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ROTARY VALVE ASSEMBLY FOR PRESSURE 
SWING ABSORPTION SYSTEM 

FIELD OF THE INVENTION 

[0001] This invention relates in general to the separation 
of gases by pressure sWing adsorption (PSA), and in par 
ticular to a rotary valve assembly for a PSA system. 

BACKGROUND OF THE INVENTION 

[0002] Cyclic adsorption processes are generally practiced 
in batteries of adsorption vessels comprised of tWo or more 
adsorbent-?lled vessels arranged in parallel and operated out 
of phase such that at least one vessel is in the adsorption 
mode While at least one other vessel is in the adsorbent 
regeneration mode. 

[0003] In each cycle of the process a series of sequential 
steps, including adsorption, equalization and regeneration, 
are carried out in each vessel. To enable the various streams 
to ?oW to and from the vessels, the feed, product, and 
exhaust lines have been provided With a rotary valve assem 
bly that provides valving action to permit gas ?oW through 
these lines at the appropriate time in the adsorption cycle. 

[0004] The rotary valve assembly also permits communi 
cation betWeen the inlet ends of the vessels and the outlet 
ends of the vessels to permit ?oW betWeen the vessels during 
pressure equalization steps. Pressure equaliZation is the 
passage of gas from a ?rst vessel that has just completed its 
adsorption step to a vented or evacuated vessel Which has 
just completed its adsorbent regeneration step. 

[0005] Relevant background art for pressure sWing 
adsorption systems can be found in the following US. 
patents, all of Which are hereby incorporated by reference 
for all they disclose and describe: US. Pat. Nos. 5,814,131, 
5,814,130, 5,807,423, 5,366,541, 5,268,021, and Re. 
35,009. 

[0006] US. Pat. Nos. 5,814,130, 5,814,131 and 5,807,423 
disclose a rotary valve assembly for use With adsorption 
vessels that generally includes a valve port disk and rotary 
valve. The valve port disk and the rotary valve are described 
as being ground to have highly polished ?at ?nishes to 
enable the faces of the disks to form a ?uid-tight seal With 
each other. The rotary valve is rotated relative to the sta 
tionary valve port disk so that openings on the face of the 
rotary valve register With holes in the valve port disk, 
providing valving action to permit appropriate gas ?oW 
through the vessels for the adsorption, regeneration and 
equaliZation modes. 

[0007] BetWeen the rotary valve and the inside surface of 
a valve assembly cover are a number of annular channels 
formed by multiple annular seal rings disposed around the 
valve. A respective exhaust line, purge ?uid supply line and 
product gas line communicate With these annular channels. 
The rotary valve includes bores extending from the openings 
on the ?at engagement surface to the periphery of the valve 
for communicating the openings With the annular channels 
and ?uid lines. 

[0008] There are a number of draWbacks With this pro 
posed design in these patents. First, the multiple annular seal 
rings are impractical. The seal rings Would be expensive to 
make, dif?cult to install and service, difficult to make 

Dec. 6, 2001 

leak-free (even When neW), and Would be subject to Wear 
and increased leakage over time. The leakage betWeen these 
various ?uid streams could have serious negative effects on 
the performance of the gas separation device, i.e., the 
product gas Would become contaminated. The seal rings also 
Would greatly increase the torque required to turn the valve 
and, hence, increase the siZe of the motor. 

[0009] Second, the rotary valve assembly is not pressure 
balanced. At the operating pressures needed for the separa 
tion cycle, a very heavy pre-load Would need to be placed on 
the valve parts to prevent their separation While operating. 

[0010] Third, the co-location of the puri?ed product gas 
and feed gas on the faces of the rotary valve and the valve 
port disk Would inevitably lead to leakage of the feed gas 
into the product gas. Feed gas is at higher pressure than the 
product gas and, hence, has the multiple driving forces of 
differential pressure and a large concentration gradient lead 
ing to contamination of the high purity product With con 
taminates from the feed gas. Even though the leak rate can 
be made very loW by producing a valve face interface With 
suf?cient accuracy, i.e., ?atness and ?nish, the leakage can 
not be eliminated altogether since the valve depends on a 
thin gas ?lm being established betWeen the ?at engagement 
surfaces of the rotary valve and the valve port disk. In the 
case of nitrogen separation from air, if the desired product 
purity is in the range of tenths of percentage points oxygen 
to PPM (Parts Per Million) levels of oxygen, the rotary valve 
assembly described in these patents could not be used. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a rotary valve 
assembly for a pressure sWing adsorption system having 
means for inhibiting leakage and contamination betWeen 
?uid sections of the valve assembly. The rotary valve 
assembly includes a ?rst valve member and a second valve 
member relatively rotatable about a common center of 
rotation to provide valving action for selectively transferring 
?uids therethrough. The second valve member has a ?rst 
?uid section With at least one aperture adapted for transfer 
ring a ?rst ?uid of a ?rst pressure and composition there 
through and a second ?uid section With at least one aperture 
adapted for transferring a second ?uid of a second pressure 
and composition therethrough. The ?rst valve member has a 
?rst ?uid section With at least one passage for transferring 
the ?rst ?uid in the valve assembly and a second ?uid 
section With at least one passage for transferring the second 
?uid in the valve assembly. A vent is located betWeen the 
?rst ?uid sections and the second ?uid sections of the valve 
assembly and is vented to a pressure loWer than the pressures 
of the ?rst and second ?uids so as to vent leakage from either 
of the sections of the valve assembly. The rotary valve 
assembly further includes means for effecting relative rota 
tion of the ?rst valve member and second valve member. 

[0012] In a preferred embodiment of the invention, the 
?rst valve member is a rotating rotary valve shoe and the 
second valve member is a stationary valve port plate. The at 
least one aperture and passage of the ?rst ?uid sections are 
disposed at a ?rst radius and the at least one aperture and 
passage of the second ?uid sections are disposed at a second 
radius. The vent is comprised of an annular vent groove 
disposed in an engagement surface of the rotary valve 
member at a radius betWeen the ?rst radius and the second 
radius. The annular vent groove is vented to approximately 
atmospheric pressure. 
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[0013] An alternative rotary valve assembly includes a 
?rst valve member and a second valve member relatively 
rotatable about a common center of rotation to provide 
valving action for selectively transferring ?uids there 
through. In this embodiment, a number (N) of concentric 
?uid sections are adapted to transfer N ?uids therethrough. 
A number of concentric annular grooves equal to N-1 are 
located respectively betWeen the ?uid sections and vented to 
a pressure loWer than the pressures of the ?uids in adjacent 
concentric sections so as to vent any leakage from adjacent 
sections. The rotary valve assembly further includes means 
for effecting relative rotation of the ?rst valve member and 
the second valve member. 

[0014] An alternative rotary valve assembly includes a 
?rst valve member and a second valve member relatively 
rotatable about a common center of rotation to provide 
valving action for selectively transferring ?uids there 
through. The second valve member has a central product 
?uid aperture at the common center of rotation through 
Which product ?uid ?oWs to eXit the assembly. A set of 
equally spaced product ?uid apertures are concentrically 
disposed at a predetermined radius from the common center 
of rotation and are interconnected to product ends of adsorp 
tion vessels. The ?rst valve member includes a cavity, at 
least one product passage for selectively interconnecting at 
least tWo apertures of the set of product apertures With the 
central product aperture and the cavity, and at least one 
purge passage interconnected With the cavity for selectively 
interconnecting the cavity With at least tWo apertures of the 
set of product apertures. The rotary valve assembly further 
includes means for effecting relative rotation of the ?rst 
valve member and second valve member, Whereby registra 
tion of the product ?uid apertures of the second valve 
member With the product passage of the ?rst valve member 
alloWs product ?uid to eXit the assembly through the central 
product aperture and enter the cavity for supplying balanc 
ing pressure for the ?rst valve member and second valve 
member and purge gas via the at least one purge passage for 
regenerating more than one adsorption vessel. 

[0015] In a preferred embodiment of the invention 
described immediately above, the rotary valve shoe includes 
at least one ?oW control element to control the ?oW of purge 
gas from the cavity. 

[0016] An alternative rotary valve assembly for a pressure 
sWing adsorption system having more than one adsorption 
vessel includes a valve port plate and a rotary valve shoe 
having respective engaged surfaces generally de?ning a 
plane and are relatively rotatable about a common center of 
rotation to provide valving action for selectively transferring 
?uids therethrough. The valve port plate has more than one 
aperture interconnected With the more than one adsorption 
vessel. The rotary valve shoe has at least one passage 
adapted to register With tWo of the apertures for equalizing 
tWo of the adsorption vessels and is not coplanar With the 
engagement surfaces. The rotary valve assembly further 
includes means for effecting relative rotation of the valve 
port plate and the rotary valve shoe to enable the valving 
action. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The draWings illustrate both the design and utility 
of a preferred embodiment of the present invention, Wherein: 
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[0018] FIG. 1A is a perspective vieW of a pressure sWing 
adsorption system constructed in accordance With a pre 
ferred embodiment of the invention; 

[0019] FIG. 1B is a side-elevational vieW of the pressure 
sWing adsorption system of FIG. 1A; 

[0020] FIG. 1C is a top plan vieW of the pressure sWing 
adsorption system of FIG. 1A; 

[0021] FIG. 1D is a cross-sectional vieW of the pressure 
sWing adsorption system of FIG. 1A taken along line 1D-1D 
of FIG. 1B; 

[0022] FIG. 1E is a cross-sectional vieW of the pressure 
sWing adsorption system of FIG. 1A taken along line 1E-1E 
of FIG. 1C; 

[0023] FIG. 2 is a partial, cross-sectional vieW of a top 
portion of the pressure sWing adsorption system illustrated 
in FIGS. 1A-1D; 

[0024] FIG. 3A is a top perspective vieW of a rotary valve 
shoe constructed in accordance With a preferred embodiment 
of the invention; 

[0025] FIG. 3B is a top plan vieW of the rotary valve shoe 
illustrated in FIG. 3A; 

[0026] FIG. 3C is a cross-sectional vieW of the rotary 
valve shoe taken along line 3C-3C of FIG. 3B; 

[0027] FIG. 3D is a bottom plan vieW of the rotary valve 
shoe illustrated in FIG. 3A; 

[0028] FIG. 4A is a top plan vieW of a valve port plate 
constructed in accordance With a preferred embodiment of 
the invention; 

[0029] FIG. 4B is a cross-sectional vieW taken along lines 
4B-4B of FIG. 4A; 

[0030] FIG. 5 is a cross-sectional vieW of an embodiment 
of the rotary valve shoe and a ?rst drive shaft; 

[0031] FIG. 6A is a bottom plan vieW of an alternative 
embodiment of a rotary valve shoe; 

[0032] FIG. 6B is cross-sectional vieW of the rotary valve 
shoe illustrated in FIG. 6A taken along line 6B6B; 

[0033] FIG. 7A is a top perspective vieW of a rotary valve 
shoe constructed in accordance With a further embodiment 
of the invention; 

[0034] FIG. 7B is a top plan vieW of the rotary valve shoe 
illustrated in FIG. 7A; 

[0035] FIG. 7C is a bottom plan vieW of the rotary valve 
shoe illustrated in FIG. 7A; 

[0036] FIG. 7D is a side-elevational vieW of the rotary 
valve shoe illustrated in FIG. 7A; 

[0037] FIG. 7E is a cross-sectional vieW of the rotary 
valve shoe taken along line 7E-7E of FIG. 7A; 

[0038] FIG. 8 is a partial, cross-sectional vieW of a top 
portion of a pressure sWing adsorption system constructed in 
accordance With an alternative embodiment of the invention; 
and 

[0039] FIG. 9 is a perspective vieW of the valve port plate, 
top manifold member and bottom manifold member con 
structed in accordance With an embodiment of the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0040] With reference to FIGS. 1A-1E, a pressure swing 
adsorption (PSA) system 20 including a rotary valve assem 
bly 22, constructed in accordance With a preferred embodi 
ment of the invention, Will noW be described. The PSA 
system 20 is used to fractionate ?uids. 

[0041] As used herein the term “?uids” includes both 
gases and liquids. Although the present invention Will be 
described in conjunction With the separation of nitrogen 
from air, it Will be readily understood by those skilled in the 
art that the present invention applies to the fractionation of 
other ?uids such as, but not by Way of limitation, the 
separation of oxygen from air. 

[0042] The adsorption system 20 includes multiple 
adsorption vessels 24, each containing a bed of adsorbent 
material Which is selective for a particular molecular species 
of ?uid or contaminant, and the rotary valve assembly 22. In 
the preferred embodiment of the system 20, tWelve adsorp 
tion vessels 24 are included. HoWever, it Will be readily 
understood by those skilled in the art hoW other numbers of 
vessels 24 (tWo or more) may be used. The adsorption 
vessels 24 preferably used in the system 20 include straight 
elongated vessels, as shoWn. Alternatively, the vessels 24 
may have a construction such as, but not by Way of limita 
tion, U-shaped or concentric. Each adsorption vessel 24 
includes a product end 28 and a feed end 30. The feed ends 
30 communicate With respective feed lines or tubes 32 
through passages in a header 34. Springs 36 are disposed 
near the bottoms of the adsorption vessels 24 to hold the 
packed beds of adsorbent material ?rmly in place. The 
product ends 28 communicate With passages in a manifold 
38 for communication With the rotary valve assembly 22. 

[0043] With reference additionally to FIGS. 2, 8 and 9 the 
manifold 38 is constructed of a top member 201 and a 
bottom member 202. The manifold 38 serves to connect the 
rotary valve assembly 22 With the adsorption vessels 24 at 
both the feed ends 30 (via the feed tube 32) and the product 
ends 28. The tWo-piece construction alloWs for the creation 
of passages that connect apertures in either the top member 
201 or bottom member 202. The preferred embodiment of 
the manifold 38 has provision for ?oW control elements to 
be inserted in these internal passages to control the rate of 
?oW of various ?uid streams Within the system 20. The 
preferred embodiment includes both feed ori?ces 210 and 
product ori?ces 211 that control the ?oW of gas streams into 
and out of the adsorption vessels 24. 

[0044] In the case that the density of internal passages is 
so great that it becomes dif?cult to route more passages in 
this manner, one or more eXternal passages may be added. 
For eXample, in the preferred embodiment, this is done With 
a feed U-tube 43 that connects a feed ?tting or air feed inlet 
41 at a convenient location on the manifold 38 to the 
appropriate position on the manifold 38 near the valve 
assembly 22 and a product U-tube 42 that connects a product 
?tting or product outlet 40 at a convenient location on the 
manifold 38 to the appropriate position on the manifold 38 
near the valve assembly 22. 

[0045] An annular groove 220 (FIG. 9) in the top member 
201 of the manifold 38 is used to introduce feed gas in the 
preferred embodiment. A single passage communicating to 
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the annular groove 220 is then able to supply a ?uid stream 
to a multiplicity of apertures 112 in a port plate 46 of the 
rotary valve assembly 22. 

[0046] In the preferred embodiment, the tWo members 
201, 202 making up the manifold 38 are fastened together 
With a multiplicity of stay bolts to resist the separation force 
created by the ?uid pressure present in the internal passages. 
Additionally, a sealant is used to seal the various ?uid 
passages so that there is no leakage from one passage to 
another or from a passage to an eXternal surface. One skilled 
in the art Will recogniZe that a number of methods eXist to 
provide this sealing function such as using a gasket, O-rings, 
adhesive material or the like. 

[0047] With reference to FIGS. 1-5, 8 and 9, to assist the 
reader in gaining a better understanding of the invention, the 
PSA system 20 Will noW be generally described in use. Air 
?oWs into the air feed inlet 41 and through the feed U-tube 
43. Air ?oWs through feed inlet aperture 228 and into air 
feed groove 220 in the manifold 38. From there, air ?oWs to 
the rotary valve assembly 22 Where it is distributed back 
through feed apertures 222 in the top member 201 of the 
manifold 38 to feed ori?ces 210 in the bottom member 202 
via feed channels 232. The air then ?oWs through multiple 
feed lines 32 to the header 34, Where it is distributed to the 
adsorption vessels 24 at the feed ends 30. 

[0048] The sieve beds (not shoWn) of the adsorption 
vessels 24 are a packed particulate adsorbent Which prefer 
entially adsorbs oXygen relative to nitrogen in the feed air so 
that nitrogen is produced as the non-adsorbed product gas. 
An adsorbent such as a carbon molecular sieve Will provide 
this effect When the adsorption process is carried out on a 
kinetic basis. 

[0049] The resulting product nitrogen gas ?oWs toWards 
the products ends 28 of the adsorption vessels 24, out 
product ori?ces 211 in the bottom member 202, through 
product channels 230, through product apertures 224 in the 
upper member 201, and to the rotary valve assembly 22, 
Where it is distributed back through the manifold 38 via 
product aperture 226 of the upper member 201 and product 
aperture 234 of the loWer member 202 to the product U-tube 
42. The product U-tube 42 transfers the nitrogen product gas 
out to the nitrogen product outlet 40. As Will be described in 
greater detail beloW, some of the product gas in the rotary 
valve assembly 22 may be used to purge or regenerate beds 
in the adsorption vessels 24. 

[0050] With reference also to FIGS. 3A-3D and 4A-4B, a 
preferred embodiment of the rotary valve assembly 22 Will 
noW be described in more detail. The rotary valve assembly 
22 includes a ?rst valve member such as a rotary valve shoe 
or disk 44 and a second valve member such as a valve port 
plate or disk 46. Both the rotary valve shoe 44 and valve port 
plate 46 are preferably circular in construction. HoWever, it 
Will be readily understood by those skilled in the art that they 
may be shaped otherWise, for eXample, polygonal. The 
rotary valve shoe 44 and valve port plate 46 are preferably 
made from a durable material such as ceramic, Which can be 
ground to a highly polished ?at ?nish to enable the faces of 
the valve shoe 44 and port plate 46 to form a ?uid-tight seal 
When pressed together. 

[0051] With reference speci?cally to FIGS. 3A-3D, the 
rotary valve shoe 44 has a ?at engagement surface 48 (FIG. 
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3D) and a cylindrical exterior surface 50. The valve shoe 44 
has several symmetrical arcuate passages or channels cut 
into the engagement surface 48, all of Which have as its 
center the geometric center of the circular engagement 
surface 48. The passages or channels include opposite feed 
channels 52, a ?rst pair of equalization passages 54, a second 
pair of equalization passages 56, and opposite exhaust ports 
58 (Which open at the side Wall 50). Although the passages 
or channels are generally described beloW as means for 
transferring ?uid from one part of the engagement surface 
48 to another, the passages or channels may also be con?g 
ured to transfer ?uid from the engagement surface 48, out of 
the rotary valve shoe 44. As Will be better understood beloW, 
the passages or channels related to the feed ?uid or the feed 
end 30 of the adsorption vessels 24 are part of a feed ?uid 
section 59. 

[0052] Proceeding radially inWard from the aforemen 
tioned passages or grooves, the engagement surface 48 
includes annular vent groove 60 and opposite passages 62 
that eXtend from the vent groove 60 to the side Wall 63 of the 
eXhaust ports 58. Near the center of the rotary valve shoe 44 
are arcuate purge channels 64, purge passages 66 in Which 
?oW control elements such as small ori?ces 68 are inserted, 
cross-port equalization channels 70, and product channels 
72A and 72B Which respectively eXtend radially from a 
central product passage 74 to symmetrical opposite arcuate 
product channels or pockets 76, 78. Other ?oW control 
elements may be used besides small ori?ces 68 such as, but 
not by Way of limitation, sintered metal elements or capillary 
tubes. The above-described passages or channels located at 
radial positions inside the groove 60 that relate to the 
product ?uid or product ends 28 of the adsorption vessels 24 
are part of a product ?uid section 79. 

[0053] Although a pair of purge passages 66 and ?oW 
control elements 68 are described, it Will be readily under 
stood by those skilled in the art that one or more purge 
passages 66 and ?oW control elements 68 may be incorpo 
rated into the rotary valve shoe 44. If more than one ?oW 
control element 68 is used, it is desirable to match the ?oW 
characteristics of the ?oW control elements. 

[0054] With reference to FIGS. 6A and 6B, a rotary valve 
shoe 144 constructed in accordance With an alternative 
embodiment of the invention, Which does not alloW for 
product gas purge ?oW, is shoWn. Elements similar to those 
described above With respect to FIGS. 3A-3D are identi?ed 
With numbers that include the same last tWo digits, but With 
a “1” pre?X, i.e., 58 becomes 158, 63 becomes 163, etc. 
Because the embodiment of the rotary valve shoe 144 does 
not alloW for product gas to be used as purge ?oW, the 
folloWing elements described above With respect to FIGS. 
3A-3D are not needed: pockets 64, passages 66, and ?oW 
control elements 68. This embodiment of the rotary valve 
shoe 144 is in fact the more common Way to operate the 
nitrogen from air separation cycle When the adsorption 
vessels 24 are packed With a Carbon Molecular Sieve 
(CMS). The rotary valve shoe 144 includes opposite arcuate 
vent grooves 160 and multiple passages 162 that eXtend 
from the vent grooves 160 to the side Wall 163 of the eXhaust 
ports 158. 

[0055] With reference back to FIGS. 3A-3E, an upper part 
of the rotary valve shoe 44 includes an upper annular surface 
80 that surrounds a ?rst annular recess 82 and a second 
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surface 84 that surrounds an eccentric recess 86. An eccen 
tric ?oor 87 de?nes a bottom part of the eccentric recess 86. 

[0056] Equalization routing for the feed ends 30 of the 
adsorption vessels 24 is done in a plane out of a plane 
generally de?ned by the engagement surface 48 of the rotary 
valve shoe 44 because of the limited amount of room 
available for this purpose on the engagement surface 48. A 
?rst equalization tube 88 and a second equalization tube 90, 
each constructed of formed tubing, are bonded into passages 
54 and 56 in the upper surface 80 of the rotary valve shoe 
44 for interconnecting the ?rst pair of equalization passages 
54 and the second pair of equalization passages 56, respec 
tively. The ?rst equalization tube 88 and equalization pas 
sages 54 form a ?rst passage adapted to communicate With 
the feed ends 30 of tWo adsorption vessels 24 for equaliza 
tion purposes. LikeWise, the second equalization tube 90 and 
equalization passages 56 form a second passage for this 
purpose. 

[0057] With reference to FIGS. 7A-7E a rotary valve 
assembly 244 constructed in accordance With an alternative 
embodiment of the invention, Which interconnects each set 
of equalization passages 54, 56 of the rotary valve shoe 44 
in a different Way, Will noW be described. As shoWn in FIGS. 
7C and 7E, the equalization passages 54, 56 eXtend from the 
engagement surface 48 to the sideWall 50 of the rotary valve 
shoe 44. Each equalization passage 54, 56 is routed around 
the outer circumference or sideWall 50 of the rotary valve 
shoe 44, underneath a ring 91 that is shrunk or bonded onto 
the sideWall 50 of the rotary valve shoe 44, to interconnect 
each respective set of equalization passages 54, 56. It Will be 
readily apparent to those skilled in the art that other Ways 
eXist to interconnect each set of equalization passages 54, 56 
of the rotary valve shoe 44. 

[0058] The purge passages 66 eXtend from the second 
surface 84 to the arcuate passages 64 of the rotary valve shoe 
44. The central product passage 74 eXtends from the ?oor 87 
of the eccentric recess 86 to the product channels 72A, 72B. 

[0059] The ?rst and second annular recesses 82, 86 are 
con?gured to receive a ?rst drive shaft 92 as shoWn in FIGS. 
1, 2 and 5. A drive motor 94 has a second drive shaft 95 
Which eXtends through a top Wall of a valve assembly cover 
97 and eXtends into a recess 99 in a top part of the ?rst drive 
shaft 92. The motor 94 is connected to a source of electric 
poWer and its shaft 95 drives the shaft 92. 

[0060] As the motor shaft 95 rotates, it causes the rotary 
valve shoe 44 to rotate, to cycle the adsorption vessels 24 
through the various steps of the adsorption process. The 
motor 94 can impart continuous or stepWise rotation to the 
rotary valve shoe 44 around its center of rotation. Although 
the rotation of the valve 22 preferably includes the ?rst valve 
member 44 rotating and the second valve member 46 
remaining stationary, in an alternative embodiment of the 
invention, the opposite may be true or both valve members 
44, 46 may rotate in the same or opposite directions. The 
valve members 44, 46 rotate at different speeds in the event 
they rotate in the same direction. 

[0061] A cavity 96 in the ?rst drive shaft 92 receives a 
spring 98 for applying a preload force against the rotary 
valve shoe 44. The spring 98 ensures that the rotary valve 
shoe 44 is in contact With the valve port plate 46 even at 
start-up, before a balance pressure (discussed beloW) is 
established. An O-ring 100 is located in a groove 102 of the 
drive shaft 92. 
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[0062] With reference to FIGS. 4A and 4B, the valve port 
plate 46 Will noW be described in greater detail. The valve 
port plate 46 has a ?at engagement surface 104 and a smooth 
cylindrical side Wall 106 With opposite notches 108 therein. 

[0063] The valve port plate 46 also includes multiple sets 
of symmetric concentrically disposed ports or openings. The 
openings preferably eXtend completely through the valve 
port plate 46 in a direction generally perpendicular to the 
engagement surface 104. Although some of the openings are 
described as having different con?gurations, it Will be 
readily apparent to those skilled in the art that the openings 
may have alternative con?gurations such as, but not by Way 
of limitation, round-shaped, square-shaped, sector- shaped 
and elongated holes. The openings may also eXtend through 
the port plate 46 at a variety of angles. Preferably, all of the 
openings of each set have the same con?guration. 

[0064] Each set of openings Will noW be described. A ?rst 
set of tWelve obround openings 110 are concentrically 
disposed at a ?rst radius from the geometric center of the 
valve port plate 46 and interconnected With the feed ends 30 
of the tWelve adsorption vessels 24. Although sets of tWelve 
openings are described herein, it Will be readily apparent to 
those skilled in the art that other numbers of openings may 
be used. Further, the number of openings in each set need not 
match the number of absorption vessels 24, the number 
could be more or less. 

[0065] A second set of tWelve round feed openings 112 
concentrically disposed at a second radius from the geomet 
ric center of the valve port plate 46 are interconnected With 
the feed air inlet for delivering feed ?uid to the valve 
assembly 22. The feed openings 112 have a ?rst bore 118 
and a smaller diameter second bore 120. 

[0066] A third set of tWelve round openings 114 concen 
trically disposed at a third radius from the geometric center 
of the valve port plate 46 are interconnected With the product 
ends 28 of the tWelve adsorption vessels 24. 

[0067] A round central product opening 116 disposed at 
the geometric center of the valve port plate 46 and the center 
of rotation of the valve assembly 22 is interconnected With 
the product U-tube 42 and outlet 40 for WithdraWing product 
?uid. 

[0068] The openings 110, 112 are located in a feed ?uid 
section 115 of the valve port plate 46. The feed ?uid section 
115 is the radial region of the valve port plate 46 outside of 
the vent groove 62 When the rotary valve shoe 44 is engaged 
in position With the valve port plate 46. 

[0069] The openings 114 and central product opening 116 
are located in a product ?uid section 117 of the valve port 
plate 46. The product ?uid section 117 is the radial region of 
the valve port plate 46 inside of the vent groove 60 When the 
rotary valve shoe 44 is engaged in position With the valve 
port plate 46. 

[0070] In use, the ?at engagement surface 48 of the rotary 
valve shoe 44 engages the ?at engagement surface 104 of the 
valve port plate 46 so that the surfaces 48, 104 have the same 
geometric center. This center serves as the center of rotation 
of the rotary valve shoe 44. The notches 108 in the port plate 
46 receive stop members 208 (FIG. 9) of the manifold 38 to 
prevent the port plate 46 from rotating or moving during 
rotation of the valve shoe 44. 
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[0071] Although not shoWn, conventional equipment may 
be used to supply feed ?uid, monitor and automatically 
regulate the How of product ?uid from the system so that it 
can be fully automated to run continuously in an ef?cient 
manner. 

[0072] With reference generally to FIGS. 1-4, the pressure 
sWing adsorption system and particularly the rotary valve 
assembly 22 Will noW be described in use as it applies to the 
separation of nitrogen from air With the adsorption vessels 
24 being packed With a particulate adsorbent, e.g., Carbon 
Molecular Sieve (CMS), Which, based on a kinetic effect, 
preferentially adsorbs oXygen relative to nitrogen so that 
nitrogen is produced as the nonadsorbed product gas. During 
use of the pressure sWing adsorption system 20, the rotary 
valve shoe 44 rotates in the valve assembly 22. Although the 
rotary valve shoe 44 preferably rotates With respect to the 
valve port plate 46 during use so that each cycle described 
beloW is sequentially and continuously established for each 
vessel 24, to help the reader gain a better understanding of 
the invention the folloWing description describes the rela 
tionship betWeen What occurs in the valve assembly 22 and 
the adsorption vessels 24 While the rotary valve shoe 44 is 
in a single position because at any given position all of the 
adsorption vessels are at some point in the PSA cycle. 

[0073] It should be noted, With each revolution of the 
rotary valve shoe 44, the adsorption vessels 24 undergo tWo 
complete PSA cycles. For each cycle, the steps include: 1) 
adsorption, 2) equalization doWn, 3) regeneration, and 4) 
equaliZation up. As the rotary valve shoe 44 rotates over the 
valve port plate 46, each step described beloW is sequentially 
and continuously established for each vessel 24. 

[0074] It Will be readily apparent to those skilled in that art 
that the rotary valve assembly may be designed so that 
different number of cycles may be completed With each 
revolution of the rotary valve shoe 44. Further, although in 
the rotary valve assembly 22 illustrated the duration of the 
adsorption stages and purge stages is constructed to be the 
same, it Will be readily apparent to those skilled in the art 
that the timing of these stages (as Well as the equaliZation 
stage) may be varied by changing the con?guration and/or 
location of the openings and/or channels in the rotary valve 
assembly 22. 
[0075] Compressed air is supplied to the system 20 at the 
air feed inlet 41. The air may be pre-treated to remove 
particulates and liquid Water. Feed air ?oWs through the feed 
air U-tube 43 and into the manifold 38, Where it is distrib 
uted via the feed air groove 220 to the valve assembly 22. 
The valve assembly 22 distributes the feed air to the multiple 
adsorption vessels 24. 

[0076] Feed air enters the valve assembly 22 through the 
openings 112 (FIG. 4A) of the valve port plate 46. Air ?oWs 
through the inner feed openings 112 and is blocked by the 
engagement surface 48 of the rotary valve shoe 44 eXcept at 
opposite feed channels or pockets 52. Air ?oWs into the feed 
channels 52, Which communicate at least tWo of the open 
ings 112 With at least tWo of the openings 110, and through 
the corresponding openings 110 of the valve port plate 46. 
The feed air then ?oWs through feed apertures 222, feed 
ori?ces 210 and feed channels 232 in the manifold 38 and 
through the feed lines 32, into passages of the header 34. The 
air then ?oWs from the feed ends 30 of the respective 
adsorption vessels 24 toWards the product ends 28, and 
adsorption takes place in the adsorbent beds. 



US 2001/0047824 A1 

[0077] The nonadsorbed product gas ?oWs out of the 
product ends 28 of the respective vessels 24, through prod 
uct ori?ces 211, product channels 230 and product apertures 
224 in the manifold 38 and through openings 114 in the 
valve port plate 46. It should be noted, the number of 
openings 114 through Which product gas ?oWs in the valve 
port plate 46 typically corresponds With the number of 
aforementioned openings 110 through Which the initial air 
?oWed through the valve port plate 46. The product gas 
?oWs into the arcuate channels 76, 78 of the rotary valve 
shoe 44 and is channeled toWards the center of the rotary 
valve shoe 44 through the product channels 72A, 72B. 

[0078] From the center of the rotary valve shoe 44, some 
of the product gas ?oWs through central product opening 
116, manifold 38, and out product U-tube 42 to the product 
outlet 40. The product gas not WithdraWn ?oWs through the 
passage 74 of the rotary valve shoe 44 and into a space 96 
betWeen the shoe 44 and shaft 92. 

[0079] The pressure of the product gas in the space 96 
produces a pressure-balancing effect on the rotary valve 
shoe 44. During use of the PSA system 20, various pressure 
forces in the system e.g., compressed feed air pressure, 
nitrogen product gas pressure, act to separate the shoe 44 
from the port plate 46 at the engagement surface 48. The 
pressure of the product gas in the space 96 imparts a force 
on the rotary valve shoe 44 equal to or slightly greater than 
the pressure forces acting on the engagement surface 48 of 
the rotary valve shoe 44, causing the engagement surface 48 
of the rotary valve shoe 44 to be pressed ?rmly against the 
engagement surface 104 of the valve port plate 46 so as to 
inhibit leakage at this interface. Balance is maintained over 
a broad range of operating pressures because pressure forces 
are all related and proportional to the inlet pressure. The 
O-ring 100 is pressure actuated for ensuring a good seal 
betWeen the rotary valve shoe 44 and the ?rst shaft 92. 

[0080] The aforementioned compression spring 98 also 
biases the rotary valve shoe 44 against the valve port plate 
46. The spring 98 is the only balancing force provided upon 
initial start-up of the PSA system, i.e., there is no balancing 
pressure in the space 96. 

[0081] The balancing medium, i.e., product gas, in the 
space 96 is also a convenient, controllable source of purge 
gas for the separation cycle. Product gas in the space 96 
?oWs out of the space 96 through the purge passages 66. The 
How out of the space 96, i.e., the purge ?oW, is controlled by 
the small ori?ces 68 in the purge passages 66. Product gas 
?oWs through the purge passages 66 and into the opposite 
purge channels 64. In turn, product gas ?oWs from the purge 
channels 64 through respective openings 114 in the valve 
port plate 46. Product gas then ?oWs through appropriate 
through product apertures 224, product channels 230 and 
product ori?ces 211 in the manifold 38 and into the product 
ends 28 of the respective adsorption vessels 24. Product gas 
?oWs through the adsorbent material in the vessels 24, 
regenerating the adsorbent beds of the vessels 24 and 
sWeeping out oxygen adsorbed therein. 

[0082] As indicated above, in an alternative embodiment 
of the invention, as shoWn in FIGS. 6A and 6B, purging 
may not take place. Consequently, the purge channels 64 and 
purge passages 66, 68 may not exist. 

[0083] Resulting exhaust gas ?oWs out of the feed ends 30 
of the vessels 24 and into lines 32. The exhaust gas ?oWs out 
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of the lines 32, through feed ori?ces 210, feed channels 232 
and feed apertures 222 of the manifold 38, through outer 
feed and exhaust openings 110 of the valve port plate 46, and 
out of opposite exhaust ports 58. The exhaust gas exiting the 
rotary valve shoe 44 enters a chamber 118 betWeen the 
rotary valve shoe 44 and the valve assembly cover 97. The 
exhaust gas exits the system 20 through an exhaust outlet 
and an optional silencer (not shoWn) that is in communica 
tion With the chamber 118. The exhaust gas may be vented 
to the atmosphere or WithdraWn for further use. Also, a 
vacuum may be interconnected to the exhaust ?tting to 
improve the WithdraWal of the exhaust gas and assist in 
regeneration. Vacuum desorption may also be used if there 
is no purge option. The cover 97 may be sealed at its 
interface With the manifold 38 and the shaft 92 of the rotary 
valve assembly 22 may be sealed at its penetration through 
the cover 97 With an O-ring or similar device to facilitate 
applying a vacuum or collecting Waste gas for further use. 
Separation of nitrogen from air may be accomplished With 
out a purge or regeneration stage. HoWever, purging or 
regenerating the adsorbent beds is done to improve the 
purity of the product gas Where a high purity product level 
is important. 

[0084] Equalization of the adsorption vessels 24 Will noW 
be discussed. It is Well knoWn to equaliZe the pressure 
betWeen adsorption vessels transitioning betWeen the 
adsorbing and desorbing cycles to enhance product concen 
tration and high product How rates. This is done by equal 
iZing the pressure betWeen adsorption vessels that have just 
completed the adsorption step and adsorption vessels that 
have just completed the regeneration step. 

[0085] Cross-port equaliZation channels 70 are used to 
equaliZe the pressure betWeen the product ends of tWo 
adsorption vessels 24 Where adsorption has just occurred 
With the product ends of tWo respective adsorption vessels 
24 Where regeneration has just occurred. This is accom 
plished upon rotation of the rotary valve shoe 44 Where one 
end of a cross-port equaliZation channel 70 communicates 
With an opening 114 corresponding to a vessel 24 that just 
completed the adsorption phase and the other end of the 
same cross-port equaliZation channel 70 communicates With 
a corresponding opening 114 corresponding to a vessel 24 
that just completed the regeneration phase. Each cross-port 
equaliZation channel 70 serves as a bridge to communicate 
and, hence, equaliZe the pressures in the product ends 28 of 
the vessels 24. 

[0086] In a similar fashion, the ?rst equaliZation passages 
54 and equaliZation tubes 90 and second equaliZation pas 
sages 56 and equaliZation tubes 88 serve to communicate 
and equaliZe the feed ends 30 of respective adsorption 
vessels 24 that have just completed the adsorption and 
regeneration steps. The ?rst equaliZation passages 54 and 
second equaliZation passages 56 communicate With the feed 
ends 30 of the vessels 24 through the openings 110 of the 
valve port plate 46. 

[0087] It should be noted, most of the communication that 
exists betWeen the vessels 24 during the adsorption, regen 
eration and equaliZation steps results from the ports, pas 
sages and channels being generally parallel With the engage 
ment surface 48 of the rotary valve shoe 44. An exception is 
the communication that exists betWeen feed ends 30 of the 
adsorption vessels 24 for equaliZation purposes. This com 
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munication results from the ?rst equalization passages 54 
and tubes 90 and the second equalization passages 56 and 
tubes 88 Which extend vertically through the rotary valve 
shoe 44, out of the upper annular surface 80 of the rotary 
valve shoe 44, and around a majority of the periphery of the 
upper annular surface 80. The equalization tubes 88, 90 are 
generally coplanar With each other and parallel, but not 
coplanar With the plane of the engagement surface 48 of the 
rotary valve shoe 44. 

[0088] It Will be readily apparent to one skilled in the art 
that the folloWing exemplary equalization combinations are 
possible, depending on the application: 

[0089] 1) No equalization (either end); 

[0090] 2) Equalization (feed end only); 
[0091] 3) Equalization (product end only); 

[0092] 4) Equalization (both ends, i.e., feed-feed, 
product-product); 

[0093] 5) Equalization (feed end to product end); 

[0094] 6) Equalization (product end to feed end); and 

[0095] 7) Equalization (product end to both ends of 
regenerated bed). 

[0096] The purpose of the annular vent groove 60 Will 
noW be described. As discussed above, feed gas and product 
gas ?oW through the feed ?uid sections and product ?uid 
sections of the valve port plate 46 and the rotary valve shoe 
44. The vent groove 60 prevents leakage from one section 
from reaching the other. Of main concern is leakage from the 
feed ?uid section into the product ?uid section, i.e. leakage 
from the outer annular section into the inner annular section. 
Leakage from the feed section into the product section 
occurs because feed gas, i.e., air, is at higher pressure than 
the product gas, i.e., nitrogen, and, hence, has a driving force 
of differential pressure in combination With the driving force 
caused by a large concentration gradient. These driving 
forces may lead to contamination of the high purity nitrogen 
product gas With oxygen from the feed gas. 

[0097] Even though the leak rate can be made very loW by 
producing a valve face interface, i.e., the engagement sur 
faces 48, 104 of the rotary valve shoe 44 and valve port plate 
46, With suf?cient accuracy (?atness and ?nish) and applied 
contact force (through spring 98 and balance pressure in the 
space 96), the leakage cannot be eliminated altogether since 
the valve assembly 22 depends on a thin ?uid ?lm being 
established betWeen engagement surfaces 48, 104 of the 
rotary valve shoe 44 and valve port plate 46. If the desired 
product purity is in the range of tenths of percentage points 
oxygen to PPM (parts per million) levels of oxygen, it is not 
practical to use many of the rotary valve constructions 
proposed in the prior art. 

[0098] The annular vent groove 60 is ported to the rela 
tively loW pressure of the valve assembly chamber 118, 
Where the exhaust gas normally ?oWs, via the opposite 
passages 62. Because the valve assembly chamber is in 
communication With the atmosphere via the exhaust outlet, 
the pressure Within the chamber 118 is at approximately 
atmospheric pressure. Leaking gases that Would normally 
?oW from the feed section to the product section at the valve 
interface stop at the annular vent groove 60 and are With 
draWn through the passages 62 to the chamber 118, Where 
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they are then expelled to the atmosphere. Thus, leakage of 
feed gas into product gas is prevented. 

[0099] In an alternative embodiment, the vent groove 60 
may communicate With a vacuum, e.g., via chamber 118, to 
further reduce the pressure in the groove 60 and improve the 
ability of the groove 60 to prevent contamination. With 
reference to FIG. 8, in a further embodiment, the groove 60 
may be vented by passages 250, 252, 254 extending through 
the port plate 46, upper manifold member 201 and loWer 
manifold member 202, respectively, to the external atmo 
sphere (or a vacuum connection). 

[0100] Although tWo passages 62 are shoWn, it Will be 
readily apparent to those skilled in the art that other numbers 
of passages, e.g., 1, 3, 4, etc., may be used. For example, 
With reference to FIGS. 6A and 6B, multiple passages 162 
may be used to increase the ?oW area for leaking ?uid to 
limit pressure in the groove 160 to near atmospheric pres 
sure (or pressure maintained in chamber 118, e.g., With a 
vacuum). This limits the pressure drop through the passages 
and keeps the pressure in the vent groove 160 as loW as 
possible. 
[0101] Although the annular vent groove 60 has been 
described as being located on the engagement surface 48 of 
the rotary valve shoe 44, it may also be located on the 
engagement surface 104 of the valve port plate 46. In this 
instance, the opposite passages 62, i.e., vent ports, Would 
preferably be made to pass through the port plate 46. 
Alternatively, both the rotary valve shoe 44 and valve port 
plate 46 may include opposing annular vent grooves on their 
respective engagement surfaces and venting could be done 
through either or both the rotary valve shoe 44 or the valve 
port plate 46. 

[0102] In an alternative embodiment of the invention, 
Where the number of ?uid sections in the rotary valve is N 
and is greater than tWo, N-1 annular vent grooves may exist 
in the rotary valve assembly, one betWeen each pair of ?uid 
sections Where leakage betWeen ?uid sections is a concern. 

[0103] In a further embodiment of the invention, the vent 
groove 60 may comprise one or more vent grooves, not 
necessarily annular, located betWeen different ?uid sections 
and vented to a loWer pressure than the pressure of the ?uids 
in the adjacent sections. For example, With reference to 
FIGS. 6A and 6B, instead of an annular vent groove 60, tWo 
arcuate vent grooves 160 may be located betWeen the 
product ?uid section 179 and the feed ?uid section 159. 

[0104] Although some of the elements described above 
and beloW are referred to by order, i.e., “?rst,”“second,” etc., 
it should be noted that this is done to facilitate the reader’s 
understanding of the invention and is not intended to limit 
the invention. Further, the foregoing description and draW 
ings Were given for illustrative purposes only, it being 
understood that the invention is not limited to the embodi 
ments disclosed, but is intended to embrace any and all 
alternatives, equivalents, modi?cations and rearrangements 
of elements or steps falling Within the scope of the invention 
as de?ned by the folloWing claims. 

We claim: 
1. Arotary valve assembly for a pressure sWing adsorption 

system, comprising: 

a ?rst valve member and a second valve member rela 
tively rotatable about a common center of rotation to 
provide valving action for selectively transferring ?u 
ids therethrough, said second valve member having a 
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?rst ?uid section With at least one aperture adapted for 
transferring a ?rst ?uid of a ?rst pressure and compo 
sition therethrough and a second ?uid section With at 
least one aperture adapted for transferring a second 
?uid of a second pressure and composition there 
through, said ?rst valve member having a ?rst ?uid 
section With at least one passage for transferring said 
?rst ?uid and a second ?uid section With at least one 
passage for transferring said second ?uid, and a vent 
located betWeen said ?rst ?uid sections and said second 
?uid sections of the valve assembly and vented to a 
pressure loWer than the pressures of said ?rst and 
second ?uids so as to vent leakage from either of said 
sections of the valve assembly. 

2. The rotary valve assembly of claim 1, Wherein said at 
least one aperture and passage of said ?rst ?uid sections are 
disposed at a ?rst radius and said at least one aperture and 
passage of said second ?uid sections are disposed at a 
second radius, said vent comprising an annular vent groove 
disposed at a radius betWeen said ?rst radius and said second 
radius. 

3. The rotary valve assembly of claim 1, Wherein said at 
least one aperture and passage of the ?rst ?uid sections are 
disposed at a ?rst radius and said at least one aperture and 
passage of said second ?uid sections are disposed at a 
second radius, said vent comprising at least one segmented 
vent groove disposed at a radius betWeen said ?rst radius and 
said second radius. 

4. The rotary valve assembly of claim 1, Where said ?rst 
valve member is a rotatable rotary valve shoe and said 
second valve member is a stationary valve port plate. 

5. The rotary valve assembly of claim 1, Wherein said ?rst 
?uid sections are product ?uid sections adapted to transfer 
product ?uids and said second ?uid sections are feed ?uid 
sections adapted to transfer feed ?uids, said vent comprising 
an annular vent groove disposed betWeen said product ?uid 
sections and feed ?uid sections. 

6. The rotary valve assembly of claim 5, Wherein said 
annular vent groove is located in the engagement surface of 
the rotary valve shoe. 

7. The rotary valve assembly of claim 5, Wherein said 
annular vent groove is vented to approximately atmospheric 
pressure. 

8. The rotary valve assembly of claim 7, Wherein the valve 
assembly includes a valve assembly cover surrounding the 
rotary valve shoe, a chamber located betWeen the rotary 
valve shoe and valve assembly cover, the annular vent 
groove vented to the chamber. 

9. The rotary valve assembly of claim 5, Wherein the 
annular vent groove is located in the engagement surface of 
the valve port plate. 

10. The rotary valve assembly of claim 2, Wherein mul 
tiple vent passages are in communication With said annular 
vent groove for venting said groove. 

11. A rotary valve assembly for a pressure sWing adsorp 
tion system, comprising: 

a ?rst valve member and a second valve member rela 
tively rotatable about a common center of rotation to 
provide valving action for selectively transferring ?u 
ids therethrough, said second valve member having a 
?rst ?uid section With at least one aperture adapted for 
transferring a ?rst ?uid of a ?rst pressure and compo 
sition therethrough and a second ?uid section With at 
least one aperture adapted for transferring a second 
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?uid of a second pressure and composition there 
through, said ?rst valve member having a ?rst ?uid 
section With at least one passage for transferring said 
?rst ?uid and a second ?uid section With at least one 
passage for transferring said second ?uid, and means 
for inhibiting leakage betWeen said ?uid sections. 

12. A rotary valve assembly for a pressure sWing adsorp 
tion system, comprising: 

a ?rst valve member and a second valve member rela 
tively rotatable about a common center of rotation to 
provide valving action for selectively transferring ?u 
ids therethrough, a number (N) of concentric ?uid 
sections adapted to transfer N ?uids therethrough, and 
a number of concentric annular grooves equal to N-1 
located respectively betWeen said ?uid sections and 
vented to a pressure loWer than the pressures of the 
?uids in adjacent concentric sections so as to vent any 
leakage from adjacent sections. 

13. A rotary valve assembly for a pressure sWing adsorp 
tion system having at least one adsorption vessel With a feed 
end and a product end, comprising: 

a ?rst valve member and a second valve member rela 
tively rotatable about a common center of rotation to 
provide valving action for selectively transferring ?u 
ids therethrough, said second valve member having a 
central product ?uid aperture at said common center of 
rotation through Which product ?uid ?oWs to eXit the 
assembly, a set of equally spaced product ?uid aper 
tures concentrically disposed at a predetermined radius 
from said common center of rotation and intercon 
nected to said product ends of said adsorption vessels, 
said ?rst valve member including a cavity, at least one 
product passage for selectively interconnecting at least 
one aperture of said set of product apertures With said 
central product aperture and said cavity, and at least one 
purge passage interconnected With said cavity for selec 
tively interconnecting said cavity With at least one 
aperture of said set of product apertures, Whereby 
registration of said product ?uid apertures of said 
second valve member With said product passage of said 
?rst valve member alloWs product ?uid to eXit the 
assembly through the central product aperture and enter 
said cavity for supplying balancing pressure for the ?rst 
valve member and second valve member and purge gas 
via said at least one purge passage for regenerating said 
at least one adsorption vessel. 

14. The rotary valve assembly of claim 13, Wherein said 
?rst valve member is a rotary valve shoe including at least 
one ?oW control element to control the ?oW of purge gas 
from said cavity and said second valve member is a valve 
port plate. 

15. The rotary valve assembly of claim 14, Wherein the 
?oW control element is a member of the group consisting of 
ori?ces, capillary tubes and sintered metal elements. 

16. A rotary valve assembly for a pressure sWing adsorp 
tion system having at least one adsorption vessel, compris 
mg: 

a valve port plate and a rotary valve shoe having respec 
tive engaged surfaces generally de?ning a plane and 
relatively rotatable about a common center of rotation 
to provide valving action for selectively transferring 
?uids therethrough, said valve port plate having more 
than one aperture interconnected With said more than 
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one adsorption vessel, and said rotary valve shoe hav 
ing at least one passage adapted to register With tWo of 
said apertures and not coplanar With said engagement 
surfaces. 

17. The rotary valve assembly of claim 16, Wherein said 
at least one passage is adapted to register With tWo of said 
apertures for equalizing tWo of said adsorption vessels. 

18. The rotary valve assembly of claim 16, Wherein said 
at least one passage is located partially Within said rotary 
valve shoe and partially outside said rotary valve shoe. 

19. The rotary valve assembly of claim 18, Wherein the 
portion of said at least one passage located partially outside 
said rotary valve shoe includes at least one piece of formed 
tubing bonded to the rotary valve shoe. 

20. The rotary valve assembly of claim 16, Wherein said 
at least one passage includes tWo passages, each passage 
located partially inside said rotary valve shoe and partially 
outside said rotary valve shoe, the portion of the passage 
located partially inside said rotary valve shoe including an 
internal passage extending generally perpendicular With 
respect to the plane generally formed by said engagement 
surfaces, and the portion of the passage located partially 
outside said rotary valve shoe including a piece of formed 
tubing bonded to said rotary valve shoe and extending 
generally parallel to said plane de?ned by said engagement 
surfaces. 

21. The rotary valve assembly of claim 16, Wherein at 
least one ring is disposed around the circumference of the 
rotary valve shoe and at least partially de?nes said at least 
one passage. 

22. A ?uid distribution manifold for a pressure sWing 
adsorption system having at least one adsorption vessel With 
a feed end and a product end and a rotary valve assembly 
that provides valving action for selectively transferring 
?uids through the system, the ?uid distribution manifold 
comprising: 
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a top member; 

a bottom member secured to the top member; and 

said top member and bottom member including means for 
interconnecting the feed end and the product end of the 
at least one adsorption vessel With the rotary valve 
assembly for the control of the folloWing ?uid ?oWs in 
the pressure sWing adsorption system: feed, product, 
purge, Waste and pressure equalization streams. 

23. The ?uid distribution manifold of claim 22, Wherein 
the top member and bottom member are secured together 
and sealed at an interface With a member selected from the 
group consisting of a gasket, O-ring, sealant and adhesive. 

24. The ?uid distribution manifold of claim 22, further 
including respective means for transferring the product ?uid 
from the system and feed ?uid to the system, external to the 
top and bottom members. 

25. The ?uid distribution manifold of claim 22, further 
including a port plate located on the top member of the 
manifold, the port plate having a number of apertures 
therethrough, an annular groove located on the top member 
and coinciding With the apertures in the port plate, a passage 
interconnected With the groove for the introduction or With 
draWal of a ?uid stream present in the adsorption system. 

26. The ?uid distribution manifold of claim 25, Wherein 
the groove is used to introduce the feed stream into the value 
assembly. 

27. The ?uid distribution manifold of claim 22, Wherein 
the interconnecting means includes ?oW control elements 
selected from the group consisting of ori?ces, capillaries or 
sintered metal. 


