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(57) Abstract: The present invention provides a washer for
washing articles. The washer is comprised of a housing defining
a chamber. The housing has side walls and a top wall. A
partition divides the chamber into an upper compartment and
a lower compartment that is dimensioned to receive articles
to be washed. The partition has an outer peripheral edge that
generally conforms to the side walls of the housing. The partition
is dimensioned such that a gap is formed between the edge of
the partition and the side walls of the housing. An external air
inlet line fluidly communicates with the upper compartment.
A Dblower assembly is disposed in the upper compartment. The
blower assembly is comprised of a housing having a first air
inlet, a second air inlet and an air outlet. The first air inlet fluidly
communicates with the lower compartment. The second air inlet
fluidly communicates with the external air inlet line. The outlet
fluidly communicates with the upper chamber. An impeller is
disposed in the housing. The impeller is operable to circulate air
from the lower compartment and the air inlet line through the air
outlet into the upper compartment. A heating means is disposed
in the upper compartment. The heating means heats air in the
upper compartment.
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METHOD AND APPARATUS FOR DRYING OBJECTS IN A WASHER

Field of the Invention

[o001] The present invention relates generally to washers and more
particularly to a method and apparatus for drying articles in a washer. The present
invention is particularly applicable to medical washers for washing medical, dental,
pharmaceutical, veterinary or mortuary instruments and devices. It is contemplated
that the present invention may also find application in other apparatus wherein articles
are to be dried.

Background of the Invention

[0002] Medical, dental, pharmaceutical, veterinary or mortuary instruments
and devices that are exposed to blood or other body fluids require thorough cleaning
and microbial deactivation between each use. Washer decontamination systems are
now widely used to clean and deactivate instruments and devices. Washer
decontamination systems typically operate by exposing the medical devices and/or
instruments to a washing solution. After exposure to the washing solution, a rinsing
solution, typically water, is sprayed over the medical devices and/or instruments to
remove the washing solution. The medical devices and/or instruments are typically
then dried using heated dry air.

[0003] Users of the medical devices and/or instruments typically desire that a
cleaning process be as short as possible. The shorter the duration of the cleaning
process, the quicker the devices can be returned to the user for use in an operation or
procedure. The drying phase represents a significant portion of a cleaning process.
Thus, a reduction in the duration of the drying phase will have a significant impact on
the total duration of the cleaning process. The time required to dry devices in a
washing chamber is influenced by many factors, including the number and placement
of devices in the chamber, the amount of air flowing in the chamber, the pattern of the
air flowing through chamber and the temperature of the air circulated over the devices
in the chamber.

[0004] The present invention provides a washer having an improved system
and method for drying articles in a washer,

Summary of the Invention

[0005] In accordance with one embodiment of the present invention, there is

provided a washer for washing articles. The washer is comprised of a housing
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defining a chamber. The housing has side walls and a top wall. A partition divides
the chamber into an upper compartment and a lower compartment that is dimensioned
to receive articles to be washed. The partition has an outer peripheral edge that
generally conforms to the side walls of the housing. The partition is dimensioned such
that a gap is formed between the edge of the partition and the side walls of the
housing. An external air inlet line fluidly communicates with the upper compartment.
A blower assembly is disposed in the upper compartment. The blower assembly is
comprised of a housing having a first air inlet, a second air inlet and an air outlet. The
first air inlet fluidly communicates with the lower compartment. The second air inlet
fluidly communicates with the external air infet line. The outlet fluidly comnmunicates
with the upper chamber. An impeller is disposed in the housing. The impeller is
operable to circulate air from the lower compartment and the external air inlet line
through the air outlet into the upper compartment. A heating means is disposed in the
upper compartment. The heating means heats air in the upper compartment.

[0006] In accordance with another aspect of the present invention, there is
provided a Washer for washing articles. The washer is comprised of a housing
defining a chamber. The housing has side walls and a top wall. A partition divides
the chamber into an upper compartment and a lower compartment that is dimensioned
to receive articles to be washed. The partition has an outer peripheral edge that
generally conforms to the side walls of the housing. The partition is dimensioned such
that a gap is formed between the edge of the partition and the side walls of the
housing. Heating means is disposed in the upper compartment. The heating means
heats air in the upper compartment. An external air inlet fluidly communicates with
the upper compartment. A blower assembly is disposed in the upper compartment.
The blower has an inlet and an outlet. The inlet communicates with the external air
inlet and the lower compartment and the outlet communicates with the upper
compartment for creating an air flow path through the washer. The air flow path is
from the outlet of the blower, through the upper compartment, through the gap
between the partition and the side walls, through the lower compartment to the inlet of
the blower. The blower also conveys air from the external air inlet to the upper
compartment, wherein less than about 10% of the air flowing through the outlet of the

blower comes from the external air inlet.
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[0007] In accordance with another aspect of the present invention, there is
provided a method of drying articles within a washer, comprising the steps of’

a) providing a washing chamber having a partition separating the
chamber into an upper compartment and a lower compartment, the partition having an
outer peripheral edge generally conforming to a shape defined by the side walls and
being dimensioned to form a gap between the edge of the partition and the side walis
of the chamber, the partition further including an opening centrally located in the
partition, the upper compartment communicating with the lower compartment through
the gap and through the opening;

b) creating an airflow from the upper compartment to the lower
compartment through the gap such that a curtain of air is formed along the side walls
of the chamber;

c) creating an air flow from the lower compartment to the upper
compartment through the opening;

d) heating the air in the upper compartment to a temperature

sufficient to vaporize fluid in the chamber;

e) venting a portion of the air in the lower compartment; and

f) introducing clean filtered air into the upper compartment.
[0008] One advantage of the present invention is a washer for washing articles.
[0009] Another advantage of the present invention is a washer as described

above having an improved cycle time.

[0010] Another advantage of the present invention is a washer wherein a cycle
time is improved by reducing the drying time.

10011} Yet another advantage of the present invention is a washer having a
drying cycle that reduces the use of external air.

[0012] Another advantage of the present invention is a washer having an
improved air distribution system for directing uniformly-distributed air flow over
articles to be dried.

[0013] These and other advantages will become apparent from the following
description of one embodiment taken together with the accompanying drawings and

the appended claims.
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Brief Description of the Drawings
[0014] The invention may take physical form in certain parts and arrangement

of parts, one embodiment of which will be described in detail in the specification and
illustrated in the accompanying drawings which form a part hereof, and wherein:
[0015] FIG. 1 is a schematic view of a washer showing one embodiment of the
present invention;

[0016] FIG. 2 is an enlarged cross-sectional view of a washing chamber of the

washer shown in FIG. 1 illustrating air flow therein during a drying phase;

[0017] FIG. 3 is a top view, partially in section, taken along lines 3-3 of FIG.
2;
[0018] FIG. 4 is an enlarged cross-sectional view of an upper portion of the

washing chamber during a drying phase; and
[6019] FIG. 5 is an enlarged cross-sectional view of an upper portion of the
washing chamber of the present invention.

Detailed Description of the Invention

[0020] Referring now to the drawings wherein the showings are for the
purpose of illustrating one embodiment of the invention only, and not for the purpose
of limiting same, FIG. 1 shows a schematic view of a washer 10 illustrating one
embodiment of the present invention. In the embodiment shown, washer 10 is a
washer for decontaminating medical instruments and/or devices. However, as will be
appreciated from a reading of the specification, the present invention may find
advantageous application in other types of washers and other apparatus wherein
devices are to be dried.

[0021] Washer 10 is generally comprised of a housing 22 that defines a
chamber 24. According to one aspect of the present invention, chamber 24 has a
volume of between about 27,000 cubic inches to about 28,000 cubic inches. Housing
22 is defined by an upper wall 22a, side walls 22b and a bottom wall 22¢. A circular
opening 23, best seen in FIG. 1, is formed in upper wall 22a of housing 22. Opening
23 is centrally located in upper wall 22a, Bottom wall 22c is formed to include a
sloped sump 26 that is disposed at the bottom of chamber 24. Sump 26 is provided to
receive washing or rinsing fluids.

[0022] A circulation conduit 32 fluidly connects sump 26 to first and second
branch conduits 34a, 34b having an upper and lower spray arm assembly 54A, 54B
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attached thereto. First branch conduit 34a extends through upper wall 22a of housing
22 and has an end disposed in an upper portion of chamber 24 with upper spray arm
assembly 54A attached thereto. Second branch conduit 34b extends through bottom
wall 22¢ of housing 22 and has an end disposed in a lower portion of chamber 24 with
lower spray arm assembly 54B attached thereto. A pump 36 is provided within
circulation conduit 32 for pumping fluids from sump 26 to spray arm assemblies 54A,
54B. A motor 38, schematically illustrated in FIG. 1, drives pump 36.

[0023] A drain line 42 extends from circulation conduit 32 at a location
downstream from pump 36. A valve 44 is disposed in drain line 42 to control the flow
of water therethrough.

[0024] A vent conduit 46 1s connected to circulation conduit 32 at a location
downstream of pump 36. Vent conduit 46 also communicates with the upper portion
of chamber 24. A valve 48 is disposed in vent conduit 46. Valve 48 prevents the flow
of fluid from circulation conduit 32 to the upper portion of chamber 24. However,
valve 48 allows air to vent from the upper portion of chamber 24 to circulation conduit
32.

[0025] Washer 10 is dimensioned to contain one or more racks 52. Rack 52 is
dimensioned to hold instruments and/or devices to be washed. Rack 52 is
dimensioned to be disposed between upper and lower spray arm assembly 54A, 54B,
as shown in FIG. 1.

[0026] Spray arm assemblies 54A, 54B are essentially identical and as such
only upper spray arm assembly 54A will be described in detail. Spray arm assembly
54A is comprised of a central hub 56 with arm assemblies 58A, 58B extending
therefrom, as shown in FIG. 1. Central hub 56 defines an internal cavity (not shown)
that is in fluid communication with first branch conduit 34a. Central hub 56 is
rotatably mounted to an end of first branch conduit 34a. Arm assembly 58A, 58B
define an internal passage (not shown) that is in fluid communication with the internal
cavity of central hub 56. A series of spray holes or orifices (not shown) are disposed
in a wall of arm assemblies 58 A, 58B at discrete locations. In the embodiment shown,
spray arm assembly 54A includes two arm assemblies 58 A, 58B extending therefrom.
It is also contemplated that more than two, equally spaced arm assemblies may extend
from central hub 56.
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[0027] Washer 10 includes a partition 62 disposed in chamber 24. Partition 62
divides chamber 24 into an upper compartment 24a and a lower compartment 24b.
Partition 62 is a generally rectangular element that has an outer peripheral edge that
generally conforms to side walls 22b of housing 22. Partition 62 includes a downward
facing flange 62a, best seen in FIG. 4, that extends from an outer perimeter of partition
62. In one embodiment of the present invention, partition 62 is generally cup-shaped
wherein partition 62 slopes downward from a center portion to an edge of partition 62.
Partition 62 is mounted to side walls 22b of washer 10 by fasteners (not shown). A
plurality of spacers 64, best seen in FIGS. 4 and 5, are disposed between partition 62
and side walls 22b of housing 22. Spacers 64 are dimensioned to position partition 62
a predefined distance from side walls 22b of housing 22 such that a gap 66 is created
between partition 62 and side walls 22b of housing 22.

[0028] Partition 62 also includes a circular opening 63, an upward extending
flange 62b and a seal element 68, best seen in FIGS. 4 and 5. Circular opening 63 is
centrally located in partition 62. Upward extending flange 62b surrounds circular
opening 63. Flange 62b is formed to have a smooth radius, as best seen in FIGS. 4
and 5. Seal element 68 is disposed in opening 63. Seal element 68 is a ring-shaped
element that 1s attached to flange 62b as best seen in FIGS. 4 and 5.

[0029] A baffle assembly 80, as best seen in FIGS. 4 and 5, is attached to
partition 62 to restrict the flow of fluid through opening 63 in partition 62. Baffle
assembly 80 is generally comprised of a shield 82, a post 86 and a baffle 88.

[0030] Shield 82 is disposed below opening 63 of partition 62. Shield 82 is a
generally flat, disk-shaped element. Shield 82 is slightly cup-shaped such that shield
82 slopes generally downward from a center of shield 82 to an outer edge of shield 82.
Shield 82 is attached to partition 62 by a plurality of fasteners (not shown). As best
seen in FIG. 4 and 5, shield 82 is spaced a predefined distance below partition 62 by a
plurality of spacers 84.

[0031] Post 86 is attached to shield 82 and extends upward therefrom. Post 86
includes an outward extending flange 86a disposed at one end. In the embodiment
shown, post 86 is a fastener having a head disposed below shield 82.

[0032] Baffle 88 is provided to be movably retained on post 86. Baffle 88 is
generally a flat circular disk element with a sleeve 88a extending through a center

thereof. Baffle 88 is dimensioned to sealingly engage seal element 68. Sleeve 88a is
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dimensioned to have an inner diameter to receive post 86 such that baffle 88 is
moveably retained on post 86. In the embodiment shown, sleeve 88a is made of a soft
polymeric material such as Teflon®. Baffle 88 is moveable along post 86 between a
first position, best seen in FIG. 5, wherein baffle 88 sealingly engages seal element 68
and a second position, best seen in FIG. 4, wherein baffle 88 is disposed above seal
element 68.

[0033] A blower assembly 100 is partially disposed in upper compartment 24a.
Blower assembly 100 is operable to circulate air into upper compartment 24a.
According to one aspect of the present invention, blower assembly 100 is dimensioned
to have an output of about 1000 CFM of air. Blower assembly 100 is positioned
above circular opening 63 in partition 62. Blower assembly 100 is generally
comprised of a housing 102, an impeller 104, an air inlet shroud 114 and a motor 132,
[0034] Housing 102 is defined by partition 62, upper wall 22a of housing 22
and an outer wall 102a. Housing 102 defines an inner housing cavity 103. Outer wall
102a is generally circular in shape and of an increasing radius such that outer wall
102a spirals outwardly, as best seen in FIG. 3. Outer wall 102a is formed to define an
outlet 102b of housing 102, best seen in FIG. 3.

[0035] Impeller 104 is disposed in cavity 103 of housing 102, Impeller 104 is
generally cylindrical in shape. Impeller 104 includes three spaced-apart circular disks,
namely an upper disk 104a, a middle disk 104b and a lower disk 104c. Upper disk
104a and lower disk 104c are annular in shape and have a circular opening formed
therein. Middle disk 104b is basically a flat circular plate. A series of first vanes 106a
are disposed between middle disk 104b and lower disk 104c in a ring pattern as best
seen in FIG. 3. A series of second vanes 106b are disposed between upper disk 104a
and middle disk 104b in a ring pattern. First vanes 106a and second vanes 106b are
generally curved elements, as best seen in FIG. 3. A first cavity 108a of impeller 104
is defined by first vanes 106a and middle disk 104b. A second cavity 108b of impeller
104 is defined by second vanes 106b and middle disk 104b. First cavity 108b is
dimensioned to receive baffle 88, as shall be described in greater detail below.
Impeller 104 includes a hub 112 that is attached to middle disk 104b. Hub 112 is
generally cylindrical in shape with an axial bore 112a extending inwardly from an

upper end of hub 112. As shown in FIG. 4, impeller 104 is disposed in cavity 103 of
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housing 102 such that impeller 104 is centrally located over opening 63 in partition 62
and centrally located under opening 23 in housing 22.

[0036] Air inlet shroud 114 is attached to upper wall 22b of housing 22.
Shroud 114 defines an internal cavity 115. Shroud 114 is disposed above opening 23
in housing 22. Shroud 114 includes a bottom wall 114a, a top wall 114b and a side
wall 114c. Bottom wall 114a extends beyond side wall 114¢ to form mounting tabs
116. A series of fasteners 118 extend through tabs 116 to mount shroud 114 to upper
wall 22a. A spacer 122 is disposed between tabs 116 of shroud 114 and upper wall
22a to space shroud 114 above upper wall 22a of housing 22. Bottom wall 114a
includes a circular opening 124 formed therein. Bottom wall 114a is formed to having
a downward extending flange 124a that surrounds opening 124. Flange 124a is
formed to have a smooth radius, as best seen in FIGS. 4 and 5. Opening 124 is
centrally located over opening 23 in housing 22 such that an edge of flange 124a
extends downward, away from internal cavity 115 and into opening 23 in housing 22.
Top wall 114b has a circular conduit 126 that extends upward therefrom. Conduit 126
defines an internal passageway 128 that is in fluid communication with internal cavity
115 of shroud 114.

[0037] Motor 132 is attached to top wall 114b of shroud 114. Motor 132
includes a drive shaft 132a that extends downward from a lower end of motor 132.
Drive shaft 132a is dimensioned to extend into bore 112a of hub 112 and attach
thereto using conventionally known attachment methods. In the embodiment shown,
motor 132 13 a conventionally known electric motor. Motor 132, hub 112 and impeller
104 are dimensioned such that impeller 104 is disposed in cavity 103 of housing 102
and motor 132 is mounted to top wall 114b of shroud 114 using fasteners (not shown).
As best seen in FIGS. 4 and 5, motor 132, impeller 104 and baffle assembly 80 are all
centrally located in opening 124 of shroud 114 and opening 63 of partition 62.

[0038] An external air inlet assembly 140 is mounted to air inlet shroud 114 of
blower assembly 100, best seen in FIG. 1. Accbrding to one aspect of the present
invention, external air inlet assembly 140 is dimensioned to limit the flow of air
therethrough relative to the output of blower assembly 100. According to one aspect
of the present invention, external air inlet assembly is dimensioned to limit the flow of
air therethrough to less than about 10% of the output of blower assembly 100. In the

embodiment heretofore described, external air inlet assembly is dimensioned to limit
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the flow of air therethrough to about 50 CFM. Air inlet assembly 140 is generally
comprised of an external air inlet line 142, a filter 144 and a valve assembly 150,
[0039] External air inlet line 142 is connected to conduit 126 of air inlet
shroud 114, Line 142 defines an air inlet passage 143. Line 142 is attached to conduit
126 such that air inlet passage 143 is in fluid communication with passageway 128 of
conduit 126 and internal cavity 115 of shroud 114.

[0040] Filter 144, schematically illustrated in the FIG. 1, is disposed in
external air inlet line 142. Filter 144 is operable to filter air flowing through external
air inlet line 142,

[0041] Valve assembly 150 is disposed in external air inlet line 142 to regulate
flow therethrough. As best seen in FIGS. 4 and 5, valve assembly 150 is disposed at a
location where external air inlet line 142 attaches to conduit 126 of shroud 114. Valve
assembly 150 is generally comprised of a valve housing 152, a rod 154, a collar 156, a
flat circular plate 158 and a biasing element 162,

[0042] Housing 152 is generally circular in shape with an outer surface 152a, a
first end 152b and a second end 152¢. Surface 152a of housing 152 is dimensioned to
sealingly engage external air inlet line 142 and conduit 126, as best seen in FIGS. 4
and 5. A cylindrical valve cavity 153 extends through housing 152 from first end
152b to second end 152¢. Housing 152 includes a rod 154 that is disposed near a top
of valve cavity 153 and transverses valve cavity 153,

[0043] Collar 156 is attached to second end 152¢. Collar 156 includes a
generally tubular section 156a and a series of tabs 156b extending downward from a
bottom surface of tubular section 156a. Each tab 156b has a flange 156¢ extending
inwardly therefrom, as best seen in FIGS. 4 and 5. In one embodiment of the present
invention, collar 156 is mountable to housing 152 in one of a plurality of positions, as
shall be described in greater detail below.

[0044] Flat circular plate 158 is dimensioned to be received between housing
152 and collar 156, as best seen in FIG. 4. Plate 158 includes a tab 158a that extends
upward from a center of plate 158. Plate 158 is movable between a first position, best
seen in FIG. 5, and a second position, best seen in FIG, 4, Plate 158 sealingly engages
second end 152¢ of housing 152 when plate 158 is in the first position. Plate 158 is

disposed below second end 152¢ when plate 158 is in the second position.
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[0045] Biasing element 162 is disposed in valve assembly 150 to bias plate
158 to the first position, ie., towards second end 152c¢ of housing 152. In the
embodiment shown, biasing element 162 is a tension spring attached to rod 154 and
tab 158a to bias plate 158 to the first position.

[0046] As best seen in FIG. 2, washer 10 includes an air vent tube 172 that
extends through partition 62 and upper wall 22a of housing 22. Air vent tube 172
defines an inner passage 173. Inner passage 173 of air vent tube 172 is in fluid
communication with lower compartment 24b. Another end of air vent tube 172 is
connected to an exhaust or condenser (not shown). In this respect, air vent tube 172
provides fluid communication from lower compartment 24b to an exhaust or
condenser.

[0047] Washer 10 also includes a heating element 174, best seen in FIG. 2,
that is disposed in upper compartment 24a of chamber 24. Heating element 174 is
generally an elongated member having a series of bends formed therein. According to
one aspect of the present invention, heating element 174 has an output between about
8 kilowatts and about 12 kilowatts. In the embodiment disclosed herein, heating
element 174 has an output of about 11.8 kilowatts. In the present embodiment,
heating element 174 is an electrical resistance element connected to an electrical
power source. A controller (not shown) controls heating element 174.

[0048] The invention shall further be described with relation to the operation
of washer 10. One or more items to be microbially deactivated or washed, such as
medical, dental, pharmaceutical, veterinary or mortuary instruments or other devices
are loaded into washer 10. The items to be washed are loaded into rack 52, which in
turn is placed into lower compartment 24b.

[0049] The items are microbially deactivated or washed with a microbial
deactivation fluid which may be formed by exposing and mixing dry chemical
reagents within chamber 24 with incoming water,

[0050] A system controller (not shown) controls the operation of washer 10
and the components therein. The operation of washer 10 includes a fill phase, an
exposure phase, a rinse phase and a drying phase. Prior to an initiation of the fill
phase, motor 132 is de-energized, ie., in an “OFF” state. The weight of baffle 88
causes baffle 88 to move to the first position wherein baffle 88 sealingly engages seal

element 68, as best seen in FIG. 5. In this respect, lower compartment 24b is not in
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fluid communication with upper compartment 24a through opening 63 in partition 62,
Also, plate 158 in valve assembly 150 is biased upward by biasing element 162 to
sealingly engage second end 152¢ of housing 152. Fluid is prevented from flowing
from upper compartment 24a, through air inlet shroud 114 and into external air inlet
line 142.

[0051] The system controller initiates the fill phase of washer 10. During a fill
phase, water from a source (not shown) fills sump 26 with water. Once filled to a
desired level, the system controller stops the flow of water to sump 26.

[0052] The system controller then initiates an exposure phase of washer 10
wherein pump 36 is energized to cause fluid to circulate along circulation conduit 32,
through first and second branch conduits 34a, 34b, through upper and lower spray arm
assemblies 54A, 54B and back to chamber 24, as shown by arrows in FIG. 1. In this
respect, fluid flows through the cavity disposed in central hub 56, through arm
assemblies 58A, 58B, and exits through spray holes (not shown). Fluid exiting the
spray holes creates sprays of water that impact the devices and/or instruments
disposed in rack 52. During an exposure phase, a deactivation fluid (not shown) is
introduced into chamber 24. The deactivation fluid is sprayed throughout chamber 24
to deactivate the medical instruments/devices disposed therein.

[0053] Following an exposure phase, the system controller initiates a drain
phase of washer 10. During the drain phase, the system controller causes valve 44 to
move to an open position and motor 38 remains energized. In this respect, fluid flows
from pump 36 out through drain line 42. Once the deactivation fluid is drained from
sump 26, the system controller initiates a rinse phase of washer decontamination
system 10.

[0054] A rinse phase of washer decontamination system 10 essentially consists
of a fill phase followed by a circulation phase and a drain phase. During the rinse
phase, rinse water is circulated throughout washer 10 to remove residual deactivation
fluid from washer 10 and the medical devices and/or instruments in chamber 24.
Successive rinse phases are performed until a concentration of deactivation fluid on
the medical devices and/or instruments is below a desired level.

[0055] Following the rinse phase, the system controller initiates a drying phase
of washer 10. During the fill, exposure and rinse phases, baffle 88 rests on seal

element 68 to create a seal therebetween, as best seen in FIG. 5. In this position, water
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spray from lower chamber 24b is prevented from entering upper chamber 24a through
opening 63 in partition 62 during the fill, exposure and rinse phases. Also, plate 158
in valve assembly 150 is biased upward by biasing element 162 to cause plate 158 to
sealingly engage second end 152¢. In this position, fluid is prevente.d from entering
external air inlet line 142 through valve assembly 150,

[0056] During a drying phase, the system controller energizes motor 132 to
turn impeller 104 of blower assembiy 100. Blower assembly 100 circulates air within
washer 10. Rotation of impeller 104 causes first vanes 106a to draw air from first
cavity 108a of impeller 104. In this respect, an air pressure in first cavity 108a is
lower than an air pressure upstream of baffle 88. The difference in air pressure
between first cavity 108a and an upstream side of baffle 88 causes baffle 88 to move
to the second position, as best seen in FIG. 4, wherein air flows through circular
opening 63 in partition 62. Baffle 88 may move upward until bushing 88a contacts
flange 86a of post 86.

[0057] Impeller 104 forces air through outlet 102b into upper compartment
24a, thereby increasing a pressure of the air in upper compartment 24a. The increase
In pressure in upper compartment 24a creates air flow from upper compartment 24a to
lower compartment 24a through gap 66 formed between partition 62 and side walls
22b of housing 22. A predetermined air flow pattern is created in lower compartment
24b by air flowing from upper compartment 24a into lower compartment 24b thrdugh
gap 66. As seen in FIG. 2, air flows along side walls 22b and is redirected by bottom
wall 22¢ of housing 22 upward in chamber 24. The air flows upward through racks 52
and upward over items in rack 52. A portion of the air flowing along side walls 22b is
drawn towards the center of chamber 24, as shown by arrows in FIG. 2, by blower
assembly 100. The air flows laterally across items in rack 52. Air in lower
compartment 24b is then drawn towards opening 63 in partition 62, i.e., the inlet of
blower assembly 100, as a result of the operation thereof A first fluid flow path is
formed from lower compartment 24b, through opening 63, through impeller 104 into
cavity 103 of housing 102, as best seen in FIGS. 2 and 4. In this respect, opening 63
in partition 62 defines a first inlet of blower assembly 100.

[6058] The foregoing operation of blower 10 establishes a predetermined flow
pattern wherein air flows from upper compartment 24a, through gap 66, through lower
compartment 24b, through opening 63 to blower assembly 100. Blower assembly 100
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and gap 66 are dimensioned such that a uniform curtain of air is formed along side
walls 22b of housing 22 in lower compartment 24b. This flow of air downward along
side walls 22b of housing 22 facilitates the removal of moisture that may be disposed
along side walls 22b of housing 22. Air is directed to the corners of housing 22, which
facilitates the drying of side walls 22b of housing 22 and items 1n rack 52 that may be
disposed near the corners of housing 22. The flow of air upward and laterally across
the items in rack 52 further facilitates the drying of the items.
[0059] During the operation of blower assembly 100, as air is circulated within
washer 10, air is also drawn into washer 10 through external air inlet line 142. As
stated above, the system controller energizes motor 132 to turn impeller 104 of blower
assembly 100. As impeller 104 turns, second vanes 106b draw air from internal cavity
115 of air inlet shroud 114. In this respect, air pressure in internal cavity 115 is lower
" than air pressure upstream of valve assembly 150. The difference in air pressure
between internal cavity 115 and the air upstream of valve assembly 150 causes plate
158 to move to the second position wherein air flows through valve assembly 150.
Plate 158 moves downward. Plate 158 may move downward until plate 158 contacts
flanges 156c¢ of collar 156. Air is drawn through filter 144, through external air inlet
line 142, through valve cavity 153 of housing 152, through internal cavity 115 of
shroud 114, through impeller 104 and into cavity 103 of housing 102. As the air
passes through filter 144, filter 144 filters the air flowing therethrough, thereby
providing clean filtered air into washer 10. A second fluid flow path, is formed along
external air inlet line 142, through filter 144, through valve cavity 153 of housing 152,
through internal cavity 115 of shroud 114, through impeller 104 into cavity 103 of
housing 102, as best seen in FIGS. 2 and 4. In this respect, conduit 126 in shroud 114
defines a second inlet to blower assembly 100.
[0060] The amount of air drawn through the second fluid flow path is limited
by valve assembly 150. According to one aspect of the present invention, washer 10 is
designed such that less than about 10% of the output of blower assembly 100 is
comprised of air from the second fluid flow path, ie., external air inlet line 142. In
one embodiment of the present invention, washer 10 is designed such that less than
about 5% of the output of blower assembly 100 is comprised of air from the second
-fluid flow path, i.e., external air inlet line 142. In the embodiment described above,

blower assembly 100 is dimensioned to have an output of about 1000 CFM and
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external atr inlet assembly 140 limits the air flowing along the second fluid flow path
to about 50 CFM. In this embodiment, about 5% of the output of blower assembly
100 is comprised of air from the second fluid flow path. In accordance with one
aspect of the present invention, coflar 156 may be adjusted upward and downward
relative to housing 152. In this respect, collar 156 may be adjusted to control the
amount of air flowing through valve assembly 150.

[0061] During the operation of blower assembly 100, as air is circulated within
washer 10, air drawn through external air inlet line 142 is offset by air conveyed out of
lower compartment 24b through air vent tube 172. A portion of the air in lower
compartment 24b flows outward through air vent tube 172 to the exhaust or a
condenser (not shown). A vent air path is formed from lower compartment 24b
through air vent tube 172 to the exhaust or condenser. An equilibrium is achieved in
washer 10 wherein air entering washer 10 through the second fluid flow path is offset
by air exiting washer 10 through the vent air path.

[0062] As heretofore described, the operation of blower assembly 100 causes
air to circulate within washer 10 in a distinct flow pattern. Blower assembly 100 also
causes air to be drawn into upper compartment 24a along second fluid flow path and
to be released from lower compartment 24b along the vent air path. During the
operation of blower assembly 100, heating element 174 is energized to heat the air as
it flows through upper compartment 24a. Heating element 174 heats the air in upper
compartment 24a further increasing the air pressure in upper compartment 24a. The
heated air 1s circulated from upper compartment 24a to lower compartment 24a. In
this respect, the heated air is directed along the flow pattern described above, ie,
downward along side walls 22b of housing 22 and upward and laterally across items in
racks 52. As blower assembly 100 continuously circulates air in washer 10, heating
element 174 continuously heats the air circulating in washer 10 until a predetermined
temperature 1s achieved. According to one aspect of the present invention, heating
element 174 causes the air to achieve a temperature sufficient to vaporize, ie,
evaporate, the rinse fluid on the items in racks 52 in lower compartment 24b. The
system controller controls heating element 174 to prevent the temperature of the
circulated air from exceeding a predetermined upper limit. The system controller may

control heating element 174 by energizing and de-energizing heating element 174 or
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using other conventionally known control methods for controlling the operation of a
heating element.

[0063] As stated above, in one embodiment partition 62 is generally cup-
shaped such that an edge of partition 62 is lower than a center of partition 62. In this
respect, fluid that collects on an upper surface of partition 62 may drip toward an edge
of partition 62 and into lower compartment 24b. The present invention thereby
provides a sloped partition 62 whereby moisture that may navigate to upper
compartment 24a during washing and rinsing cycles does not pool therein but drips
towards the edge of partition 62 and into lower compartment 24b where the water is
vaporized during a drying cycle.

[0064] As stated above, valve 48 prevents the flow of fluid from circulation
conduit 32 to upper compartment 24a. However, valve 48 does not prevent the flow
of air in the reverse direction, from upper compartment 24a to circulation conduit 32.
During the drying phase, a portion of the air in upper compartment 24a flows through
vent conduit 46, past valve 48 into circulation conduit 32. The air then flows to first
and second branch conduits 34a, 34b, through central hub 56 into arm assemblies 58A,
58B and out through the spray holes disposed therein. In this respect, the heated air
from upper compartment 24a flows through circulation conduit 32, through first and
second branch conduit 34a, 34b, through upper and lower spray arm assemblies 54A,
54B and into lower compartment 24b, to remove residual moisture therein,

[0065] The foregoing apparatus facilitates the rapid drying of articles by
circulating air in a unique flow pattern in washer 10. The air is circulated between
upper compartment 24a, wherein the air is heated, and lower compartment 24b. The
air flows upward and laterally across the articles in rack 52 in lower compartment 24b.
The air in washer 10 is heated to a sufficient temperature to vaporize the rinse solution
on the articles in lower compartment 24b. In this respect, heated air flows in a unique
flow pattern over articles in rack 52 to facilitate the rapid drying of the articles. As the
rinse solution in lower compartment 24b evaporates, moist air is released from lower
compartment 24b along the vent air path while dry, filtered air is introduced into upper
compartment 24a along the second fluid flow path. The re-circulation of heated air in
washer 10, combined with the removal of moist air from lower compartment 24b and
the addition of dry, filtered air into upper compartment 24a, allows the articles in

washer 10 to be dried rapidly and efficiently. The present invention thereby provides
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an efficient method and apparatus for drying a washer and medical devices and/or
instruments disposed in a washer after exposure to a rinse solution.

[0066] The foregoing description is a specific embodiment of the present
invention. It should be appreciated that this embodiment is described for purposes of
illustration only, and that numerous alterations and modifications may be practiced by
those skilled in the art without departing from the spirit and scope of the invention. It
1s intended that all such modifications and alterations be included insofar as they come

within the scope of the invention as claimed or the equivalents thereof.



WO 2009/058946 PCT/US2008/081706

17

Having described the invention, the following is claimed:
1. A washer for washing articles, said washer comprised of:

a housing defining a chamber, said housing having side walls and a top
wall;

a partition dividing said chamber into an upper compartment and a
lower compartment that is dimensioned to receive articles to be washed, said partition
having an outer peripheral edge that generally conforms to said side walls of said
housing, said partition dimensioned such that a gap is formed between said edge of
said partition and said side walls of said housing;

an external air inlet line fluidly communicating with said upper
compartment;

a blower assembly disposed in said upper compartment, said blower
assembly comprised of:

a housing having a first air inlet, a second air inlet and an air
outlet, said first air inlet fluidly communicating with said lower compartment, said
second air inlet fluidly communicating with said external air inlet line and said outlet
fluidly communicating with said upper compartment; and

an impeller disposed in said housing, said impeller operable to
circulate air from said lower compartment and said external air inlet line through said
air outlet into satd upper compartment; and

heating means disposed in said upper compartment, said heating means

for heating air in said upper compartment.

2. A washer as defined in claim 1, wherein less than about 10% of said air

flowing through said outlet comes from said external air inlet line.

3. A washer as defined in claim 1, further comprising;

a valve disposed in said external air inlet line, said valve operable to
allow air to flow in one direction from said external air inlet line to said blower
assembly; and

a filter element disposed in said air inlet line to filter air flowing

through said air inlet line,
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4, A washer as defined in claim 3, wherein said valve 1s comprised of’

a housing defining a valve cavity;

a collar mounted to said housing;

a plate disposed between said housing and said collar, said plate
moveable between a first position and a second position; said plate sealingly engaging
said housing thereby preventing fluid from flowing through said valve cavity when
said plate is in said first position and said plate allowing fluid flow through said valve
cavity when said plate is in said second position; and

a biasing element biasing said plate to said first position.

5. A washer as defined in claim 1, wherein said impeller includes a first
section and a second section, said first section disposed between said first air inlet and
said outlet of said blower assembly and said second section disposed between said

second air inlet and said outlet of said blower assembly.

6. A washer as defined in claim 1, farther comprising:
a vent conduit connected at one end to said lower compartment and at

another end to an exterior of said washer.

7. A washer as defined in claim 1, further comprising:
an opening in said partition allowing fluid communication between said
lower compartment and said upper compartment; and
a plate associated with said opening, said plate movable between a first
position and a second position, said plate sealingly engaging said partition thereby
preventing fluid from flowing through said opening when said plate is in said first
position and said plate allowing fluid flow through said opening when said plate is in

said second position,

8. A washer as defined in claim 1, further comprising:
a spray arm having an internal passage, said spray arm disposed in said
chamber;
a circulation conduit having an internal passage in fluid communication

with said internal passage in said spray arm;
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a vent conduit having an internal passage in fluid communication with
said upper compartment and said internal passage in said circulation conduit; and
a valve disposed in said vent conduit, said valve operable to allow air to

flow in one direction from said upper compartment to said circulation conduit.

9. A washer as defined in claim 8, wherein said spray arm 1s rotatable

about a fixed axis,

10. A washer fof washing articles, said washer comprised of:

a housing defining a chamber, said housing having side walls and a top
wall;

a partition dividing said chamber into an upper compartment and a
lower compartment that is dimensioned to receive articles to be washed, said partition
having an outer peripheral edge that generally conforms to said side walls of said
housing, said partition dimensioned such that a gap is formed between said edge of
said partition and said side walls of said housing;

heating means disposed in said upper compartment, said heating means
for heating air in said upper compartment;

an external air inlet fluidly communicating with said upper
compartment; and

a blower assembly disposed in said upper compartment, said blower
having an inlet and an outlet, said inlet communicating with said external air inlet and
said lower compartment and said outlet communicating with said upper compartment
for creating an air flow path through said washer, said air flow path from said outlet of
said blower, through said upper compartment, through said gap between said partition
and said side walls, through said lower compartment to said inlet of said blower, said
blower also conveying air from said external air inlet to said upper compartment,
wherein less than about 10% of said air flowing through said outlet of said blower

comes from said external air inlet,

11. A washer as defined in claim 10, further comprising:
a flow control device disposed in said external air inlet for limiting said

flow of said air from said external air inlet to said blower assembly.
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12, A washer as defined in claim 10, further comprising;
a valve disposed in said external air inlet, said valve restricting air flow
in one direction from said external air inlet to said blower assembly; and
a filter element disposed in said external air inlet to filter air flowing

through said air inlet.

13. A washer as defined in claim 12, wherein said valve is comprised of.

a housing defining a valve cavity;

a collar attached to said housing;

a plate disposed between said housing and said collar, said plate
moveable between a first position and a second position, said plate sealingly engaging
said housing thereby preventing fluid from flowing through said valve cavity when
said plate is in said first position, and said plate permitting fluid flow through said
valve cavity when said plate is in said second position; and

a biasing element disposed in said valve cavity, said biasing element

biasing said plate to said first position.

14. A washer as defined in claim 10, further comprising:
an opening in said partition allowing fluid communication between said
lower compartment and said upper compartment; and
a plate associated with opening, said plate movable between a first
position and a second position, said plate sealingly engaging said partition thereby
preventing fluid from flowing through said opening when said plate is in said first
position and said plate allowing fluid flow through said opening when said plate is in

said second position.

15. A washer as defined in claim 10, wherein said blower assembly is
comprised of’

an impeller disposed between said inlet and said outlet of said blower

assembly, said impeller operable to circulate air from said lower compartment and said

external air inlet through said outlet into said upper compartment.
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16. A washer as defined in claim 10, wherein said blower assembly is
comprised of’

an impeller disposed between said inlet and said outlet of said blower

assembly, said impeller having a first section and a second section, said first section

disposed between said lower compartment and said outlet of said housing and

operable to flow air from said lower compartment to said upper compartment, said

second section disposed between said external air inlet and said outlet of said housing

and operable to flow air from said external air inlet to said upper compartment.

17. A washer as defined in claim 10, further comprising;
a vent conduit connecting said lower compartment with an exterior of

said washer.

18. A washer as defined in claim 10, further comprising:

a spray arm having an internal passage, said spray arm disposed in said
chamber;

a circulation conduit having an internal passage in fluid communication
with said internal passage in said spray arm;

a vent conduit having an internal passage in fluid communication with
said upper compartment and said internal passage in said circulation conduit; and

a valve disposed in said vent conduit, said valve operable to allow air to

flow in one direction from said upper compartment to said circulation conduit.

19. A system as defined in claim 18, wherein said spray arm is rotatable

about a fixed axis.

20. A method of drying articles within a washer, comprising the steps of:

a) providing a washing chamber having a partition separating said
chamber into an upper compartment and a lower compartment, said partition having
an outer peripheral edge generally conforming to a shape defined by said side walls
and being dimensioned to form a gap between said edge of said partition and said side

walls of said chamber, said partition further including an opening centrally located in
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said partition, said upper compartment communicating with said lower compartment
through said gap and through said opening;

b) creating an airflow from said upper compartment to said lower
compartment through said gap such that a curtain of air is formed along said side walls
of said chamber;

c) creating an air flow from said lower compartment to said upper
compartment through said opening;

d) heating said air in said upper compartment to a temperature

sufficient to vaporize fluid in said chamber;

€) venting a portion of said air in said lower compariment; and
) introducing clean filtered air into said upper compartment.
21. A method as defined in claim 20, wherein less than about 10% of said

air flow from said upper compartment to said lower compartment is said clean, filtered

air.
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