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EXPANSION DEVICE FOR VAPOR COMPRESSION SYSTEM

RELATED APPLICATIONS

This application is a continuation-in-part application of application number
09/661,477, filed on September 14, 2000, pending, which is herby incorporated by

reference herein.

BACKGROUND

This invention relates, in general, to vapor compression systems, and more
particularly, to an expansion device for a vapor compression system.

In a closed-loop vapor compression cycle, heat transfer fluid changes state
from a vapor to a liquid in the condenser, giving off heat to ambient surroundings,
and changes state from a liquid to a vapor in the evaporator, absorbing heat from
the ambient surroundings during vaporization. A typical vapor compression
system includes a compressor for pumping heat transfer fluid, such as a freon, to a
condenser, where heat is given off as the heat transfer fluid condenses into a
liquid. The heat transfer fluid then flows through a liquid line to an expansion
device, where the heat transfer fluid undergoes a volumetric expansion. The heat
transfer fluid exiting the expansion device is usually a low quality liquid vapor
mixture. As used herein, the term “low quality liquid vapor mixture” refers to a
low pressure heat transfer fluid in a liquid state with a small presence of flash gas
that cools off the remaining heat transfer fluid as the heat transfer fluid continues
on in a sub-cooled state. The expanded heat transfer fluid then flows into an
evaporator. The evaporator includes a coil having an inlet and an outlet, wherein
the heat transfer fluid is vaporized at a low pressure absorbing heat while it
undergoes a change of state from a liquid to a vapor. The heat transfer fluid, now
in the vapor state, flows through the coil outlet and exits the evaporator. The heat
transfer fluid then flows through a suction line and back to the compressor. A
typical vapor compression system may include more than one expansion device.
Moreover, the expansion device may be placed in various locations within a vapor

compression system. For example, as the heat transfer fluid flows into an
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evaporator it may flow through a second expansion device, where the heat transfer
fluid undergoes a second volumetric expansion. Additionally, a typical vapor
compression system may include a nozzle or fixed orifice.

In one aspect, the efficiency of the vapor compression cycle depends upon
the precise control of the volumetric expansion of a heat transfer fluid in various
locations within a vapor compression system. Heat transfer fluid is volumetrically
expanded when the heat transfer fluid flows through an expansion device, such as
a thermostatic expansion valve, a capillary tube, and a pressure control, or when
the heat transfer fluid flows through a nozzle or fixed orifice. Often times, the rate
in which a heat transfer fluid is volumetrically expanded needs to be varied
depending on the conditions within the vapor compression system. Devices such
as capillary tubes, pressure controls, nozzles, or fixed orifices, are fixed in size and
cannot vary the rate in which a heat transfer fluid is volumetrically expanded.
While many thermostatic expansion valves can vary the rate in which a heat
transfer fluid is volumetrically expanded, they are complex and rather costly to
manufacture. Moreover, thermostatic expansion valves are not as precise as
capillary tubes, a pressure controls, or nozzles, or fixed orifices, when it comes to
controlling the rate in which heat transfer fluid is volumetrically expanded.

Accordingly, further development of vapor compression systems, and more
specifically, expansion devices for vapor compression systems, is necessary in
order to decrease the complexity and cost of manufacturing expansion devices that
can vary the rate in which a heat transfer fluid is volumetrically expanded, and
increase the precision of expansion devices that can vary the rate in which a heat

transfer fluid is volumetrically expanded.

SUMMARY

According to one aspect of the present invention, a vapor compression
system is provided. The vapor compression system includes a line for flowing
heat transfer fluid, a compressor connected with the line for increasing the
pressure and temperature of the heat transfer fluid, a condenser connected with the

line for liquefying the heat transfer fluid, and an expansion device connected with
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the line for expanding the heat transfer fluid. The expansion device includes a
housing defining a first orifice, and at least one blade connected with the housing,
wherein the blade is movable between a first position and a second position,
wherein the first orifice is larger in the first position than in the second position.
The vapor compression system also includes an evaporator connected with the line
for transferring heat from ambient surroundings to the heat transfer fluid.

According to another aspect of the present invention, an expansion device
for a vapor compression system is provided. The expansion device includes a
housing defining a first orifice, and at least one blade connected with the housing,
wherein the blade is movable between a first position and a second position,
wherein the first orifice is larger in the first position than in the second position.

According to yet another aspect of the present invention, an expansion
device for a vapor compression system is provided. The expansion device
includes a first sheet defining a first orifice, and a second sheet overlapping the
first sheet, the second sheet defining a second orifice, wherein the second orifice is
movable between a first position and a second position, and wherein the second
orifice is larger in the first position than in the second position.

According to one aspect of the present invention, a vapor compression
system is provided. The vapor compression system has a line for flowing heat
transfer fluid. A compressor is connected with the line for increasing the pressure
and temperature of the heat transfer fluid and a condenser is connected with the
line for liquefying the heat transfer fluid. The vapor compression system also has
an expansion device connected with the line for expanding the heat transfer fluid.
The expansion device has a housing defining a housing orifice and at least one ball
within the housing. The ball forms at least two channels, wherein each channel
defines a channel] orifice. The effective cross-sectional area of the one channel
orifice is greater than the effective cross-sectional area of the other channel orifice.
Moreover, the ball is movable between a first position and a second position,
wherein the housing orifice is effectively made larger in the first position than in

the second position. The vapor compression system also has an evaporator
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connected with the line for transferring heat from ambient surroundings to the heat
transfer fluid.

According to another aspect of the present invention, an expansion device
for a vapor compression system is provided. The expansion device has a housing
defining a housing orifice. The expansion device also has at least one ball within
the housing. The ball forms at least two channels, wherein each channel defines a
channel orifice. The effective cross-sectional area of the one channel orifice is
greater than the effective cross-sectional area of the other channel orifice.
Moreover, the ball is movable between a first position and a second position,
wherein the housing orifice is effectively made larger in the first position than in

the second position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a vapor compression system arranged in
accordance with one embodiment of the invention;

FIG. 2 is a perspective view of an expansion device connected with a line,
in accordance with one embodiment of the invention;

FIG. 3 is a cross-sectional perspective view of the expansion device in FIG.
2, wherein the expansion device is in a partially open positioﬁ;

FIG. 4 is a cross-sectional perspective view of the expansion device in FIG.
2, wherein the expansion device is in a fully open position;

FIG. 5 is a cross-sectional perspective view of the expansion device in FIG.
2, wherein the expansion device is in a fully closed position;

FIG. 6 is a cross-sectional perspective view of an expansion device, in
accordance with one embodiment of the invention;

FIG. 7 is a cross-sectional perspective view of an expansion device,
wherein the expansion device is in a closed position, in accordance with one
embodiment of the invention;

FIG. 8 is a cross-sectional perspective view of the expansion device in FIG.

6, wherein the expansion device is in a partially open position;
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FIG. 9 is a cross-sectional perspective view of the expansion device in FIG.
6, wherein the expansion device is in a fully open position;

FIG. 10 is a perspective view of an expansion device connected with a line,
in accordance with one embodiment of the invention;

FIG. 11 is an exploded perspective view of the expansion device in FIG. 9;

FIG. 12 is a cross-sectional view of the expansion device in FIG. 9,
wherein the expansion device is in a partially open position;

FIG. 13 is a cross-sectional view of the expansion device in FIG. 9,
wherein the expansion device is in a fully open position;

FIG. 14 is a cross-sectional view of the expansion device in FIG. 9,
wherein the expansion device is in a fully closed position;

FIG. 15 is an exploded perspective view of an expansion device, in
accordance with one embodiment of the invention;

FIG. 16 is an exploded perspective view of an expansion device, in
accordance with one embodiment of the invention;

FIG. 17 is an enlarged, partial, cross-sectional view of the expansion device
in FIG. 16, in accordance with one embodiment of the invention;

FIG. 18 is a cross-sectional view of the expansion device in FIG. 17 taken
along line 18, in accordance with one embodiment of the invention,

FIG. 19 is an enlarged, partial, cross-sectional view of an expansion device,
in accordance with one embodiment of the invention;

FIG. 20 is a cross-sectional view of the expansion device in FIG. 19 taken
along line 20, in accordance with one embodiment of the invention;

FIG. 21 is a cross-sectional view of the expansion device, in accordance
with one embodiment of the invention; and

FIG. 22 is a cross-sectional view of the expansion device, in accordance
with one embodiment of the invention.

For simplicity and clarity of illustration, elements shown in the Figures
have not necessarily been drawn to scale. For example, dimensions of some

elements are exaggerated relative to each other. Further, when considered
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appropriate, reference numerals have been repeated among the Figures to indicate

corresponding elements.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

One embodiment of a vapor compression system 10 is illustrated in FIG. 1.
Vapor compression system 10 includes a compressor 12 for increasing the
pressure and temperature of a heat transfer fluid 34, a condenser 14 for liquefying
the heat transfer fluid 343 an evaporator 16 for transferring heat from ambient
surroundings to the heat transfer fluid 34, an expansion device 18 for expanding
the heat transfer fluid 34, and a line 19 for flowing the heat transfer fluid. Line 19
allows for the flow of a heat transfer fluid 34 from one component of vapor
compression system 10, such as compressor 12, condenser 14, evaporator 16, and
expansion device 18, to another component of vapor compression system 10.
Compressor 12, condenser 14, evaporator 16, and expansion device 18 are all
connected with line 19. In one embodiment, line 19 includes discharge line 20,
liquid line 22, saturated vapor line 28, and suction line 30, as illustrated in FIG. 1.
In this embodiment, compressor 12 is connected with condenser 14 through
discharge line 20, condenser 14 is connected with expansion device 18 through
liquid line 22, expansion device 18 is connected with evaporator 16 through
saturated vapor line 28, and evaporator 16 is connected with compressor 12
through suction line 30, as illustrated in FIG. 1.

In one embodiment, vapor compression system 10 includes a sensor 32
operably connected to expansion device 18. Sensor 32 can be used to vary the rate
in which a heat transfer fluid 34 is volumetrically expanded through expansion
device 18. Preferably, sensor 32 is mounted to a portion of line 19, such as
suction line 30, and is operably connected to expansion device 18. Sensor 32 can
be any type of sensor known by those skilled in the art designed to detect
conditions in and around vapor compression system 10, such as the temperature,
pressure, enthalpy, 'and moisture of heat transfer fluid 34 or any other type of

conditions that may be monitored in and around vapor compression system 10.
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For example, sensor 32 may be a pressure sensor that detect the pressure of heat
transfer fluid 34 at a certain point within vapor compression system 10, or sensor
32 may be a temperature sensor which detects the temperature of ambient
surroundings 11 around vapor compression system 10. Preferably, sensor 32 is
operably connected to expansion device 18 through control line 33.

Vapor compression system 10 can utilize essentially any commercially
available heat transfer fluid 34 including refrigerants such as, for example,
chlorofluorocarbons such as R-12 which is a dicholordifluoromethane, R-22 which
is a monochlorodifluoromethane, R-500 which is an azeotropic refrigerant
consisting of R-12 and R-152a, R-503 which is an azeotropic refrigerant
consisting of R-23 and R-13, and R-502 which is an azeotropic refrigerant
consisting of R-22 and R-115. Vapor compression system 10 can also utilize heat
transfer fluids 34 including, but not limited to, refrigerants R-13, R-113, 141b,
123a, 123, R-114, and R-11. Additionally, vapor compression system 10 can
utilize heat transfer fluids 34 including hydrochlorofluorocarbons such as 141b,
123a, 123, and 124; hydrofluorocarbons such as R-134a, 134, 152, 143a, 125, 32,
23; azeotropic HFCs such as AZ-20 and AZ-50 (which is commonly known as R-
507); and blended refrigerants such as MP-39, HP-80, FC-14, R-717, and HP-62
(commonly known as R-404a). Accordingly, it should be appreciated that the
particular heat transfer fluid 34 or combination of heat transfer fluid 34 utilized in
the present invention is not deemed to be critical to the operation of the present
invention since this invention is expected to operate with a greater system
efficiency with virtually all heat transfer fluids 34 than is achievable by any
previously known vapor compression system utilizing the same heat transfer fluid
34,

In one embodiment, compressor 12 compresses heat transfer fluid 34, to a
relatively high pressure and temperature. The temperature and pressure to which
heat transfer fluid 34 is compressed by compressor 12 will depend upon the
particular size of vapor compression system 10 and the cooling load requirements
of vapor compression system 10. Compressor 12 then pumps heat transfer fluid

34 into discharge line 20 and into condenser 14. In condenser 14, a medium such
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as air, water, or a secondary refrigerant is blown past coils within condenser 14
causing the pressurized heat transfer fluid 34 to change to a liquid state. The
temperature of the heat transfer fluid 34 drops as the latent heat within the heat
transfer fluids 34 is expelled during the condensation process. Condenser 14
discharges the liquefied heat transfer fluid 34 to liquid line 22.

As shown in FIG. 1, liquid line 22 discharges the heat transfer fluid 34 into
expansion device 18 whereupon the heat transfer fluid 34 undergoes a volumetric
expansion. In one embodiment, the heat transfer fluid discharged by condenser 14
enters expansion device 18 and undergoes a volumetric expansion at a rate
determined by the conditions of suction line 30, such as temperature and pressure,
at sensor 32. Sensor 32 relays information about the conditions of suction line,
such a pressure and temperature, through control line 33 to expansion device 18.
Upon undergoing a volumetric expansion, expansion device 18 discharges the heat
transfer fluid 34 as a saturated vapor into saturated vapor line 28. Saturated vapor
line 28 connects the expansion device 18 with the evaporator 16. Evaporator 16
transfers heat from ambient surroundings 11 to the heat transfer fluid 34. Ambient
surroundings 11 is the atmosphere surrounding vapor compression system 10, as
illustrated in FIG. 1. Upon exiting evaporator 16, heat transfer fluid then travels
through suction line 30 back to compressor 12.

While in the above embodiment expansion device 18 is connected with
saturated vapor line 28 and liquid line 22, expansion device 18 may connected
with any component within vapor compression system 10 and expansion device 18
may be located at any point within vapor compression system 10. Preferably,
expansion device 18 is located at a point within vapor compression system 10 in
which it is desired to volumetrically expand heat transfer fluid 34, such as between
condenser 14 and evaporator 16. More preferably, expansion device 18 is located
at a point within vapor compression system 10 in which it is desired to vary the
rate in which a heat transfer fluid 34 is volumetrically expanded, such as between
condenser 14 and evaporator 16, as illustrated in FIG. 1. Expansion device 18
may be used in place‘of or in combination with metering devices such as, but not

limited to, a thermostatic expansion valve, a capillary tube, a pressure control, a



10

15

20

25

30

WO 02/23102 PCT/US01/28950

9-

nozzle, and a fixed orifice. Preferably, heat transfer fluid 34 is volumetrically
expanded when the heat transfer fluid 34 flows through expansion device 18.

Shown in FIG. 2 is a perspective view of expansion device 18 connected
with line 19, in accordance with one embodiment. Expansion device 18 includes a
housing 40 and at least one blade 48, as illustrated in FIGS. 3-8. Housing 40
defines a first orifice 44. Preferably, housing 40 is manufactured from and
includes a rigid, steel material, however housing 40 can be manufactured from any
material known by those skilled in the art, such as ceramics, carbon fiber, any
metal or metallic alloy, any plastic, or any other material. As defined herein, an
orifice, such as first orifice 44, is any opening in which fluid, such as heat transfer
fluid 34, can pass through. Orifice may have one of many shapes, such as a
circular shape (as illustrated in FIGS. 7-9), a tear dropped shape, an eye shape (as
illustrated in FIGS. 3-6), a square or rectangular shape, or any irregular shape.
Blade 48 is connected with housing 40. Preferably, blade 48 is connected to
housing 40, as illustrated in FIGS. 3-8. In one embodiment, blade 48 is connected
to at least one track 56 within housing 40, wherein track 56 defines a path upon
which blade 48 travels. Blade 48 may have one of many shapes, such as a circular
shape or disc shape, a V shape (as illustrated in FIGS. 3-5), a curved shape (as
illustrated in FIGS. 7-9), a square or rectangular shape (as illustrated in FIG. 6), or
any irregular shape. Blade 48 includes and is manufactured from any material
known by those skilled in the art, such as ceramics, carbon fiber, any metal or
metallic alloy, any plastic, or any other material. Preferably, blade 48 includes
and is manufactured from spring steel.

Blade 48 is movable between a first position, as illustrated in FIG. 4, and a
second position, as illustrated in FIGS. 3 and 5, wherein the first orifice 44 is
larger in the first position than in the second position. Blade 48 can be either
manually moved from a first position to a second position or automatically moved,
by means of a motor or other means, from a first position to a second position. As
defined herein, an orifice, such as orifice 44, is made larger when the cross-
sectional area of the orifice is effectively increased and an orifice is made smaller

when the cross-sectional area of the orifice is effectively decreased, as illustrated
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in FIGS. 3-5. By increasing or decreasing the cross-sectional areas of an orifice,
such as orifice 44, the rate of volumetric expansion within a heat transfer fluid 34
can be controlled and varied. Preferably, blade 48 overlaps a at least a portion of
the first orifice when blade 48 is in the second position, thereby making the first
orifice smaller.

In one embodiment, expansion device 18 includes a first blade 50 and a
second blade 52, as illustrated in FIGS. 3-5. Preferably, first and second blades
50, 52 are connected to housing 40, as illustrated in FIGS. 3-8. In one
embodiment, first and second blades 50, 52 are connected to at least one track 56
within housing 40, wherein track 56 defines a path upon which first and second
blades 50, 52 travel. First blade 50 and second blade 52 are movable between a
first position and a second position, wherein the first orifice 44 is larger in 'Ehe first
position than in the second position, as illustrated in FIGS. 3-5.

In one embodiment, expansion device includes a single blade 48, wherein
single blade 48 defines a second orifice 46, as illustrated in FIG. 6. Preferably,
second orifice 46 is adjacent first orifice 44. Blade 48 is movable between a first
position and a second position, wherein the first orifice is larger in the first
position than in the second position. By moving blade 48 between a first and
second position, second orifice 46 overlaps with portions of first orifice 44, and
first orifice 44 can be made larger or smaller.

In one embodiment expansion device 18 includes a series of blades 48,
wherein the series of blades 48 define a second orifice 46, as illustrated in FIGS.
7-9. Second orifice 46 overlaps first orifice 44. Preferably, second orifice 46 is
adjacent first orifice 44. Blades 48 are movable between a first position and a
second position, wherein the second orifice 46 is larger in the first position than in
the second position. By moving blades 48 between a first and second position,
second orifice 46 can be made larger or smaller. Since second orifice 46 ovetlaps
first orifice 44, first orifice 44 can be made larger or smaller as second orifice 46 is
made larger or smaller. In one embodiment, the series of blades 48 define a

second orifice 46 that is generally circular, as illustrated in FIGS. 7-9. In this
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embodiment, the series blades 48 are arranged in a formation that resembles the
aperture of a camera lens.

In one embodiment, sensor 32 controls the movement of at least one blade
48 between a first position a second position. Preferably, sensor 32 is connected
with a moving device (not shown), such as an electric motor or an electromagnet,
wherein the moving device can be used to automatically move blade 48 from a
first position to a second position upon receiving a signal from sensor 32.

In one embodiment, expansion device 18 includes a first sheet 60 defining
a first orifice 62, and a second sheet 62 overlapping the first sheet 60, as illustrated
in FIGS. 10-15. First sheet 60 and second sheet 64 can be manufactured from and
include any material known by those skilled in the art, such as ceramics, carbon
fiber, any metal or metallic alloy, any plastic, or any other material. Preferably,
first sheet 60 and second sheet 64 are manufactured from and include ceramic
material. First sheet 60 and second sheet 64 may have one of many shapes, such
as a circular shape or disc shape (as illustrated in FIGS. 3-5), a V shape, a curved
shape, a square or rectangular shape, or any irregular shape. Second sheet 64
defines a second orifice 66, wherein the second orifice 66 is movable between a
first position and a second position, and wherein the second orifice is larger in the
first position than in the second position. In one embodiment, at least one of first
sheet 60 and second sheet 64 rotate about a common axis 68, as illustrated in FIG.
11. Preferably, the common axis 68 is generally centered on first sheet 60 and
second sheet 64. In one embodiment, first sheet 60 is fixed with respect to a
housing 70, and second sheet 64 rotates about a common axis 68, wherein axis 68
is located at the center of bother first sheet 60 and second sheet 64, as illustrated in
FIG. 10. Preferably, expansion device 18 includes a tab 58 protruding from
housing 70 and connected with second sheet 64, wherein tab 58 allows for one to
manually move second sheet 64 from a first position to a second position.

Preferably, heat transfer fluid 34 is used to lubricate either blades 48 or first
and second sheets 60, 64, so that blades 48 and/or first and second sheets 60, 64

may move more freely about.
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In one embodiment, second sheet 64 defines multiple orifices 66 and first
sheet 60 defines a single orifice 62, wherein the size and shape of orifice 62 allows
orifice 62 to overlap multiple orifices 66, as illustrated in FIG. 15. Multiple
orifices 66 are movable between a first position and a second position, wherein the
single orifice overlaps the multiple orifices in the second position, and wherein the
single orifice 62 is made larger as the multiple orifices move to the second
position, as illustrated in FIG. 15.

Another embodiment of expansion device 18 is shown in Figs. 16-20 and is
generally designated by the reference numeral 78. This embodiment is
functionally similar to that described in Figs. 2-15 which was generally designated
by the reference numeral 18. As shown in FIG. 16, expansion device 78 is
connected with line 19. Expansion device 78 includes a housing 80 and at least
one ball 84 located within housing 80, as illustrated in FIGS. 16-20. Housing 80
includes a bore 72 that defines a housing orifice 74 upon which heat transfer fluid

enters housing 80. Preferably, housing 80 includes a rigid, steel material, however

~ housing 80 can be manufactured from any rigid material known by those skilled in

the art, such as ceramics, carbon fiber, any metal or metallic alloy, any plastic, or
any other rigid material. Housing 80 is preferably constructed as a two-piece
structure having a set of threaded bosses 128 that receive a set of housing studs 94,
as shown in Fig. 16. Housing 80 is connected with a tailpiece 82 through a set of
openings 130 within tailpiece 82 and a set of threaded nuts 110 which receive
housing studs 94, as illustrated in FIG. 16. A housing seal 92 is sized to be
sealingly received between housing 80 and tailpiece 82.

Ball 84 sits within bore 72 of housing 80 and is sandwiched between two
seats 86 that are sized to be sealingly received in the bore 72 of the housing 80.
While in this embodiment ball 84 is in the shape of a sphere, ball 84 can have
other shapes, such as a cylinder, a parallelogram, and a pyramid. Ball 84 forms a
notch 126 that receives an adjustment stem 88 through a second bore 130 of
housing 80. A stem washer 90 surrounds the base of adjustment stem 88. The
adjustment stem 88 receives a packing 98, a packing follower 100, a packing
spring 102, a spring cap 104, and a thrust bearing 106 which overlie the washer 90
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and are generally located within the bore 130. A base 96 holds the adjustment
stem 88 within bore 130. A tip 89 of adjustment stem 88 pokes through an
opening in the base 96. A handle 112 forms an opening 116 that is fitted over the
tip 89. A handle set screw 114 secures the handle 112 to adjustment stem 88. As
the handle 112 rotates in a rotational direction R, adjustment stem 88 and the ball
84 also rotate in a direction R, as illustrated in FIG. 16.

As handle 112 rotates, ball 84 is movable between a first position and a
second position. Ball 84 forms at least two channels 118 which each form a
channel orifice 76, as illustrated in FIGS. 18 and 20-22. In one embodiment, each
channel 118 goes all the way through ball 84, as illustrated in FIGS. 18 and 20. In
one embodiment, first channel 120 goes through the ball 84, while second channel
122 only goes part way through the ball 84, and intersects with first channel 120 at
a point within the ball 84, as illustrated in FIG. 22. The first channel 120 forms a
first channel orifice 76 having effective cross-sectional area of C and the second |
channe] 122 forms a second channel orifice 76 having an effective cross-sectional
area of B, wherein the effective cross-sectional area C is not equal to the effective
cross-sectional area B, as illustrated in FIGS. 18 and 20-22. As defined herein, the
effective cross-sectional area is the cross-sectional area along a plane through the
channel, wherein the plane is generally perpendicular to the direction F of the flow
of heat transfer fluid 34 through that channel. Preferably, the effective cross-
sectional area C is greater than the effective cross-sectional area B. More
preferably, the effective cross-sectional area C is greater than the effective cross-
sectional area B by at least 5%, and more preferably by at least 10% .

While a channel, such as first channel 120, may define a number of orifices
along the developed length of that channel, as defined herein, the channel orifice
76, is the orifice defined by a channel that has the smallest cross-sectional area
from any other orifice defined by that channel. For example, as illustrated in FIG.
22, the second channel 122 defines a first orifice 76 and a second orifice 77,
wherein the first orifice 75 has an effective cross-sectional area of B and the

second orifice 77 has an effective cross-sectional area of G, and wherein the
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effective cross-sectional area B is less than the effective cross-sectional area G, the
channel orifice 76 is the first orifice 75.

The heat transfer fluid 34 flows in a direction F through line 19 and into the
expansion device 78 through the housing orifice 74 having a diameter D, as
illustrated in FIGS. 17-22. Heat transfer fluid 34 then flows through either the
first channel 120 or the second channel 122, depending on the position of ball 84.
For example, when the ball 84 is in a first position, the heat transfer fluid 34 may
flow through the first channel 120, and when ball 84 is in a second position, the
heat transfer fluid 34 may flows through the second channel 122. In one
embodiment, when the ball 84 is in a first position, the heat transfer fluid 34 may
flow through the first channel 120 and the second channel 122, as illustrated in
FIG. 21 and FIG. 22.

As defined herein, an orifice, such as orifice 74, is made larger when the
cross-sectional area of the orifice is effectively increased and an orifice is made
smaller when the cross-sectional area of the orifice is effectively decreased. By
moving the ball 84 from a first position to a second position, the cross-sectional
area of housing orifice 74 can be effectively increased or decreased, thus the rate
of volumetric expansion within a heat transfer fluid 34 which flows through the
housing orifice 74, and through expansion device 78, can be precisely controlled
and varied.

The ball 84 can be either manually moved from a first position to a second
position or automatically moved, by means of a motor or other means, from a first
position to a second position. In one embodiment, sensor 32 controls the
movement of ball 84 between a first position a second position. Preferably, sensor
32 is connected with a moving device (not shown), such as an electric motor or an
electromagnet, wherein the moving device can be used to automatically move ball
84 from a first position to a second position upon receiving a signal from sensor
32.

In one embodiment, the ball 84 forms a first channel 120 having an orifice
76 with an effective cross-sectional area C, a second channel 122 having an orifice

76 with an effective cross-sectional area B, and a third channel 124 having an
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orifice 76 with an effective cross-sectional area A, wherein the effective cross-
sectional area A is not equal to effective cross-sectional areas C or B, and the
effective cross-sectional area C is not equal to the effective cross-sectional area B,
as illustrated in FIGS. 17-20.

In one embodiment, the first channel 120 and the second channel 122 form
an intersection 132, wherein the path of the first channel 120 crosses the path of
the second channel 122, as illustrated in FIGS. 18, 21 and 22. In one embodiment,
the first channel 120 is located above or below the second channel 122 and
therefore does not form an intersection with the second channel 122, as illustrated
in FIG. 20.

In one embodiment, the first channel 120 and the second channel 122 are
positioned near one another so that the heat transfer fluid 34 may flow through
either the first channel 120, the second channel 122, or through both the first and
the second channel 120,122, depending on the position of ball 84, as illustrated in
FIG. 21. For example, when the ball 84 is in a first position, the heat transfer fluid
34 may flow through the first channel 120, and when ball 84 is in a second
position, the heat transfer fluid 34 may flow through the second channel 122.
However, when the ball 84 is in a third position, the heat transfer fluid may flow
through both the first and the second channel. In this embodiment, the effective
cross-sectional area C of the first channel and the effective cross-séctional area B
of the second channel may be equal to each other.

Expansion device 18 may be combined with a traditional expansion device,
wherein the traditional expansion device volumetrically expands heat transfer fluid
34 at a fixed rate. By combining expansion device 18 with a traditional expansion
device, heat transfer fluid 34 can be volumetrically expanded at a varied rate, and
thus simulate the effect of a thermostatic expansion valve, at a reduced cost.

Those skilled in the art will appreciate that numerous modifications can be
made to enable vapor compression system 10 to address a variety of applications.
For example, vapor compression system 10 operating in a retail food outlet may
include a number of evaporators 16 that can be serviced by a éommon compressor

12. Also, in applications requiring refrigeration operations with high thermal
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loads, multiple compressors 12 can be used to increase the cooling capacity of the
vapor compression system 10.

Those skilled in the art will recognize that vapor compression system 10
can be implemented in a variety of configurations. For example, the compressor
12, condenser 14, expansion device 18, and the evaporator 16 can all be housed in
a single housing and placed in a walk-in cooler. In this application, the condenser
14 protrudes through the wall of the walk-in cooler and ambient air outside the
cooler is used to condense the heat transfer fluid 34. In another application, vapor
compression system 10 can be configured for air-conditioning a home or business.
In yet another application, vapor compression system 10 can be used to chill
water. In this application, the evaporator 16 is immersed in water to be chilled.
Alternatively, water can be pumped through tubes that are meshed with the
evaporator coil 44. In a further application, vapor compression system 10 can be
cascaded together with another system for achieving extremely low refrigeration
temperatures. For example, two vapor compression systems using different heat
transfer fluids 34 can be coupled together such that the evaporator of a first system
provides a low temperature ambient. A condenser of the second system is placed
in the low temperature ambient and is used to condense the heat transfer fluid in
the second system.

As known by one of ordinary skill in the art, every element of vapor
compression system 10 described above, such as evaporator 16, liquid line 22, and
suction line 30, can be scaled and sized to meet a variety of load requirements. In
addition, the refrigerant charge of the heat transfer fluid in vapor compression
system 10, may be equal to or greater than the refrigerant charge of a conventional
system.

Thus, it is apparent that there has been provided, in accordance with the
invention, a vapor compression system that fully provides the advantages set forth
above. Although the invention has been described and illustrated with reference to
specific illustrative embodiments thereof, it is not intended that the invention be
limited to those illustrative embodiments. Those skilled in the art will recognize

that variations and modifications can be made without departing from the spirit of
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the invention. For example, non-halogenated refrigerants can be used, such as
ammonia, and the like can also be used. It is therefore intended to include within
the invention all such variations and modifications that fall within the scope of the

appended claims and equivalents thereof.
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CLAIMS

1. A vapor compression system comprising:
a line for flowing heat transfer fluid;
a compressor connected with the line for increasing the pressure and
temperature of the heat transfer fluid;
a condenser connected with the line for liquefying the heat transfer
fluid;
an expansion device connected with the line for expanding the heat
transfer flu ~ >omprising:
a housing defining a first orifice;
at least one blade connected with the housing, wherein the
blade is movable between a first position and a second position, wherein the first
orifice is larger in the first position than in the second position; and
an evaporator connected with the line for transferring heat from

ambient surroundings to the heat transfer fluid.

2. The vapor compression system of claim 1, further comprising a first
blade and a second blade, wherein the first blade and second blade are movable
between a first position and a second position, wherein the first orifice is larger in

the first position than in the second position.

3. The vapor compression system of claim 1, wherein the blade defines

a second orifice.

4. The vapor compression system of claim 1, further comprising a
series of blades, wherein the series of blades define a second orifice adjacent the
first orifice, and wherein the blades are movable between a first position and a
second position, wherein the second orifice is larger in the first position than in the

second position.
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5. The vapor compression system of claim 3, wherein the second
orifice is generally circular.

6. The vapor compression system of claim 1, wherein the blade is
generally disc-shaped.

7. The vapor compression system of claim 1, wherein the blade
comprises ceramic material.

8. The vapor compression system of claim 1, further comprising a

sensor connected with the expansion device.

9. The vapor compression system of claim 8, wherein the sensor
controls the movement of the blade between the first position and the second

position.

10.  Anexpansion device for a vapor compression system, comprising:

a housing defining a first orifice;

at least one blade connected with the housing, wherein the blade is movable
between a first position and a second position, wherein the first orifice is larger in

the first position than in the second position.

11.  The expansion device of claim 10, wherein the blade overlaps at

least a portion of the first orifice when the blade is the second position.

12.  The expansion device of claim 10, further comprising a first blade
and a second blade, wherein the first blade and second blade are movable between
a first position and a second position, wherein the first orifice is larger in the first

position than in the second position.
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13.  The expansion device of claim 10, further comprising a series of
blades, wherein the blades define a second orifice adjacent the first orifice, and
wherein the blades are movable between a first position and a second position,

wherein the second orifice is larger in the first position than in the second position.

14.  The expansion device of claim 13, wherein the second orifice is

generally circular.

15.  The expansion device of claim 10, wherein the blade defines a

second orifice.

16.  An expansion device for a vapor compression system, the expansion
device comprising:

a first sheet defining a first orifice;

a second sheet overlapping the first sheet, the second sheet defining a
second orifice, wherein the second orifice is movable between a first position and
a second position, and wherein the second orifice is larger in the first position than

in the second position.

17.  The expansion device of claim 16, wherein the first sheet and

second sheet are generally disc-shaped.

18.  The expansion device of claim 16, wherein the first sheet and

second sheet rotate about a common axis.

19.  The expansion device of claim 16, wherein the first sheet and the

second sheet comprise ceramic material.

20.  The expansion device of claim 16, further comprising heat transfer
fluid located between the first sheet and the second sheet for lubricating the first

sheet and the second sheet.
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21.  The expansion device of claim 16, wherein the second sheet defines

multiple orifices.

22.  The expansion device of claim 16, further comprising a housing

surrounding the first and second sheets.

23.  The expansion device of claim 16, wherein the first sheet is

connected with the second sheet through a pin.

24. A vapor compression system comprising:
a line for flowing heat transfer fluid;
a compressor connected with the line for increasing the pressure and
temperature of the heat transfer fluid,
a condenser connected with the line for liquefying the heat transfer
fluid;
an expansion device connected with the line for expanding the heat
transfer fluid, comprising:
a housing defining a housing orifice;
at Jeast one ball within the housing, the ball forming at least
two channels, wherein each channel defines a channel orifice, wherein the
effective cross-sectional area of the one channel orifice is greater than the effective
cross-sectional area of the other channel orifice, wherein the ball is movable
between a first position and a second position, and wherein the housing orifice is
effectively made larger in the first position than in the second position; and
an evaporator connected with the line for transferring heat from

ambient surroundings to the heat transfer fluid.

25.  The vapor compression system of claim 24, wherein the ball forms a

third channel, wherein the ball is movable between a second and third position,



10

15

20

25

30

WO 02/23102 PCT/US01/28950

22

wherein the housing orifice is smaller in the third position than in the first

position.

26.  The vapor compression system of claim 24, wherein the first

channel and the second channel form an intersection.

27.  The vapor compression system of claim 24, wherein the first

channel and the second channel do not form an intersection.

28.  The vapor compression system of claim 24, wherein the channel

orifice is generally circular.

29.  The vapor compression system of claim 24, wherein the first

channel and the second channel go all the way through the ball.

30.  The vapor compression system of claim 24, wherein the first
channel goes through the ball, while second channel only goes part way through

the ball and intersects with first channel at a point within the ball.

31.  The vapor compression system of claim 24, further comprising a

sensor connected with the expansion device.

32.  The vapor compression system of claim 31, wherein the sensor
controls the movement of the blade between the first position and the second

position.

33.  Anexpansion device for a vapor compression system, comprising:
a housing defining a housing orifice; and
at least one ball within the housing, the ball forming at least two
channels, wherein each channel defines a channel orifice, wherein the effective

cross-sectional area of the one channel orifice is greater than the effective cross-
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sectional area of the other channel orifice, wherein the ball is movable between a
first position and a second position, and wherein the housing orifice is effectively

made larger in the first position than in the second position.

34.  The expansion device of claim 33, wherein the housing orifice is

adapted to receive a heat transfer fluid.

35.  The vapor compression system of claim 33, wherein the ball forms a
third channel, wherein the ball is movable between a second and third position,
wherein the housing orifice is larger in the first position than in the second

position.

36.  The vapor compression system of claim 33, wherein the first

channel and the second channel form an intersection.

37.  The vapor compression system of claim 33, wherein the first

channel and the second channel do not form an intersection.

38.  The vapor compression system of claim 33, wherein the channel

orifice is generally circular.

39.  The vapor compression system of claim 31, further comprising a

sensor connected with the expansion device.

40. A method for operating a vapor compression system comprising
connecting the expansion device of claim 31 with a compressor, a condenser, and

an evaporator through a line.



WO 02/23102

FIG. | 26,10
' - T‘
(o
30,19 Z
'9'2\2,--7-

16

il

1/9

PCT/US01/28950




WO 02/23102 PCT/US01/28950

FIG.3 FIG.4

48,50 48,50

/ |

~\

N

2/9



WO 02/23102 PCT/US01/28950

40

18




WO 02/23102 PCT/US01/28950

4/9



//////////////




8L %
.

4
98
0‘ m =
. YR —\
qnp |

6
> ° e
Z / < 92l ¢mMmm ___m__q,._m w 7 o &
TN O~k 1
- ,/, ©\\\ 96 .

P




//////////////




//////////////

78

1 188 //so
S
"l

/7R 77177

- \!// \\\
S
® g
& /
/




//////////////




INTERNATIONAL SEARCH REPORT

Intel 1al Application No

PCT/US 01/28950

A. CLASSIFICATION OF SUBJECT MATTER
TP 7 F28821706

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 F25B F16K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents ara included in the fields searched

EPO-Internal, WPI Data, PAJ

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

claims 1,3,5,6
figures 1,3-6,8,9

cofumn 4, Tine 42 —column 5,

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5 417 083 A (EBER DAVID H) 1-6,
23 May 1995 (1995-05-23) 10-18,
20-23
column 3, Tine 19 —column 4, 1ine 2
column 6, 1ine 31 —column 7, Tine 42
column 7, line 67 —column 9, line 5
column 9, line 38 —column 10, line 5
claims 1-29
figures 2,4-11
A US 4 311 020 A (TOBIN CURTIS L ET AL) 1-6,
19 January 1982 (1982-01-19) 10-18,
22,23

1ine 43

-/

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A* document defining the general state of the art which is not
considered to be of particular relevance

"E* earlier document but published on or afterthe international
filing date

"' document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O* document refarring to an oral disclosure, use, exhibition or
other means

“P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious 1o a person skilled
inthe art.

*&" document member of the same patent family

Date of the actual completion of the international search

18 January 2002

Date of mailing of the international search report

25/01/2002

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Fom PCT/ISA/210 (second sheet) (July 1992)

Authorized officer

CORREIA DOS REIS, I




INTERNATIONAL SEARCH REPORT

Inte 1al Application No

PCT/US 01/28950

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °©

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A

WO 99 45447 A (FLOW DESIGN INC)
10 September 1999 (1999-09-10)

page 15, Tine 34 -page 16, 1line 12
figure 8

US 5 011 112 A (GLAMM PAUL R)

30 April 1991 (1991-04-30)

column 2, line 66 —column 3, Tline 21

column 9, 1ine 22 —column 11, line 46
figures 3,11,12,14-16

US 4 909 277 A (VANDIVER ROBERT L)
20 March 1990 (1990-03-20)

column 2, line 31 —column 3, line 2
figures 2,3

US 3 812 882 A (TAYLOR J)

28 May 1974 (1974-05-28)

column 1, Tine 11 —column 1, line 28
figures 1,3,6,8,9

US 3 696 628 A (COYLE ROY M SR)
10 October 1972 (1972-10-10)

column 6, Tine 30 —column 6, line 57
figures 4A,4B,5-7

BE 773 764 A (ELDON EARL HULSEY;BUTLER
TRUSTEE; PIPE LINE TECHNOLOGISTS)

31 January 1972 (1972-01-31)

claims 1,3

figures 4-6,8,10

US 4 612 783 A (MERTZ DENNY W)
23 September 1986 (1986-09-23)
column 2, 1ine 53 —column 3, Tline 30
column 4, Tine 62 ~column 5, line 58
column 6, 1ine 58 —column 6, line 68
claims 1-5
figures 1-5

US 4 554 948 A (BERGMANN KONRAD)

26 November 1985 (1985-11-26)
column 1, 1ine 5 —column 1, line 15
column 1, Tine 50 —column 1, line 53
claims 1-4

figures 1-6

US 4 881 718 A (CHAMPAGNE RAYMOND P)
21 November 1989 (1989-11-21)
abstract

figures 1-3

1-6,
10-18,
21-23

24,
31-34,
39,40

24,33

24,33

Fomm PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

nal Application No

Inte
"Pc I'/US 01/28950

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5417083 A 23-05-1995 CA 2156117 Al 02-03-1996

US 4311020 A 19-01-1982 CA 1136873 Al 07-12-1982
us 4381798 A 03-05-1983

WO 9945447 A 10-09-1999 AU 2980599 A 20-09-1999
Wo 9945447 Al 10-09-1999

UsS 5011112 A 30-04-1991 US 4928494 A 29-05-1990
CA 1282396 Al 02-04-1991

US 4909277 A 20-03-1990  NONE

US 3812882 A 28-05-1974  NONE

US 3696628 A 10-10-1972  NONE

BE 773764 A 31-01-1972 BE 773764 Al 31-01-1972

US 4612783 A 23-09-1986  NONE

US 4554948 A 26-11-1985  NONE

US 4881718 A 21-11-1989  NONE

Form PCT/ISA/210 (patent family annex) (July 1962)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

