover
19 and a lower end cover 21. The terms “upper” and “lower”
are merely used for convenience of orientation and descrip-
tion consistent with the layout of FIG. 2, as 1t should be
understood that the pressure exchanger 11 may be operated in
any orientation, vertical, horizontal or otherwise. To permit
the two end covers 19, 21, the rotor 15 and the sleeve 17 to be
handled as a unit (FIG. 3), they are united through the use of
a central rod or shaft 23 which 1s located 1n a elongated
chamber 25 disposed generally axially of the rotor and 1n a
pair of aligned axial passageways 27, 29 in the upper and
lower end covers. This threaded tension rod 23 resides 1n
these three central chambers and i1s secured by washers,
o-rings, and hex nuts or the like; it serves to position the rotor
15 between the end covers 19, 21, which are seated at their
peripheries against end faces of the tubular sleeve 17, so that
planar end faces of the rotor slidingly and sealingly interface
with corresponding surfaces on the mnward faces of both end
covers. Preferably, short dowel pins 31 provide a means to
hold the surrounding sleeve 17 and both end covers 19, 21 in
precise alignment.

Again, for purposes ol convenience ol description, the
pressure exchanger 11 1s arbitrarily described as having the
high pressure brine enter at the bottom and the low pressure
seawater enter at the top. Upper and lower end closure plate
assemblies 35, 37 are provided through each of which a pair
of conduits pass. In the illustrated embodiment, the upper end
closure assembly 35 includes a straight conduit 39 through
which the low pressure seawater feedstream 1s supplied; this
conduit 39 extends straight through both the upper and lower
plates of the upper closure assembly 35 and connects to a
nipple 40 and terminates in a seawater 1nlet or feed passage-
way 41 that extends through the upper (seawater) end cover
19. An elbow conduit 43 1s also supported 1n the end closure
assembly 35 which leads to an opeming in the lower plate of
the closure which opens onto a plenum chamber 45 which
occupies this cylindrical section of the interior of the housing
13 except for the volume occupied by the seawater feed
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conduit 39. Once the end closure plate 1s installed, 1t 1s locked
in place by a segmented locking ring 47 or the like as well
known 1n this art.

The opposite end of the pressure exchanger 11 contains
essentially similar components. The similar lower end clo-
sure plate assembly 37 supports a straight line brine discharge
conduit 49 and an elbow conduit 51 through which the incom-
ing stream of high pressure brine 1s supplied. The mncoming
brine conduit empties mto a lower plenum chamber 53 in the
region between the outward end face of the lower (brine) end
cover 21 and the interior surface of the lower end closure plate
assembly 37, whereas the low pressure brine discharge con-
duit 49 1s connected by a nipple 35 1n fluidtight arrangement
to a discharge passageway in the brine end cover 21. The
lower (brine) end closure plate assembly 37 1s likewise locked
in place by a standard locking ring assembly 47.

The cylindrical exterior surface 57 of the brine end cover
21 1s formed with a groove wherein a sealing O-ring 59 or the
like 1s seated to create a seal at this location within the housing
13. There 1s no comparable seal at the exterior surface of the
seawater end cover so that manufacturing tolerances waill
allow some flow of the pressurized seawater into the region
between the seawater end cover 19 and the interior wall of the
housing and between the sleeve 17 and the interior wall of the
housing. This flow extends into the interfacial regions
between the end faces of the rotor 15 and the juxtaposed
surfaces of the end covers 19, 21 and 1n effect provides a
seawater-lubricated hydrodynamic bearing.

The end cover plates 19, 21 are generally mirror images of
one another, and their construction 1s seen 1n FIGS. 4, 5, 6, 7
and 8 which shows the upper seawater end cover 19.

FI1G. 5 shows the outward end face 61 of the seawater end
cover 19 wherein the circular cross-section entry to the sea-
water 1nlet passageway or chamber 63 1s located 1n the lower
semi-circular portion of the drawing, and the irregular-shaped
exit opening from the pressurized seawater discharge pas-
sageway or chamber 65 appears in the upper semicircular
region, with the chamber or cavity 27 which accommodates
the threaded tension rod 23 being seen at the center. The
scawater inlet passageway 63 expands arcuately from its
cylindrical entrance region 1nto the adjacent quadrant of one-
half of the end cover to terminate 1n a kidney bean shaped
aperture at the nward end face 67 of the seawater end cover
19. A good portion of the passageway expansion occurs near
the mmward end face 67 1n the oblique ramps 69 and 71 which
form surfaces of the expanding passageways 63 and 65. The
angle of these ramps determines the amount of 1mpetus that
the intlowing pumped stream of seawater will have upon the
tar wall 1n each channel 16 of the rotor 135 and thus assists 1n
determining the rotational speed thereol (1n combination of
course with the similar effect that 1s occurring at the opposite
end where the pressurized brine 1s similarly flowing through
the mirror image end cover 21 as it exits from a brine nlet
passageway or chamber in the brine end cover). As can be
seen from FIG. 4, the opening into the seawater discharge
passageway 65 in the inward end face 67 1s also of kidney
bean shape, and 1t includes a generally similar entrance ramp
surface 71.

The balancing effect of the present mnvention utilizes the
oversize nature of the axial cavity 27 1n the seawater end cover
19, with respect to the diameter of the tension rod 23 that
passes therethrough. As seen 1 FIG. 6, an oblique bleed
passageway 73 extends from the high pressure region of the
pressurized seawater discharge passageway 65 through the
body of the end cover 19 and 1nto the axial cavity 27 therein.
As aresult, the axial cavity 27, during operation, will be at the
same pressure as the pressurized seawater being discharged.
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With respect to orientation of the cross-sectional view
shown as FIG. 6, during operation the right hand or outward
end face 61 of the end cover 19 will be subjected to axially
inward forces from the high pressure seawater discharge that
will 11ll the plenum chamber 45 for which the end face 61 1s
one boundary; only the periphery of the end cover 19 is
supported by engagement with the sleeve 17. To provide a
balancing axial force 1n a central region of the end cover 19,
axial passageway 27 1s provided with a counterbore 73 at the
inward face which creates an annular surface 77 that 1s par-
allel to the outward end face 61. As a result, hydrostatic
pressure will apply a balancing, axially outward force, as a
result of the communication of high pressure through the
bleed passageway 73, to this central region of the end cover
19, which supports it against potential deformation.

In the 1llustrated preferred embodiment, the axial cavity or
chamber 25 through the rotor 1s likewise oversize with respect
to the diameter of the tension rod 23 so that such seawater
discharge pressure also communicates to this axial cavity,
extending from end to end of the rotor 15. In this preferred
embodiment, a similar axially outward, balancing force is
likewi1se applied against a central region of the inward face of
the brine end cover 21 which has a similar counterbore and
annular surface. As previously mentioned, the brine end cover
21 1s essentially a mirror 1image of the seawater end cover
except for the absence of the oblique bleed passageway 73, as
can be generally seen 1n the cross-sectional assembly view of
FIG. 2. However, 1f desired, a second balancing pressure
bleed passageway could be provided 1n the brine end cover 21
extending from the high pressure brine 1nlet passageway 1n
the end cover to 1ts central cavity 29. If this option were
employed, then a seal somewhere 1n the axial cavity 25 in the
rotor 15 might be used to block any flow of high pressure
brine through the center axial cavity of the rotor.

As known 1n this art, the rotor 15 revolves on hydrody-
namic bearings at the interfaces between each end face of the
rotor 15 and the respective inward end face of each end cover,
and all are machined to close tolerances so these interfacing
surfaces are essentially 1n sliding and sealing contact with
cach other with only an extremely thin layer of fluid therebe-
tween. As a result, there 1s no fluid tlow radially at this
interface so that the high pressure itake or discharge pas-
sageway 1n each end cover 1s sealed from the adjacent low
pressure passageway at the interface. As best seen in FIG. 4,
the seal 1s provided by the separation for an annular region of
about 40°, which 1s well known 1n this art. The hydrostatic
bearing effect 1s enhanced by an annular groove 81 which
appears 1n the inward end face 67 of the end cover 19 near 1ts
periphery surrounding the intake and discharge passageway
exits/entrance, where a static reservoir of high pressure water
accumulates. Likewise, the inward end faces of the end covers
19, 21 preferably include drilled blind holes 82 to recerve the
short dowel pins 31 that align the end covers and the sleeve
17.

In operation, the preferred embodiment pressure
exchanger 11 that 1s seen 1n FIGS. 2 and 3 would have low
pressure seawater, for example at a pressure of about 30 psi,
being pumped to the straight line inlet conduit 39 at the upper
end and high pressure brine being discharged from the SWRO
cell supplied to the elbow inlet conduit 51 at the lower end.
Accordingly, the low pressure seawater would {ill the inlet
passageway 63 in the upper end cover 19, and the high pres-
sure brine would fill the plenum chamber 33 and tlow through
the inlet passageway 1n the lower brine end cover 21 and enter
the axial channels 16 1n the rotor 135 causing it to spin. The
seawater 1n these channels 16 would be 1nstantly pressurized
and caused to tlow out the upper end of the channels whenever




US RE42,432 E

9

there was alignment of the channel 16 with the opening to the
discharge seawater passageway 65 1n the upper seawater end
cover. Such would cause the pressurized seawater to fill the
upper plenum chamber 45 and exit from the pressure
exchanger 11 through the elbow discharge conduit 43 at the
top ol the pressure exchanger. Stmilarly, when a channel 16 in
the rotor was alternately aligned with the opening to the
seawater inlet passageway 63 in the seawater end cover 19
and respectively with the opening to the brine discharge pas-
sageway 1n the brine end cover 21, the 30 psi seawater would
force brine out of the pressure exchanger 11 through the
straight line low pressure brine discharge conduit 49 so that
seawater again fills at least the upper portion of the channel.
High pressure seawater from the plenum chamber 45 finds 1ts
way along the interior surface of the cylindrical housing as far
as the sealing ring 59 on the lower brine end cover 21. Some
of this high pressure seawater flows ito the clearances
between the rotor, sleeve and end covers, and this flow con-
tributes to the hydrodynamic bearing effect. During the
operation, the oblique bleed passageway 73 leading from the
pressurized seawater discharge passageway 63 1n the seawa-
ter end cover 19 pressurizes the axial cavity 27 therein. The
axial cavity 25 in the center of the rotor communicates this
high pressure to the counterbore of the axial cavity 29 1n the
brine end cover 21, and thus axially inward balancing forces
are exerted upon the annular surfaces provided by the coun-
terbores located centrally in the mward face of each end
cover. Liquid within this system 1s static, as there 1s no flow
because the outward ends of the axial cavities 27, 29 1n the
end covers are sealed by washers and end nuts that secure the
tension rod 23 1n place. As a result of this arrangement, the
forces operating on the end covers 19, 21 (which can indeed
be substantial when a pressure exchanger 11 1s, for example,
handling brine at a pressure of 1000 ps1 or greater) are very
clfectively balanced. This force balance resists potential dish-
like distortion of the end covers, which are rigidly supported
at their respective peripheries, when they are subjected to
high pressures, thereby providing the benefit of dimensional
stability 1n an apparatus of this type where 1t 1s important that
close tolerances be maintained.

[lustrated 1n FIG. 7 1s a fragmentary cross-sectional view
similar to that shown 1n FIG. 2 of an alternative embodiment
ol a pressure exchanger 11' which supports the end covers
against potential distortion from high pressure 1n a different
manner. The pressure exchanger 11' uses a similar housing
13, a similar rotor 15 and sleeve 17, and a similar lower end
cover 21. However, anupper end cover 19' 1s utilized that does
not include the bleed passageway 73. Instead, a thinner,
threaded tension rod 23' 1s used which provides space within
the axial cavity 25 1n the rotor for a thin, rigid tube 83 to be
disposed. The tube 85 may have a sliding fit on the tension rod
and extend from end cover 19' to end cover 21 1n the central
cavity 25 of the rotor. The tube i1s preferably seated, at each
respective end, in the counterbore 75 of the respective end
cover, which counterbores could be reduced in diameter {from
those shown, 1f desired. Alternatively, the counterbores could
be eliminated, and the rigid tube 85 could simply abut the
central annular region of each inward end face 67 of the end
covers.

In the construction illustrated 1n FIG. 7, when the two end
covers, the rotor 15 and the sleeve 17 are assembled as a unat,
the support tube 85 surrounds the tension rod 1n the central
cavity 25 of the rotor. When locking nuts 87 are tightened at
both ends of the tension rod 23', the end covers 21 and 19' are
supported peripherally where they contact the end faces of the
sleeve 17 and centrally where they contact the end faces of the
support tube 85. As a result, during operation, this support of
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the end covers at spaced apart inner and outer annular regions
elifectively resists deformation as a result of axial pressure
differences.

[lustrated in FIG. 8 1s a further alternative embodiment
having some resemblance to the FIG. 7 embodiment. A pres-
sure exchanger 11" 1s shown which utilizes a slightly different
form of central mechanical support for the end covers. Rather
than disposing a rigid tube slidingly on the reduced diameter
tension rod, a pair of circular flanges 91 are welded or other-
wise suitably affixed to a tension rod 23" at locations where
they will extend axially beyond the opposite end faces of the
rotor 15. These rigid flanges 91 then abut the inward end faces
6’7 of the end covers when the lock nuts 87 are tightened on the
opposite ends of the tension rod 23" and perform the same
support function as did the rigid tube 85 in the FIG. 7 embodi-
ment.

Although the 1invention has been described with regard to
certain preferred embodiments which constitute the best
mode presently known to the inventors for carrying out the
invention, 1t should be understood that various changes and
modifications as would be obvious to one having ordinary
skill 1n this art may be made without deviating from the scope
of the mvention which 1s defined 1n the claims appended
hereto. For example, although a central tension rod 1s conve-
niently used to unite the end covers, sleeve and rotor into a
unitary package, other suitable clamping arrangements could
alternatively be used; for example, such unity could be
achieved through appropriate interconnection between the
end covers and the sleeve. Likewise, although 1t 1s convenient
and effective to provide a pressure balancing annular surface
centrally of the inward face of each end cover, one or more
chambers having inward facing surfaces could alternatively
be employed and appropriately connected to an adjacent
region of high pressure fluid. Similarly, although 1t 1s conve-
nient to use a short oblique bleed passageway between the
high pressure passageway 1n an end cover and the axial cavity
therein which opens onto the pressure-balancing chamber in
the end cover mmward end face, a bleed passageway could be
drilled or otherwise suitably formed directly between the
chamber and the high pressure passageway or between the
axial cavity and the pressurized seawater plenum chamber.
Moreover, as previously mentioned, for whatever reason,
such a pressure-balancing effect could be employed at only
one end cover of the pressure exchanger, or the construction
could be such that each of the end covers was separately and
individually balanced 1n this manner without the communi-
cation axially through a chamber somewhere in the rotor.
Furthermore, 1f desired that high pressure brine could be used
to provide the balance axial force for both end covers by
locating the bleed passageway 73 instead in the brine end
cover. Particular features of the invention are set forth in the
claims that follow.

The mvention claimed 1s:

1. A pressure exchange apparatus for transierring pressure
energy from a high pressure first fluid to a lower pressure
second fluid to provide a pressurized second fluid, which
apparatus comprises:

a rotatably mounted cylindrical rotor having a pair of oppo-
site planar end faces with at least two channels extending,
axially therethrough and between openings located 1n
said planar end faces;

a pair of end covers having inward and outward end faces,
with said inward end faces interfacing with and slidingly
and sealingly engaging said end faces of said rotor, each
said end cover having one inlet passageway and one
discharge passageway, said passageways being located
so that an inlet passageway 1n one said end cover 1s
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aligned with one said channel 1n said rotor when a dis-
charge passageway in the other said end cover 1s aligned
with the same channel, said inlet passageway and said
discharge passageway in each said end cover [plate}
being constantly sealed from each other during the °
operation by a sealing region at the interface between
said rotor end face and said end cover, whereby said
channel openings during rotation of said rotor are, in
alternating sequence, brought into partial or full align-
ment with an inlet passageway in one said end cover and
a discharge passageway 1n the other said end cover and
then mto partial or full alignment with a discharge pas-
sageway 1n said one end cover and an 1nlet passageway
in said other end cover:

at least one pressure-balancing chamber which 1s 1n fluid

communication with an inward-facing surface of at least
one said end cover and has an annular surface located
centrally of said inward end face of said at least one end
cover;, and 20
means connecting said chamber to either the high pressure
first tluid or to the pressurized second fluid, which con-
necting means includes a genervally vadial passageway
in said end cover which opens into the inlet or discharge
passageway for the higher pressurve fluid in said end 25
cover, so that last-named end cover 1s subjected to rela-
tively equal forces upon said mmward and outward end
faces thereof.

2. The apparatus according to claim 1 wherein pressure-
balancing chambers are provided adjacent an inward-facing,
surface of each of said end covers, which chambers are 1n
pressure communication with each other so that both end
covers are subjected to relatively equal forces upon said
inward and outward end faces thereof. 15

[3. The apparatus according to claim 1 wherein said pres-
sure-balancing chamber has an annular surface located cen-
trally of said inward end face of said at least one end cover.]

4. The apparatus according to [claim 3] c¢/aim I wherein a
tubular sleeve surrounds said rotor and opposite ends of said 4
sleeve respectively contact said inward-facing surfaces of
said end covers along the peripheries thereof.

[5. The apparatus according to claim 3 wherein said fluid
communication between said pressure-balancing chamber
and the high-pressure fluid includes a generally radial pas- 45
sageway 1n said end cover which opens into the inlet or
discharge passageway for the higher pressure fluid 1n said end
cover.]

6. The apparatus according to [claim 5] c/aim I wherein
said at least one end cover includes an axial cavity whichi1sin 50
communication with said pressure-balancing chamber and
said radial passageway communicates therewith.

7. The apparatus according to claim 1 wherein a generally
axial cavity extends through said rotor between said opposite
end faces and 1n fluid communication with said pressure- 55
balancing chamber and with a similar pressure-balancing
chamber having an inward-facing surface that 1s provided 1n
said other end cover.

8. The apparatus according to claim 7 where said other end
cover also includes an axial cavity extending therethrough 60
and wherein a rod extends between said end covers and
through said axial cavities in said end covers and said rotor to
create a unitary arrangement.

9. A pressure exchange apparatus for transferring pressure
energy from a high pressure first fluid to a lower pressure 65
second fluid to provide a pressurized second fluid, which
apparatus comprises:
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a rotatably mounted cylindrical rotor having a pair of oppo-
site planar end faces with at least two channels extending,
axially therethrough and between openings located 1n
said planar end faces;

a tubular sleeve surrounding said rotor 1n which said rotor
rotates about its axis;

a pair of end covers having inward and outward end faces,
with said inward end faces contacting end faces of said
sleeve and interfacing with and slidingly and sealingly
engaging said end faces of said rotor,

a pair of end closure assemblies disposed respectively
axially outward of each said end cover and providing a
plenum chamber in contact with said respective end
cover,

cach said end cover having one mlet passageway and one
discharge passageway, said passageways being located
so that an inlet passageway 1n one said end cover 1s
aligned with one said channel 1n said rotor when a dis-
charge passageway 1n the other said end cover 1s aligned
with the same channel, said inlet passageway and said
discharge passageway in each said end cover [plate}
being constantly sealed from each other during the
operation by a sealing region at the interface between
said rotor end face and said end cover, whereby said
channel openings during rotation of said rotor are, 1n
alternating sequence, brought 1nto partial or full align-
ment with an inlet passageway in one said end cover and
a discharge passageway 1n the other said end cover and
then into partial or full alignment with a discharge pas-
sageway 1n said one end cover and an 1nlet passageway
in said other end cover; and

means for supporting central regions of said inward end
faces of said end covers so that axial forces on the
respective outward end faces do not deform said end
covers in the form of pressurve-balancing chambers
which ave provided adjacent an inward-facing surface
of each of said end covers, which chambers are in pres-
sure communication with each other via a cavity that
extends through said rotor along its axis between said
opposite end faces so that both end covers are subjected
to relatively equal forces upon said inward and outward
end faces thereof.

[10. The apparatus according to claim 9 wherein pressure-
balancing chambers are provided adjacent an inward-facing
surface of each of said end covers, which chambers are 1n
pressure communication with each other so that both end
covers are subjected to relatively equal forces upon said
inward and outward end faces thereof ]

11. The apparatus according to [claim 10] claim 9 wherein
cach said pressure-balancing chamber 1s bounded by an annu-
lar surface located centrally of said inward end face of said
end cover.

[12. The apparatus according to claim 10 wherein a cavity
extends coaxially through said rotor between said opposite
end faces which 1s 1n fluid communication with said pressure-
balancing chambers.}

13. The apparatus according to claim 9 wherein the periph-
eries of both end covers are supported by said tubular sleeve
[and wherein said central regions are supported by a rigid
member that extends through a coaxial chamber in said rotor].

14. The apparatus according to [claim 13] claim 25
wherein said rigid member 1s a tube about which said rotor
rotates, with opposite end faces of said tube contacting the
inward end faces of said end covers.

15. The apparatus according to [claim 13] claim 25
wherein a threaded rod extends through said coaxial chamber
and parts affixed to said rod engage said central regions of
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said mmward end faces of said end covers when threaded nut
means on said rod clamps said tubular sleeve between said
end covers.

16. A method for transferring pressure energy from a high
pressure first fluid stream to a lower pressure second fluid
stream using a pressure exchanger, which method comprises:

supplying the high pressure first fluid stream to an inlet

passageway in a first end cover at one end of the pressure
exchanger to direct said first fluid to a rotating cylindri-
cal rotor having a pair of opposite, generally planar end
faces with at least two channels extending axially there-
through and between openings located 1n the opposite

end faces:
supplying the lower pressure second tluid stream to an inlet

passageway 1n a second end cover at an opposite end of

the pressure exchanger to direct said second fluid 1nto
opposite ends of the channels in the rotating rotor,
cach of the end covers having imnward and outward end
faces, which inward end faces interface with and slid-
ingly and sealingly engage the respective end faces of
the rotor,
cach end cover also having one discharge passageway 1n
addition to the inlet passageway, which passageways
in each end cover are angularly separated from each
other so that each channel 1n the rotor can communi-
cate with only one passageway 1n each end cover at
the same time,
supporting the peripheries of both end covers by a tubu-
lar sleeve within which said rotor rotates,
rotation of said rotor causing said channel openings, in
alternating sequence, to be brought into partial or full
alignment with an inlet passageway in one end cover
and a discharge passageway in the other end cover,
and then 1nto partial or full alignment with a discharge
passageway 1n the one end cover and an inlet passage-
way 1n the other end cover;
said high pressure first fluid being supplied to said first
end cover via an 1inlet chamber that 1s 1n fluid commu-
nication with the outward end face of the first end
cover, and
said pressurized second fluid being discharged from the
pressure exchanger through a discharge chamber that
1s 1n fluid communication with the outward end face
of said second end cover, and
supporting central regions of mward end faces ol the end
covers, by a rigid member that extends through an
axial chamber in said rotor, against deformation by
axial forces that are applied by said high pressure first
fluid stream and said pressurized second fluid stream
to outward end faces thereof.

[17. The method according to claim 16 wherein axial
forces on said outward and inward end faces are balanced by
providing at least one pressure-balancing chamber which 1s in
fluid communication with an inward facing surtace of at least
one said end cover and which 1s also 1n fluidd communication
with (a) etther said high pressure incoming first fluid stream
or said pressurized second fluid stream being discharged from
the pressure exchanger, and (b) a chamber that extends axially
through said rotor, which 1s in communication with a similar
such pressure-balancing chamber 1n the other of the end cov-
ers.}

[18. The method according to claim 16 wherein the periph-
eries of both end covers are supported by a tubular sleeve
within which said rotor rotates and central regions are sup-
ported by a rigid member that extends through an axial cham-
ber in said rotor.]
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19. The method according to [claim 18] c/aim 16 wherein
said rigid member 1s a tube about which said rotor rotates,
with opposite end faces of said tube contacting the inward end
faces of said end covers to provide said support.

20. The method according to [claim 18] claim 16 wherein
a rod extends through said axial chamber and parts affixed to
said rod engage said central regions of the inward end faces of
said end covers to provide said support.

21. An end cover for inclusion as a part of a pressure
exchange apparatus for transferving pressure energy from a
high pressure first fluid to a lower pressurve second fluid to
provide a pressurized second fluid, which apparatus includes
a rotatably mounted cylindrvical votor having a pair of oppo-
site planar end faces with at least two channels extending
axially thevethrough and between channel openings located

in said planar end faces;

said end cover comprising a body which has:

(a) inward and outward end faces, with said inward end
face interfacing with and slidingly and sealingly
engaging one end face of said rotor;

(b) an inlet passageway and a discharge passageway,
with said inlet passageway and said discharge pas-
sageway being constantly sealed from each other dur-
ing the operation by a sealing vegion at the interface
between said rotor end face and said end cover,
whereby said channel openings in said rotor during
rotation of said rotor, in alternating sequence, come
into partial or full alignment with said inlet passage-
way in one end cover and then into partial ov full
alignment with said discharge passageway;

(¢) a pressure-balancing chamber which is in fluid com-
munication with said inward end face and which is
Jormed with an annular surface located centrally of
said inward end face of said end cover; and

(d) means including a generally vadial bleed passage-
way which opens into the higher pressure fluid pas-
sageway connecting said centval pressure-balancing
chamber to said passageway that will be filled with
the higher pressure fluid during operation so that said
end cover is subjected to relatively equal forces upon
said inward and outward end faces thereof.

22. The end cover according to claim 21 wherein said end
cover includes an axial cavity which is in communication with
said pressure-balancing chamber and said rvadial passage-
way.

23. The end cover according to claim 21 wherein a plural-
ity of holes are provided in said inward end face adjacent the
periphery thereof which veceive pins that interconnect said
end cover and a tubular sleeve that surrounds the rotor.

24. The apparatus according to claim 13 wherein a rod
about which said votor rotates extends through said rotor
cavity and wherein threaded nuts on said vod clamp said end
covers to said tubular sleeve.

25. A pressure exchange apparatus for transferving pres-
sure energy from a high pressuvre first fluid to a lower pressure
second fluid to provide a pressurized second fluid, which
apparatus comprises.

a rotatably mounted cylindrical votor having a pair of
opposite planar end faces with at least two channels
extending axially thevethrough and between openings
located in said planar end faces;

a tubular sleeve surrounding said votor in which said rotor
rotates;

a pair of end covers having inward and outward end faces,
with said inward end faces contacting end faces of said
sleeve and interfacing with and slidingly and sealingly
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engaging said end faces of said votor, the peripheries of
both end covers being supported by said tubular sleeve,
each said end cover having one inlet passageway and one
discharge passageway, said passageways being located
so that an inlet passageway in one said end cover is 5
aligned with one said channel in said rotor when a
discharge passageway in the other said end cover is
aligned with the same channel, said inlet passageway end faces thereof.
and said discharge passageway in each said end cover 27. The apparatus according to claim 26 wherein one said
being constantly sealed from each other during the 10 pressure-balancing chamber is provided adjacent an inward-
operation by a sealing region at the interface between facing surface of each of said end covers, which pressure-
said rotor end face and said end cover, whereby said balancing chambers are in pressure communication with
channel openings during rotation of said rotor are, in each other so that both said end covers are subjected to
alternating sequence, brought into partial or full align- relatively equal forces upon said inward and outward end
ment with an inlet passageway in one said end cover and 15 faces thereof.
a discharge passageway in the other said end cover and 28. The apparatus according to claim 26 wherein a tubular
then into partial or full alignment with a discharge pas- sleeve surrounds said votor and opposite ends of said sleeve
sageway in said one end cover and an inlet passageway respectively contact said inward-facing surfaces of said end
in said other end cover; and covers along the peripheries thereof.

a rigid member that extends through a coaxial chamber in 20  29. An end cover for inclusion as a part of a pressure
said votor and supports centval vegions of said inward exchange apparatus for transferving pressure energy from a
end faces of said end covers so that axial forces on the high pressure first fluid to a lower pressurve second fluid to
respective outward end faces do not deform said end provide a pressurized second fluid, which apparatus includes
covers. a cyvlindrical rotor for rotatation about an axis which has a

26. A pressure exchange apparatus for transferring pres- 25 pair of opposite planar end faces and at least two channels

sure energy from a high pressure first fluid to a lower pressure extending axially therethrough and between openings in said
second fluid to provide a pressurized high pressurve second planar end faces, said end cover being one of a pair that
fluid, which apparatus comprises: axially flank said votor and are vespectively located between

a cylindrical rotor mounted to rotate about its axis having a pair of end cover assemblies that vespectively provide a
a pair of opposite planar end faces with at least two 30 plenum chamber for flow of high pressure fluid located axially
channels extending axially therethrough and between outward of and in contact with each said end cover;
openings located in said planar end faces; said end cover comprising a body which has:

a pair of end covers having inward and outward end faces, (a) inward and outward end faces, with said inward end
with said inward end faces interfacing with and slidingly Jace interfacing with and slidingly and sealingly
and sealingly engaging said end faces of said votor, each 35 engaging one planar end face of said rotor,
said end cover having one inlet passageway and one (b) an inlet passageway and a discharge passageway
discharge passageway, said passageways being located that ave constantly sealed from each other during
so that an inlet passageway in one said end cover is operation by a sealing region at the interface between
aligned with one said channel in said rotor when a said rotor planar end face and said end cover,
discharge passageway in the other said end cover is 40 whereby said channel openings in said rotor during
aligned with the same channel, said inlet passageway rotation of said rotor, in alternating sequence, come
and said discharge passageway in each said end cover into partial or full alignment with said inlet passage-
being constantly sealed from each other durving the way in one end cover and then into partial or full
operation by a sealing region at the interface between alignment with said discharge passageway in said
said rotor end face and said end cover, whereby said 45 one end cover,

a pressure-balancing chamber which has a 360° annular,
inward-facing surface that is disposed at the axial center
of at least one said end cover; and

means connecting said chamber in fluid communication to
either the high pressure first fluid or to the pressurized
second fluid so that last-named end cover is subjected to
relatively equal forces upon said inward and outward

channel openings during rvotation of said rotor arve, in
alternating sequence, brought into partial or full align-
ment with an inlet passageway in one said end cover and
a discharge passageway in the other said end cover and

(c) a pressure-balancing chamber which has a 360°
annular, inward-facing surface that is disposed at the
axial center of said end cover; and

(d) means connecting said pressure-balancing chamber

then into partial or full alignment with a discharge pas- 50 in fluid communication to said passageway in said

sageway in said one end cover and an inlet passageway end cover that will be filled with the higher pressure

in said other end cover; fluid during operation so that said end cover is sub-
a pair of end closure assemblies disposed rvespectively Jected to relatively equal forces upon said inwavd and

axially outward of said end covers and providing a ple- outward end faces thereof.

num chamber for flow of high pressure fluid in contact 55

with an outward end face of said respective end cover,
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