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Andrew D, Skale (SBN 211096)

askale@mintz.com

Ben L. Wagner (SBN 243594)

bwagner@mintz.com

MINTZ LEVIN COHN FERRIS GLOVSKY AND POPEO PC
3580 Carmel Mountain Road, Suite 300

San Diego, CA 92130

Telephone: (858) 314-1500

Facsimile: (858) 314-1501

Attorneys for Plaintiff
SEQUAL TECHNOLOGIES, INC.

UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA

| Plaintiff, SEQUAL’S COMPLAINT FOR PATENT
INFRINGEMENT
V.
MICHAEL STERN and DIGIFLO, INC,, JURY DEMANDED
Defendant.

Plaintiff SEQUAL TECHNOLOGIES, INC. for its Complaint against Defendants

MICHAEL STERN and DIGIFLO, INC. alleges and states as follows:
THE PARTIES

I. Plaintiff SEQUAL TECHNOILOGIES, INC. (“SeQual™) is a corporation organized
and existing under the laws of the State of Delaware with its principal place of business located at
11436 Sorrento Valley Road, San Diego, California.

2. Defendant MICHAEL STERN (“Stern”) is an individual residing at, on information
and belief, 6942 96th Avenue, Mercer Island, Washington, 98040.

3. Defendant DIGIFLO, INC. (“Digiflo”) is a corporation organized and existing under
the law of the State of Washingtion, with its principal place‘ of business, on information and belief,

at 6942 96th Avenue, Mercer Island, Washington, 98040,
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4. Stern is, on information and belief, the sole owner and operator of Digiflo. Stern and

Digiflo are referred to collectively herein as “Defendants.”
JURISDICTION AND VENUE

5. This is a civil action for patent infringement arising under the Patent Laws of the
United States, 35 U.S.C. sections 1 et seq. Subject matter jurisdiction is therefore proper under 28
U.S.C. sections 1331 and 1338(a).

6. Venue is proper in this judicial district under 28 U.S.C. sections 1391(b) and (c) and
1400(b) because a substantial part of the events or omissions giving rise to the claims occurred in
the district and the defendants reside in this district by virtue of being subject to personal
jurisdiction in this judicial district by, among others, their repeatedly availment and direction of
their activity toward this district, and engaging in acts of infringement in this judicial district. Stern
previously worked with SeQual concerning oxygen concentrator technology, and in that capacity
knew SeQual to be located in and suffer harm in this district. Additionally, Defendants offered for
sale in this district products containing the technology alleged to be infringing the claims of
SeQual’s patents.

FIRST CLAIM FOR RELIEF
INFRINGEMENT OF U.S. PATENT NO. 5,593,478

7. - SeQual realleges all allegations in this Complaint as if stated herein.

8. On January 14, 1997, United States Patent Number 5,593,478 (478 Patent) entitled
“Fluid Fractionator,” was duly and legally issued to SeQual, who has the right to enforce this patent.
A true and correct copy of this Patent is attached hereto as Exhibit 1 and incorporated herein by
reference.

9. Defendants have infringed and continue to infringe (literally and under the doctrine
of equivalents) the *478 Patent by making, using, selling, offering for sale, importing, and/or
actively inducing others to use (for example, end users of their prodﬁcts by providing instructions
and/or manuals) ambulatbry oxygen systems and/or constituent componerits thereof covered by one

or more claims of the *478 Patent, and are thus liable for patent infringement pursuant to 35 U.S.C.
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V§ 271. This includes the practice by Defendants via the Digiflow Concentrator Sensor (+/- 1.5%)

and Control Board — OCSC (“OCSC”) of claim 1 of the *478 Patent.

10.  Defendants’ infringement of the 478 Patent has caused and continues to cause
damage to SeQual in an amount to be determined at trial. |

11.  Defendants’ infringement of the 478 Patent has caused and will continue to cause
immediate and irreparable harm to SeQual for which there is no adequate remedy at law, unless this
Court enjoins and restrains such activities.

12. SeQual is informed and believes and, on that bases alleges, that Defendants knew of
the *478 Patent and that Defendants’ infringement of the 478 Patent was willful and deliberate,
entitling SeQual to enhanced damages pursuant to 35 U.S.C. § 284, and costs incurred prosecuting
this action.

SECOND CLAIM FOR RELIEF
INFRINGEMENT OF U.S. PATENT NO. 5,730,778

13.  SeQual realleges all allegations in this Complaint as if stated herein.

14, On March 24, 1998, United States Patent Number 5,730,778 ("778 Patent) entitled
“Fluid Fractionatof,” was duly and legally issued to SeQual, who has the right to enforce this patent.
A true and correct copy of this Patent is attached hereto as Exhibit 2 and incorporated herein by
reference.

15.  Defendants have infringed and continue to infringe (literally and under the doctrine
of equivalents) the 778 Patent by making, using, selling, offering for sale, importing, and/or
actively inducing others to use (for example, end users of their products by providing instructions
and/or manuals) ambulatory oxygen systems and/or constituent components thereof covered by one
or more claims of the *478 Patent, and are thus liable for patent infringement pursuant to 35 U.S.C.
§ 271. This includes Defendants® practice via the OCSC of claim 8 of fhe 778 Patent.

| 16. Defendants’ infringement of the >778 Patent has caused and continues to cause

damage to SeQual in an amount to be determined at trial.
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17.  Defendants’ infringement of the 778 Patent has caused and will continue to cause
immediate and irreparable harm to SeQual for which there is no adequate remedy at law, unless this
Court enjoins and restrains such activities.

18. SeQual is informed and believes and, on that bases alleges, that Defendants knew of
the *778 Patent and that their infringement of the *778 Patent is willful and deliberate, entitling
SeQual to enhanced damages pursuant to 35 U.S.C. § 284, and costs incurred prosecuting this
éction.

PRAYER FOR RELIEF

WHEREFORE, SeQual prays for relief as follows:

. L. For judgment entered in favor of SeQual that one or more claims of the *478 Patent

and/or the *778 Patent are infringed by Defendants;

2. That SeQual be granted an accounting of all damages incurred from Defendants’
infringement;
3. That SeQual be awarded its actual damages along with prejudgment interest

according to proof, and enhanced damages pursuant to 35 U.S.C. § 284;

4. For a preliminary and permanent injunction enjoining Defendants’ acts of
infringement and of their parents, subsidiaries, officers, directors, agents, employees, licensees, and
any persons acting in concert with either or both of them, along with related individuals and entities,
representatives, OEMs, dealers, distributors, and customers;

5. That SeQual be awarded its attorney’s fees and costs pursuant to 35 U.S.C. § 285 or
as otherwise provided by law, whether by statute, common law or the Court’s inherent power; and

6. For all other and further relief deemed just and proper by the Court.

DEMAND FOR JURY

SeQual demands trial by jury on all issues triable as a matter of right at law.

Dated: December 22, 2010 MINTZ LEVIN COHN FERRIS GLOVSKY & POPEO

By: s/Andrew D. Skale
Andrew D. Skale, Esq.

Attorneys for Plaintiff,
SEQUAL TECHNOLOGIES. INC.
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EXHIBIT 1
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United States Patent 9 (111 Patent Number: 5,593,478
Hill et al. (451 Date of Patent: Jan. 14, 1997
[54) FLUID FRACTIONATOR OTHER PUBLICATIONS

[75] Inventors; Charles C, Hill, Del Mar; Theodore B. A Design Engineer's Guide to Smart Air Technology, The

(73]

Hill, San Diego, both of Calif,

Assipnee: Sequal Technologies, Inc., San Diego,

Calif.

Marriage of Electronics to Pneumatics; Gast Manufacturing.

Primary Examiner—Robert Spitzer
Attorney, Agent, or Firm—Ellsworth R. Roston; Charles H.
Schwartz

[22] Filec: Sep. 28, 1994 " A rotary valve at the inlets of a plerality of columns
[51] Int, CL® BOID 53/053  cyclically (1) selects first columns on a cyclic basis to
{52] US. CL omermrsemcm 96/111; 96/115; 96/124; ~ Teceive compressed air, adsorb nitrogen and other compo-
96/130; 96/133; 96/144; 96/149 nents in the compressed air and pass oxygen and argonto a
[58] Field of Seareh .....cmurcuornc 96/109-117, 124, ~ U3¢r (&€ patient), sccond colamns to dosorb the adsorbed
96/126-130, 133, 144, 149 components in such columns and (3) third columns to
Pt equalize pressures where the first columns change progres-
[56] References Ciied sively to the second columms and vice versa. A compressor
having adjustable characteristics and regulated in an open or
U.S. PATENT DOCUMENTS closed loop introduces the compressed air through the valve
4,342,573 8/1962 McCombs et al. ... A ognee . to the first columus to provide an adjustable air flow for
4:378:982 471983 McCombs ....... 967117 obiaining a prescribed oxygen flow to the user. An indication
4,491,459 1/1985 PINKETION woeeeeeeroreersseemremeeeen 967113 may be pIOVidﬂd wien the COMpPressor characteristics Tegu-
4576616 3/1986 Mottan et al 96/113 X lated for obtaining the prescribed oxygen flow rate are
4,648,888 31987 Rowland ... 96/110 X ouiside particular limits. The valve may have a variable
4,802,899 2/198B9 Vrana el al. w.oueicenctedins 96/109 speed related to the compressor flow variations to regulate
4,806,132 2/1989 Ca'mphell ........................ 55/16 the air pressure in the colemng in accordance with the air
4813973 3/1989 Miller el al. . 96/115 X flow rate into the columns. A variable orifice in a valve in
:’ggg’zgj gﬁggg E::)Z:;uatt a] ggfﬁg each column outlet becomes ceonstricted with decreases in
5112367 51992 Hill ... ’ 96124 X the oxygen flow rate in each columa, thereby further regu-
5:268:021 12/1993 Hill et al, . gg/i24 x  lating the oxygen pressure in such column. A porous plug in
5366,541 1171994 Fill eral. . 96/i24 4 closed chamber receiving the desorbed pressurized com-
5,441,559 81995 Petit et al. 96/130 X porents releases such comporents slowly, without pulsatile
5.496,388 371996 TEIHET ..oreceeremmeinrersicssersssranen 55210 noise, to the atmasphere. The equipment accordingly pro-
duces the desired oxygen flow rate with minimal power
FOREIGN PATENT DOCUMENTS consumption, minimal noise and optimal efficiency, reliabil-
0135921 4/1985 European Pat. Off. 96/109 ity and life span. The equipment may be designed to pass
63-016027  1/1988  Japan ... 96113 other components than oxygen,
4016212 1/1992 Japan . 96/109
5084418 4/1993 Japan ., - 96/109
WOSH15698 71994 WIPD .rcrcrssninsssnisienninns 96/130 72 Claims, 9 Drawing Sheets
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5,593,478

1
FLUID FRACTIONATOR

This invention relates to apparatus for, and methods of,
purifying a fluid by periodicatly/cyclically passing & par-
ticular component in the fluid through a molecular sieve and
adsorbing other components in the fluid in the molecntar
sieve and subsequently periodically/cyclically desorbing
such other components from the molecular sieve. The inven-
tion further relates to apparatus for, and methods of, passing
oxygen in compressed air (and argon) for introduction to a
patient and for adsorbing nitrogen and the other components
in the compressed air and subsequently desorbing the
adsorbed components to the atmosphere. The invention
particularly relates to apparatus for providing any preseribed
rate of flow of oxygen with minimal power consumption,
minimal noise and optimal efficiency, reliability and life
span.

Apparatus is in existence for receiving a fluid such as
compressed air, for separating the oxygen from the air and
for passing the oxygen for subsequent use as by a patient.
The apparatus also includes material in a molecular sieve for
adsorbing the nitrogen and the other compoenents in the
compressed air. When the oxygen separated from the com-
pressed air has been passed, the adsorbed components in the
compressed air are desorbed by release to the atmosphere.
The apparatus can operate or a cyclic basis to continuously
provide oxygen to a user such as a patient,

The oxygen can be used for many purposes. One of the
primary uses of the oxygen is for providing oxygen to
patients such as the elderly and those having asthma and
emphysema. When the apparatus is used for such patients,
the apparatus should have certain desirable characteristics. It
should be able to provide the oxygen to each patfent in a
variable delivery rate and high concentration dependent
epon the needs of the patient. It should be able to provide
this oxygen in an efficient and reliable manner and with a
minimal power conswmption, particulacsly since many sick
and elderly patients have omnly limited income and the
electric power cost for operating the apparatus is substantial
and significant. The apparatus should also operate quietly so
a3 not to be offensive to the patient and to those around the
patient. The apparas should also have a long operative life
without any breakdown. These parameters are particularly
important because the apparatus operates continuously in the
home environment without attendance.

The apparatus now in use fails to completely meet the
criteria specified in the previous paragraph. The apparatus
includes a compressor for intreducing compressed air to

“columns which include a molecular sieve for passing oxygen
and argon and for adsorbing nitrogen and other components
in the compressed air and for subsequently desorbing the
adsorbed components. In the apparatus now in use, the
compressors are operated to deliver a constant maximum
fiow and concentration of oxygen regardiess of the flow of
oxygen prescribed for the user. The desired flow of oxygen
to the patient is then adjusted by a throtiling valve in the
product bleed line to the user. As will be appreciated, this is
inefficient if less than maximum flow capacity is needed,
particularly since the compressor and the motor driving the
compressor require a large amount of power.

The compressor generates a large amount of aoise as it
operates, This results partly from the operation of the motor
and the compressor, particularly since the motor and the

- compressor is driven at a fixed high speed. It also results
partly from the desorption to the atmosphere of the com-
pressed fluid which is ddsorbed in the columns. This release
occwrs almost instantaneously, thereby creating a noise/
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2

sound pulse every time that the compressed fluid in one of
the columns is released to the atmosphere.

This invention provides a system which substantially
avercomes the disadvaniages in the apparatus of the prior
art, In the system of this invention, the compressor operates
at a speed, or with displacement characteristics, adjustable in
accordance with the desived rate of oxygen flow to the user
(e.g. the patient), The apparatus of this invention is also
advantageous in that it releases the desorbed Auid to the
atmosphere at a sieady and controlled rate, thereby signifi-
cantly reducing the noise generated from such release.

In one embodiment of the invention, a rotary valve at the
inlets of a plurality of columns selects first columns on a
cyclic basis to receive compressed air, adsorb nitrogen and
other componenis in the compressed air and pass oxygen
and argon 1o a user (e.g. patient). The valve also cyclicaily
selects second columns to desorb the nitrogen and the other
components in such columns and cyclically egualizes the
pressure in third columns where the first columns change
progressively to the second columns and vice versa.

A compressor having adjustzble charactenistics and regu-
Iated in an open or closed loop introduces the compressed air
through the valve 1o the first columns to provide an adjust-
able air flow for obtaining a prescribed oxygen flow to the
user. An indication may be provided when the compressor
characteristics regulated for obtaining the prescribed oxygen
flow rate are outside particular limits.

The valve may have a variable specd related o the
compressor flow variations to regulate the air pressure in the
columns in accordance with the air flow rate into the
colommns. A variable orifice in a valve in each column’s
outlet becomes constricted with decreases in the oxygen
flow rate in each columm, thereby further repulating the
oxygen pressure in such columa,

A porows plug in a closed chamber receiving the des-
orbed components releases such components slowly, with-
out pulsatile noise, to the atmosphere, The equipment
accordingly produces the desired oxygen flow rate with
minimal power consumption, minimal noise and optimal
efficiency, reliability and life span. The eguipment may be
designed to pass other components than oxygen,

In the drawings;

FIG. 1 is a schematic representation of a respiratory
support system, including a fuid fractionator, of the prior

FIG. 2 is a side elevation of a portion of the support
system shown in FIG. 1 and particularly shows a fluid
fractionator included in such support system;

FIG. 3 is a sectional view of the fractionator as taken on
a line 3--3 of FIG. 2;

FIG. 4 is a sectional view of the fluid fractionator as
izken on a line 4—4 of FIG. 3;

FIG. § is an enlarged sectional view of the fluid frac-
tionator as tzken on a line 5—3 of FIG. 4;

FIG. 6 is a top plan view, partially cut away, of a rotor
shoe included in the finid fractionator;.

FIG. 7 is a sectional view of the rotor shoe as taken on
the line 7—7 of FIG. 6;

FIG. 8 is a top plan view of a port plate inclnded in the
fluid fractionator shown in FIGS. 1-7;

FIG. 9 is a sectional view taken or the line 9—9 of FIG.
S

FIG. 10 is a schematic diagram of a closed loop system
constituting one embodiment of an invention for use with
the flvid fractionator shown in FIGS. 1-9 for regulating the
variable characteristics of a compressor and other compa-
nents to obtain a desired or prescribed rate of flow and
concentration of a particular fluid component such as oxy-
gen,
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FIG. 11 is a schematic diagram of a closed loop system
constituting another embodiment of the invention for use
with the fluid fractionator shown in FIGS. 1-9 for regulating
the variable characteristics of a compressor and other com-
ponents to obtain a desired or prescribed rate of flow and
concentration of a particular fluid component such as oxy-
gen;

FIG. 12 is a schematic diagram of an epen loop system
constituting an additional embodiment of the invention for
use with the fluid fractionator shown in FIGS, 1-9 for
controlting the variable characteristics of a compressor and
other components to obtain a desired or preseribed rate of
flow and concentration of a particular fluid component such
as oxyger;

FIG. 13 i5 a schematic sectional view of 2n orifice which
may be used in the respiratory support system of this
irvention and which provides varable characteristics in
accordance with the rate of flow of the particular fluid
component such as oxygen;

FG. 14 is an elevational view, partially in section, of
apparatus which may be included in the invention io reduce
the noise generated in the system when flnid adsorbed in the
fluid fractionator is desorbed;

FIG. 15 provides curves showing {a) the relationship
between different compressor speeds and the percentage of
concentration of oxygen in the product flow from the fluid
fractionator and (b} the relationship between different com-
piessor speeds and the flow rate of oxygen to the product
holding tank 19 in liters per minute; and

FIG. 16 is a schematic diagram showing a fluid fraction-
ator which may be considered as a conventional fluid
Tractionator of the prior art and which may be modified to
incorporate the features of this invention; and

FIG. 17 provides curves showing the relationship
between compressor flow rates and compressor discharge
pressures for a normal system of the prior art and for the
system of this invention,

FIGS. 1-9 illustrate an oxygen-concenirating systers,
generally indicated at 10, which may be used in this inven-
tion and which is disclosed in the prior art in U.S. Pat, N,
3,268,021 issued to Charles C. Hill and Theodore B. Hill on
Dec. 9, 1993, for an “Improved Fluid Fractonator” and
assigned of record 1o the assignee of record of this applica-
tion. The embodiment shown in FIGS. 1-9 of this applica-
tion corresponds to the embodiment shown in FIGS. 1-9 of
U.S. Pat. No. 5,268,02]. In the prior art system shown in
FIGS. 1-9, air is drawn from the atmospheare through an air
inlet 6 into & dust filter 11 which removes dust from the air.
The air is then compressed in a compressor 13 and the
compressed air is introduced through a conduit 14 into & heat
exchanger 15 which removes some of the heat produced
during the compression, A fan 12 may be deiven by the
compressor 13 to remove heat from the heat exchanger 15,

The compressed air then passes into the inlet port 16 of
a flud fractionator, generally indicated at 20, which is
included in this invention. The fluid fractiorator 20 includes
a prodyct tank 19. Included in the tank 19 are a plurality of
adsorber columns 18 (FIG. 3) the constrection and operation
of which will be deseribed in detail subsequently, Oxygen
(and argon) flow from the product tank 19 through an
oxygen outlet 7 in FIG. 2.

Each column 18 separates the oxygen and argon in the
compressed air from the other components in the com-
pressed air and passes some of the oxygen and argon through
an outlet port 17 (FIG. 1) to a dispensing conduit 224, The
oxygen and argon then pass through a valve 23 (which may
be mamatly controlled) to a filter 24. The filter 24 may be
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a bigh efficiency particle arrestor (HEPA). The oxygen and
argon then pass to a conduit 254 for use for one of a number
of purposes. For example, the oxygen and argon may be
introduced to a patient to increase the level of the oxygen in
the blood of the patient.

As shown in FIG. 3, the holding tank 19 contains a
claster or array of the adsorber cofuruns 18 within its
housing. The columns are preferably disposed in a closely
packed configuration. Preferably a plurality, more than two
(2), of such columns are provided in a closely packed
telationship, Twelve (12) columns are shown in FIG. 3 but
it will be appreciated that any other number may be pro-
vided. The finid fractionator 20 also includes a rotary vaive
distributor assembly generally indicated at 21 {FIG. 2), a
gear motor 22 having a drive shaft 23 and 2 two-piece
manifold 24 (FIG. 2).

Each of the colummns 18 may be in the form of a cylinder.
Each of the columns 18 contains a bed packed with adsor-
bent material 25 (FIG. 4} which is selective for a particular
molecular species of fluid or contaminant, For example,
zeolilc SA may constitute the adsorbent material 25 when
OXyger is to be separated from air. The packed bed is held
in place by a plate 26 at the bottom of the bed. A pressure-
dropping means such as a small orifice 27 extends through
the plate 26. Perforated plates 28 are disposed at the top and
bottom of the bed of the adsorbent material 25, the bottom
platc 28 being disposed between the plate 26 and the
adsorbent material 25,

A spring 29 is disposed in the column 18 above the upper
perforated plate 28 to maintain the plates 28 and the adsor-
bent material 25 in a packed relationship against the plate
26, When the adsorbent material 25 is zeolite 54, the
material adsorbs all of the components (including nitrogen)
in the compressed air and passes argen and oxygen, The
Oxygen and argon are thus able to pass through the perfo-
raied plates 28, the adsorbent material 25 and the orifice 27
in the plate 26.

The rotary valve distributor assembly 21 is affixed to the
holding tank 19 by a clamp band 30z (FIG. 4). The Totary
distributor valve assembly 21 shown in FIG. 4 includes the
two-piece manifold 31 which is ported and channeled. The
manifold 31 has a top section 32 which is ported and
channeled to teceive a stream of fluid throngh the inlet port
16 and to channel the fluid throngh an air feed passage 33
into a centrally located inlet port 34 in a ported rotor shoe 35,
Subsequently the fluid exiting the rotor shoe 35 is channeled
radially from a circular array of inlet ports 38in a port plate
39 toward each of the columns 18, ‘

The ported rotor shoe 35 is included in a rotor 41. The
rotor twrns in a circumferential ball bearing unit 42. The
rotor is driven by the gear motor 22 (FIG. 2) at a suitable
speed such as approximately two (2) revolutions per minute.
A conical disc or Belleville spring 43 urges a cover plate 44
and the rotor shoe 35 downwardly to secure the cover plaie
and the rotor shoe in position. The rotor 41 and its associated
components are enclosed within a cover 45 which is suitzbly
attached to the manifold 24.

The port plate 39 is made from a suitably hard material.
The port plate 39 is recessed into the top of the manifold 31
and is sealed and immobilized by a slot and a key. The port
plate 39 is coaxial with the exit port of an air feed channel
47 in the manifold 31. The port plate 39 has a number of
holes equally spaced from one another in a circular pattern.
This number is equal to the number of entry poris of
channels to the individual columns 18. An air inlet rotary
seal 48 is provided in the manifold 31 at a position interior
1o the port plate 39,
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The rotor shoe 35 is made from a material known in the
ari 10 be suitable for use with the hardened material of the
port plate 39. The rotor shoe 35 slides on the pert plate 39.
The Belleville spring 43 presses the rotor shoe 35 against the
port plaie 39 during such sliding movement, There are three
(3) channels in the rotor shoe 35. One is 2 pressurizing
channel or air feed channel 50 (FIGS. 4 and 5) which
originates at the central fiuid inlet port 34. The port 5¢
radiates into an arcpate slot 51 which provides a conduit
simulizneously into severat of the annularly positdoned ports
52 (FIG. 5) in the port plaie 39, As the rotor shoe 35 rotates,
each new port 52 commuricating with the forward end of the
arcuate slot 51 is pressurized by the compressed fluid. At the
same time, the port 52 at the rear end of the slot 51 is
depressurized:

In a second channel in the rotor shoe 35, an arcoaie slot
54 (FIGS. 5 and &) receives the adsorbed fiuid components
in the columns 18 which communicate with the exhaust
ports. As previously descrbed, when compressed air is the
fuid and is introduced to the columns 18, the desorbed finid
components include all of the gases in air except oxygen and
argon. The desorbed components in the columns 18 are
vented upwardly from the arcuate slot 54 through an exhaust
port 55 (FIGS. 4 and 6) in the rotor shoe cover plate 44 into
a rotor void space. The desorbed fluid then passes into the
atmosphere through an exhaust port 58.

The third chanzel in the totor shoe 35 is a cross-port
channel 60 (FIG. 6). The channel 60 serves as a conduit
between two (2) of the columns 18, these two (2) columns
being in transition between the pressurizing and desorbing
phases of a cycle. Its function is to apply equalizing pres-
sures in columns transitioning between the adsorbing pres-
sure in each cycle. The equalizing pressure provides for a
pressure drop in fluid in each column before such column
enters the desorption phase in each cycle. This prevents a
very rapid decompression in each column and thus prevents
an excessively high flow of the desorbed fluid initialty from
the columm. This enhances the concentration of the particu-
lar component such as oxygen and argon in each column,

The apparatus described above is disclosed and claimed
in U.S. Pat. No. 5,268,021 issued on Dec. 7, 1993, to Charles
C. Hill and ‘Theodore B. Hill for a “Fluid Fractionator” and
agsigned of record to the assipnee of record of this applica-
tion. It has several important advantages over the prior art.
1t provides a smoother operation than the prior art because
several of the columns 18 are receiving the flnid vnder
pressure at ary instant and several of the other columns 18
are exhausting the desorbed fluid to the atmosphere at that
instant. Thus, any transition of a column from an adsorbing
operation 10 a desorbing operation at any instant will not
produce as great a transitory polse in operation as in the pror
art since severai other columns wili be adsorbing and several
other columns will be desorbing at that instant. Furthermore,
the equalization of the pressure in the colurmns 18 in
transition will also tend to reduce transitory pulses, These
factors tend Lo enhance the efficiency in the operation of the
apparaius and to reduce the noise in the operation of the
apparais. The reduction in the noise results from the
equalization in pressure provided by the channel 64 and the
relatively large number of columns.

In spite of the advaniages discussed in the previous
paragraph, there is room for improvement in the fluid
fractionator 20 and in the system 10 including such fluid
fractionator. In that system, the positive displacement com-
pressor 13 operates at a constant maximumm speed regardless
of the flow rate and concentration of the oxygen that the
patient desires or needs. The compressor 13 arnd the motor
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driving the compressor consume 2 large amonat of power
when they operate at a maximum speed, For example, the
consumption of a home size oxygen concentrator is on the
order of approximately four thousand (4000) kilowatt-hours
per year, This amounts fo a cost in electricity ol several
hundred dollars per year. This is a significant amount of
money to most families and particularly to families of
elderly or retired patients or to patients who are unable to
work because of such ailments as asthma or emphysema.
The continuous operation of the compressor 13 at a maxi-
mum power is also disadvantageous because it limits the
operative life of the compressor and the motor driving the
COMPIESSOT.

Home oxygen concentrators generally have a capacity of
providing oxygen in a range to approximately six liters per
minute (6 LPM) of oxygen flow o the patient. The flow rate
of oxygen required by an individual patient is prescribed by
the patient’s physician. The most commeon prescription rate
is two liters per mimute (2 LPM). The prescription is
ordinarily for continuous administration twenty four hours
(24 hr.) per day year-in and year-out, As the disease of some
patients progresses to later stages, the oxygen flow rates
prescribed for some patients may be increased. When the-
flow rate prescribed is less than the maximum rate, the
reduced rate is obtained in the prior art by fhroitling the
oxygen flowing to the user (e.g. the patient).

It will be appreciated that not all of the oxygen in the
product tank 19 flows to the patient even when the oxygen
flows to the patient &t a rate of approximately six (6} liters
per minute, Bven at this flow rate, a substantial portion of the
oxygen and the argon in the product tank 19 flows to the
columns 18 which are being desorbed. This flow of oxygen
and argon facilitaies the purging of the desorbed gases in
such columns. In this way, the columns are ready to receive
the compressed air in the next cycle of operation.

As will be appreciated, oxygen and argon flow through
the columns 18 to the product tank. Oxygen constitutes
approximately twenty one percent (21%) of air and argon
constitutes approximately one percent (19%) of air. When
oxygen and argon flow through the columns 18, oxygen
comprises approximately ninety four percent (94%) of the
product in the oxygen tank. This increased concentration of
argon (approximately six percent (6%)) in the product tank
19 has no harmful effect on the patient since argon is a noble,
inert gas.

This invention provides a system for adjusting the flow
characteristics of the compressor 13 in accordance with the
product flow rate desired or prescribed. For example, when
the compressor 13 has a variable speed, the speed of the
compressor may be varied in accordance with the flow rate
desired or prescribed. A variable speed compressor drive
may take different forms including the following:

1. An altemating current (AC) induction motor with a
variable frequency/vasiable voltage supply. This may be the
preferred embodiment.

2. A direct current motor (brushless preferred).

3. A pole-changing AC induction motor for two (2) or
three (3) operating speeds.

4, A fixed speed AC motor with a continuously variable
mechanical transmission.

All of the above are considered to be within the scope of the
invention. A variable speed motor 79 for the compressor 13
is shown in FIG. 10.

A variable displacement compressor may also be consid-
ered 1o be within the scope of the invention. Such a
compressor may include the foliowing:

1. A rotary vane compressor with & variable displacement
in an adjustment in the rotor eccentricity.
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2. A variable angle swash plate drive for an axial piston
COIMpressor.

3. A piston compressor having a crank shaft drive with a
variable throw.

FIG. 10 schematically illustrates 2 system generally indi-
cated at 78 and constituting an embodiment of the invention
for regulating the desired flow rate of the oxygen to the
patient. The system shown in FIG. 10 includes the heat
exchanger 15, the compressor 13, the columns 18, ithe
orifices 27 in the columns and the product tank 19, all shown
in FIG. 1, and the rotary valve distributor assembly 21
shown in FIG. 2. The system shown in FIG. 10 also includes
a control 80 which iIs pre-set to any desired value in
accordance with the flow rate desired or prescribed for the
particular component such as oxygen. This setting may be
provided in accordance with the values indicated in 2
look-up table, The control 80 may prefersbly be a micro-
processer control.

The microprocessor control 80 may be influenced by an
indication from a temperature sensor 81 the output of which
is introduced to the control. The microprocessor control 80
may be further influenced by an indication from a pressure
sensor 82 the output of which #s introduced to the control.

The particular component such as oxygen (and argon)
flows from the product tank 19 through a line 84, A regulator
85 may be'provided in the line 84 to reduce the pressure of
the particular component (e.g. oxygen) flowing from the
product tank 19 because there may be a significant change
in the pressare of the particular component in the product
tank over the flow range which may be provided from the
compressor 13.

The particular component (e.g. oxygen) then flows
through a flow control device 86 to the patient. The flow
control device 86 may provide an additional regulation, such
as a fine control, over the rate at which the particular
component such as oxygen flows to the user such as the
patient. The rate of flow of the particular component through
the flow control device 86 is introduced to the micropro-
cessor control 80, A concentration monitor 88 may deter
mine the purity of the particular compenent such as oxygen
through the line 84 at each instant and may indicate this
determination to the microprocessor.

As will be seen, the microprocessor control 80 is regu-
lated on a closed loop basis by the temperature of the
concentrated fluid passing to the columns 18, the pressure of
such concentrated fluid, the speed of the compressor 13, the
output of the concentration monitor 88 and the rate of flow
of the particular component through the flow control device
86. Al of these inputs to the microprocessor control 80
cause the control to adjust the speed of the compressor 13 to
produce a flow of the particular fluid component to the 1ser
at the desired or prescribed rate. The valve 21 is also
adjusted to conirol the rate at which air {3 introduced into the
columns 18,

The regulated output from the control 80 may also be
introduced to a cooling systera 89 which regulates the
temperature of the compressor 13 and the heat exchanger 15,
The output from the microprocessor control 80 may also bs
introduced to the flow control device 86 to regulate the
operation of the flow control device in producing the flow of
the particular flnid component to the user at the desired or
prescribed value. The output of the control 8¢ may be
additionally introduced to the orifices 27 to regulate the size
of the orifices. This is desirable since the rate of flow of the
particolar fluid component can be regrlated by regulating
the size of the orifices. This will be described in detail
subsequently.
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The systemn shown in FIG. 10 and described above has
certain important advantages including the foliowing:

1. There is a significant reduction in power consumption
because of the reduced speed for the compressor 13 at
reduced flow rates of the particular fiuid component such as
oxygen. The reduction in the power consumption also results
from the reduced speed of the motor 79 driving the com-
pressor 13.

2. The amount of noise produced by the fluid fractionator
20 (or oxygen concentrator) is significantly reduced, This
results in part from the reduced speed of the compressor 13
and the motor 79. It also results in part from the fact that the
desorption of the adsorbed fluid components to the atmo-
sphere is initiated from a reduced pressure of the desorbed
finid components in each column 18,

3. Because of the reduced compression of the finid in the
columns 18, the temperature rise in the compressed flnid is
reduced. This provides for a reduction in the operation of the
cooling sysiem 89 and a resultant reduction in the power for
operating the cooling system,

4. A power supply can be included which operates at all
frequencies and voltages in all markets with substantially
equal effectiveness in the different markets,

5. The life of the compressor 13 is significantly increased
because the compressor is operated at a reduced speed.

6. There is reduced vibration in the system. This alse
contributes to a long life in the system.

7. The size and weight of the compressor 13 and the motor
79 can be reduced, particularly when the compressor is to be
operated at relatively low speeds. Furthermore, if and when
the compressor is to be operated at maximum speeds, it
would probably be for only relatively short periods of time.
This would allow the compressor 13 and the motor 79 to be
operated above their rated spsed without damaging the
compressor 13 or the motor 79, This is another reason why
the size and weight of the compressor 13 and the motor 79
can be considerably reduced in most instances.

8. The timing of the rotary valve distributor assembly 21
and the opening of the orifice 27 can be tailored for all fiow
rates o provide an optimal operation of the system.

9. There is a potential 10 compensate for a reduced
compressor inlet density as a result of a high ambient
temperature or a high altitude. This will be discossed in
detail subsequently.

The timing of the rotary distributor valve assembly can be
provided in various ways. One alternative is that a synchro-
nous motor can be provided with 2 variable frequency drive
as the motor 22 (not shown in FIG. 10 but shown in FIG. 11).
Other aiternatives involve the use of a stepper motor as the

~motor 22 or a DC gear motor to drive the mtary valve

distributor assembly 21, Another alternative is to provide a
pneumatic actuation with speed sensitive 10 compressor
speed. The valve timing can be controlled by # micropro-
cessor for motors responsive to a microprocessor control or
by digital/analog circuits in the controller,

Regulating the speed of the rotary distributor valve
assembly 21 in accordance with the variations in the speed”
of the compressor 13 may be desirable under certain cir-
cumstances. As the speed of the compressor 13 is decreased
while maintaining the speed of the distributor valve assem-
bly 21 constant, the pressure of the fluid in the columns 18
is decreased, This cavses the pressure of the nitrogen and the
other components adsorbed in the molecular sieves in the
columns 18 to decrease.

Ie FIG, 15, progressive speeds of the compressor are
shown on the horizontal axis and progressive concenirations
of gxygen in the fluid in the product kolding tank 19 are
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shown on the veriical axis. As will be seen a1 130 in FIG. 15,
the concentration of the oxygen in the mixture in the product
holding tank 19 remains substantially constant at a value of
approximately ninety four percent (94%) for compressor
speeds between approximately nine hundred revolutions per
minute (900 rpm) and thirteen hundred revolutions per
minute (1300 rpm). At compressor speeds progressively
below approximately nine hundred revolations per minute
(900 rpmy), the concentration of the oxygen in the mixture in
{ke product holding tank 19 becomes progressively reduced.
At compressor speeds of approximately six hundred revo-
lutjons per minute (600 rpm), the concentration of the
oxygen in the mixture in the holding tank 19 is approxi-
mately eighty eight percent (83%).

1t is desirable to maintain the concentration of the oxygen
in the mixiure in the product holding tank 19 at a value of
at least ninety percent (90%) regardless of the speed of the
compressor 13. This can be accomplished by decreasing the
rotary speed of the distributor valve assembly 21 as the
speed of the compressor 13 is decreased. By decreasing the
rotary speed of the distributor valve assembly 21, each
column 18 is provided with an increased lime (o receive air
under pressure from the compressor 13. As a result, the
pressure of the air in each column 18 increases and the
pressure of the oxygen and argon in the product holding tank
19 correspondingly increases, This inkibits nitrogen in the
columms 18 from passing into the prodnct holding tank 19,
In this way, the concentration of the oxygen in the product

holding tark 19 can be maintained at a value of at least.

ninety percent (90%) even as the flow rate of the oxygen and
nitrogen into the product holding tank decreases. FIG. 15
also shows at 132 the flow rate of the oxygen at different
compressor speeds. As will be seen, the flow rate of the
oxygen to the patient in liters per minute increases substan-
tially linearly with increased compressor speeds.

FIG. 17 illustrates at 134 the relationship between flow
rates of the fluid from the compressor 13 and the compressor
discharge pressure in psig for a normal system of the prior
art, FIG, 17 also illustrates at 136 the relationship between
flow rates of the flnid from the compressor 13 and the
compressor discharge pressure for a system which includes
certain features of applicants’ system. These include the
rotary valve distributor assembly 21 operating at variable
speeds and the valve providing a varizble orifice as shown
in FIG. 13. As shown in FIG, 17, operation of the system of
this invention is advantageous over the systems of the prior
art because it provides significantly higher compressor dis-
charge rates throughout most of the range of the compressor
flow rates.

FIG. 11 illustrates a simplified system for controlling the
rate of flow of a fluid such as oxygen to a user such as a
patient. The systern includes the cornpressor 13, the columns
18, the product tank 19, a microprocessor control 101
corresponding to the control 80 in FIG. 10, the oxygzen
concentration raomitor 88, the rotary valve distributor assem-
bly 21 and the motor 22 (not shown) for driving the valve
distributor assembly 21. The compressor 13 may be a
wobble piston compressor and the motor 22 may be a
synchronous gear motor. A flow control 90 corresponding to
the flow control 85 may be included for controlling the rate
of flow of the particular finid component such as oxygen to
a user such as a patient. The flow control 90 may be a
standard flow control or it may be electronic. A regulator
such as the regulator 85 may be included in the Jine between
the product tank 19 and the flow control device 99.

The system shown in FIG. 11 senses the rate of oxygen
flow in the monitor 88 and introduces this sensed rate to the
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microprocessor control 101. The microprocessor cantrol 101
then varies the operation of the compressor 13, the motor 22
and the flow control ™} 1o regulate the rate of flow of the
oxygen to the patient at the desired or prescribed rate. The
system shown in FIG. 11 operates on a closed loop basis to
provide the desired regulation of the oxygen fiow, As will be
seer, the system shown in FIG. ¥ does not include such
controls as the temperature sensor 81, the pressure sensor §2
and the cooling system §9.

FIG. 12 illustrates an open loop system for regulating the
rate of oxygen fiow to the patient. As will be seen, the system
shown in FIG. 12 is similar to the system shown in FIG. 11
except that it eliminates the lines from the microprocessor
control 101 1o the oxygen monitor 88, the compressor 13 and
the motor 79. In this system, the microprocessor control 101
indicates a desired flow of oxygen to the patient. The
compressor 13, the reotor 79 and the flow contro] 90 are then
set to desired values for obtaining this desired oxygen flow.
The oxygen monitor 88 is then read during the operation of
the system. On the basis of this reading, adjustments are
made manually in the compressor 13, the motor 79 and the
flow control 90 to obtain the desired or prescribed rate of
oxygen fow {0 the patient. These adjustments may be made
on the basis of a look-up table establishing individual values
for these parameters under different sets of conditions.

The systems shown in FIGS. 10, 11 and 12 may include
an indicator 100 for indicating when certain components
such as the cornpressor 13 have to be replaced. As will be
appreciated, the operation of the sysiems shown in FIGS, 10,
11 and 12 may become degraded with time as a result of a
number of factors. These include dirty filters, compressor
wear, motor wear and pneumatic leaks, The systems shown
in FIGS. 10, 11 and 12 compensate for these system deg-
radafions by increasing the compressor flow 1o maintain the
purity/concentration of the particular fiuid component such
as oxygen at the desired or prescribed flow rate. The
indicator 100 indicates when the speed or other varable
characteristics of the compressor 13 as sensed by the indi-
cator 100 exceed particelar limits for the rate of fluid flow
desired or prescribed,

As shown in FIG. 13, the crifice 27 in each column 18§
may be formed from a molded elastomeric material 110 such
as rubber. As the pressure of the particular fluid component
such as oxygen flowing through the orifice 27 decreases, the
clastomeric maferdal 110 defining the orifice 27 has a
decreased flexure. This decreases the size of the orifice 27 in
each column 18. In this way, the orifice 27 in each column
18 becomes closed with decreases in the pressure of the fluid
such as oxygen. This provides an increase in the pressure of
the fluid in the column 18, This is desirable at low rates of
oxygen fiow to the patient to maintain the oxygen-concen-
tration in the oxygen holding tank at a value of at least ninety
percent (90%). By decreasing the size of the orifice 27 at
these low flow rates, the pressure of the fluid in the columns
18 is increased. The coneentration of the oxygen holding
tank 19 is accordingly maintained at a valve of at least ninety
percent (90%).

In the embodiment shown in FIGS. 1-9, the desorbed
fluid components are passed through the chamber 57 and the
exhaust port 58 to the atmosphere. This causes a relatively,
lond noise to be produced every time that the desorbed finid
in one of the columns 18 is released to the chamber 57 and
from the chamber to the exhaust port 58. FIG. 14 shows an
arrangement for significantly reducing the noise produced
every time that the adsorbed fuid in one of the columns 18
is desorhed,

The embodiment shown in FIG. 14 includes the port plate
39, the rotor shoe 35, and the manifold 31. The manifold 31
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has & cover 111, A bearing carrier 112 is suitably attached to
the manifold cover 111 as by screws 114. A rotor shaft 116
is disposed within an opening in the bearing carrier 112 and
a bearing 217 is disposed between the bearing carrier 112
and the bearing shaft 116,

The bearing carrier 112 and the manifold cover 111 define
a chamber 118 which is enlarged relative to the embodiment
shown in FIGS. 1-7. The desorbed fluid from each column
18 passes into the chamber 118 and is retained in the
enclosure since an exhaust port corresponding to the exhaust
port 58 is not provided in the embodiment shown in FIG. 14.
Porous plugs 120 are disposed in apertures 122 in the
bearing carrier 112, Since the desorbed fluid in the chamber
118 is under some pressure, it is slowly released to the
atmosphere through the porons plags 120, .

The decrease in noise in the operation of the system

shown in FIG. 14 results from several factors. One Factor is
the increased volume of the chamber 118 relative to the
corresponding chamber 57 shown in FIG, 4. A second factor
is that the desorbed fluid in the chamber 118 is retained
within the chamber and is released slowly to the aimosphere
through the plugs 120. This is facilitated by the fact that the
desorbed fluid in the chamber 118 is not released to the
atmosphere through 2 port such as the port 58 in FIG. 4.

It will be appreciated that all of the features of this
invention can be provided in a conventional two (2} column
system of the prior art. Such a conventional two (2) colemn
system is shown in FIG. 16. It includes the compressor 13,
a distributor valve 148, a pair of the columns 18, the orifices
27, the product holding tank 19 and 2 contro] valve 150 for
controlling the rate at which the oxygen or argon flow to the
user {e.g. the patient),

It will also be appreciated that the systems constituting
this invention can be used to provide other fluids than
oxygen and to provide such fluids to users other than a
patient without departing from the scope of the invention.
For example, the system of this invention can be used to
provide fluids for industrial purposes. One use jllustratively
is to provide nitrogen to industrial orgamizations which
provide an inert atmosphere. Another illustrative use is
oxygen for welding,

The apparatus constituting this invention has several
important advantages. It provides for a controlled and
adjustable speed of the compressor 13 to adjust the rate of
flow of a finid such as oxygen to a user (¢.g. 2 patient). The
adjustable control of the compressor speed can be efther on
a closed loop basis or an open loop basis. Furthermore, an
indication can be provided as to when the compressor speed
has been adjusted out of a normal range of values to obtain
aprescribed flow of the fluid, such as oxygen to the user (e.g.
patient), at a required purity.

The apparatus of this invention also has other advantages,
As the speed of the compressor becomes reduced below a
particular value, the concentration of the oxygen tends to
become reduced below a desirable value. The apparains of
this invention provides for an adjustment in the rotary speed
of the distributor valve assernbly 21 in the flnid fractionator
20 to increase the pressure of the fluid in the columas 18 in
the flvid fractionator 20. The adjustzble orifices 27 at the
outlet of the fluid fractionator 20 also tend to close with
decreases in the pressure of the fluid in the fluid fractionator
20, thereby maintaining the pressure of the fiuid in the
columns 18 in the finid fractionator.

As the speed of the compressor 13 is decreased, the noise
generated by the compressor decreases. The noise in the
fluid fractionator 20 is also significantly decreased by pro-
viding the porous plugs 120 in the bearing casrier 112 and by
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increasing the size of the chamber 118. In this way, the
desorbed components in the chamber 118 provide 2 minimal
noise when they enter the chamber and when they leak
slowly into the atmosphere from the chamber.

Although this invention has been disclosed and illusirated
with reference to particular embodiments, the principles
involved are susceptible for use in nemerous other embodi-
ments which will be apparent to persons skilled in the art.
The invention is, therefore, to be limited only as indicated by
the scope of the appended claims.

We claim:

1. In combination for removing a first component from a
compressed fluid also having a second compoenent and for
providing for the flow of such first component to a user at a
prescribed rate,

a plurality of columns constructed to provide initially for
the introduction of the compressed fluid into such
columns and to adsorb the second component of the
compressed fluid in such colomns and to pass the first
component in such columns and constructed 1o desorb
the second component in such columns,

first means for compressing the fluid before the introduc-
tion of the compressed fluid into the columns in the
plurality,

second means for providing for the introduction of the
compressed finid into at least a first one of the columns
in the plurality on a cyclic basis to obtuin the adsorption
of the second component in such at least first one of the
columns and the passage of the first component from
such at least first one of the columns and for providing
for the passage of the compressed fluid from at Ieast a
second one of the columns in the plurality on the cyclic
basis to obtain the desorption of the second component
from such at least second one of the columns,

third means for collecting the first component passing
through the at least first one of the columns in the
plurality on the cyclic basis, and

fourth means having variable characteristics for providing
for the compression of the fiuid by the first means at a
variable rate of flow dependent upon the prescribed rate
of the first component through the at least first one of
the columns in the plurality.

2. In a combination as set forth in claim 1,

the variable characteristics of the fourth means constitut-
ing variations in speed,

the fourth means being operatively conpled to the first
means for varying the compression provided on the

~ fiuid by the first means in accordance with the varia-

tions in the speed of the fourth means,

the fourth means being operable at the variable speed to
obtain the prescribed rate of flow of the first component
through the at least first one of the columns,

the fourth means being operative to obtain the operation
of the first means at the variable speed dependent upon
the prescribed rate of flow of the first component
throngh the at least first one of the columns in the
plurality.

3. In 2 combination as set forth in claim 1,

the first means including a rotatable member with char-
acteristics variable to vary the rate of flow of the first
component through the at least first one of the columns
in the plurality, and

the fourth means being operatively coupled to the first
means for obtaining a variation in the compression of
the fluid by the first means to obtain the prescribed rate
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of flow of the first component through the at least first
one of the columns.

4. In a combination as set forth in claim 1,

means for controlling the desorption of the second com-

ponent components in the at least second one of the
columns in the plurafity.

5, In a combination as set forth in claim 1,

means for decreasing the compression of the fluid in the

at least first one of the columns in the plurality in
accordance with decreases in the rate of flow of the first
component through such at least first one of the col-
umns,

6. In combination for removing a first cormponent from a
compressed fluid alse having a second component and for
providing for the flow of such first component to a user ata
prescribed rate,

a plurality of columns wherein at least a first one of such
colomns adsorbs the second component in the com-
pressed fluid and passes the first component in the
compressed fluid and at least a second one of which
desorbs the second component previously adsorbed in
such column,

valve means for providing for the selection of the at Jeast
first one of the columns in the plurality and the at least
second one of the columns in the plurality on a cyclic
basis,

compressor means for receiving and compressing the fiuid
and for introducing the compressed fuid to the atf least
first one of the columns in the plurality in accordance
with the operation of the valve means,

first means for adjusting the operation of the compressor
means to the prescribed magnitude of flow rate for the

. passage of the first component through the at Jeast first
one of the columns i the plurality, and

‘second means for cotlecting the first component passing
through the at least first one of the columns in the
plurality. :

7. In & combination as set forth in claim 6,

third means for providing a controlled adjustment by the
first means in the compression provided by the com-

" pressor means in the fnid to adjust the rate of flow of
the first.component through the at least first one of the
columns in the plurality.

8. In a combination as set forth in claim 6,

the compressor means having variable characteristics to
adjust the compression provided by the compressor
means, and the first means including third means for
adjusting the variable characteristics of the compressor
means in accordance with the prescribed rate of flow of
the first comporent through at least the first one of the
columns in the plurality. ’

9. In a combination as set forth in claim 8,

a product tank for holding the first component after the
passage of the first component through the at least first
one of the columns in the plurality, and

means responsive to changes in the concentration of the
first componpent in the at least first one of the columns
in the plurality for adjusting the characteristics of the
valve means to maintain the concentration of the first
component in the product tank at a pasticular value.

10, In a combination as set forth in claim &,

ar least a third one of the columns in the plurality
providing for an equalization of the pressure in the at
least first one of the columns and the at least second of
the colemns when such columns are being transitioned
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on the eyclic basis between the at least first one of the
columns in the pluratity and the al least second one of
the columns in the plurality.
11. In 2 combination as set forth in claim 6, the valve
means being rotary. .
12. In a combination as set forth in claim 6,
the valve means communicating on the cyclic basis with
the at least first one of the columns in the plurality and
the at least second one of the columns in the piurality
at a rate dependent upon the rate of flow of the first
compenent through the at least first one of the columns
in the plerality to adjust the compression of the fluid in
the at least first one of the columns in the plurality.
13. In a combination as set forth in claim 6,
means for minimizing any neise in the at least second one
of the columns in the plurality during the desorption of
the second component in the at least second one of the
columns in the plurality. i
14, In combination for removing a first component from
a compressed fiuid also having a second compenent ard for
providing for the flow of such first component to a user at 2
prescribed rate,

a plurality of columns constructed to provide initially for
the introduction of compressed fluid into such columms
and to adsorb the second component in the compressed
fluid and to pass the first component in the compressed
fiid throngh such columns and constructed to desorb
the second component in such columns afier the pas-
sage of the first component through such columns,

compressor means having variable characteristics for
compressing the fluid for introduction to the columns in
the plurality,

control means for varying the characteristics of the com-
pressor means in accordance with the prescribed rate of
flow of the first component through the columns in the
plurality, and

rotary valve means for selecting at least a first one of the
columns in the plurality on a cyclic basis to provide for
the introduction of the compressed fluid into such at
least first one of the columns and for selecting at least
a second one of the columns in the plurality on the
cyclic basis to provide for the desorption of the second
component in such at Jeast second one of the columns.

15. In a combination as set forth in claim 14,

means ior varying the rotary speed of the rotary valve
means in accordance with the prescribed rate of How of
the first component through the at least first one of the
columns in the plurality.

16. In a combination as set forth in claim 15,

each individoat one of the columns in the plurality having
an orifice for passing the first component from sech
individual one of the columns, the orifice in each
individnal onme of the columns being adjustable in
accordance with the rate of flow of the first component
through such individual one of the colurmns,

17. In a combination ag set forth in claim 14,

each individnal one of the columns in the plurality having
an orifice for passing the first component from such
individual one of the colomnms, the orfice In each
individual one of the columms being adjustable in
accordance with the rate of fow of the first component
through such individual one of the cohrmas.

13. In a combination as set forth in claim 14,

the second component in each individual one of the
columns being desorbed to the atmosphere at a variable
rate, and
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means for varying the rate at which the second component
in each individual one of the columns js desorbed to the
atmosphere.

19. In a combination as set forth in claim 14,

means for boosting the pressure of the fuid in the at least:

first one of the columns in the plurality upon an
occurmence of decreases in the rate of flow from the
prescribed rate of the first component through the at
least first one of the columns in the plurality,

20. In combination for removing a first component from
a compressed fiwid also having a second component and for
providing for the flow of such first component to a user at a
prescribed rate,

a plurality of columns constructed 1o receive the com-
pressed fuid and to adsorb the second component in the
compressed fluid in such columns and to pass the first
component in the compressed fluid in such columns
and constructed to desorb the second component in
such columns after the passage of the first component
through such columns, :

valve means for selecting at least a first one of the
columns in the plurality on a eyclic basis to provide for
the introduction of the compressed fuid into such at
least first one of the columns on the cyclic hasis and the
adsorpticn of the second component in the compressed
fluid in the at least first one of the components and the
passage of the first component through such at least
first one of the columns and for selecting at least a
second one of the columns in the plurality on the cyclic
basis to provide for the desorption of the second
component from such at least second one of the col-
umns, :

first means for providing a compression of the finid
Ppassing to the at least first one of the columns in the
Pplurality in accordance with the operation of the valve
means, and

second means for varying the rate of flow of the first
component through the at least first one of the columns
independently of the operation of the valve means and
in accordance with vatiations in the prescribed rate of
flow of the first component through the at least first one
of the columns in the plurality.

21. In a combination as set forth in claim 20,

means for varying the rate on the eyclic basis, indepen-
dently of the operation of the first means, at which the
at least first one of the columns in the plurality and the
at least second one of the columns in the plurality are
selected by the valve means.

22. In a combination as set forth in claim 20,

the valve means constituting first valve means,

a plurality of second valve means each disposed in an
individual one of the columns in the plurality and each
operative in response to variations from the prescribed
rate of flow of the first component through the at least
first one of the columns in the plurality to vary the
pressure of the fluid in the at least first one of the
columns in the plurality.

23. In a combination as set forth in claim 20,

third means defining a chamber for receiving the second
component in the at least second one of the columns in
the plurality, and

fourth means included in the third means for providing a
controlled passage of the second component from the
chamber,

24. Tn a combination as set forth in claim 23,
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the third means including a cover,

the fourth means including & porous plug disposed in the
cover for providing for a controlled flow to the atmo-
sphere of the second componens in ai least the second
one of the columns in the plurality in the chamber,

25. In a combination as set forth in claim 23,

means for varying the rate on the cyclic basis, indepen-
dently of the operation of the first means, at which the
at least first one of the columns in the plurality and the
at least second one of the columns in the plurality are
selected by the valve means.

26. In a combination as set forth in claim 25,

the valve means constituting first valve means,

a plurality of second valve means each individual one of
which is disposed in an individual one of the columas
in the plurality and each individual one of which is
operative in response to the variations from the pre-
scribed rate of flow of the first component through the
at least first one of the columns in the plumality to vary
the pressure of the fluid in the at least first one of the
columns in the plerality.

27. In combination for removing a first comporent from

_a compressed fluid also having a second component and for

providing for the flow of such first component to a userat a
prescribed rate,

a plurality of colemns constructed to receive the com-
pressed fluid and to adsorb the second component in the
compressed fiuid in such colurmms and to pass the first
component in the compressed fluid through such col-
umns and constructed to desorb the second component
in such columns after the passage of the first compo-
nent through such columns, :

valve means for selecting at least a first one of the
columns in the plurality on a cyclic basis to provide for
the introduction of the compressed fluid into such at
least first one of the columns on the cyclic basis and for
selecting at least a second one of the columns in the
Dlurality on the cyclic basis to provide for the desorp-
tion of the second component in such second one of the
columns,

first means for iniroducing the compressed finid into the
at Jeast first one of the colurnns in the plurality,

second means defining a chamber for receiving the des-
orbed second component in the at least second one of
the coluuns in the plurality, and

third means for providing a controlled release to the
atmosphere of the second component in the chamber,

28. In a combination as set forth in claim 27,

the second means including a cover enclosing the valve
means and-the columns in the plurality, and

the third means including a porous plug communicating at
one end with the chamber and at an opposite end with
the atmosphere to pass the second component in the
chatnber to the atmosphere. .

29. In a combination as set forth in claim 28,

fourth means operative independently of the introduction
of the compressed fluid by the first means into the at
least first one of the columns in the plurality for varying
the rate at which the valve means selects the at least
first one of the columns in the plurality and the at least
second one of the columns in the plurality on the eyclic
basis.

30. In a combination as set forth in claim 27,

fourth means for varying the operation of the first means
in fntroducing the compressed fluid into the at least first
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one of the columes in the pleeality independently of the
operation of the valve means.

31. In a combination as set forth in claim 27,

fourth means operative independently of the introduction
of the compressed fluid by the first means into the at
least first one of the columns in the plurality for varying
the rate at which the valve means selects the at least
first one of the columns in the plarality on the cyclic
basis and the at least second one of the columns in the
plurality on the cyclic basis,

32, In a combination as set forth in claim 27,

& plurality of valves, each individual one of the valves
being disposed in an individual one of the columns in
the plurality and each individual one of the valves
having a variable orifice to pass the first component in
the at least first one of the columns through such
individual one of the valves and each individual one of
the valves being constructed to vary the orifice in such
individual one of the valves, in accordance with
changes in the rate of flow of the first component
through the orifice in such individuat one of the values,
in a direction to increase the pressure of the flnid in the
individual one of the columns in the plurality,

the valves in the plurality being different from the valve
means,
33. In combination for removing a first component from
a compressed fluid also having a second component and for
providing for the flow of such first  component to a user at a
prescribed rate,

a plurality of columns constructed to provide initially for
the introduction of the compressed fluid into such
columns and to adsorb the second component in the
compressed fivid in such columns and 1o pass the first
component through sech columns and constructed to
desorb the second component in such columns after the
passage of the first component through such columns,

first means for compressing the first and second compa-
nents of the fluid before the introduction of such
compeessed components of the fluid into the columns in
the plurality,

second means for introducing the compressed fluid into at
least a first one of the columns in the plurality on a
cyclic basis to obtain the adsorption of the second
component in the at least first one of the columns and
the passage of the first component through such at least
first one of the columns and for providing for the
desorption of the second component from an at least
second one of the columns in the plurality on the cyclic
basis, third reans for collecting the first component
passing throngh the at least first one of the columas in
the plurality on the cyclic basis,

fourth means including a cover defining a closed chamber
for receiving the second component in the at least
second one of the columns in the plurality, and

fifth means disposed in the cover for controllzbly releas-
ing 1o the atmosphere the second component in the
closed chamber.

34, In a combination as set forth in claim 33, the fifth
means including at least a first porous plug for releasing to
the atmosphere the second component in the chamber

35. In a combination as set forth in ¢laim 33,

the first component being introduced into the at least first

one of the columms in the plurality at a variable rate,
sixth means for adjusting to a prescribed rate the variable

rate at which the first component is introduced into the

at jeast first one of the columns by the second means.
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36. In a combination as set forth in claim 33,

a plurality of orifices, each individual one of the orifices
being disposed in an individual ene of the columns in
the plurality and each individual one of the orifices

5 having a variable constriction and each individual one
of the orifices being operauve 1o provide an increasing
constriction with decreases in the rate of flow of the
first component through the at least first one of the
columns in the plurality.

10 37. In 2 combination as set forth in claim 33,
means for varying the rate of flow of the first component
through the at least first one of the columns.in the
plurality, and
15  means for varying the fluid compression provided by the

first means in accordance with the variations in the rate
of flow of the first component through the at least first
one of the columns in the plurality,
38. In combination for removing a first component from
a compressed fluid also having a second component and for
providing for the flow of such first component 1o a user ata
preseribed rate,

a plurality of columns constructed to provide initially for
the introduction of the compressed fluid into such
columns and to adsorb the second component in such
columns and to pass the first component and con-
structed to desorb the second components in such
columns after the passage of the ﬁrst component
through such colamns,

first means for compressing the first and second compo-
nents of the fluid before the introduction of such
compressed components of the fluid into the columns in
the plurzlity,
second means for introducing the compressed fluid into at
kS least a first one of the columns in the plurality on a
cyclic basis to obtain the adsorption of the second
compaonent in the at least first one of the columns and
the passage of the first component through such at least
first one of the columns and for providing for the
passage to the aimosphere of the second component
from at least &4 sccond one of the columns in the |
plurality on the cyclic basis to obtain the desorption of
such second component from the at least second one of
the columns,

third means for collecting the first component passing
throvgh the at least first one of the columns in the
plerality on the cyclic basis,

fourth means for adjusting the concentration of the first
component in the at least first one of the columns in the
plurality, and

4 plurality of valves, each individual one of the valves
being disposed in an individual one of the columns in
the plurality and each individual one of the valves
having an orifice varizble in accordance with changes
in the rate of flow of the first component through the at
least first one of the columns in the plurality.

39. In a combination as set forth in claim 38,

the orifice in the individeat one of the valves in the at least
first one of the columps being constructed to become
constricted with decreases in the rate of flow of the first .
component through the at least first one of the columms
in the plerality from the prescribed rate and with
decreases in the compression of the first component in
the at least first one of the columns in the plurality to
adjust the concentration of the first component in the at
least first one of the columns,
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40. In a combination as set forth in claim 39,

the fourth means being operative to adjust the rate of fow
of the compressed fluid into the at least first one of the
columns in the plurality on the cyclic basis to adjust the
concentration of the first component in the at least first
one of the columns.

41. In a combination as set forth in claim 39,

the second means being operative to adjust the rate of flow
of the first component through the at least first one of
the columns in the plurality on the cyclic basis and the
rate of the passage to the atmosphere of the second
component from the at least second one of the colpmas
in the plurality on the cyclic basis.

42, In a combination as set forth in claim 41,

valve means operable on the cyclic basis at a variable rate
to increase the compression of the first component in
the at least first one of the colurns i the plurality in
aceordance with decreases in the rate of flow of the first
component through the individual one of the crifices in
such at least first one of the columns,

43. In combinatior for removing a first component from

a compressed fluid also having a second component and for

providing for the flow of such first component to a user at a

prescribed rate,

a plurality of colamns constructed to provide initially for
the introduction of the compressed fiuid into such
columns and to adsorb the second component in the
fluid in such columns and to pass the first component
through such columns and constructed to desorb the
second component in such columns after the passage of
the first component through such columns,

first means for providing a variable compression of the
fluid before the introduction of the compressed fluid to
the columns in the plusality, the first means having
variable characteristics of providing such compression,

second means for introducing the compressed fluid into at
least a first one of the columns in the plorality on a
cyclic basis to obtain the adsorption of the second
component in such at Ieast first one of the columns and
lo obtain the passage of the first component throngh
such at least first one of the columns and for providing
for the passage of the second component from at least
a second one of the columns in the plurality on the
cyclic basis to obtain the desorption of the second
component from the at least second one of the columns,

third means for adjusting the characteristics of the first
means to obtain a particular concentration of the first
component in the at least first one of the columns in the
plurality, and

fourth means for indicating when the characteristics of the
first means are outside of particalar limits,

44. In a combination as set forth in claim 43, fifth means

defining a closed loop with the first means and the third

means for maintaining the particular concentration of the

first component in the at least first one of the columms in the

plurality,

45. In a combination as set forth in claim 44,

a valve associated with the columns in the plurality for
comuremicating with such columas in the plurality on
the ¢yclic basis to select the at least first one of the
columons in the plurality on the cyclic basis and the at
least second one of the columns in the phurality on the
eyclic basis, and

raeans for varying the operation of the valve to adjust the
time, in accordance with the adjustments in the par-
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ticular concentration of the first component in the at

least first one of the columns in the plurality, in which

each individoal one of the colamns in the plurality

operates as the at least first one of the columns in the

plurality on the cyclic basis and as the at least second

one of the columns in the plurality on the cyclic basis.
- 46, In a combination 2s set forth in claim 45,

a plurality of valve means, each individual one of the
valve means being associated with an individual one of
the columns in the plurality for increasing the com-
pression of the fluid in such individual one of the
columnns in the plurality in response to a decrease in the
rate af flow of the first component through the at least
first one of the columns in the plurality,

the valve being different from the plurality of valve
means.

47. In combination for removing a first component from

a compressed fluid also having a second component and for
providing for the flow of such first component to a userat a
preseribed rate,

a plurality of columns wherein at least a first one of such
columns adsorbs the second comporent in the com-
pressed fluid and passes the first component in the
compressed fluid and at least a second one of such
columns desorbs the second comporent previously
adsorbed int such at least second one of the columns,

valve means for selecting the at least first ore of the
columns on a cyclic basis and the atf least second one of
the columns on a cyclic basis,

compressor means having variable characteristics for
receiving and compressing the finid in accordance with
the varialions in such characteristics and for introduc-
ing the compressed fluid to the at least first one of the
columns in the plurality in accordance with the selec-
tion of the first one of the columns by the valve means
on the cyclic basis,

first means for indicating variations in the temperature of
the fuid in the at least first ene of the ¢olumns, and

second means for varying the characteristics of the com-
Ppressor means in accordance with the vardations in the
temperature indicated by the first means to maintain the
fiow of the first component in the compressed fnid to
the user at the prescribed rate,

48. In a combination as set forth in claim 47,

third means for adjusting the Gmes for the selection of the
at least first one of the columns on the cyclic basis and
the at least second one of the columns on the cyclic
basis in accordance with the variable characteristics of
the compressor means by the second means.

49. In a combination as set forth in claim 47,

a plurality of orifices, each individual one of the orifices
being disposed in an individual one of the columns in
the plurality and being variable in size, and

thiré means for varying the size of the orifices in the
pluralily in accordance with variations in the compres-
sion of the fluid in the columns in the plorality.

30. In 3 combination as set forth in ¢laim 47,

third means for indicating the variations in the pressure of
the finid in the columns in the plurality,

the second means being responsive to the indications by
the third means of the variations in the pressure of the
fluid in the columns in the plurality for varying the
characteristics of the compressor means,

51. In a combination as set forth in claim 47,

third means associated with the columas in the plurality
for defining a chamber for receiving the second com-
ponent desorbed from the columns in the plurality, and
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fourth means included in the third means for providing a
controlled release of the sscond component in the
chamber to an atmospheric pressure.

52. In a combination as set forth in claim 47,

a plurality of orifices, each individual one of the orifices
being disposed in an individual one of the columns in
the plurality and being variable in size,

third means for varying the size of the orfices in the
plurality in accordance with variations in the operation
of the compressor means in compressing the fluid in the
columns in the plurality,

fourth means for indicating variations in the pressure of
the fluid in the columns in the plurality,

ihe second means being responsive to the indications by
the fourth means of the variations in the pressure of the
fluid in the columns.in the plurality for varying the
characteristics of the compressor means,

fifth means associated with the columss in the plurality
for defining a chamber for receiving the second com-
ponent desorbed from the columns in the plurality, and

sixth means included in the fifth means for providing a
controlled release of the second component in the
chamber to atmospheric pressure.

53. In combination for removing a first component from

a compressed fluid also having a second compoenent and for
providing for the flow of such first componerit to 2 user at a
prescribed rate,

& plurality of columns wherein at least a first one of such
columns adsorbs the second component of the com-
pressed fluid and passed the first component of the
compressed flnid through the at least first one of the
columns,

valve means for sclecting the at least first one of the
columns on a cyclic basis and the at least second one of
the colummns on the cyclic basis,

compressor means having variable characteristics for
receiving and compressing the finid in accordance with
the variations in such characteristies and for introduc-
ing the compressed fluid to the at least first one of the
columns in the plurality in accordance with the selec-
tion of the at least first one of the columns by the valve
means on the cyclic basis,

flow control means for receiving the first component
passing throngh at least the first one of the columns and
for passing the first component to the user at a particu-
lar rate dependent upon the operation of the flow
control means, and

first means responsive to variations in the rate at which the
flow control means passes the first component to the
user for varying the characteristics of the compressor
means o maintain at the perticular rate the passage of
the first component from the flow control means to the
user,

54. In a combination as set forth in claim 53,

second means for indicating variations in the temperature
of the fluid in the at least first one of the columns,

the first means being responsive to the variations in the
temperature as indicated by the second means for
adjusting the characteristics of the first means to main-
tain at the particnlar rate the passage of the first
component from the flow control means to the user,

55. In a combination as set forth in claim 53,

second means for adjusting the times for the selection of
the at least first one of the columns or the cyclic basis
and the at least second one of the columas or the cyclic
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basis in accordance with the variations in the charac-
teristics of the compressor means by the first means.
56. In a combination as set forth in claim 55,

the compressor means having a variable speed,

means for increasing the pressure of the first component
passing from the least first one of the columns in
accordance with decreases in the speed of the compres-
S0r means.

57. In a combination as set forth in claim 56,

third means for indicating variations in the temperature of
the fluid in the at least first one of the columns,

the first means being responsive to the indications by the
third means of the variations in the temperature for
adjusting the characteristics of the first means to main-
tain at the particular rate the passage of the frst
component from the flow control means to the user,

fourth means for adjusting the times for the selection of
the at least first one of the columns on the cyclic basis
and the at least second one of the columns on the cyclic
basis in accordance with the variations in the charac-
teristics of the compressor means by the first means,

58. In a combination as set forth in claim 53,

a plurality of orifices, each individual one of the orifices
being disposed in an individual one of the columns in
the plurality and being vadable in size, and

second means for varying the size of the orifices in the
plurality in accordance with variations in the compres-
sion of the fluid in the columns in the plurality.

59, In a combination as set forih in claim 53,

the compressor means having a variable speed,

means for increasing the pressure of the first component
passing from the least first one of the columns in
accordance with decreases in the speed of the compres-
SOT TNeans. '

60. In a combination as set forth in ¢claim 53,

second means associated with the columns in the plurality
for defining a chamber for receiving the second com-
ponent desorbed from the colurnns in the plurality, and

third means included in the second means for providing a
controlled release of the second componen: in the
chamber to atmospheric pressure.

61. In combination for removing a first component from

a compressed fluid also having a second ¢omponent and for
providing for the flow of such first component to a user at a
prescrived rate,

a plurality of columns wherein at least a first one of such
columns adsorbs the second component of the com-
pressed fluid and passes the first component of the
compressed fluid through the at least first one of the
columns and at least a second one of such columns
desorbs the second component previously adsorbed in
the at least first one of the columns,

valve means for selecting the at least first one of the
cclumns on a cyclic basis and the at least second one of
the columns on the cyclic basis,

COmpIessor means having variable characteristics for
teceiving and compressing the fluid in accordance with
the variations in such characteristics and for introdue-
ing the compressed fuid io the at least first one of the
columns in the plurality in accordance with the selec-
tion of the at least first one of the columns by the valve
means on the cyclic basis,

flow control means for receiving the first component
passing through the at least first one of the ¢olumms and
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for passing the first component to the user, the flow
contro} means having variable characteristics, and
first means responsive to the variations in the character-
istics of the compressor means for varying the charac-
teristics of the flow control means to maintain the

passage of the first component from the flow control -

means to the user at a particular rate.

62. In a combination as set forth in ¢laim 61,

second means for indicating variation, in the temperature
of the fluid in the at least first one of the columns, and

third means responsive to the indications of the variations
in the temperature by the second means for varying the
characteristics of the compressor mears to maintain the
passage of the first component to the user at the
particular rate.

63. In a combination as set forth in claim 62,

fourth means for indicating variations in the pressure of
the fluid in the first component in the at least first one
of the columns,

fifth means responsive to the indications of the variations
in the pressure by the second means for varying the
characteristics of the compressor means to maintain the
passage of the first component to the user at the
particular rate,

sixth means for indicating the variations in the character-
istics of the flow control means, and

the fifth means being responsive to the indication by the
sixth means of the variations in the characteristics of
the flow control means for varying the characteristics of
the compressor means to maintain the passage of the
first component from the flow control means o the user
at the particular rate. .

64, In a combination as set forth in claim 61,

second means for indicating variations in the pressure of
the fluid in the at least first one of the componens,

third means responsive to the indications of the variations
in the pressure by the second means for varying the
characteristics of the compressor means to maintain the
passage of the first component to the user at the
particular rate,

65. In a combination as set forth in claim 61,

second means for indicating the variations in the charag-
teristics of the flow control means, and

third means responsive to the indications by the second
means of the varjations in the characteristics of the flow
control means for varying the characteristics of the
COmPressor means to maintain the passage of the first
component from the flow control means to the user at
the particular rate.

66. In combination for removing a first component from

a compressed fluid also having a second component and for
providing for the flow of such first component to a user at a
prescribed rate,

a plurality of columns wherein at least a first ore of the
columns adsorbs the second component of the com-
pressed fuid and passes the first component of the
compressed floid through the at least first one of the

* columns and at least a second one of the columns
desorbs the second component previously adsorbed in
the at least first one of the columms,

valve means for selecting the at least first one of the
columns on a cyclic basis and the at least second one of
the columns on the cyclic basis,

compressor means having variable characterstics for
receiving and compressing the fluid in accordance with
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the variations in such characteristics ard for introduc-
ing the compressed fluid to the at least first one of the
columns in the plurality in accordance with the selec-
tion of the at least first one of the columnns by the valve
means on the cyclic basis,

first means having variable characteristics for cooling the
compressor means in accordance with such variable
characteristics, and

sccond means responsive to variations in the characteris-
tics of the cornpressor means for varying the charac-
teristics of the first means in cooling the compressor
means. '

67. In a combination as set forth in claim 66,

fiow control means for receiving the first component after
the passage of the first component through the at least
first one of the columns and for passing the first
component to the user, the fow control means having
variable characteristics, and

third means responsive to the variations in the character-
istics of the compressor means for varying the charac-
teristics of the flow control means to maintain the
passage of the first component from the flow control
means 10 the user at a particular rate.

68, In a combination as set forth in claim 66,

the second means including a microprocessor,

the variable characteristics of the compressor means con-
stituting changes in speed,

the variable characteristics of the cooling means consti-
tating changes in the rate at which the cooling means
cools the compressor means, :

the second means including the microprocessor being
responsive to the changes in the speed of the compres-
sor means for varying the rate ai which the cooling
means cools the compressor means,

69. In a combination as set forth in claim 68,

the valve means having varizble characterstics for vary-
ing the rate at which the valve means selects the at least
first one of the columnns on the cyclic basis and the at
least second one of the columns on the cyclic basis, and
third means including the microprocessor for varying the
characteristics of the valve means in accordance with
the variations in the speed of the compressor means.
70. In a combination as set forth in claim 68,

third means for indicating variations in the temperature of
the compressor means, and

fourth means including the microprocessor for varying the
speed of the compressor means in accordance with the
indication by the third means of the vasiations in the
temperature of the compressor means.

71, In a combination as set forth in claim 68,

third means for indicating variations in the concentration
of the first component in the at least first one of the
coluruns, and

fourth means including the microprocessor for varying the
speed of the compressor means in accordance with the
indications by the third means of the variations in the
concentration of the first comporent in the at least first
one of the colomns.

72. In a combination as set forth in claim 68,

flow conirol means for receiving the first componert after
the passage of the first component through the at least
first one of the colwmns and for passing the first
component to the user, the flow control means having
variable characteristics,
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third means responsive 1o the variations in the character-
istics of the compressor means for varying the charac-
teristics of the flow control means to maintain the
passage of the first component from the flow control
means to the user at a paricolar rate,

the valve means having variable characteristics for vary-
ing the rate at which the valve means selects the at least
first one of the columns on the cyclic basis and the at
least second one of the colamns on the cyclic basis,

fourth means including the microprocessor for varying the
characteristics of the valve means in accordance with
the varjations in the speed of the compressor means,

fifth means for indicating variations in the temperature of
the compressor means, and

26

sixth means including the micropracessor for varying the
speed of the compressor means in accordance with the
indication of variations in the temperature of the com-
pressor means,

seventh means for indicating variations in the concentra-
tion of the first component in the at least first one of the
colurans, and

eighth means including the microprocessor for varying

" the speed of the compressor means in accordance with
the indications representing the variations in the con-
centration of the first component in the at least first one
of the columns.
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FLUID FRACTIONATOR

This is a division of application Ser. No. 03/314.213
filed, now U.S. Pat. No. 5.593.478 Sep. 28, 1994,

This invention refates to apparatus for, and methods of,
purifying a fluid by periodically/cyclicaily passing a par-
ticular component in the fluid throngh a molecular sieve and
adsorbing other components in the fluid in the molecular
sicve and subsequently periodically/cyclically desorbing
such other components from the molecular sieve, The inven-
tion further relates to apparatus for, and methods of, passing
oxygen in compressed afr (and argon) for introduction to a
patient and for adsorbing nitrogen and the other components
in the compressed air and subsequently desorbing the
adsorbed components to the atmosphere. The invention
particularly relates to apparatus for providing any prescribed
rate of low of oxygen with minimal power consumpiion,
minimal noise and optimal efficiency, reliability and life
span;

Apparatus is in existence for receiving a fluid such as
compressed air, for separating the oxygen from the air and
for passing the oxygen for subseguent use as by a patient.
The apparatus also includes material in a molecular sieve for
adsorbing the pitrogen and the other components in the
compressed afr. When the oxygen separated from the com-

- pressed air has been passed, the adsorbed components in the
compressed air are desorbed by release to the atmosphere.
The apparatus can operate on a cyclic basis to continuously
provide oxygen to a user such as a patient.

‘The oxygen can be used for many pusposes. One of the
primary uses of the oxygen is for providing oxygen to
patients such as the elderly and those having asthma and
emphysema. When the apparatus is used for such patients.
the apparatus should have certain desirable characteristics. It
should be able to provide the oxygen to each patient in 2
variable delivery rate and high concentration dependent
upon the needs of the patieat. It should be able to provide
this oxygen in an efficient and reliable manner and with a
minimal power consumption, particularly since many sick
and elderly patients have only Hmited income and the
electric power cost for operating the apparatus is substantial
and significant, The apparatus should also operate guietly so
as not to be offensive to the patient and fo those around the
patient. The apparatus should also have a long operative life
without any breakdown. These parameters are particularly
important because the apparatus operates continuonsly in the
home eavironment without attendance.

The apparalus now in use fails to completely meet the
criteria specified in the previous paragraph. The apparatus
includes a compressor for introducing compressed air to
colurns which include a molecular sieve for passing oxygen
and argon and for adsorbing nitrogen and other componenls
in the compressed air and for subsequently desorbing the
adsorbed components. In the apparatus now in use, the
compressors are operated to deliver a constant maximum
flow and concentration of oxygen regardless of the flow of
oxygen prescribed for the user. The desired flow of oxygen
to the patient is then adjusted by a throtiling valve in the
product bleed line to the user. As will be appreciated. this is
inefficient if less than maximum flow capacity is needed,
particularly since the compressor and the motor driving the
compressor tequire a large amount of power.

The compressor generates a large amount of noise as it
operates. This resulls panly from the operation of the motor
and the compressor, particularly since the motor and the
compressor is driven at a fixed high speed. It also results
partly from the desorption to the atmosphere of the com-
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pressed fluid which is adsorbed in the columns. This release
occurs almost instantaneously. thereby creating a noise/
sound pulse every time that the compressed fluid in one of
the columns is released to the atmosphere.

This invention provides a system which substantially
overcomes the disadvantages in-the apparatus of the prior
art In the system of this invention, the compressor operates
at a speed. or with displacement characteristics. adjustable in
accordance with the desired rate of oxygen flow to the user
(e.g. the patient). The apparatus of this invention is also
advantagecus in that it releases the desorbed fluid to the
atmosphere at a steady and controlled rate, thereby signifi-
cantly reducing the noise generated from such refease.

In one embodiment of the invention, a rotary valve at the
inlets of a plurality of columns selects first columns op a
cyclic basis to receive compressed air, adsorb nitrogen and
other components in the compressed air and pass oxygen
and argon to a user (e.g. patient). The valve also cyclically
selects second columnas to desorb the nitrogen and the other
components in such columns and cyclically equalizes the
pressure in third columps where the first columns change
progressively to the second columns and vice versa.

A compressor having adjustable characteristics and regu-
lated in an open or closed loop introduces the compressed air
through the valve to the first columns to provide an adjust-
able air flow for obtaining a prescribed oxygen flow to the
user. An indication may be provided when the compressor
characteristics regulated for obtaining the prescribed oxygen
flow rate are outside particular lirnits.

The valve may have a vardable speed related to the
compressor flow variations to regnlate the air pressure in the
columns in accordance with the air flow rate into the
columns. A variable orifice in a valve in each colurn's
outlet becomes constricted with decreases in the oxygen
flow rate in each column. thereby further regulating the
oxygen pressure in such colump.

A porous plug in a closed chamber receiving the des-
orbed components releases such components slowly. with-
out pulsatile noise, to the atmosphere. The equipment
accordingly produces the desired oxygen flow rate with
minimal power consumption. minimal neise and optimal
efficiency, reliability and life span. The equipment may be
designed to pass other components than oxygen.

In the drawings:

FIG. 1 is a schematic representation of a respiratory
support system. including a fluid fractionator, of the prior
art;

FIG. 2 is a side elevation of a porticn of the support
systemn shown in FIG. 1 and particularly shows a fluid
fractionator included in such support system;

FIG. 3 is a sectional view of the fractionator as taken on
a line 3—3 of FIG. 2;

FIG, 4 is a sectional view of the fluid fractionator as
taken on a line 4—& of FIG. 3;

FIG. 5 is an enlarged sectional view of the finid frac-
tionator as taken on a line 5—5 of FIG. 4;

FIG. 6 is a top plan view, partiafly cut away. of a rotor
shoe inclnded in the fluid fractionator;

FIG. 7 is a sectional view of the rotor shoe as taken on
the line 7—7 of FIG. 6;

FIG. 8 is a top plan view of a port plate included in the
fluid fractionator shown in FIGS. 1-7;

FIG. 9 is a sectional view taken on the line 99 of FIG.
8;

FIQ. 10 is a schematic diagram of a closed loop system
constituting on¢ embodiment of an invention for use with
the Auvid fractionator shown in FIGS. 1-9 for regulating the
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variable characteristics of a compressor and other compo-
nents to obtain a desired or prescribed rate of flow and
concentration of a particular fluid corponent such as oxy-
gen;

FIG. 11 is 2 schematic diagram of a closed loop system
constitating another embodiment of the invention for use
with the fluid fractionator shown ir FIGS. 1-9 for repulating
the variable characteristics of a compressor and other com-
ponents to obiain a desired or prescribed rate of flow and
concentration of a particutar fluid component such as oxy-
gen; -

FIG. 12 is a schematic diagram of an open loop system
constituting an additional embodiment of the invention for
use with the fluid fractionator shown in FIGS. 1-9 for
controlling the variable characteristics of a compressor and
other components to obtain a desired or prescribed rate of
fiow and concentration of a particular fluid component such
as oxygen;

FIG. 13 is a schematic sectional view of an orifice which
may be used in the respiratory support system of this
invention and which provides variable characteristics in
accordance with the rate of fliow of the particular fluid
component such as oxygen;

FIG. 14 is an clevational view, partially in section, of
apparatus which may be included in the invention to reduce
the noise generated in the system when fluid adsorbed in the
fluid fractionator is desorbed;

FIG, 15 provides curves showing (a) the relationship
between different compressor speeds and the percentage of
concentration of oxygen in the product fiow from the fluid
fractionator and (b) the relationship between different com-
pressor speeds and the flow rate of oxygen to the product
holding tank 1% in liters per minute; and

FIG. 16 is a schematic diagram showing a fluid fraction-
ator which may be considered as a conventional fluid
fractiopator of the prior art and which may be modified to
incorporate the features of this invention; and

FIG. 17 provides curves showing the relationship
between compressor flow rates and compressor discharge
pressures for a normal system of the prior art and for the
system of this invention.

FIGS. 1-9 illustrate an oxygen-concentrating system.
genetally indicated at 19, which may be used in this inven-
tion and which is disclosed in the prior art in U.S. Pat. No.
5.268.021 issued to Charles C. Hill and Theodore B. Hill on
Dec. 9, 1993, for an “Improved Fluid Fractionator” and
assigned of record to the assignee of record of this applica-
tion. The embodiment shown in FIGS. 1-9 of this applica-
tion corresponds to the embodiment shown in FIGS. 1-9 of
U.S. Pat. No. 5.268.021. In the prior art system shown in
FIGS. 1-9, air is drawn from the atmosphere through an air
inlet 6 into a dust filter 11 which removes dust from the air.
The air is then compressed in a compressor 13 and the
compressed air is introduced through a conduit 34 into a heat
exchanger 15 which removes some of the heat produced
during the compression. A fan 12 may be driven by the
compressor 13 to remove heat from the heat exchanger 15,

The compressed air then passes into the inlet port 16 of
a fluid fractionator, generally indicated at 20, which is
included in this invention. The fluid fractionator 20 includes
a product tank 19, Included in the tank 19 are a plurality of
adsorber columns 18 (FIG. 3) the construction 2nd operation
of which will be described in detail subsequently. Oxygen
(and argen) flow from the product tank 19 through an
oxygen outlet 7 in FIG. 2.

Each column 18 separates the oxygen and argon in the
compressed air from the other components in the com-
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pressed air and passes some of the oxygen and argon through
an outlet port 17 (FIG. 1) to a dispensing conduit 224. The
oxygen and argon ther pass through a valve 23 (which may
be manually controlled) to a filter 24, The filter 24 may be
a high efficiency particle arrestor (HEPA). The oxygen and
argon then pass to a conduit 28« for use for one of 2 number
of purposes. For exampie. the oxygen and argon may be
introduced to a patient to increase the level of the oxygen in
the blood of the patient.

As shown in FIG. 3, the holding tank 19 contains a
cluster or array of the adsorber columns 18 within Its
housing. The columns are preferably disposed in a closely
packed configuration. Preferably a plurality, more than two
(2). of such columns are provided in a closely packed
relationship. Twelve (12) columnns are shown in FIG. 3 but
it wili be appreciated that any other number may be pro-
vided. The fluid fractionator 20 also includes a rotary valve
distributor assembly generally indicated at 21 (FIG. 2), a
gear motor 22 having a drive shaft 23 and a two-piece
manifold 24 (FIG. 2).

Each of the columns 18 may be in the form of a cylinder.
Each of the columns 18 contains & bed packed with adsor-
bent material 25 (FIG. 4) which is selective for a particular
molecular species of fluid or contaminant. For example.
zeolite SA may constitute the adsorbent material 25 when
oxygen is to be separated from aiv, The packed bed is held
in place by a plate 26 at the bottom of the bed. A pressure-
dropping means such as a small orifice 27 extends through
the plate 26. Perforated plates 28 are disposed at the top and
bottom of the bed of the absorbent material 25, the bottom
plate 28 being disposed between the plate 26 and the
adsorbent material 25.

A spring 29 is disposed in the column 18 above the upper
perforated plate 28 to maintain the plates 28 and the adsor-
bent material 25 in a packed relationship against the plate
26. When the adsorbent material 25 is zeolite 5A. the
material adsorbs all of the components (including nitrogen)
in the compressed air and passes argon and oxygen. The
oxygen and argon are thus abie to pass through the perfo-
rated plates 28, the adsorbent material 25 and the orifice 27
in the plate 26.

The rotary valve distributor assembly 21 is affixed to the
holding tank 19 by a clamp band 30g (FIG. 4). The rotary
distributor valve assembly 21 shown in FIG. 4 includes the
two-picce manifold 31 which is ported and channcled. The
manifold 31 has a top section 32 which is ported and
channeled to receive a stream of fluid through the inlet port
16 and to channel the fluid through an air feed passage 33
into a centrally located inlet port 3 in a ported rotor shoe 35.
Subsequently the fluid exiting the rotor shoe 35 is chanoeled
radially from a circular array of inlet ports 38 in a port plate
39 toward each of the columns 18.

The ported rotor shoe 35 is included in a rotor 41. The
rotor turas in a circwmferential ball bearing unit 42, The
votor is driver by the gear motor 22 (FIG. 2) at a suitable
speed such as approximately two (2) revolutions per minute.
A conical disc or Belleville spring 43 urges a cover plate 44
ard the rotor shoe 35 dowawardly to secare the cover plate
and the rotor shoe in position. The rotor 41 and its associated
components are enclosed within a cover 45 which is suitably
attached to the manifold 24.

The port plate 3% is made from a suitably hard material.
The port plate 39 is recessed into the top of the manifold 31
and is sealed and immobilized by a slot and a key, The port
plate 39 is coaxial with the exit port of ap air feed chanpel
47 in the manifold 31. The port plate 39 has a pumber of
holes equally spaced from one another in a circnlar pattern.
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This number is equal to the number of entry ports of
channels to the individual columns 18. An air inlet rotary
seal 48 is provided in the manifold 31 at a position interior
to the port plate 39,

The rotor shoe 35 is made from a2 material known in the
art to be suitable for use with the hardened material of the
port plate 39. The rotor shoc 35 slides on the port plate 39,
The Belleville spring 43 presses the rotor shoe 38 against the
port plate 39 during such sliding movement. There are three
(3) channels in the rotor shoe 35. One is a pressurizing
channel or air feed channe] 50 (FIGS. 4 and 5) which
originates at the central fluid inlet port 34. The port S0
radiates into an arcuate slot 51 which provides a conduit
simultancously into several of the annularly positioned ports
52 (F1G. §) in the port plate 39. As the rotor shoe 35 rotates,
cach new port 52 communicating with the forward end of the
arcuate slot 51 is pressurized by the compressed fluid. At the
same time, the port 52 at the rear end of the slot §1 is
depressurized.

In 2 second channe] in the yotor shoe 35, an arcuate slot
54 (FIGS. 5 and 6) receives the adsorbed fluid components
in the columns 18 which communicate with the exhaust
ports. As previously described, when compressed air is the
fluid and is introduced to the colymns 18, the desorbed fluid
componcnts include all of the gases in air except oxygen and
argon. The desorbed components in the columns 18 are
vented upwardly from the arcuate slot 54 through an exhaust
port 55 (FIGS. 4 and &) in the rotor shoe cover plate 44 into
a rotor void space. The desorbed fluid then passes into the
atmosphere through an exhaust port 58.

The third channel in the rotor shoe 3§ is a cross-port
channel 60 (FIG. 6). The channel 60 serves as a conduit
between two (2) of the columns 18, these two (2) columns
being in transition between the pressurizing and desorbing
phases of a cycle. Its function is to apply equalizing pres-
sures in colurmns transitioning between the adsorbing pres-
sure in each cycle. The equalizing pressure provides for a
pressure drop in fluid in each column before such column
enters the desorption phase in each cycle. This prevents a
very rapid decompression in each column and thus prevents
an excessively high flow of the desorbed fuid initially from
the colummn. This enhances the concentration of the particu-
lar component such as oxygen and argon in each column.

The apparatus described above is disclosed and claimed
in U.S. Pat. No, 5.268.021 issued or Dec. 7. 1993, to Charles
C. Hill and Theodore B. Hill for 2 “Fluid Fractionator™ and
assigned of record to the assignee of record of this applica-
tion. It has several important advantages over the prior arl.
It provides a smoother opesation than the prior art because
several of the columns 1B are receiving the fluid under
pEessure at any instant and several of the other columns 18
are exhausting the desorbed fluid to the atmosphere at that
instant. Thus, any transition of a column from an adsorbing
operation to a desorbing operation at any instant will not
produce as great a ransitory pulse in operation as in the pricr
art since several other columns will be adsorbing and several
other columns will be desorbing at that instant. Furthermore,
the equalization of the pressure in the columns 18 in
transition will also tend to reduce transitory pulses. These
factors tend to enhance the efficiency in the operation of the
apparatus and to reduce the noise in the operation of the
apparatus. The reduction in the noise results from the
equalization in pressure provided by the channel 60 and the
relatively large number of columns.

In spite of the advantages discussed in the previous
paragraph, there is room for improvement in the fluid
fractionator 20 and in the system 10 including such fluid
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fractionator. In that system, the positive displacement com-
pressor 13 operates at a constant maximum speed regardless
of the flow rate and concentration of the oxygen that the
patient desires or needs. The compressor 13 and the motor
driving the compressor consume a large amount of power
when they operate at a maximum speed. For example, the
consumption of a home size oxygen concentralor is on the
order of approximately four thousand (4000} kilowatt-hours
per year. This amounts to a cost in electricity of several
hundred dollars per year. This is a significant amount of
money to most families and particularly to families of
elderly or retired patients or to patients who are unable to
work because of such ailments as asthma or emphysema.
The continuous operation of the compressor 13 at a maxi-
mum power is also disadvantageous because it limits the
operative life of the compressor and the motor driving the
COMIPIESSOL.

Home oxygen concentrators generally have a capacity of
providing oxygen in a range to approximately six liters per
minute (6 LFPM) of oxygen flow to the patient. The flow rate
of oxygen required by an individual patient is prescribed by
the patient’s physician. The most common preseription rate
is two liters per minute (2 LPM). The prescription is
ordinarily for continuous administration twenty four hours
(24 hr.) per day year-in and year-out. As the disease of some
patients progresses to later stages. the oxygen flow rates
prescribed for some patients may be increased. When the
flow rate prescribed is less than the maximum rate, the
reduced rate is obtained in the prior art by threttling the
oxygen flowing to the user (e.g. the patient).

It will be appreciated that not all of the oxygen in the
product tank 19 flows to the patient even when the oxygen
flows to the patient at a rate of approximately six (6) Liters
per minute. Even at this flow rate, a substantial portion of the
oxygen and the argon in the product tank 19 flows to the
columns 18 which are being desorbed. This flow of oxygen
and argon facflitates the purging of the desorbed gases in
such columns, In this way, the columns are ready to receive
the compressed air in the next cycle of operation.

As will be appreciated, oxygen and argon flow threugh
the columns 18 to the product tank. Oxygen constitutes
approximately twenty one percent (21%) of air and argon
constitutes approximately one percent (1%) of air. When
oxygen and argon flow through the columns 18. oxygen
comprises approximately ninety four percent (94%) of the
product in the oxygen tank. This increased concentration of
argon (approximately six percent (6%)) in the product tank
19 has no harmful effect on the patient since argon is a noble.
inert gas.

This invention provides a system for adjusting the flow
characteristics of the compressor 13 in accordance with the
product flow rate desired or prescribed. For example. when
the compressor 13 has a variable speed. the speed of the
compressor may be varied in accordance with the flow rate
desired or prescribed. A variable speed compressor drive
may take different forms including the following:

1. An aliernating current (AC) induction motor with a

variable frequency/variable voltage supply.
‘This may be the prefenred embodiment.
2. A direct cerent motor (brushless preferred).
3. A pole-changing AC indnction motor for two (2) or
three (3) operating speeds.
4. A fixed speed AC motor with a continuously variable
mechanical transmission.
All of the above are considersd to be within the scope of the
invention. A variable speed motor 79 for the compressor 13
is shown in FIG. 10.
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A variable displacement compressor may also be consid-
ered to be within the scope of the invention. Such a
compressor may include the following:

1. A rotary vane compressor with a variable displacement

in arn adjustment in the rotor eccentricity.

2. A variable angle swash plate drive for an axial piston

COMPpIEssor.

3. A piston compressor having a crank shaft drive with a

variable throw, )

FIG. 10 schematically illustrates a system generally indi-
cated at 78 and constituting an embodiment of the invention
for regulating the desired flow rate of the oxygen to the
patient. The system shown in FIG. 10 inciudes the heat
exchanger 15, the compressor 13, the columns 18, the
orifices 27 inthe columns and the product tank 19, all showsn
in FIG, 1, and the rotary valve distributor assembly 21
shown in FIG. 2. The system shown in FIG. 19 also includes
a conirol 80 which is pre-set to any desired valve in
accordance with the fiow rate desired or prescribed for the
particnlar component such as oxygen. This setting may be
provided in accordance with the values indicated in a
look-up table. The control 80 may preferably be a miao-
processor control.

The microprocessor control 8¢ may be influenced by an
indication from a temperature sensor 81 the output of which
is introduced 10 the cobntrol. The microprocessor control 80
may be further influenced by an indication from a pressure
sensor 82 the output of which is introduced to the control.

The particular component such as oxygen (and argon)
flows from the product tank 19 through a line 84. A regulator
85 may be provided in the line 84 to reduce the pressure of
the particular component (e.g. oxygen) flowing from the
product tank 19 because there may be a significant change
in the pressure of the particular component in the product
tank over the flow range which may be provided from the
compressor 13. .

The particular component (¢.g. oxygen) then flows
through a flow control device 86 to the patient. The flow
control device 86 may provide an additional regulation. such
as a fine control, over the rate at which the particular
comporcnt such as oxygen flows to the user such as the
patient. The rate of flow of the particular component through
the flow contro! device 86 is introduced to the micropro-
cessor control 80, A concentration monitor 88 may deter-
mine the purity of the particular component such as oxygen
through the line 84 at cach instant and may indicate this
determination to the microprocessor.

As will be seen. the microprocessor control 80 is regu-
tated on a closed loop basis by the temperature of the
concentrated fluid passing to the columns 18, the pressure of
such concentrated fluid, the speed of the compressor 13. the
output of the concentration monitor 88 and the rate of flow
of the particular component through the flow control device
86. All of these inputs to the microprocessor control 80
cause the control to adjust the speed of the compressor 13 to
produce a flow of the particular fluid component to the user
at the desired or prescribed rate. The valve 21 is also
adjusted to control the rate at which air is introduced into the
columns 18.

The regulated output from the control 80 may also be
introduced to a cooling system 8% which regulates the
temperature of the compressor 13 and the heat exchanger 15,
The output from the microprocessor control 30 may also be
introduced to the flow conirel device 86 to regulate the
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the particular fluid component to the user at the desired or
prescribed vaiue. The output of the control 80 may be
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additionally introduced to the orifices 27 to regulate the size
of the orifices. This is desirable since the rate of flow of the
particular fluid component can be regulated by regulating
the size of the orifices. This will be described in detail
subsequently.

The system shown in FIG. 10 and described above has
certain important advantages including the following:

1. There is a significant reduction in power consumption
because of the reduced speed for the compressor 13 at
reduced flow rates of the particular fluid component
such as oxygen. The reduction in the power consump-
tion also resnlts from the reduced speed of the motor 79
driving the compressor 13.

2, The amount of noise produced by the fluid fractionator
20 {or oxygen concentrator) is significantly reduced.
This resalts in part from the reduced speed of the
compressor 13 and the motor 79. It also results in part
from the fact that the desorption of the adsorbed fluid
components to the atmosphere is imitiated from a
reduced pressure of the desorbed fiuid comporents in
cach column 18.

3. Because of the reduced compression of the fluid in the
columns 18, the temperature rise in the compressed
fuid is reduced. This provides for a reduction in the
operation of the cooling system 39 and a resuftant
reduction in the power for operating the cooling sys-
tem.

4. A power supply can be included which operates at ail
frequencies and voltages in all markets with substan-
tially equal effectiveness in the different markets.

5. The life of the compressor 13 is significantly increased
because the compressor is operated at a reduced speed.

6. There is reduced vibration in the system.

This also contributes to a long life in the system.

7. The size and weight of the compressor 13 and the motor
7% can be reduced, particularly when the compressor is
to be operated at relatively low speeds. Furthexmore, if
and when the compressor is to be operated at maximum
speeds, it would probably be for only relatively short
periods of time, This would allow the compressor 13
and the motor 79 to be operated above their rated speed
without damaging the compressor I3 or the motor 79,
This is another reason why the size and weight of the
compressor 13 and the motor 79 can be considerably
reduced in most instances.

8. The timing of the rotary valve distributor assembly 21
and the opening of the orifice 27 can be tailored for all
flow rates to provide an optimal operation of the
system.

9. There is a potential to compensate for a reduced
compressor inlet density as a result of a high ambient
temperature or a high altitude. This will be discussed in
detail subsequenily.

The timing of the rotary distributor valve assembly 21 can
be provided in various ways. Onc alternative is that a
synchronous motor can be provided with a variable fre-
quency drive as the motor 22 (not shown ir FIG, 10 but
shown in FIG. 11). Other alterpatives invelve the use of a
stepper motor as the motor 22 or a DC gear motor to drive
the rotary valve distributor assembly 21. Another alternative
is to provide a pneumatic actuation with speed sensitive to
compressor speed. The valve timing can be controlled by a
microprocessor for motors responsive to a microprocessor
control or by digital/analog circuits in the controlier.

Regulating the speed of the votary distributor valve
assembly 21 in accordance with the variations in the speed
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of the compressor 13 may be desirable under ceriain cir-
cumstances. As the speed of the compressor 13 is decreased
while maintaining the speed of the distributor valve assem-
bly 21 constant, the pressure of the fluid in the columns I8
is decreased. This causes the pressure of the pitrogen and the
other components adsorbed in the molecular sicves in the
columns 18 to decrease.

In FIG. 15. progressive speeds of the compressor are
shown on the horizontal axis and progressive concentrations
of oxygen in the fluid in the product holding tank 19 are
shown on the vertical axis, As will be seen at 130 in FIG. 15,
the concentration of the oxygen in the mixture in the product
holding tank 19 remains substantially constant at a value of
approximately ninety four percent (94%) for compressor
speeds between approximately nine hundred revolations per
minute (900 rpm) and thirteen hundred revolutions per
minute (1300 spm). At compressor speeds . progressively
‘below approximately nine hundred revolutions per minute
(900 rpm), the concentration of the oxygen in the mixture in
the product holding tank 19 becomes progressively reduced.
At compressor speeds of approximately six hundred revo-
lutions per minute (600 1pm). the conceatration of the
oxygen in the mixture in the holding tank 19 is approxi-
mately eighty eight percent (88%).

It is desirable to maintain the concentration of the oxygen
in the mixture in the product holding tank 19 at a value of
at least ninety percent (90%) regardiess of the speed of the
compressor 13, This ¢an be accomplished by decreasing the
rotary speed of the distributor valve assembly 21 as the
speed of the compresscr 13 is decreased. By decreasing the
rotary speed of the distributor valve assembly 21. each
column 18 is provided with an increased time to receive air
under pressure from the compressor 13, As a result, the
pressure of the air in each column 18 increases and the
pressure of the oxygen and argon in the product helding tank

19 correspondingly increases. This inhibits nitroger in the

columns 18 from passing into the product holding tank 19.
In this way, the concentration of the oxygen in the product
holding tank 19 can be maintained at a value of at least
ninety percent (50%) even as the flow rate of the oxygen and
nitrogen into the product holding tank decreases. FIG. 15
also shows at 132 the flow rate of the oxygen at different
compressor speeds. As will be seen, the flow rate of the
oxygen to the patient in liters per minute increases substan-
tially lineatly with increased compressor speeds.

FIG. 17 illustrates at 134 the relationship between flow
rates of the fluid from the compressor 13 and the compressor
discharge pressure in psig for a normal system of the prior
art. FIG. 17 also illustrates at 136 the relationship between
flow rates of the fluid from the compressor 13 and the
compressor discharge pressure for a system which includes
certaip features of applicants’ system These include the
rotary valve distributor assembly 21 operating at variable
speeds and the valve providing a varjable oxifice as shown
in FIG. 13. As shown in FIG. 17, operation of the system of
this invention is advantageous over the systems of the prior
art because it provides significantly higher compressor dis-
charge rates throughout most of the range of the compressor
flow rates. ‘

FIG. 11 ilustrates a simplified system for controlling the
rate of flow of a fluid such as oXygen to a user such as a
patient. The system includes the compressor 13. the columns
18, the product tank 19, a microprocessor control 191
corresponding to the control 89 in FIG. 19, the oxygen
concentration monitor 88, the rotary valve distributor assemn-
bly 21 and the motor 22 (not shown) for driving the valve
distributor assembly 21. The compressor 13 may be a
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wobble piston compressor and the motor 22 may be a
synchronous gear motor. A flow control 99 corresponding to
the flow control 85 may be included for controlling the rate
of flow of the particular fluid component such as oxygen to
a user such as a patient, The flow control 9 may be a
standard flow coatrol or it may be electropic. A regulator
such as the regulator 85 may be included in the line between
the product tank 19 and the flow control device 90.

The system shown in FIG. 11 senses the rate of oxygen
flow in the monitor B8 and introduces this sensed rate to the
microprocessor control 101, The microprocessor control 101
then varies the operation of the compressor 13, the motor 22
and the flow control 90 to regulate the rate of flow of the
oxygen to the patient at the desired or prescribed rate. The
system shown in FIG. 11 operates on a closed loop basis to
provide the desired regulation of the oxygen flow. As will be
seen, the system shown in FEG. 11 does not include such
controls as the temperature sensor 81, the pressure sensor 82
and the cooling syst=m 89 )

FIG. 12 illustrates an open loop system for regulating the
rate of oxygen flow to the patient, As will be seen, the system
shown in FIG. 12 is similar to the system shown in FIG. 11
except that it climinates the lines from the microprocessor
control 161 fo the oxygen monitor 88, the compressor 13 and
the moter 79. Ii this system, the microprocessor control 101
indicates a desired flow of oxygen to the patient. The
compressor 13, the motor 79 and the fow control 90 are then
set to desired values for obtaining this desired oxygen fiow.
The oxygen monitor 88 is then read during the operation of
the system. On the basis of this reading. adjustments are
made manvally in the compressor 13, the motor 79 and the
flow control 96 to obtain the desired or prescribed rate of
oxygen flow to the patient, These adjustments may be made
on the basis of a look-up table establishing individual values
for these parameters under different sets of conditions.

The systems shown in FIGS. 10, 11 and 12 may include
an indicator 100 for indicating when certain components
such as the compressor 13 have to be replaced. As will be
appreciated, the operation of the systems shown in FIGS. 19,
11 and 12 may become degraded with time as a result of a
aumber of factors, These include dirty filters, compressor
wear, motor wear and preumatic leaks. The systems shown
in FIGS. 10, 11 and 12 compensate for these system deg-
radations by increasing the compressor flow to majntain the
purity/concentration of the particular fluid component such
as oxygen at the desired or prescribed flow rate. The
indicator 100 indicates when the speed or other variable
characteristics of the compressor 13 as sensed by the indi-
cator 100 exceed particular limits for the rate of fluid flow
desired or prescribed.

As shown in FIG. 13, the arifice 27 in each colurn 18
may be formed from a molded elastomeric material 110 such
as rubber. As the pressure of the particular fluid componcnt
such as oxygen flowing through the orifice 27 decreases, the
clastomeric material 110 defining the orifice 27 has a
decreased flexure. This decreases the size of the orifice 27 in
each colaumn 18. In this way. the orifice 27 in each column
18 becomes closed with decreases in the pressure of the fluid
such as oxygen. This provides an increase in the pressure of
the fluid in the column 18, This is desirable at low sates of
oxygen flow to the patient to maintain the oxygen concen-
tration in the oxygen holding tank at a value of at least nincty
percent {90%). By decreasing the size of the orifice 27 at
these low flow rates. the pressure of the fluid in the columns
18 is increased. The conceatration of the oxygen holding
tank 19 is accordingly maintained at a valve of at least ninety
percent (90%).
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In the embodimeat shown in FIGS. 1-9, the desorbed
fluid components are passed through the chamber 57 and the
exhaust port 58 to the atmosphere. This causes a relatively
loud noise 1o be produced every time that the desorbed fluid
in one of the columns I8 is released to the chamber 57 and
from the chamber to the exhaust port 58. FIG. 14 shows an
arrangement for significantly reducing the noise produced
every time that the adsorbed fluid in one of the columns 18
is desorbed.

The embodiment shown in FIG. 14 includes the poxrt plate
39, the rotor shoe 35. and the manifold 31. The manifold 31
has a cover 111. A bearing carrier 112 is suitably attached to
the manifold cover 111 as by screws 4. A rotor shaft 116
is disposed within an opening in the bearing carrier 112 and
a bearing 117 is disposed between the bearing carrier 112
and the bearing shaft 116.

The bearing carrier 112 and the manifold cover 111 define
a chamber 118 which is enlarged relative to the embodiment
shown in FIGS. 1-7. The desorbed fluid from each column
18 passes into the chamber 118 and is retained in the
enclosure since an exhaust port corresponding to the exhaust
port 58 is not provided in the embodiment shown ir FIG. 12.
Porous plugs 120 are disposed in apertures 122 in the
bearing carrier 112, Since the desorbed fluid in the chamber
118 is under some pressare. it is slowly released to the
atmosphere through the porous plugs 120,

The decrease in noise in the operation of the system
shown in FIG. 14 results from several factors. One factor is
the increased volume of the chamber 118 relative to the
comresponding chamber 57 shown in FIG. 4. A second factor
is that the desorbed fluid in the chamber 118 is retained
within the chamber and is released slowly to the atmosphere
through the plugs 120, This is facilitated by the fact that the
desorbed fluid in the chamber 18 is not released to the
atmosphere through a port such as the port 58 in FIG. 4.

It will be appreciated that all of the features of this
invention can be provided in a conventional two (2) column
system of the prior art. Such a conventional two (2) column
system is shown in FIG. 16. It inclades the compressor 13.
a distributor valve assembly 21. the pair of the columns 18,
the orifices 27, the product holding tank 19 and a control
valve 150 for controlling the rate at which the oxygen or
argon flow to the user (e.g. the patient).

It will also be appreciated that the systems constituting
this invention can be used to provide other fluids than
oxygen and to provide such fluids to users other than a
patient without departing from the scope of the invention.
For example, the system of this invention can be used to
provide plural fluids for industrial puipases. One wse illus-
tratively is to provide nitrogen to industrial organizations
which provide an inert atinosphere. Another illustrative use
is oxygen for welding.

The apparatus constituting this invention has several
important advantages. It provides for a controlled and
adjustable speed of the compressor 13 to adjust the rate of
flow of a fluid such as oxygea to a user (e.g. a paticnt). The
adjustable control of the compressor speed cae be either on
a closed loop basis or an open loop basis. Furthermore, an
indication can be provided as to when the compressor speed
has been adjusted cut of a normal range of values to obtain
aprescribed flow of the fluid, such as oxygen to the user {e.g.
patient), at a required purity,

‘The apparatus of this invention also has other advantages.
As the speed of the compressor becomes reduced below a
particular value, the concentration of the oxygen tends to
become reduced below a desirable value, The apparatus of
this invention provides for an adjusiment in the rotary speed

10

20

30

435

55

[5]

12

of the distributor valve assembly 21 in the fuid fractionator
20 to increasc the pressure of the fluid I the columas I8 in
the fluid fractionator 20. The adjustable orifices 27 at the
outlet of the finid fractionator 20 also tend to close with
decreases in the pressure of the fluid in the fluid fractionator
20. thereby maintaining the pressure of the fluid in the
columns 18 in the fiuid fractionator. .
As the speed of the compressor 13 is decreased, the noise
generated by the compressor decreases. The noise in the
fluid fractionator 20 is also significantly decreased by pro-
viding the porous plugs 120 in the bearing carrier 112 and by
increasing the size of the chamber 118. In this way, the
desorbed components in the chamber 118 provide a minimal
noise when they enter the chamber and when they leak
slowly into the atmosphere from the chamber.
Although this invention has been disclosed and iBustzated
with refercnce to particular embodiments, the principles
involved are susceptible for use in numerous other cmbodi-
ments which will be apparent to persons skilled in the art,
The invention is, therefore, to be limited only as indicated by
the scope of the appended claims.
We claim:
1. In a method of receiving a first component from a
compressed fluid also having a second component and of
providing for the flow of such first component to 2 user at a
prescribed rate, the steps of:
providing a plurdlity of columns, more than two (2),
constructed to pass the first component through the
columns and to adsorb the second component in the
columps and to desorb the second cornponent in the
columns after the passage of the first component
through the columns,
sequentially selecting at least first ones of the columns on
a cyclic basis to pass the first component in such at least
first ones of such columns and edsorb the second
component in the at least first ones of the columns on
a cyclic basis and simmltancously selecting at least
sccond ones of the columns on the cyclic basis 1o
desorb the second component in the at least second
ones of the columns on the cyclic basis,
compressing the fluid before the introduction of the fluid
to the at least first ones of the columns on the cyclic
basis, and ’

varying the compression of the fluid before the infroduc-
tion of the compressed fluid to the at least first ones of
the columns to maintaie the flow of such first compo-
nent to the user at the prescribed rate,

2. In a method as set forth in claim 1, the steps of:

providing 2 flow coatrol of the first component after the

passage of the first component through the at Ieast first
ones of the columns on the cyclic basis and before the
passage of the first component to the user,

indicating variations in the rate of flow of the first

component through the flow control,

varying the compression of the fluid in accordance with

the indications of the variations in the rate of low of the
first component through the flow control, before the
introduction of the compressed fluid to the at least first
ones of the columns on the cyclic basis. 1o maintain the
flow of the first component to the user at the prescribed
rate.

3. In a method of receiving a first component from a
compressed fluid also having a second component and of
providing for the flow of such first component to a user at a -
prescribed rate, the steps of:

providing a plurality of columns constructed to pass the

first component through the columns and to adsorb the
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second component in the columns and to desorb the
second component in the columns after the passage of
the first component through the columns,

selecting at least a first one of the columns to pass the first

component in such at least first one of the columns and
adsorb the second component in the at least first one of
the columns on a cyclic basis and selecting at least a
second one of the columns to desorb the second com-
ponent in the at jeast second one of the columns on the
cyclic basis,

compressing the fluid before the introduction of the fluid

to the at least first one of the columns on the cyclic
basis.

varying the compression of the fluid before the introduc-

tion of the compressed fluid to the at least first one of
the columns to maintain the flow of such first compo-
nent to the user at the prescribed rate.

indicating variations in the temperature of the fluid in the

at least first one of the columns, and

varying the compression of the fiuid in accordance with

the indications of the variations in the temperature of
the fluid in the at least first one of the columns, before
the introduction of the compressed fluid to the at feast
first one of the columns on the cyclic basis. to maintain
the flow of such first component to the user at the
prescaibed rate.

4. In a method of receiving a first component from a
compressed fluid also having a second component and of
providing for the flow of such first component to a user at a
prescribed rate, the steps of:

providing a plurality of columns constructed to pass the

first component through the columns and to adsorb the
second -component in the columns and to desorb the
second component in the columns after the passage of
the first component through the columns,

selecting at least a first one of the columns 1o pass the first

component in such at least first one of the columns apd
adsotd the second component in the at least first one of
the columns on a cyclic basis and sclecting at least a
second one of the columns to deserh the second com-
ponent in the at least second one of the columns on the
cyclic basis, )

compressing the fluid before the introduction of the fluid

to the at least first one of the columas on the cychic
basis.
varying the compression of the fluid before the introduc-
tion of the cormpressed fluid to the at least first one of
the columns to maintain the fiow of such first compo-
nent to the user at the prescribed rate, .

indicating variations in the pressure of the fluid in the at
least first one of the columns and

varying the compression of the fluid in accordance with

the indications of the variations in the pressure of the
fluid in the at least the first one of the columns, before
the introduction of the compressed fluid to the at least
first one of the columns on the cyelic basis, to maintain
the flow of such first component to the user at the
prescribed rate.

§. In a method of receiving a first component from a
compressed fluid also having a second component and of
providing for the flow of such first component to a user at a
prescribed rate. the steps of:

providing a plurality of columns corstructed to pass the

first component through the columns and to adsorb the
second component in the columns and 1o desarb the
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second component in the columns after the passage of
the first component through the columns,

selecting at least a first one of the columns to pass the first

coreponent in such at least first one of the columns and
adsorb the second component in the at Ieast first one of
the columns on a ¢yclic basis and selecting at Jeast a
second one of the colomns to desorb the second com-
ponent in the at Ieast second one of the columns on the
cyclic basis,

compressing the fluid before the introduction of the Auid

to the at least first one of the columns on the cyclic
basis. and

varying the compression of the fluid before the introduc-

tion of the compressed fluid to the at least first one of
the columns to maintain the flow of such first compo-
nent to the user at the prescribed rate,
indicating variations in the concentration of the first
component in the at least first one of the columns, and

varying the compression of the fluid in accordance with
the variations in the coocentration of the first compo-
neat in the at least first one of the columns. before the
introduction of the compressed fiuid to the at least first
one of the columns on the cyclic basis, to maintaip the
flow of the first component to the user at the prescribed
rae,

6. In a method of receiving a first component from a.
compressed fluid also having a second component and of
providing for the flow of such first component to a user at a
prescribed rate, the steps of:

providing a plurality of columns constructed to pass the

first component through the columns and to adsorb the
second component in the columns and to desorb the
second component in the columns after the passage of
the first component through the columns,

selecting at lcast & first one of the columns to pass the first

component in such at least first one of the columns and
adsorb the second component in the at least first one of
the columns on a cyclic basis and selecting at least a
second ope of the columns to desorb the second com-
ponent in the at least second one of the columns on the
cyclic basis,

compressing the fluid before the introduction of the fluid

to the at least first one of the columns on the cydlic
basis, and

varying the compression of the fluid before the introduc-

tion of the compressed fluid to the at least first one of
the columns to maintaip the flow of such first compo-
nent to the user at the prescribed rate,
the compression of the fluid being provided by a
COMPressor,

cooling the compressor, and

varying the cooling of the compressor in accordance with
the variations in the compression provided on the fluid
by the compressor.

7. In a method of receiving a first component from a
compressed fluid also having 2 second component and of
providing for the Bow of such first component to a user at a
prescribed rate, the steps of:

providing a plurality of columns constructed to pass the

first compenent through the columns and to adsorb the
second component in the columns and to desorb the
second component in the columns after the passage of
the first component through the columns.

selecting at least a first one of the columns to pass the fiest

component in such at Jeast first one of the columns and
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adsorb the second component in the at least first one of
the columns on a cyclic basis and selecting at least a
second one of the columns to desorb the second com-
ponent in the at least second one of the columns on the
cyclic basis,

compressing the fluid before the introduction of the fluid
to the at least first one of the columas on the cyclic
basis, )

varying the compression of the fluid before the introduc-
tion of the compressed fluid to the at least first one of
the columes to maintain the flow of such first compo-
nent to the user at the prescribed rate,

indicating variations in the temperature of the fluid i the
at least first one of the columns.

varying the compression of the fluid in accordance with
the indications of the variations in the temperature of
the fluid in the at least first one of the columns, before
the introduction of the compressed fluid to the at least
first one of the columns on the cyclic basis, to maintain
the flow of such first component fo the user at the
prescribed rate,

indicating variations in the pressure of the fluid in the at
least first one of the columns.

varying the compression of the fluid in accordance with
the indications of the variations in the pressure of the
fluid in the at least the first one of the columns. before
the introduction of the compressed fluid to the at least
first one of the columns on the cyclic basis, to maintain
the flow of such first component to the pser at the
prescribed rate.

providing a flow control of the first component after the
passage of the first component through the at least first
one of the columns ¢n the cyclic basis and before the
passage of the first component to the user,

varying the compression of the fluid in accordance with
the indications of the variations in the rate of flow of the
first component through the flow control, before the
introduction of the compressed fluid to the at least first
one of the columns on the cyclic basis, to maintain the
flow of the first component to the user at the prescribed
rate,

indicating variations in the rate of flow of the first
comopoacnt through the flow control,

varying the compression of the fluid in accordance with
the indications of the variations in the rate of flow of the
first component through the flow control, before the
introduction of the compressed fwid to the at jeast first
one of the columns on the cyclic basis, to maintain the
flow of the first component to the user at the prescribed
rate,

indicating variations in the concentration of the frst
component in the at least first one of the columns, and

varying the compression of the fluid in accordance with
the variations in the concentration of the first compo-
nent in the at lcast first one of the columns, before the
introduction of the compressed fluid to the at least first
one of the columns on the cyclic basis. to maintain the
flow of the first component to the user at the prescribed
rate,

8. In a method of receiving a first component from a
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second component in the columns and to desarb the
second component from the columns after the passage
of the first component through the columns.

selecting at Ieast a first one of the columns on a cyclic
basis to pass the first component in such at least first
one of the columns and to adsorb the second compo-
nent in such at least first one of the columns and
selecting at least a second one of the columns on the
cyclic basis to desorb the second component in the at
least second one of the columns,

the selection of the least first one of the columns and the
at least second one of the columns including a valve
operative on the cyclic basis in a variable time,

compressing the flnid before the introduction of the fluid
to the at least first one of the columns on the cyclic
basis.

varying the compression of the fluid before the introduc-
tion of the compressed fluid to the at least first one of
the columns to maintain the flow of the first component
to the user at a prescribed rate, and

varying the time for the operation of the valve on the
cychlic basis in accordance with the variations in the
compression of the fluid,

9. In a method as set forth in claim 8, the steps of:

desorbing the adsorbed second component in the at Ieast
first one of the columns into a chamber after the
passage of the first componest through the at least first
one of the columns., and

providing for a controlled release of the desorbed second
component from the chamber into the atmosphere.

10. In a method as set forth in claim 8, the steps of:

providing the compression of the fluid in a compressor.

providing a variable cooling of the compressor, and

varying the cooling of the compressor in accordance with
the variations in the compression of the fluid in the
COIPLESSOL.

11. In a method as set forth in claim 8, the steps of;

providing a flow control with variable characteristics for
the introduction of the first component to the user after
the passage of the first component through the at least
first one of the columns. and

varying the characteristics of the flow control in accor-
‘dance with the variations in the comptession of the
fluid to maintain the flow of the first component to the
user at the prescribed rate,

12. In a method as set forth in claim 8. the steps of:

indicating variations in the concentration of the first
component in the at least first one of the columns, and

varying the compression of the fluid, before the introduc-
tion of the compressed fluid to the at least first one of
the columns on the cyclic basis, in accordance with the
indications of the variations in the concentration of the
first component i the at least first one of the columns,

13. In a method as set forth in claim 9, the steps of:

desarbing the adsorbed second component in the at least
first one of the columns into a chamber,

providing for a controlled release of the desorbed second
component from the chamber into the atmosphere.

providing the compression of the fluid in a compressor,

providing a variable cooling of the compressor, and

compressed fluid also having a second component and of
providing for the flow of such first component to a user at a

prescribed rate, the steps of: 65
providing a plurality of columns constructed to pass the
first component through the columns and to adsorb the

varying the cooling of the compressor in accordance with
the variations in the compression of the fluid in the
COMPLessor,

providing a flow control with variable characteristics for
the introduction of the first component to the user after
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the passage of the first component through the at least
first one of the columns, and

varying the characteristics of the flow control in accor-

dance with the variations in the compression of the
fluid to maintain the low of the first compenent to the
user at the prescribed rate.

14. In a method of receiving a first component from a
compressed fiuid also having a second component and of
providing for the flow of such first component to a uscr at a
prescribed rate, the steps of:

providing a plurality of columns constracted to pass the

first component through the colamas and to adsorb the
second componeat in the columns and to desorb the
second component from the columns after the passage
of the first component through the colamns,

selecting at least a first one of the columns on a cyclic

hasis o pass the first component in such at least first

one of the columns and to adsorb the second compo- -

pent in such at least first one of the columns and
selecting at least a second one of the columns on the
cyclic basis to desorb the second component in the at
least second one of the columns,
the selection of the least first one of the columns and the
at least second one of the colamns including a valve
operative on the cyclic basis in a variable time.

compressing the fluid before the introduction of the fluid
to the at least first one of the colutnns on the cyclic
basis,

varying the compression of the fluid before the introduc-

tion of the compressed fluid to the at least first one of
the columns to maintain the flow of the first component
to the user at a prescribed ate,

varying the time for the operation of the valve on the

‘cyclic basis in accordance with the variations in the
compression of the fluid.

providing a plurality of orifices, each individual one of the

orifices being disposed in an individual one of the
columns and each individual one of the orifices having
variable characteristics to pass the first component
through the individual one of the columns to the user in
accordance with the variations in the characteristics of
such individual one of the orifices. and

varying the characteristics of the arifice in the at least first

one of the columns in accordance with the variations in
the compression of the flnid introduced o the at least
first one of the columns on the cyclic basis.

15. In a method of receiving a first component from a
compressed fluid also having a second component and of
providing for the flow of such first component to a user at a
prescribed rate, the steps of:

providing a plurality of columns constructed to pass the

first component through the columps and to adsorb the
second component in the columns and to desorb the
second componeant from the columns after the passage
of the first component through the columns,

selecting at least a first one of the columas on a cyclic

basis to pass the first coinponent in the least first one of
the columns and adsorb the second component in the at
least first one of the columns on the cyclic basis and
selecting at least a second one of the columns on the
eyclic basis to desorb the second component in the at
Yeast second one of the columns after the passage of the
first component through the at least first one of the
columns,

compressing the fluid before the introduction of the

compressed fluid to the at least first one of the ¢olumns
on the cyclic basis.

varying the compression of the fluid before the introduc-

tion of the compressed Aluid to the least first one of the

45
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eolumns to maintain the flow of such first compooent to
the user at the preseribed rate,

controlling the flow of the first component to the user after
the passage of the first component through the at least
first one of the columns, and

varying the control of the flow of the first component to
the user in accordance with the variations in the com-
pression of the fluid, after the passage of the first
component through the at least first one of the columns.
to maintain the flow of the first component to the user
at the prescribed rate.

16. In a method as set forth in claim 15, the steps of:

providing an indication of variations in the temperature of
the fluid in the at least first ore of the columns. and

varying the compression of the fluid in accordance with
the indications of the variations in the temperatare of
the fluid in the at least first one of the columns, before
the introduction of the fluid to the at least first one of
the columns on the cyclic basis, to maintain the flow of
the first component to the user at the prescribed rate.

17. Yn a method as set forth in claim 16. the steps of:

indicating variations in the pressure of the fluid in the at
least first ore of the columns.

varying the compression of the fluid in accordance with
the indications of the variations in the pressure of the
fluid in the at least first one of the columas on the cyclic
basis, before the introduction of the compressed fluid to
the at least first one of the columns on the cyclic basis.
to maintain the flow of the first component to the user
at the prescribed rate,

indicating variations in the concentration of the fluid in
the at least first one of the columns, and

varying the compression of the fiuid in accordance with
the indications of the variations in the concentration of
the fiuid in the at least first one of the columns, before
the introduction of the compressed fluid fo the at least
first one of the colwmns on the cyclic basis. to maintain

" the flow of the first component to the user at the

prescribed rate,

indicating variations in the ratc of flow of the first
component 1o the user after the flow of the first com-
ponent from the at least first one of the columns on the
cyclic basis, and

varying the compression of the fluid in accordance with
the indications of the variations in the rate of the flow
of the fluid to the user, before the introduction of the
compressed fluid to the at least first one of the columns
on the cyclic basis, to maintain the rate of flow of the
fluid to the user at the prescribed rate,

18. In a method as set focth in claim 15, the steps of:

indicating variations in the pressure of the fluid in the at
least first one of the columns, and

varying the compression of the fiuid in accordance with
the indications of the variations in the pressure of the
“fluid in the at least first one of the columns, before the
introduction of the compressed fluid to the at least first
one of the columns on the cyclic basis, to maintain the
flow of the first component to the user at the prescribed
rate.

19. In a method as set forth in claim 15, the steps of:

indicating variations in the concentration of the fluid in
the at least fiest one of the columns, and

varying the compression of the fluid ir accordance with
the indications of the variations in the concentration of
the fluid in the at least first one of the columns, before
the introduction of the compressed fluid to the at least
first one of the columas on the cyclic basis, to maintain
the flow of the first component to the user at the
prescribed rate.
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20, In a method as set forth in claim 1S, the steps of:

indicating variations in the rate of flow of the first
component to the user after the flow of the first com-
ponent from the at least first one of the columns, and

varying the compression of the fluid in accordance with
the variations in the rate of the flow of the fluid to the
user, before the introduction of the compressed fluid to
the at least first one of the columas on the cyclic basis,
to maintain the rate of fiow of the fluid to the user at the
prescribed rate.

21. In a method of receiving 2 first component from a

compressed fluid also having a second component and of

providing for the flow of such first component to a user at a

prescribed rate, the steps of:

providing a plurality of columns constructed to pass the
first component through the columns and to adsorb the
second component in the colunns and to desorb the
second component from the columas after the passage
of the first component through the columns,

selecting at least & first one of the columans to pass the first
component in the at least first one of the columns and
adsorb the second component in at least the first one of
the columns on a cyclic basis and selecting at least a
second one of the columns to desorb the second com-
ponent in the at least second one of the columns on the
cyclic basis after the passage of the first component
through the columns,

compressing the fuid in a compressor before the intro-
duction of the fluid to the at least first one of the
columns on the cyclic basis,

varying the compression of the fluid before the introduc-
tion of the compressed fluid to the at least first one of
the columns on the cyclic basis to maintain the flow of
such first component to the user at the prescribed rate,

cooling the compressor. and

varying the cooling of the compressor in accordance with
the variations of the compression of the fluid in the
COIPressor. .

22. In a method as set forth in claim 21,

indicating variations in the temperature of the fluid in the

. least first one of the columns, and .

varying the compression of the fluid in the at Ieast first one
of the columns in accordance with the indications of the
variations in the temperature of the fluid in the at least
first one of the columns, before the introduction of the
compressed fluid into the at least first one of the
columns on the cyclic basis, to maintain the flow of
such first component to the at least first one of the
columns at the prescribed rate.

23. In a method as set forth in claim 21, the steps of:

indicating variations in the pressure of the fluid in the at
least first one of the columns, and

varying the compression of the ffuid in accordance with
the indications of the variations in the pressure of the
fluid in the at least first one of the columns, before the
introduction of the compressed fluid into the at least
first one of the columns on the cyclic basis, to maintain
the flow of the first component to the user at the
prescaibed rate.

24. In a method as set forth in claim 21, the steps of:

indicating varfations in the concentration of the fluid in
the at least first one of the columns, and

varying the compression of the finid in accordance with
the indications of the variations in the coacentration of
the fluid in the at least first one of the columns, before
the introduction of the compressed fAuid into the at least
“first one of the columns on the cyclic basis, to maintain
the flow of the first component to the user at the
prescribed rate.
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25, In a method of receiving a first compoaent from a
compressed fluid also having a second component and of

providing for the flow of such first component to a user at
prescribed rate, the steps of:

providing a plurality of columns constructed to pass the
first component through the columns and to adsorb the
second component in the columns and to desorb the
second component from the columns after the passage
of the first component throngh the columns.

selecting at least a first one of the columns to pass the ficst
component in the at Ieast first one of the columns and
adsorb the second component in the at least the first one
of the columns on a cyclic basis and selecting at least
a second one of the columns to desorb the second
component in the at least second onc of the columns on
the cyclic basis after the passage of the first component
through the columns,

compressing the fluid in a compressor before the intro-
duction of the fluid to the at least first one of the
columns on the cyclic basis.

varying the compression of the fluid before the introduc-
tion of the compressed fluid to the at least first one of
the columns on the cyclic basis to maintain the flow of
such first component to the user at the prescribed rate.

cooling the compressor,

varying the cocling of the compressor in accordance with
the variations of the compression of the fluid in the
compressor, '

passing the first component through a flow contro! having
a variable aperture, after the passage of the first com-
ponent from the at least first one of the columns on the
cyclic basis, for controlling the rate of passage of the
first component to the user, and

adjusting the aperture in the flow control in accordance
with the variations in the compression of the fluid to
maintain the flow of the first component to the user at
the prescribed rate,

26. In a method as set forth in claim 25. the steps of:

indicating variations in the temperature of the fluid in the
least first one of the columns, and

varying the compression of the fluid in the at least first one
of the colunns in accordance with the indication of the
variations in the temperature of the fluid in the at least
first one of the columns, before the introduction of the
compressed fluid into the at least first one of the
columns on the cyclic basis. to maintain the flow of
such first component to the at least first one of the
columns, :

indicating variations in the pressure of the fluid in the at
least first on¢e of the columns, and

varying the compression of the fluid in accordance with
the indication of the varfations in the pressure of the
fluid in the at least first one of the columas, before the
introduction of the compressed fluid into the at Ieast
first one of the columns on the cyclic basis. to maintain
the fiow of the first component to the user at the
prescribed rate, ‘

indicating variations in the concentration of the fluid in
the at least first one of the colurns, and

varying the compression of the fluid in accordance with
the indication of the variations in the concentration of
the fluid in the at least first one of the columns, before
the introduction of the compressed fluid into the at least
first one of the columns on the cyclic basis, to maintain
the flow of the first component to the user at the
prescribed rate.
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the county of residence of the “defendant™ is the location of the tract of land involved.)

{c) Attorneys. Enter the firm name, address, telephone number, and attorney of record. If there are several attorneys, list them on an attachment, noting
in this section “(see attachment)”,

il.  Jurisdiction. The basis of jurisdiction is set forth under Rule 8(a), F.R.C.P., which requires that jurisdictions be shown in pleadings. Place an “X” in one
of the boxes. If there is more than one basis of jurisdiction, precedence is given in the order shown below.

United States plaintiff. (1} Jurisdiction based on 28 U.S.C. 1345 and 1348. Suits by agencies and officers of the United States are included here.
United States defendant. (2) When the plaintiff is suing the United States, its officers or agencies, place an “X* in this box.

Federal question. (3) This refers to suits under 28 1},5.C. 1331, where jurisdiction arises under the Constitution of the United States, an amendment to the
Constitution, an act of Congress or a treaty of the United States. In cases where the U.S. is a party, the U.S. plaintiff or defendant code takes precedence, and box
1 or 2 should be marked.

Diversity of citizenship. (4) This refers to suits under 28 U.S.C. 1332, where parties are citizens of different states, When Box 4 is checked, the citizenship of the
different parties must be checked. {See Section 111 below; federal question actions take precedence over diversity cases.)

HI.  Residence (citizenship) of Principal Parties, This section of the J§ 44 is to be completed if diversity of citizenship was indicated above. Mark this section
for each principal party.

IV.  Nature of Suit. Place an “X” in the appropriate box. If the nature of suit cannot be determined, be sure the canse of action, in Section VI below, is sufficient
to enable the deputy clerk or the statistical clerks in the Administrative Office to determine the nature of suit. If the cause fits more than one nature of suit, seleet
the most definitive.

V. Origin, Place an “X” in one of the seven boxes.
Original Proceedings. (1) Cases which originate in the United States district courts.

Removed from State Court. (2) Proceedings initiated in state courts may be removed to the district courts under Title 28 U.S.C., Section 1441, When the.petition
for removal is granted, check this box. '

Remanded from Appeliate Court. (3} Check this box for cases remanded to the district court for further action. Use the date of remand as the filing date.
Reinstated or Reopened. (4) Check this box for cases reinstated or reapened in the district court, Use the recpening date as the filing date.

Transferred from Another District. (5) For cases transferred under Title 28 U.S.C. Section 1404(a). Do not use this for within district transfers or multidistrict
litigation transfers.

Multidistrict Litigation. (6) Check this box when a multidistrict case is transferred into the district under authority of Title 28 U.S.C. Section 1407. When this box
is checked, do not check (5) above.

Appeal to District Judge from Magistrate Judgment. (7) Check this box for an appeal from a magistrate judge’s decision.

V1. CauseofAction. Report the civil statute directly related to the cause of action and give a brief description of the cause. Do not cite jurisdictional statutes

unless diversity. Example: U.S. Civil Statute: 47 USC 553 . i
Brief Description: Unaufhorized reception of cable service

VIL.  Requested in Complaint. Class Action. Place an “X” in this box if you are filing a class action under Rule 23, F.R.Cv.P.
Demand. In this space enter the dollar amount (in thousands of dollars) being demanded or indicate other demand such as a preliminary injunction.
Jury Demand. Check the appropriate box to indicate whether or not a jury is being demanded.

VIL Related Cases. This section of the JS 44 is used to reference related pending cases if any. If there are related pending cases, insert the docket numbers
and the corresponding judge names for such cases.

Date and Attorney Signature. Date and sign the civil cover sheet,






