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ROTARY WALVE ASSEMBLY FOR 
PRESSURE SWING ADSORPTION SYSTEM 

FIELD OF THE INVENTION 

This invention relates in general to the Separation of gases 
by pressure Swing adsorption (PSA), and in particular to a 
rotary valve assembly for a PSA system. 

BACKGROUND OF THE INVENTION 

Cyclic adsorption processes are generally practiced in 
batteries of adsorption vessels comprised of two or more 
adsorbent-filled 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. 

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 
flow to and from the vessels, the feed, product, and exhaust 
lines have been provided with a rotary valve assembly that 
provides Valving action to permit gas flow through these 
lines at the appropriate time in the adsorption cycle. 

The rotary valve assembly also permits communication 
between the inlet ends of the vessels and the outlet ends of 
the vessels to permit flow between the vessels during 
preSSure equalization Steps. PreSSure equalization is the 
passage of gas from a first vessel that has just completed its 
adsorption Step to a Vented or evacuated vessel which has 
just completed its adsorbent regeneration Step. 

Relevant background art for pressure Swing adsorption 
Systems can be found in the following U.S. patents, all of 
which are hereby incorporated by reference for all they 
disclose and describe: U.S. Pat. Nos. 5,814, 131, 5,814,130, 
5,807,423, 5,366,541, 5,268,021, and Re. 35,009. 

U.S. Pat. Nos. 5,814,130, 5,814,131 and 5,807,423 dis 
close 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 flat finishes to enable 
the faces of the disks to form a fluid-tight seal with each 
other. The rotary valve is rotated relative to the stationary 
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 flow through the 
vessels for the adsorption, regeneration and equalization 
modes. 

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 fluid Supply line and product 
gas line communicate with these annular channels. The 
rotary valve includes bores extending from the openings on 
the flat engagement Surface to the periphery of the valve for 
communicating the openings with the annular channels and 
fluid lines. 

There are a number of drawbacks with this proposed 
design in these patents. First, the multiple annular Seal rings 
are impractical. The Seal rings would be expensive to make, 
difficult to install and service, difficult to make leak-free 
(even when new), and would be Subject to wear and 
increased leakage over time. The leakage between these 
various fluid 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. 
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2 
Second, the rotary valve assembly is not pressure bal 

anced. At the operating preSSures needed for the Separation 
cycle, a very heavy pre-load would need to be placed on the 
Valve parts to prevent their Separation while operating. 

Third, the co-location of the purified 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 leading to con 
tamination of the high purity product with contaminates 
from the feed gas. Even though the leak rate can be made 
very low by producing a valve face interface with Sufficient 
accuracy, i.e., flatneSS and finish, the leakage can not be 
eliminated altogether Since the valve depends on a thin gas 
film being established between the flat 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 assem 
bly described in these patents could not be used. 

SUMMARY OF THE INVENTION 

The present invention provides a rotary valve assembly 
for a preSSure Swing adsorption System having means for 
inhibiting leakage and contamination between fluid Sections 
of the valve assembly. The rotary valve assembly includes a 
first valve member and a second valve member relatively 
rotatable about a common center of rotation to provide 
Valving action for Selectively transferring fluids there 
through. The second valve member has a first fluid section 
with at least one aperture adapted for transferring a first fluid 
of a first preSSure and composition therethrough and a 
Second fluid Section with at least one aperture adapted for 
transferring a Second fluid of a Second pressure and com 
position therethrough. The first valve member has a first 
fluid Section with at least one passage for transferring the 
first fluid in the valve assembly and a second fluid section 
with at least one passage for transferring the Second fluid in 
the valve assembly. A vent is located between the first fluid 
Sections and the Second fluid Sections of the valve assembly 
and is vented to a pressure lower than the pressures of the 
first and Second fluids So as to vent leakage from either of the 
sections of the valve assembly. The rotary valve assembly 
further includes means for effecting relative rotation of the 
first valve member and second valve member. 

In a preferred embodiment of the invention, the first 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 first fluid Sections are disposed 
at a first radius and the at least one aperture and passage of 
the Second fluid 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 first radius and the Second radius. The annular 
vent groove is vented to approximately atmospheric pres 
SUC. 

An alternative rotary valve assembly includes a first valve 
member and a second valve member relatively rotatable 
about a common center of rotation to provide valving action 
for selectively transferring fluids therethrough. In this 
embodiment, a number (N) of concentric fluid Sections are 
adapted to transfer N fluids therethrough. A number of 
concentric annular grooves equal to N-1 are located respec 
tively between the fluid Sections and Vented to a preSSure 
lower than the pressures of the fluids in adjacent concentric 
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Sections So as to vent any leakage from adjacent Sections. 
The rotary valve assembly further includes means for effect 
ing relative rotation of the first valve member and the Second 
valve member. 
An alternative rotary valve assembly includes a first valve 

member and a second valve member relatively rotatable 
about a common center of rotation to provide Valving action 
for selectively transferring fluids therethrough. The second 
Valve member has a central product fluid aperture at the 
common center of rotation through which product fluid 
flows to exit the assembly. A Set of equally Spaced product 
fluid apertures are concentrically disposed at a predeter 
mined radius from the common center of rotation and are 
interconnected to product ends of adsorption vessels. The 
first 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 interconnect 
ing 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 first valve member and 
Second valve member, whereby registration of the product 
fluid apertures of the second valve member with the product 
passage of the first valve member allows product fluid to exit 
the assembly through the central product aperture and enter 
the cavity for Supplying balancing preSSure for the first valve 
member and Second valve member and purge gas Via the at 
least one purge passage for regenerating more than one 
adsorption vessel. 

In a preferred embodiment of the invention described 
immediately above, the rotary valve shoe includes at least 
one flow control element to control the flow of purge gas 
from the cavity. 
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 defining a plane and 
are relatively rotatable about a common center of rotation to 
provide valving action for Selectively transferring fluids 
therethrough. The valve port plate has more than one aper 
ture 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 

The drawings illustrate both the design and utility of a 
preferred embodiment of the present invention, wherein: 

FIG. 1A is a perspective View of a pressure Swing 
adsorption System constructed in accordance with a pre 
ferred embodiment of the invention; 

FIG. 1B is a side-elevational view of the pressure Swing 
adsorption system of FIG. 1A; 

FIG. 1C is a top plan view of the preSSure Swing adsorp 
tion system of FIG. 1A; 

FIG. 1D is a cross-sectional view of the pressure Swing 
adsorption system of FIG. 1A taken along line 1D-1D of 
FIG. 1B: 

FIG. 1E is a croSS-Sectional view of the pressure Swing 
adsorption system of FIG. 1A taken along line 1E-1E of 
FIG. 1C: 
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4 
FIG. 2 is a partial, cross-sectional view of a top portion of 

the pressure Swing adsorption System illustrated in FIG. 
1A-1D; 

FIG. 3A is a top perspective view of a rotary valve shoe 
constructed in accordance with a preferred embodiment of 
the invention; 

FIG. 3B is a top plan view of the rotary valve shoe 
illustrated in FIG. 3A, 
FIG.3C is a cross-sectional view of the rotary valve shoe 

taken along line 3C-3C of FIG. 3B; 
FIG. 3D is a bottom plan view of the rotary valve shoe 

illustrated in FIG. 3A, 
FIG. 4A is a top plan view of a valve port plate con 

Structed in accordance with a preferred embodiment of the 
invention; 

FIG. 4B is a cross-sectional view taken along lines 
4B-4B of FIG. 4A; 

FIG. 5 is a cross-sectional view of an embodiment of the 
rotary valve shoe and a first drive shaft; 

FIG. 6A is a bottom plan view of an alternative embodi 
ment of a rotary valve shoe; 

FIG. 6B is cross-sectional view of the rotary valve shoe 
illustrated in FIG. 6A taken along line 6B-6B; 

FIG. 7A is a top perspective view of a rotary valve shoe 
constructed in accordance with a further embodiment of the 
invention; 

FIG. 7B is a top plan view of the rotary valve shoe 
illustrated in FIG. 7A, 

FIG. 7C is a bottom plan view of the rotary valve shoe 
illustrated in FIG. 7A, 
FIG.7D is a side-elevational view of the rotary valve shoe 

illustrated in FIG. 7A, 
FIG. 7E is a cross-sectional view of the rotary valve shoe 

taken along line 7E-7E of FIG. 7A, 
FIG. 8 is a partial, cross-sectional view of a top portion of 

a pressure Swing adsorption System constructed in accor 
dance with an alternative embodiment of the invention; and 

FIG. 9 is a perspective view of the valve port plate, top 
manifold member and bottom manifold member constructed 
in accordance with an embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

With reference to FIG. 1A-1E, a pressure Swing adsorp 
tion (PSA) system 20 including a rotary valve assembly 22, 
constructed in accordance with a preferred embodiment of 
the invention, will now be described. The PSA system 20 is 
used to fractionate fluids. 

As used herein the term “fluids” 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 fluids 
Such as, but not by way of limitation, the Separation of 
oxygen from air. 
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 fluid 
or contaminant, and the rotary valve assembly 22. In the 
preferred embodiment of the system 20, twelve adsorption 
vessels 24 are included. However, it will be readily under 
stood by those skilled in the art how other numbers of 
vessels 24 (two or more) may be used. The adsorption 
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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 
limitation, 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 firmly in place. The 
product ends 28 communicate with passages in a manifold 
38 for communication with the rotary valve assembly 22. 

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 flow control elements to 
be inserted in these internal passages to control the rate of 
flow of various fluid streams within the system 20. The 
preferred embodiment includes both feed orifices 210 and 
product orifices 211 that control the flow of gas Streams into 
and out of the adsorption vessels 24. 

In the case that the density of internal passages is So great 
that it becomes difficult 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 fitting 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 
fitting 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. 
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 the annular 
groove 220 is then able to Supply a fluid Stream to a 
multiplicity of apertures 112 in a port plate 46 of the rotary 
valve assembly 22. 

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 fluid pressure present in the internal passages. 
Additionally, a Sealant is used to Seal the various fluid 
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. 

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 flows 
into the air feed inlet 41 and through the feed U-tube 43. Air 
flows through feed inlet aperture 228 and into air feed 
groove 220 in the manifold 38. From there, air flows 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 orifices 210 in the bottom member 202 
via feed channels 232. The air then flows through multiple 
feed lines 32 to the header 34, where it is distributed to the 
adsorption vessels 24 at the feed ends 30. 
The sieve beds (not shown) of the adsorption vessels 24 

are a packed particulate adsorbent which preferentially 
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6 
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. 
The resulting product nitrogen gas flows towards the 

products ends 28 of the adsorption vessels 24, out product 
orifices 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. 
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 first 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 flat finish to enable the faces of 
the valve shoe 44 and port plate 46 to form a fluid-tight seal 
when pressed together. 

With reference specifically to FIGS. 3A-3D, the rotary 
valve shoe 44 has a flat engagement surface 48 (FIG. 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 
first 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 trans 
ferring fluid from one part of the engagement Surface 48 to 
another, the passages or channels may also be configured to 
transfer fluid 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 fluid or the feed end 
30 of the adsorption vessels 24 are part of a feed fluid section 
59. 

Proceeding radially inward from the aforementioned pas 
Sages or grooves, the engagement Surface 48 includes annu 
lar 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 flow control 
elements Such as Small orifices 68 are inserted, cross-port 
equalization channels 70, and product channels 72A and 
72B which respectively extend radially from a central prod 
uct passage 74 to Symmetrical opposite arcuate product 
channels or pockets 76, 78. Other flow control elements may 
be used besides Small orifices 68 Such as, but not by way of 
limitation, Sintered metal elements or capillary tubes. The 
above-described passages or channels located at radial posi 
tions inside the groove 60 that relate to the product fluid or 
product ends 28 of the adsorption vessels 24 are part of a 
product fluid section 79. 

GCE - Exhibit 1008, Page 14 
GCE Gas Control Equipment Inc. v. VBOX, Inc. 

IPR2023-00527



US 6,311,719 B1 
7 

Although a pair of purge passages 66 and flow control 
elements 68 are described, it will be readily understood by 
those skilled in the art that one or more purge passages 66 
and flow control elements 68 may be incorporated into the 
rotary valve shoe 44. If more than one flow control element 
68 is used, it is desirable to match the flow characteristics of 
the flow control elements. 

With reference to FIGS. 6A and 6B, a rotary valve shoe 
144 constructed in accordance with an alternative embodi 
ment of the invention, which does not allow for product gas 
purge flow, is shown. Elements similar to those described 
above with respect to FIGS. 3A-3D are identified with 
numbers that include the same last two digits, but with a “1” 
prefix, 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 flow, the following 
elements described above with respect to FIGS. 3A-3D are 
not needed: pockets 64, passages 66, and flow 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. 
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 first annular receSS 82 and a Second Surface 
84 that Surrounds an eccentric recess 86. An eccentric floor 
87 defines a bottom part of the eccentric recess 86. 

Equalization routing for the feed ends 30 of the adsorption 
vessels 24 is done in a plane Out of a plane generally defined 
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 first 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 intercon 
necting the first pair of equalization passages 54 and the 
Second pair of equalization passages 56, respectively. The 
first equalization tube 88 and equalization passages 54 form 
a first passage adapted to communicate with the feed ends 30 
of two adsorption vessels 24 for equalization purposes. 
Likewise, the Second equalization tube 90 and equalization 
passages 56 form a Second passage for this purpose. 

With reference to FIGS. 7A-7E a rotary valve assembly 
244 constructed in accordance with an alternative embodi 
ment 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. 

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 floor 87 of the 
eccentric recess 86 to the product channels 72A, 72B. 

The first and second annular recesses 82, 86 are config 
ured to receive a first drive shaft 92 as shown in FIGS. 1, 2 
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8 
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 first drive shaft 
92. The motor 94 is connected to a source of electric power 
and its shaft 95 drives the shaft 92. 

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 first 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. 

A cavity 96 in the first 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. 
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 flat engagement Surface 104 and a Smooth 
cylindrical side wall 106 with opposite notches 108 therein. 
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 configurations, it will be 
readily apparent to those skilled in the art that the openings 
may have alternative configurations 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 configuration. 

Each set of openings will now be described. A first set of 
twelve obround openings 110 are concentrically disposed at 
a first 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 open 
ings 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. 
A Second Set of twelve round feed openings 112 concen 

trically disposed at a Second radius from the geometric 
center of the valve port plate 46 are interconnected with the 
feed air inlet for delivering feed fluid to the valve assembly 
22. The feed openings 112 have a first bore 118 and a smaller 
diameter second bore 120. 
A third set of twelve round openings 114 concentrically 

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. 
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 
fluid. 
The openings 110, 112 are located in a feed fluid section 

115 of the valve port plate 46. The feed fluid section 115 is 
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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. 

The openings 114 and central product opening 116 are 
located in a product fluid section 117 of the valve port plate 
46. The product fluid 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. 

In use, the flat engagement Surface 48 of the rotary valve 
shoe 44 engages the flat 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. 

Although not shown, conventional equipment may be 
used to Supply feed fluid, monitor and automatically regulate 
the flow of product fluid from the system so that it can be 
fully automated to run continuously in an efficient manner. 

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 relation 
ship 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. 

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. 

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 configuration and/or location of the 
openings and/or channels in the rotary valve assembly 22. 

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 flows through the feed air U-tube 
43 and into the manifold 38, where it is distributed via the 
feed air groove 220 to the valve assembly 22. The valve 
assembly 22 distributes the feed air to the multiple adsorp 
tion vessels 24. 

Feed air enters the valve assembly 22 through the open 
ings 112 (FIG. 4A) of the valve port plate 46. Air flows 
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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 flows 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 flows through feed apertures 222, feed 
orifices 210 and feed channels 232 in the manifold 38 and 
through the feed lines 32, into passages of the header 34. The 
air then flows from the feed ends 30 of the respective 
adsorption vessels 24 towards the product ends 28, and 
adsorption takes place in the adsorbent beds. 
The nonadsorbed product gas flows out of the product 

ends 28 of the respective vessels 24, through product orifices 
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 flows in the valve port plate 46 typically 
corresponds with the number of aforementioned openings 
110 through which the initial air flowed through the valve 
port plate 46. The product gas flows into the arcuate chan 
nels 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. 
From the center of the rotary valve shoe 44, some of the 

product gas flows through central product opening 116, 
manifold 38, and out product U-tube 42 to the product outlet 
40. The product gas not withdrawn flows through the 
passage 74 of the rotary valve shoe 44 and into a space 96 
between the shoe 44 and shaft 92. 
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 firmly against the engage 
ment 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 first shaft 92. 
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. 
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 flows out of the 
space 96 through the purge passages 66. The flow out of the 
Space 96, i.e., the purge flow, is controlled by the Small 
orifices 68 in the purge passages 66. Product gas flows 
through the purge passages 66 and into the opposite purge 
channels 64. In turn, product gas flows from the purge 
channels 64 through respective openings 114 in the valve 
port plate 46. Product gas then flows through appropriate 
through product apertures 224, product channels 230 and 
product orifices 211 in the manifold 38 and into the product 
ends 28 of the respective adsorption vessels 24. Product gas 
flows through the adsorbent material in the vessels 24, 
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regenerating the adsorbent beds of the vessels 24 and 
Sweeping out oxygen adsorbed therein. 
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. 

Resulting exhaust gas flows out of the feed ends 30 of the 
vessels 24 and into lines 32. The exhaust gas flows out of the 
lines 32, through feed orifices 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 fitting 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. 

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 concentration and high 
product flow rates. This is done by equalizing the pressure 
between adsorption vessels that have just completed the 
adsorption Step and adsorption vessels that have just com 
pleted the regeneration Step. 

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 accomplished 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. 

In a similar fashion, the first equalization passages 54 and 
equalization tubeS 90 and Second equalization passages 56 
and equalization tubeS 88 Serve to communicate and equal 
ize the feed ends 30 of respective adsorption vessels 24 that 
have just completed the adsorption and regeneration StepS. 
The first 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. 

It should be noted, most of the communication that exists 
between the vessels 24 during the adsorption, regeneration 
and equalization Steps results from the ports, passages and 
channels being generally parallel with the engagement Sur 
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face 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 
munication results from the first 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. 

It will be readily apparent to one skilled in the art that the 
following exemplary equalization combinations are 
possible, depending on the application: 

1) No equalization (either end); 
2) Equalization (feed end only); 
3) Equalization (product end only); 
4) Equalization (both ends, i.e., feed-feed, product 

product); 
5) Equalization (feed end to product end); 
6) Equalization (product end to feed end); and 
7) Equalization (product end to both ends of regenerated 

bed). 
The purpose of the annular vent groove 60 will now be 

described. AS discussed above, feed gas and product gas 
flow through the feed fluid sections and product fluid 
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 fluid Section into the product fluid 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. 
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 Sufficient accuracy (flatness and finish) 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 fluid film 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. 
The annular vent groove 60 is ported to the relatively low 

pressure of the valve assembly chamber 118, where the 
exhaust gas normally flows, 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 flow from the 
feed Section to the product Section at the valve interface Stop 
at the annular vent groove 60 and are withdrawn through the 
passages 62 to the chamber 118, where they are then 
expelled to the atmosphere. Thus, leakage of feed gas into 
product gas is prevented. 

In an alternative embodiment, the vent groove 60 may 
communicate with a vacuum, e.g., via chamber 118, to 
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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). 

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 flow area for leaking fluid to limit 
pressure in the groove 160 to near atmospheric pressure (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. 

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 engage 
ment Surfaces and venting could be done through either or 
both the rotary valve shoe 44 or the valve port plate 46. 

In an alternative embodiment of the invention, where the 
number of fluid 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 fluid 
Sections where leakage between fluid Sections is a concern. 

In a further embodiment of the invention, the vent groove 
60 may comprise one or more vent grooves, not necessarily 
annular, located between different fluid Sections and Vented 
to a lower pressure than the pressure of the fluids 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 fluid 
Section 179 and the feed fluid Section 159. 

Although Some of the elements described above and 
below are referred to by order, i.e., “first,” “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, modifications and rearrangements 
of elements or StepS falling within the Scope of the invention 
as defined by the following claims. 
We claim: 
1. A rotary valve assembly for a pressure Swing adsorption 

System, comprising: 
a first valve member and a Second valve member rela 

tively rotatable about a common center of rotation to 
provide Valving action for Selectively transferring flu 
ids therethrough, Said Second valve member having a 
first product fluid Section with at least one aperture 
adapted for transferring a first product fluid of a first 
preSSure and composition therethrough and a Second 
feed fluid Section with at least one aperture adapted for 
transferring a Second feed fluid of a Second pressure 
and composition therethrough, Said first valve member 
having a first product fluid Section with at least one 
passage for transferring Said first product fluid and a 
Second feed fluid Section with at least one passage for 
transferring Said Second feed fluid, and a vent located 
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between said first product fluid Sections and Said Sec 
ond feed fluid sections of the valve assembly and 
Vented to a pressure lower than the pressures of Said 
first and Second fluids 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 first fluid Sections are 
disposed at a first radius and Said at least one aperture and 
passage of Said Second fluid Sections are disposed at a 
Second radius, Said vent comprising an annular vent groove 
disposed at a radius between said first radius and Said Second 
radius. 

3. The rotary valve assembly of claim 1, wherein said at 
least one aperture and passage of the first fluid Sections are 
disposed at a first radius and Said at least one aperture and 
passage of Said Second fluid Sections are disposed at a 
Second radius, Said vent comprising at least one Segmented 
vent groove disposed at a radius between Said first radius and 
Said Second radius. 

4. The rotary valve assembly of claim 1, where said first 
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 vent 
is an annular vent groove disposed between Said product 
fluid Sections and feed fluid 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 first valve member and a Second valve member rela 
tively rotatable about a common center of rotation to 
provide Valving action for Selectively transferring flu 
ids therethrough, Said Second valve member having a 
first product fluid Section with at least one aperture 
adapted for transferring a first product fluid of a first 
preSSure and composition therethrough and a Second 
feed fluid Section with at least one aperture adapted for 
transferring a Second feed fluid of a Second pressure 
and composition therethrough, Said first valve member 
having a first product fluid Section with at least one 
passage for traisferring Said first product fluid and a 
Second feed fluid Section with at least one passage for 
transferring Said Second feed fluid, and means for 
inhibiting leakage between Said fluid Sections. 

12. A rotary valve assembly for a pressure Swing adsorp 
tion System, comprising: 

a first valve member and a Second valve member rela 
tively rotatable about a common center of rotation to 
provide Valving action for Selectively transferring flu 
ids therethrough, a number (N) of concentric fluid 
Sections adapted to transfer N fluids therethrough, 
adjacent concentric fluid Sections adapted to transfer 
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respective fluids at a pressure differential therethrough, 
the pressure differential causing pressure differential 
leakage of fluid from a higher pressure fluid Section to 
a lower pressure fluid Section, and a number of con 
centric annular grooves equal to N-1 located respec 
tively between said fluid sections and vented to a 
preSSure lower than the preSSures of the fluids in 
adjacent concentric Sections So as to vent any leakage 
from adjacent Sections. 

13. A pressure Swing adsorption System, comprising: 
a plurality of adsorption beds, and 
a rotary valve assembly to provide valving action for 

Selectively transferring fluids through the adsorption 
beds, the rotary valve assembly including a first valve 
member and a Second valve member relatively rotat 
able about a common center of rotation, Said Second 
valve member having a first product fluid section with 
at least one aperture adapted for transferring a first 
product fluid of a first pressure and composition there 
through and a Second feed fluid Section with at least one 
aperture adapted for transferring a Second feed fluid of 
a Second pressure and composition therethrough, Said 
first valve member having a first product fluid section 
with at least one passage for transferring Said first 
product fluid and a second feed fluid section with at 
least one passage for transferring Said Second feed 
fluid, and a vent located between said first product fluid 
Sections and Said Second feed fluid Sections of the valve 
assembly and Vented to a preSSure lower than the 
preSSures of Said first and Second fluids So as to vent 
leakage from either of Said Sections of the valve assem 
bly. 

14. The system of claim 13, wherein said at least one 
aperture and passage of Said first fluid Sections are disposed 
at a first radius and Said at least one aperture and passage of 
Said Second fluid Sections are disposed at a Second radius, 
Said vent comprising an annular vent groove disposed at a 
radius between said first radius and Said Second radius. 

15. The system of claim 13, wherein said at least one 
aperture and passage of the first fluid Sections are disposed 
at a first radius and Said at least one aperture and passage of 
Said Second fluid Sections are disposed at a Second radius, 
Said vent comprising at least one Segmented vent groove 
disposed at a radius between said first radius and Said Second 
radius. 

16. The system of claim 13, where said first valve member 
is a rotatable rotary valve shoe and Said Second valve 
member is a Stationary valve port plate. 

17. The system of claim 13, wherein said vent is an 
annular vent groove disposed between Said product fluid 
Sections and feed fluid Sections. 

18. The system of claim 17, wherein said annular vent 
groove is located in the engagement Surface of the rotary 
valve shoe. 
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19. The system of claim 17, wherein said annular vent 

groove is vented to approximately atmospheric pressure. 
20. The system of claim 19, 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. 

21. The system of claim 17, wherein the annular vent 
groove is located in the engagement Surface of the valve port 
plate. 

22. The system of claim 14, wherein multiple vent pas 
Sages are in communication with Said annular vent groove 
for venting Said groove. 

23. A pressure Swing adsorption System, comprising: 
a plurality of adsorption beds, and 
a rotary valve assembly to provide Valving action for 

Selectively transferring fluids through the adsorption 
beds, the rotary valve assembly including a first valve 
member and a Second valve member relatively rotat 
able about a common center of rotation, Said Second 
valve member having a first product fluid section with 
at least one aperture adapted for transferring a first 
product fluid of a first pressure and composition there 
through and a Second feed fluid Section with at least one 
aperture adapted for transferring a Second feed fluid of 
a Second pressure and composition therethrough, Said 
first valve member having a first product fluid section 
with at least one passage for transferring Said first 
product fluid and a second feed fluid section with at 
least one passage for transferring Said Second feed 
fluid, and means for inhibiting leakage between Said 
fluid Sections. 

24. A pressure Swing adsorption System, comprising: 
a plurality of adsorption beds, and 
a rotary valve assembly to provide Valving action for 

Selectively transferring fluids through the adsorption 
beds, the rotary valve assembly including a first valve 
member and a Second valve member relatively rotat 
able about a common center of rotation to provide 
Valving action for Selectively transferring fluids 
therethrough, a number (N) of concentric fluid Sections 
adapted to transfer N fluids therethrough, adjacent 
concentric fluid Sections adapted to transfer respective 
fluids at a pressure differential therethrough, the pres 
Sure differential causing pressure differential leakage of 
fluid from a higher preSSure fluid Section to a lower 
preSSure fluid Section, and a number of concentric 
annular grooves equal to N-1 located respectively 
between Said fluid Sections and vented to a preSSure 
lower than the pressures of the fluids in adjacent 
concentric Sections So as to vent any leakage from 
adjacent Sections. 

k k k k k 
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