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figured to vent exhaust air out of the drying
chamber. The dryer includes a pump coupled
to the housing. The dryer further includes an
energy recovery system coupled to the hous-
ing. The pumyp is configured to reduce the air
pressure within the drying chamber. The en-
ergy recovery system includes a heat transfer
fluid and is configured to use the heat trans-
fer fluid to transfer thermal energy from the
exhaust air to the drying chamber.
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VACUUM ASSISTED DRYER SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] All subject matter of the Priority Application(s) is incorporated herein by

reference to the extent such subject matter is not inconsistent herewith.
BACKGROUND

[0002] A standard clothes dryer is one of the highest energy consuming home appliances
(e.g., a dryer can consume five kW when operating). A clothes dryer generally works by
passing heated, dry air over wet articles of clothing and venting heated exhaust air
containing water vapor emitted from the wet articles of clothing. The inlet air is generally
heated by an electric or gas powered heater. The wet articles of clothing are placed in a
tumbler, and the heated air is drawn into the tumbler and passed over and through the
articles of clothing. The heated air heats the articles of clothing and any water contained
within. Typically, the drying process occurs at or near the ambient air pressure and at a
higher than ambient air temperature. Once the water is vaporized, water vapor is carried
out of the tumbler with the heated air. The high operating temperatures of the dryer drive

up energy costs and may damage the articles being dried.

[0003] Businesses, such as hotels, laundromats, and clothes cleaners, utilize large,
commercial sized dryers. Further, industrial dryers operating on similar principles play
substantial roles in various manufacturing areas, including textile manufacturing, food
processing, and pharmaceuticals. Industrial dryers may take on a slightly different
configuration than their clothes dryer counterparts. For example, an industrial dryer may
replace a tumbling mechanism with a conveyor. However, industrial dryers operate on the
same basic principles: passing heated dry air over damp articles to carry away water. Still

further, other home appliances, such as dishwashers, rely on heated drying cycles.
SUMMARY

[0004] One embodiment relates to a dryer. The dryer includes a housing, a drying
chamber disposed within the housing, and a heating element. The dryer further includes
an intake configured to supply intake air to the drying chamber. The dryer includes an

exhaust configured to vent exhaust air out of the drying chamber. The dryer includes a
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pump coupled to the housing. The dryer further includes an energy recovery system
coupled to the housing. The pump is configured to reduce the air pressure within the
drying chamber. The energy recovery system includes a heat transfer fluid and is
configured to use the heat transfer fluid to transfer thermal energy from the exhaust air to

the drying chamber.

[0005] Another embodiment relates to a dryer. The dryer includes a housing, a drying
chamber disposed within the housing, and a heating element. The dryer further includes
an intake configured to supply intake air to the drying chamber. The dryer includes an
exhaust configured to vent exhaust air out of the drying chamber, wherein the exhaust
includes an opening configured to vent the exhaust air out of the housing. The dryer
further includes an energy recovery system having at least a portion positioned along the
exhaust. The dryer includes a first pump coupled to the housing and positioned along the
exhaust between the portion of the energy recovery system and the drying chamber and a
second pump coupled to the housing and positioned along the exhaust between the portion
of the energy recovery system the opening. The first pump and the second pump are
configured to reduce the air pressure within the drying chamber to a low pressure that is
below an ambient pressure. The energy recovery system includes a heat transfer fluid and
is configured to use the heat transfer fluid to transfer thermal energy from the exhaust air

to the drying chamber.

[0006] An additional embodiment relates to a clothes dryer. The clothes dryer includes
a housing, a drying chamber disposed within the housing, wherein the drying chamber
disposed within the housing, and a heating element. The clothes dryer further includes an
intake configured to supply intake air to the drying chamber and an exhaust configured to
vent exhaust air out of the drying chamber. The clothes dryer includes a first pump
coupled to the housing and positioned along the exhaust. The clothes dryer further
includes an energy recovery system coupled to the housing. The first pump is configured
to reduce the air pressure within the drying chamber. The energy recovery system is
configured to use a heat transfer fluid to transfer thermal energy from the exhaust air to the

drying chamber.

[0007] Yet a further embodiment relates to a method of drying articles in a dryer. The
method includes receiving articles in a drying chamber of the dryer. The method further

includes activating a pump configured to decrease the air pressure within the drying
2
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chamber. The method includes heating the drying chamber with a heating element of the
dryer. The method further includes recovering thermal energy from an exhaust from the
drying chamber by an energy recovery system of the dryer. The method includes
providing thermal energy from the exhaust to the drying chamber by the energy recovery

System.

[0008] The invention is capable of other embodiments and of being carried out in
various ways. Alternative exemplary embodiments relate to other features and

combinations of features as may be generally recited in the claims.

[0009] The foregoing is a summary and thus by necessity contains simplifications,
generalizations, and omissions of detail. Consequently, those skilled in the art will
appreciate that the summary is illustrative only and is not intended to be in any way
limiting. Other aspects, inventive features, and advantages of the devices and/or processes
described herein, as defined solely by the claims, will become apparent in the detailed

description set forth herein and taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG. 1 is a schematic view of a clothes dryer.

[0011] FIG. 2 is a schematic view of a vacuum assisted clothes dryer.

[0012] FIG. 3 is a detailed view of an energy recovery system of the clothes dryer of
FIG. 2.

[0013] FIG. 4 is a block diagram of a controller of the clothes dryer of FIG. 2.
[0014] FIG. 5 is a schematic view of a vacuum assisted clothes dryer.

[0015] FIG. 61s a flow chart of a method of drying articles utilizing a vacuum assisted
dryer.

DETAILED DESCRIPTION

[0016] Before turning to the figures, which illustrate the exemplary embodiments in
detail, it should be understood that the application is not limited to the details or

methodology set forth in the description or illustrated in the figures. It should also be
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understood that the terminology is for the purpose of description only and should not be

regarded as limiting.

[0017] Referring to FIG. 1, a schematic view of a traditional clothes dryer 100 is shown.
Clothes dryer 100 has a housing 101 that houses tumbler 102, heating element 103, a
series of air routing pipes, and lint trap 104. The air routing pipes include air intake 105
and air exhaust 104 Air 107 enters the clothes dryer 100 through intake 105 such that air
107 is routed over heating element 103. Heating element 103 is typically an electric
heating element or a gas heating element. Heating element 103 heats air 107. Heated air
107 then is routed through tumbler 102 where heated air 107 is passed over clothing 107.
Air 107 heats up clothing 108 and any water within clothing 108. As the water within the
clothing is heated, it begins to evaporate at a faster rate than at ambient temperature, and
air 107 picks up water vapor emitted by clothing 108 and carries the water vapor out of
tumbler 102. The water vaporization occurs at approximately 1 bar of air pressure. Air
107 then passes through lint trap 104 and out of clothes dryer housing 101 through exhaust
106. Air 107 exits exhaust 106 and typically enters the environment outside of the
building housing clothes dryer 100.

[0018] Air 107 leaving exhaust 106 is generally warmer than the ambient air
temperature. Further, exhaust air 107 typically includes water vapor. Energy 109 is lost
by clothes dryer 100 when exhaust air 107 leaves clothes dryer 100. The temperature
difference between ambient air and the exhaust air 107 represents a potential loss of
sensible thermal energy. Further, water vapor contained within exhaust air 107 represents
a potential loss of latent thermal energy stored in the phase change of the water from

liquid to water vapor.

[0019] Referring to FIG. 2, a view of a vacuum assisted clothes dryer 200 is provided.
Clothes dryer 200 includes a housing 201 that houses a drying chamber 202, heating
element 203, a series of air routing pipes, and lint trap 204. User interface 205 is located
on the exterior of housing 201. Housing 201 additionally contains controller 206. The air
routing pipes include intake 207 and exhaust 208. Intake 207 provides air from the
ambient environment into drying chamber 202. Intake 207 includes intake damper 209.
As described below, damper 209 may be closed during operation of dryer 200 to assist in
reducing the air pressure in drying chamber 202. Damper 209 may be periodically opened

during a drying cycle in order to provide fresh air to drying chamber 202.
4
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[0020] Air within drying chamber 202 is heated by heating element 203. Heating
element 203 may be an electric heating element or a gas heating element. Heating element
203 may be located within drying chamber 202 and/or within intake 207, or thermally
connected to them. Heating element 203 heats drying chamber 202, air within drying
chamber 202, and articles 210 within drying chamber 202 (shown as articles of clothing).
As articles 210 are heated, liquid water contained within articles 210 vaporizes into the air
within drying chamber 202 at a faster pace than if articles 210 remain at ambient
temperature. The drying process may be aided through the use of tumbling mechanism

211 within drying chamber 202.

[0021] Exhaust 208 discharges air and water vapor from drying chamber 202. Air and
water vapor are forced from drying chamber 202 out exhaust 208 by pump 212. Pump
212 is configured to evacuate air from drying chamber 202. Pump 212 may completely
evacuate air from drying chamber 202 or partially evacuate air from drying chamber 202.
Pump 212 may be a vacuum pump, a blower, a fan, or the like. As the air and water vapor
are pumped out and away from drying chamber 202, the air and water vapor encounter
energy recovery system 213. Lint trap 204 may be located upstream of pump 212 and
energy recovery system 213 to prevent lint from entering pump 212 or energy recovery
system 213. Energy recovery system 213 captures energy from the air and the water vapor
prior to the air and the water vapor exiting through exhaust 208. Energy recovery system
213 may capture both sensible thermal energy, which causes a temperature drop in the air,
and latent thermal energy, which is released as the water vapor condenses to liquid water.
The details of energy recovery system 213 are described below with respect to FIG. 3.
Condensed water can be removed from the system and drained through drain 214. Liquid
water 215 that accumulates in drying chamber 202 may also exit dryer 200 through drain
214. Accordingly, valve 216 may be opened after the drying cycle is complete to allow
water 215 to exit. Alternatively, a pump is used in place of valve 216 that can be used to
pump liquid water 215 out of the low-pressure environment of drying chamber 202 to the

higher, ambient-pressure environment outside of housing 201 during the drying operation.

[0022] Referring to FIG 3., a detailed view of energy recovery system 213 is shown.
Energy recovery system 213 generally contains a heat pump loop (formed by evaporator
301, compressor 302, condenser 303, expansion valve 304, and heat transfer fluid 305; all

operatively connected through hoses and/or pipes). The air and water vapor exiting drying
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chamber 202 is forced into energy recovery system 213 by pump 212. Evaporator 301 is
configured to transfer sensible thermal energy from the air and water vapor and latent
thermal energy released from the water vapor as it condenses into liquid water to heat
transfer fluid 305. Water vapor condenser 306 is located within exhaust 208 and causes a
portion of water vapor of the water vapor contained in the air to condense into liquid
water. Water vapor condenser 306 transfers latent thermal energy from this condensation
to evaporator 301. Liquid water formed by condensing water vapor may exit dryer 200
through drain 214. Evaporator 301 may be located outside of drying chamber 202.
Evaporator 301 may be located within housing 201 along exhaust 208 in between drying
chamber 202 and the exit outside of housing 201. Alternatively, evaporator 301 may be
located external to housing 201. Heat transfer fluid 305 moves to condenser 303.
Condenser 303 is configured to transfer thermal energy from heat transfer fluid 305 to
drying chamber 202. Condenser 303 may be located within drying chamber 202.
Alternatively, condenser 303 may be located adjacent to drying chamber 202. After
passing through condenser 303, heat transfer fluid 305 is expanded through expansion

valve 304 and back into evaporator 301, where the cycle repeats.

[0023] In an alternative arrangement, energy recovery system 213 does not include a
heat pump loop, and instead includes another fluid heat transfer system. In one such
arrangement, evaporator 301 and condenser 303 are replaced with heat exchangers,
expansion valve 304 is eliminated, and condenser 303 is replaced by a pump that
circulates heat transfer fluid 305. In yet another alternative arrangement, energy recovery
system 213 includes a heat exchanger. The heat exchanger may be a gas heat exchanger
or a liquid heat exchanger. In another alternative arrangement, energy recovery system
includes a heat pipe to transfer thermal energy from exhaust 208 to drying chamber 202

using an internally confined heat transfer fluid.

[0024] Referring again to FIG. 2, dryer 200 operates at two different air pressures.
Dryer 200 operates at approximately ambient air pressure outside of drying chamber 202
and a less-than-ambient air pressure within drying chamber 202. Pump 212 is configured
to reduce the air pressure within drying chamber 202 to a pressure below the ambient air
pressure by completely or partially evacuating air from drying chamber 202. By reducing
the air pressure within drying chamber 202, the water contained within articles 210

evaporates at a faster pace than it would at an ambient pressure. Accordingly, by reducing
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the air pressure within drying chamber 202, dryer 200 can operate at a lower temperature

than dryer 100 and/or achieve faster drying cycles. Because dryer 200 operates at a lower
temperature than dryer 100, dryer 200 may consume less energy than dryer 100. Further,

articles 210 are exposed to less heat thereby reducing the risk of damaging articles 210

through unnecessary exposure to higher heat levels.

[0025] Referring to FIG. 4, a block diagram of controller 206 is shown. Controller 206
includes processor 401 and memory 402. Memory 402 includes programming modules
that, when executed by processor 401, control the operation of dryer 200. Controller 206
controls the operation of dryer 200 based on operational settings provided through user
interface 205 as well as feedback signals from pressure sensor 403 and temperature sensor
404. Pressure sensor 403 is configured to sense air pressure in at least drying chamber 202
and provide a feedback signal relating to the sensed air pressure to controller 206.

Pressure sensor 403 may be coupled to housing 201. Pressure sensor 403 may be placed
within drying chamber 202. In some arrangements, dryer 200 may include a plurality of
pressure sensors configured to sense air pressures at various points within and outside of
dryer 200 (e.g., within drying chamber 202, within evaporator 301, at exhaust 208, and/or
the ambient air pressure). Temperature sensor 404 is configured to sense the temperature
within drying chamber 202 and provide a feedback signal relating to the sensed
temperature to controller 206. Temperature sensor 404 may be coupled to housing 201.
Temperature sensor 404 may be placed within drying chamber 202. In some
arrangements, dryer 200 may include a plurality of temperature sensors configured to
measure temperatures at various points within and outside of dryer 200 (e.g., within drying

chamber 202, within evaporator 301, at exhaust 208, and/or the ambient air temperature).

[0026] In addition to sensors 403 and 404, controller 206 is in electrical communication
with the various components of dryer 200 such that controller can control the operation of
dryer 200. Controller 206 is in communication with heating element 203, user interface
205, damper 209, tumbling mechanism 211 (e.g., the motor that causes rotation of
tumbling mechanism 211), vacuum pump 212, valve 216, compressor 302, and expansion
valve 304. Controller 206 receives electrical power from power source 405. Power
source 405 may provide operational power to all components of dryer 200. Power source

405 may be grid power.
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[0027] Referring to FIG. 5, a schematic view of vacuum assisted dryer 500 is shown.
Dryer 500 is similar to dryer 200. Dryer 500 differs from dryer 200 in that dryer 500
operates at three air pressures. Dryer 500 operates at a high air pressure (e.g., ambient air
pressure), a mid-level air pressure (e.g., a first lower-than-ambient air pressure), and a
low-level air pressure (e.g., a second lower-than ambient air pressure that is of a lower
pressure than the first lower-than-ambient air pressure). Clothes dryer 500 includes a
housing 501 that houses a drying chamber 502, heating element 503, a series of air routing
pipes, and lint trap 504. User interface 505 is located on the exterior of housing 501.
Housing 501 additionally contains controller 506. The air routing pipes include intake 507
and exhaust 508. Intake 507 provides air from the ambient environment into drying
chamber 502. Intake 507 includes intake damper 509. As described below, damper 509
may be closed during operation of dryer 500 to assist in reducing the air pressure in drying
chamber 502. Damper 509 may be periodically opened during a drying cycle to provide
fresh air to drying chamber 502.

[0028] Air within drying chamber 502 is heated by heating element 503. Heating
element 503 may be an electric heating element or a gas heating element. Heating element
503 heats drying chamber 502, air within drying chamber 502, and articles 510 within
drying chamber 502 (shown as articles of clothing). As articles 510 are heated, liquid
water contained within articles 510 evaporates into the air within drying chamber 502 at a
faster pace than if articles 210 remain at ambient temperature. The drying process may be

aided through the use of tumbling mechanism 511 within drying chamber 502.

[0029] Exhaust 508 discharges air and water vapor from drying chamber 502. Air and
water vapor are evacuated from drying chamber 502 out exhaust 508 by first pump 512
and second pump 513. First pump 512 and second pump 513 are configured to completely
evacuate drying chamber 502 or partially evacuate drying chamber 502. Second pump

513 may be configured to at least partially evacuate air from a component of energy
recovery system 514. First pump 512 and second pump 513 may be any combination of
vacuum pump, a blower, a fan, or the like. For example, first pump 512 may be a fan and
second pump 513 may be a vacuum pump. As the air and water vapor are pumped out and
away from drying chamber 502, the air and water vapor pass through energy recovery

system 514.
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[0030] Energy recovery system 514 is similar to energy recovery system 213 as
described above with respect to FIG. 2 and FIG. 3. Energy recovery system 514 includes
a heat pump loop (formed by evaporator 515, compressor 516, condenser 517, expansion
valve 518, and heat transfer fluid 519; all operatively connected through hoses and/or
pipes). The air and water vapor exiting drying chamber 502 is forced into thermal contact
with energy recovery system 514 by first pump 512 and/or second pump 513. Evaporator
515 is configured to transfer sensible thermal energy from the air and water vapor and
latent thermal energy released by the water vapor as it condenses into liquid water to heat
transfer fluid 519. Water vapor condenser 523 is located within exhaust 508 and causes a
portion of water vapor of the water vapor contained in the air to condense into liquid
water. Water vapor condenser 523 transfers latent thermal energy from this condensation
to evaporator 515. Liquid water formed by condensing water vapor may exit dryer 200
through drain 520. Evaporator 515 may be positioned outside of drying chamber 502,
outside of housing 501, or between first pump 512 and second pump 513 along exhaust
508. Heat transfer fluid 519 moves to condenser 517. Condenser 517 is configured to
transfer thermal energy from heat transfer fluid 519 to drying chamber 502. Condenser
517 may be located within drying chamber 502. Alternatively, condenser 517 is located
adjacent to drying chamber 502. After passing through condenser 517, heat transfer fluid
519 is expanded through expansion valve 518 and back into evaporator 515, where the
cycle repeats. In an alternative arrangement, energy recovery system 514 does not include
a heat pump loop, and instead includes another fluid heat transfer system. In such an
arrangement, evaporator 515 and condenser 517 are replaced with heat exchangers,
expansion valve 518 is eliminated, and condenser 516 is replaced by a pump that
circulates non-phase-change heat transfer fluid 519. In yet another alternative
arrangement, energy recovery system 514 includes a heat exchanger. The heat exchanger
may be a gas heat exchanger or a liquid heat exchanger. In another alternative

arrangement, energy recovery system 514 includes a heat pipe.

[0031] Lint trap 504 may be located upstream of first pump 512, second pump 513, and
energy recovery system 514 to prevent lint from entering first pump 512, second pump
513, or energy recovery system 514. As discussed above, energy recovery system 514
captures energy from the air and the water vapor prior to the air and the water vapor
exiting through exhaust 508. Energy recovery system 514 may capture both sensible

thermal energy, which causes a temperature drop in the air, and latent thermal energy,
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which is released as the water vapor condenses to liquid water. Condensed water can be
removed from the system and drained through drain 520. Liquid water 521 that
accumulates in drying chamber 502 may also exit dryer 500 through drain 520.
Accordingly, valve 522 may be opened after the drying cycle is complete to allow water
521 to exit. Alternatively, a pump is used in place of valve 522 that can be used to pump
liquid water 521 out of low-level pressure of drying chamber 502 to the ambient pressure

external to housing 501 during the drying operation.

[0032] As noted above, dryer 500 operates at three different air pressures. Dryer 500
operates at a high air pressure (e.g., ambient air pressure), a mid-level air pressure (i.c., a
first lower-than-ambient air pressure), and a low-level air pressure (i.c., a second lower-
than ambient air pressure that is of a lower pressure than the first lower-than-ambient air
pressure). First pump 512 is configured to reduce the air pressure within drying chamber
502 to the low-level air pressure. Second pump 513 is configured to reduce the portion of
exhaust 508 path between first pump 512 and second pump 513 to the mid-level air
pressure. Evaporator 515 and water vapor condenser 523 are contained within the section
of exhaust 508 operating at the mid-level air pressure. Similar to drying chamber 202,
drying chamber 502 operates at a lower-than ambient air pressure. By reducing the air
pressure within drying chamber 510, the liquid water contained within articles 510
evaporates at a faster pace than at ambient pressure. Accordingly, dryer 500 can operate at
a lower temperature than dryer 100 and/or achieve faster drying cycle times. Because
dryer 500 operates at a lower temperature than dryer 100, dryer 500 may consume less
energy than dryer 100. Further, articles 510 may be exposed to less heat thereby reducing
the risk of damaging articles 510 through unnecessary exposure to higher heat levels. Still
further, since portions of energy recovery system 514 are placed in the mid-level pressure
section of dryer 500, energy recovery system 514 requires less energy to pump thermal

energy from evaporator 515 to condenser 517.

[0033] The operation of dryer 500 is controlled by controller 506. Controller 506 is
similar to controller 206 (as described above with respect to FIG. 4). Controller 506
includes a processor and memory. The memory includes programming modules that,
when executed by the processor, control the operation of dryer 500. Controller 506
controls the operation of dryer 500 based on operational settings provided through user

interface 5058 as well as feedback signals from at least one pressure sensor and at least
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one temperature sensor. The at least one pressure sensor is configured to sense air
pressure in at least drying chamber 502 and to provide a feedback signal relating to the
sensed air pressure to controller 506. The at least one pressure sensor may be coupled to
housing 501. The at least one pressure sensor may be placed within drying chamber 502.
In some arrangements, dryer 500 includes a plurality of pressure sensors configured to
sense air pressures at various points within and outside of dryer 500 (e.g., within drying
chamber 502, within evaporator 515, at exhaust 508, and/or the ambient air pressure). The
at least one temperature sensor is configured to sense the temperature within drying
chamber 502 and to provide a feedback signal relating to the sensed temperature to
controller 506. The at least one temperature sensor may be coupled to housing 501. The
at least one temperature sensor may be placed within drying chamber 502. In some
arrangements, dryer 502 includes a plurality of temperature sensors configured to
temperatures at various points within and outside of dryer 500 (e.g., within drying

chamber 502, within evaporator 515, at exhaust 508, and/or the ambient air temperature).

[0034] In addition to the above noted sensors, controller 506 is in electrical
communication with the various components of dryer 500 such that controller can control
the operation of dryer 500. Controller 506 is in communication with heating element 503,
user interface 505, damper 509, tumbling mechanism 511 (e.g., the motor that causes
rotation of tumbling mechanism 511), first vacuum pump 512, second vacuum pump 513,
compressor 516, expansion valve 518, and valve 522. Controller 506 receives electrical
power from any suitable power source (e.g., grid power). The power source may also

provide operational power to all components of dryer 500.

[0035] Referring to FIG. 6, method 600 of drying articles in a vacuum assisted dryer
(e.g., dryer 200 or dryer 500) is shown. Method 600 begins by receiving at least one
article to be dried (e.g., damp clothing) in a drying chamber of the dryer (601). The drying
chamber may include a tumbling mechanism. Alternatively, the drying chamber may
include racks for holding articles to be dried (e.g., dishes) and washing equipment (i.c., the
vacuum assisted dryer may be part of a dishwasher). Drying cycle operation instructions
and settings are received at a controller of the dryer (602). The instructions and settings
are received from a user of the dryer through a user interface (e.g., knobs, dials, buttons,
touchscreen, etc.). The settings and instructions may relate to an automatic drying cycle

(e.g., a drying cycle that stops based on a sensed level of moisture or humidity from a
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sensor), a timed drying cycle (e.g., a designated number of minutes or hours), temperature
settings (e.g., based on a type of fabric, a set number of degrees, etc.), and/or a desired
vacuum level. After the at least one article to be dried is received and the settings and

instructions are received, the drying cycle begins.

[0036] Further referring to FIG. 6, the drying chamber is sealed (603). The sealing of
the drying chamber may be achieved by the user closing a door to the drying chamber.
The controller may activate a locking mechanism to prevent the drying chamber from
being unsealed during the drying cycle. Additionally, the controller may close any valves
that may provide ambient air to the drying chamber (e.g., damper 209 or damper 509).
After the drying chamber is sealed, the at least one vacuum pump of the dryer is activated
(604). The dryer may contain a single pump (e.g., as in dryer 200) or a plurality of pumps
(e.g., as in dryer 500). The pump or pumps may be any combination of vacuum pump, a
blower, a fan, or the like. As discussed above with respect to dryer 200 and dryer 500, the
pump or pumps reduce the air pressure within the drying chamber such that liquid water
evaporates at a faster pace than at ambient pressure, thereby reducing that amount of heat

required by the dryer and/or the time it takes to dry articles in the dryer.

[0037] The controller activates the heating element of the dryer (605) and activates the
tumbling mechanism (606). The heating element heats the drying chamber and the air
within the drying chamber to approximately the boiling point of liquid water at the air
pressure within the drying chamber. The heating element may be an electric heating
clement and/or a gas heating element. The tumbling mechanism agitates the articles
within the drying chamber to assist with the drying process. Additionally, the controller
activates the energy recovery system (e.g., energy recovery system 213 or energy recovery
system 514 as discussed above) (607). The energy recovery system is configured to
capture both sensible thermal energy, which causes a temperature drop in the air, and
latent thermal energy, which is released as the water vapor carried by the exhaust

condenses to liquid water.

[0038] During the drying cycle, the controller monitors sensed pressure levels and
sensed temperature levels based on feedback from pressure sensors and temperature
sensors within the dryer (608). The dryer includes a pressure sensor configured to sense
the air pressure within the drying chamber. The dryer may include additional pressure

sensors configured to sense the air pressure at various points within and outside of the
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dryer (e.g., within the energy recovery system and/or the ambient air pressure). The dryer
includes a temperature sensor configured to detect the temperature within the drying
chamber. The dryer may include additional temperature sensors configured to sense the
air temperature at various points within and outside of the dryer (e.g., within the energy
recovery system and/or the ambient air temperature). Based on the feedback from the
various sensors, the controller of the dryer adjusts the vacuum pump(s) and the heating
element (609). The vacuum pump or pumps are adjusted to maintain a desired vacuum
level within the drying chamber and/or within other components of the dryer (e.g., within
the energy recovery system). The heating element is adjusted to maintain a desired

temperature within the drying chamber.

[0039] Throughout the drying cycle, the controller determines whether the drying cycle
is complete (610). The drying cycle may be complete based on an expiration of time (e.g.,
if the instructions and settings received included a timed drying cycle) and/or a detected
level of moisture (e.g., as sensed from a humidity sensor within the drying chamber).
Alternatively, the drying cycle may be ended based on an input received from the user
(e.g., a stop command received from the user interface). When the end of the drying cycle
has been reached, the drying cycle ends. The controller stops the at least one vacuum
pump, the heating element, the tumbling mechanism, and the energy recovery system. If
the dryer includes a drying chamber lock, the drying chamber is unlocked such that the

user can remove the articles.

[0040] The above recited steps may be performed in the above order, a different order,
or at the same time. For example, method 600 may correspond to a drying cycle of a
vacuum assisted clothes dryer (e.g., dryer 200 or dryer 500). Once the clothes are received
in the drying chamber and the drying cycle settings are received, all of the remaining steps
may be performed simultaneously throughout the drying cycle until the end of the drying

cycle.

[0041] The above discussed drying devices and methods are applicable to drying devices
beyond clothes dryers. For example, other household appliances, such as dishwashers,
employ drying cycles that may be modified to be vacuum assisted in the same manner as
discussed above with respect to dryer 200 and/or dryer 500. In this example, the drying
chamber will include at least one rack (e.g., a slidable rack that slides in and out of the

drying chamber) for holding dishes and washing equipment (e.g., spray nozzles, soap
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dispensers, rinse aid dispensers, water heating devices, and any plumbing necessary to
provide water to the dishwasher). As an additional example, industrial dryers are often
used in various manufacturing processes. Vacuum assisted dryers can be employed to

decrease drying times for manufactured parts and/or to reduce energy costs.

[0042] It is important to note that the construction and arrangement of the elements of
the systems and methods as shown in the exemplary embodiments are illustrative only.
Although only a few embodiments of the present disclosure have been described in detail,
those skilled in the art who review this disclosure will readily appreciate that many
modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and
proportions of the various elements, values of parameters, mounting arrangements, use of
materials, colors, orientations, etc.) without materially departing from the novel teachings
and advantages of the subject matter recited. For example, elements shown as integrally
formed may be constructed of multiple parts or elements. It should be noted that the
elements and/or assemblies of the enclosure may be constructed from any of a wide
variety of materials that provide sufficient strength or durability, in any of a wide variety
of colors, textures, and combinations. Accordingly, all such modifications are intended to
be included within the scope of the present inventions. The order or sequence of any
process or method steps may be varied or re-sequenced according to alternative
embodiments. Other substitutions, modifications, changes, and omissions may be made in
the design, operating conditions, and arrangement of the preferred and other exemplary
embodiments without departing from scope of the present disclosure or from the spirit of

the appended claims.

[0043] The present disclosure contemplates methods, systems, and program products on
any machine-readable media for accomplishing various operations. The embodiments of
the present disclosure may be implemented using existing computer processors, or by a
special purpose computer processor for an appropriate system, incorporated for this or
another purpose, or by a hardwired system. Embodiments within the scope of the present
disclosure include program products comprising machine-readable media for carrying or
having machine-executable instructions or data structures stored thereon. Such machine-
readable media can be any available media that can be accessed by a general purpose or
special purpose computer or other machine with a processor. By way of example, such
machine-readable media can comprise RAM, ROM, EPROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other magnetic storage devices, or any
14
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other medium which can be used to carry or store desired program code in the form of
machine-executable instructions or data structures and which can be accessed by a general
purpose or special purpose computer or other machine with a processor. When
information is transferred or provided over a network or another communications
connection (either hardwired, wireless, or a combination of hardwired or wireless) to a
machine, the machine properly views the connection as a machine-readable medium.
Thus, any such connection is properly termed a machine-readable medium. Combinations
of the above are also included within the scope of machine-readable media. Machine-
executable instructions include, for example, instructions and data which cause a general
purpose computer, special purpose computer, or special purpose processing machines to

perform a certain function or group of functions.

[0044] Although the figures may show a specific order of method steps, the order of the
steps may differ from what is depicted. Also two or more steps may be performed
concurrently or with partial concurrence. Such variation will depend on the software and
hardware systems chosen and on designer choice. All such variations are within the scope
of the disclosure. Likewise, software implementations could be accomplished with
standard programming techniques with rule based logic and other logic to accomplish the

various connection steps, processing steps, comparison steps, and decision steps.
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WHAT IS CLAIMED IS:
1. A dryer, comprising:
a housing;

a drying chamber disposed within the housing;
5 a heating element;
an intake configured to supply intake air to the drying chamber;
an exhaust configured to vent exhaust air out of the drying chamber;
a pump coupled to the housing; and
an energy recovery system coupled to the housing;
10 wherein the pump is configured to reduce the air pressure within the drying
chamber; and
wherein the energy recovery system comprises a heat transfer fluid and is
configured to use the heat transfer fluid to transfer thermal energy from the exhaust air to

the drying chamber.

15 2. The dryer of claim 1, further comprising a water condenser coupled to the

exhaust and configured to condense water vapor from the exhaust air.

3. The dryer of claim 2, wherein the water condenser is thermally coupled to

the energy recovery system.

4. The dryer of claim 3, wherein the energy recovery system is configured to
20  receive latent thermal energy due to the water vapor condensation from the water

condenser.

5. The dryer of claim 1, wherein at least a portion of the heating element is

thermally coupled to the drying chamber.

6. The dryer of claim 1, wherein at least a portion of the heating element is

25  thermally coupled to the intake.
7. The dryer of claim 1, wherein the pump is a vacuum pump.

8. The dryer of claim 1, wherein the pump is positioned along the exhaust.

16



WO 2015/112829 PCT/US2015/012632

9. The dryer of claim 8, wherein a component of the energy recovery system
is positioned along the exhaust, and wherein the pump is positioned along the exhaust

between the component and the drying chamber.

10.  The dryer of claim 9, wherein the component operates at approximately an

5  ambient air pressure.

11.  The dryer of claim 1, further comprising a valve positioned along the
intake, wherein the valve is configured to prevent intake air from entering the chamber

when the valve is in a closed position.

12.  The dryer of claim 1, wherein the energy recovery system includes a heat

10 pump configured to transfer heat via the heat transfer fluid.

13.  The dryer of claim 12, wherein the heat pump includes a condenser and an

evaporator for the heat transfer fluid.

14.  The dryer of claim 13, wherein the evaporator is positioned along the

exhaust.

15 15.  The dryer of claim 14, wherein the evaporator is configured to receive

latent thermal energy released as water vapor in the exhaust air condenses into liquid.

16.  The dryer of claim 13, wherein the condenser is positioned in or adjacent to

the drying chamber such that the condenser is configured to provide thermal energy to the

drying chamber.
20 17.  The dryer of claim 1, wherein the energy recovery system includes a heat
exchanger.
18.  The dryer of claim 17, wherein the heat exchanger is a first heat exchanger,

and wherein the energy recovery system includes a second heat exchanger.

19.  The dryer of claim 18, wherein the first heat exchanger and the second heat

25  exchanger are fluidly coupled to the heat transfer fluid.

20.  The dryer of claim 1, wherein the energy recovery system includes a heat
pipe.
17
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21.  The dryer of claim 20, wherein the heat pipe comprises the heat transfer
fluid.
22.  The dryer of claim 1, further comprising a pressure sensor coupled to the
housing.
5 23.  The dryer of claim 1, further comprising a temperature sensor coupled to
the housing.

24.  The dryer of claim 1, wherein the drying chamber is sealed such that the

drying chamber can maintain a lower-than-ambient air pressure.

25.  The dryer of claim 24, wherein the pump is configured to evacuate air from

10 the drying chamber.
26.  The dryer of claim 1, further comprising a water drain.

27.  The dryer of claim 26, wherein a component of the energy recovery system

is coupled to the drain.

28.  The dryer of claim 27, wherein the component is a water condenser.
15 29.  The dryer of claim 26, wherein the drying chamber is coupled to the drain.
30.  The dryer of claim 29, further comprising a valve along the drain, wherein

the valve is positioned between the drying chamber and an exit of the drain.

31.  The dryer of claim 29, further comprising a water pump configured to
pump liquid water from the drying chamber and out of the housing.

20 32.  The dryer of claim 1, further comprising a rack within the drying chamber
configured to hold articles to be dried.

33.  The dryer of claim 1, further comprising a tumbling mechanism within the
drying chamber, wherein the tumbling mechanism is configured to agitate articles to be

dried within the drying chamber.

25 34.  The dryer of claim 33, further comprising washing equipment.
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35. A dryer, comprising:

a housing;

a drying chamber disposed within the housing;

a heating element;

an intake configured to supply intake air to the drying chamber;

an exhaust configured to vent exhaust air out of the drying chamber,
wherein the exhaust includes an opening configured to vent the exhaust air out of the
housing;

an energy recovery system having at least a portion positioned along the
exhaust;

a first pump coupled to the housing and positioned along the exhaust
between the portion of the energy recovery system and the drying chamber; and

a second pump coupled to the housing and positioned along the exhaust
between the portion of the energy recovery system and the opening;

wherein the first pump and the second pump are configured to reduce the
air pressure within the drying chamber to a low pressure that is below an ambient pressure;
and

wherein the energy recovery system comprises a heat transfer fluid, and is
configured to use the heat transfer fluid to transfer thermal energy from the exhaust air to

the drying chamber.

36.  The dryer of claim 35, further comprising a water condenser coupled to the

exhaust and configured to condense water vapor from the exhaust air.

37.  The dryer of claim 36, wherein the water condenser is thermally coupled to

the portion of the energy recovery system.

38.  The dryer of claim 37, wherein the energy recovery system is configured to
receive latent thermal energy due to the water vapor condensation from the water

condenser.

39.  The dryer of claim 36, wherein the water condenser is positioned along the

exhaust between the first pump and the second pump.
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40.  The dryer of claim 36, wherein the water condenser operates at a mid-level
pressure, wherein the mid-level pressure is between the ambient pressure and the low

pressure within the drying chamber.

41.  The dryer of claim 35, wherein at least a portion of the heating element is

5  thermally coupled to the drying chamber.

42.  The dryer of claim 35, wherein at least a portion of the heating element is

thermally coupled to the intake.

43.  The dryer of claim 35, wherein the first pump is a vacuum pump.
44.  The dryer of claim 43, wherein the second pump is a vacuum pump.
10 45. The dryer of claim 43, wherein the second pump comprises a fan or a
blower.
46.  The dryer of claim 35, wherein the first pump comprises a blower or a fan.
47.  The dryer of claim 46, wherein the second pump is a vacuum pump.
48.  The dryer of claim 35, wherein the portion of the energy recovery system

15 operates at a mid-level pressure, wherein the mid-level pressure is between the ambient

pressure and the low pressure within the drying chamber.

49.  The dryer of claim 35, further comprising a valve positioned along the
intake, wherein the valve is configured to prevent intake air from entering the chamber

when the valve is in a closed position.

20 50.  The dryer of claim 35, wherein the energy recovery system includes a heat

pump configured to transfer heat via the heat transfer fluid.

51.  The dryer of claim 50, wherein the heat pump includes a condenser and an
evaporator for the heat transfer fluid, wherein the evaporator is the portion of the energy

recovery system positioned along the exhaust.

25 52.  The dryer of claim 51, wherein the evaporator is configured to receive

latent thermal energy released as water vapor in the exhaust air condenses into liquid.
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53.  The dryer of claim 51, wherein the condenser is positioned in or adjacent to
the drying chamber such that the condenser is configured to provide thermal energy to the

drying chamber.

54.  The dryer of claim 35, wherein the energy recovery system includes a heat

5  exchanger.

55.  The dryer of claim 54, wherein the heat exchanger is a first heat exchanger,

and wherein the energy recovery system includes a second heat exchanger.

56.  The dryer of claim 55, wherein the first heat exchanger and the second heat

exchanger are fluidly coupled to the heat transfer fluid.

10 57.  The dryer of claim 35, wherein the energy recovery system includes a heat
pipe.
58.  The dryer of claim 57, wherein the heat pipe comprises the heat transfer
fluid.
59.  The dryer of claim 35, further comprising a first pressure sensor coupled to

15 the housing and configured to sense the pressure within the drying chamber.

60.  The dryer of claim 59, further comprising a second pressure sensor

configured to sense the pressure within the component.

61.  The dryer of claim 35, further comprising a temperature sensor coupled to
the housing.
20 62.  The dryer of claim 35, wherein the drying chamber is sealed such that the

drying chamber can maintain the low pressure.

63.  The dryer of claim 62, wherein the first pump is configured to evacuate air

from the drying chamber.
64.  The dryer of claim 35, further comprising a water drain.

25 65.  The dryer of claim 64, wherein a component of the energy recovery system

is coupled to the drain.
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66.  The dryer of claim 64, wherein the drying chamber is coupled to the drain.

67.  The dryer of claim 66, further comprising a valve along the drain, wherein

the valve is positioned between the drying chamber and an exit of the drain.

68.  The dryer of claim 66, further comprising a water pump configured to
pump liquid water from the drying chamber and out of the housing.

69.  The dryer of claim 35, further comprising a rack within the drying chamber
configured to hold articles to be dried.

70.  The dryer of claim 69, further comprising washing equipment.

71.  The dryer of claim 35, further comprising a tumbling mechanism within the
drying chamber, wherein the tumbling mechanism is configured to agitate articles to be

dried within the drying chamber.

72. A clothes dryer, comprising:

a housing;

a drying chamber disposed within the housing;

a heating element;

an intake configured to supply intake air to the drying chamber;

an exhaust configured to vent exhaust air out of the drying chamber;

a first pump coupled to the housing and positioned along the exhaust; and

an energy recovery system coupled to the housing;

wherein the first pump is configured to reduce the air pressure within the
drying chamber; and

wherein the energy recovery system is configured use a heat transfer fluid

to transfer thermal energy from the exhaust air to the drying chamber.

73.  The clothes dryer of claim 72, further comprising a water condenser

coupled to the exhaust and configured to condense water vapor from the exhaust air.

74.  The clothes dryer of claim 73, wherein the water condenser is thermally

coupled to the energy recovery system.
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75.  The clothes dryer of claim 74, wherein the energy recovery system is
configured to receive latent thermal energy due to the water vapor condensation from the

water condenser.

76.  The clothes dryer of claim 72, wherein at least a portion of the heating

5  element is thermally coupled to the drying chamber.

77.  The clothes dryer of claim 72, wherein at least a portion of the heating

element is thermally coupled to the intake.
78.  The clothes dryer of claim 72, wherein the first pump is a vacuum pump.

79.  The clothes dryer of claim 72, wherein a component of the energy recovery
10 system is positioned along the exhaust, and wherein the pump is positioned along the

exhaust between the component and the drying chamber.

80.  The clothes dryer of claim 79, wherein the component operates at

approximately an ambient air pressure.

81.  The clothes dryer of claim 79, further comprising a second pump

15 positioned along the exhaust.

82.  The clothes dryer of claim 81, wherein the second pump is positioned

between the component and an exit out of the housing of the exhaust.

83.  The clothes dryer of claim 81, wherein the component operates at a mid-
level pressure, wherein the mid-level pressure is an air pressure between a low pressure of

20  the drying chamber and an ambient air pressure outside of the housing.

84.  The clothes dryer of claim 72, further comprising a valve positioned along
the intake, wherein the valve is configured to prevent intake air from entering the chamber

when the valve is in a closed position.

85.  The clothes dryer of claim 72, wherein the energy recovery system includes

25  aheat pump configured to transfer heat via the heat transfer fluid.

86.  The clothes dryer of claim 85, wherein the heat pump includes a condenser

and an evaporator for the heat transfer fluid.
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87.  The clothes dryer of claim 86, wherein the evaporator is positioned along

the exhaust.

88.  The clothes dryer of claim 87, wherein the evaporator is configured to
condense water vapor into liquid water, and wherein the evaporator is configured to
5  receive latent thermal energy released as water vapor in the exhaust air condenses into

liquid.

89.  The clothes dryer of claim 85, wherein the condenser is positioned in or
adjacent to the drying chamber such that the condenser is configured to provide thermal

energy to the drying chamber.

10 90.  The clothes dryer of claim 72, wherein the energy recovery system includes

a heat exchanger.

91.  The clothes dryer of claim 90, wherein the heat exchanger is a first heat

exchanger, and wherein the energy recovery system includes a second heat exchanger.

92.  The clothes dryer of claim 91, wherein the first heat exchanger and the

15 second heat exchanger are fluidly coupled to a heat transfer fluid.

93.  The clothes dryer of claim 72, wherein the energy recovery system includes

a heat pipe.

94.  The clothes dryer of claim 93, wherein the heat pipe comprises the heat

transfer fluid.

20 95.  The clothes dryer of claim 72, further comprising a pressure sensor coupled

to the housing.

96.  The clothes dryer of claim 72, further comprising a temperature sensor

coupled to the housing.

97.  The clothes dryer of claim 72, wherein the drying chamber is sealed such

25  that the drying chamber can maintain a lower-than-ambient air pressure.

98.  The clothes dryer of claim 97, wherein the first pump is configured to

evacuate air from the drying chamber.
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99.  The clothes dryer of claim 72, further comprising a water drain.

100. The clothes dryer of claim 99, wherein a component of the energy recovery

system is coupled to the drain.

101.  The clothes dryer of claim 99, wherein the drying chamber is coupled to the

5  drain.

102.  The clothes dryer of claim 101, further comprising a valve along the drain,

wherein the valve is positioned between the drying chamber and an exit of the drain.

103.  The clothes dryer of claim 101, further comprising a water pump

configured to pump liquid water from the drying chamber and out of the housing.

10 104.  The clothes dryer of claim 72, further comprising a tumbling mechanism
within the drying chamber, wherein the tumbling mechanism is configured to agitate

articles to be dried within the drying chamber.

105. A method of drying articles in a dryer, the method comprising:
receiving articles in a drying chamber of the dryer;
15 activating a pump configured to decrease the air pressure within the drying
chamber;
heating the drying chamber with a heating element of the dryer;
recovering thermal energy from an exhaust from the drying chamber by an
energy recovery system of the dryer; and
20 providing thermal energy from the exhaust to the drying chamber by a heat

transfer fluid of the energy recovery system.

106. The method of claim 105, further comprising condensing water vapor from

the exhaust.

107.  The method of claim 106, wherein the thermal energy comprises latent

25  thermal energy released from the condensation.

108.  The method of claim 107, wherein the energy recovery system receives

thermal energy from a water vapor condenser.

109. The method of claim 105, further comprising sealing the drying chamber.
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110.  The method of claim 105, further comprising activating a tumbling

mechanism within the drying chamber.

111.  The method of claim 105, wherein the energy recovery system includes a

heat pump.
5 112.  The method of claim 111, further comprising activating the heat pump.

113.  The method of claim 105, further comprising monitoring an air pressure

within the drying chamber.

114. The method of claim 113, further comprising adjusting the pump based on

the air pressure.

10 115.  The method of claim 105, further comprising monitoring an air temperature

within the drying chamber.

116.  The method of claim 115, further comprising adjusting the heating element

based on the air temperature.

117.  The method of claim 105, further comprising determining the end of a
15 drying cycle.

118.  The method of claim 105, wherein the pump is a first pump, and wherein
the dryer includes a second pump configured to reduce the air pressure within the drying

chamber.
119. The method of claim 118, further comprising activating the second pump.

20 120. The method of claim 118, wherein the energy recovery system includes a

component placed along an exhaust line of the dryer.

121.  The method of claim 120, wherein the component comprises a water vapor

condenser.

122.  The method of claim 120, wherein the first pump is positioned between the
25  drying chamber and the component along the exhaust line, and wherein the second pump

is positioned along the exhaust line between the component and an exit of the exhaust line.
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123.  The method of claim 105, wherein the energy recovery system includes a

component placed along an exhaust line of the dryer.

124.  The method of claim 123, wherein the component comprises a water vapor

condenser.

5 125.  The method of claim 123, wherein the pump is positioned between the

drying chamber and the component along the exhaust line.

126.  The method of claim 111, wherein the heat pump comprises a condenser

and an evaporator for the heat transfer fluid.

127.  The method of claim 126, further comprising circulating the heat transfer

10 fluid between the condenser and the evaporator.

128.  The method of claim 127, wherein the evaporator is configured to receive
latent thermal energy released as water vapor condenses into liquid, and to deliver the

energy to the heat transfer fluid.

129.  The method of claim 127, wherein the condenser is positioned in or
15 adjacent to the drying chamber such that the condenser is configured to provide thermal

energy from the heat transfer fluid to the drying chamber.

130. The method of claim 105, wherein the energy recovery system includes a

heat exchanger.

131.  The method of claim 105, wherein the energy recovery system includes a

20  heat pipe.

132.  The method of claim 105, further comprising pumping liquid water out of
the drying chamber.

133.  The method of claim 105, further comprising opening and closing a fresh

air intake valve.

25 134. The method of claim 105, further comprising running washing equipment.

27



WO 2015/112829 PCT/US2015/012632

101

102~

103

P P
= b
g §



PCT/US2015/012632

WO 2015/112829

2/6

TN

—Ele

102

I
A Y
L0z~

S0




WO 2015/112829 PCT/US2015/012632

3/6

201~_
213~

208~

A

214~

£

FIG. 3



WO 2015/112829 PCT/US2015/012632

4/6
2@@3 ““““““““““““““““““““““““““““
i Dryer :
| 206~ ’ |
! L
E Controller Heating Element 203
§ L
g 401~ Userinterface 205
5 L
: Processor Damper ~209
i L
| 402~ Tumbling Mechanism |~ 21"
E Memory L
: e 212
405~ | L
Power Valve 215
Source ™
| Compressor | 902
| L
; Expansion Valve |~ 304
| o
| Pressure Sensor | 403
i L
E Temperature Sensor 404

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm



WO 2015/112829 PCT/US2015/012632

5/6

~502

511

X )
-
W3

FIG. 5



WO 2015/112829

PCT/US2015/012632

6/6

Receive arlicles in drying chamber

¥

Receive drying cycle sellings

603~

¥

Seal drying chamber

604~

¥

Activate vacuum pump(s)

605~

¥

Heat drying chamber

606~

¥

Activate tumbling mechanism

607~

¥

Activate energy recovery system

608~

¥

¥

Monitor pressure and temperalure sensors

609~

¥

Adjust vacuum pump(s} and heating element

~~_ Complete .~
o ?

FIG. 6



International application No.

PCT/US2015/012632

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
DOGF 58/24(2006.01)i, DO6F 58/00(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
DOG6F 58/24;, F26B 5/04; F26B 13/30;, DO6F 58/00; F26B 11/03; F26B 21/06; F26B 3/00;, DO6F 58/10

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

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & keywords: dryer, vacuum pump, heat pump, heat exchanger,
heat transfer, condenser, evaporator, heat pipe, laundry

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2005-0066538 A1 (GOLDBERG, M. et al.) 31 March 2005 1-8,11-34,72-78
See abstract; paragraphs [0056]-[0068]1, [0074], [0164], [01651, [0208], ,84-117,126-134
[0209], [0210], [0212], [0213]; claims 1-9, 12, 13, 57; figures 1, 2, 7.
A 9,10,35-71,79-83
,118-125
Y KR 10-2005-0050293 A (DAEWOO ELECTRONICS CORPORATION) 31 May 2005 1-8,11-34,72-78
See abstract; page 2, line 39-page 3, line 26: claims 1-5: figure 2. ,84-117,126-134
A 9,10,35-71,79-83
,118-125
A US 2013-0180125 A1 (SHU, H. et al.) 18 July 2013 1-134
See abstract; paragraphs [0003], [0004], [0008]-[0020], [0032]-10042];
claim 1; figures 1, 2.
A US 5806204 A (HOFFMAN, K. H. et al.) 15 September 1998 1-134
See abstract; column 4, line 18-column 6, line 61; claims 1, 12; figures 1-3.
A JP 07-178288 A (MATSUSHITA ELECTRIC IND CO., LTD.) 18 July 1995 1-134
See abstract; paragraphs [0010]-[00141; claims 1, 2; figures 1, 3.

v . . . .
Further documents are listed in the continuation of Box C.

See patent family 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 application or patent but published on or after the international
filing date

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

"0" document referring 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 undetlying the invention

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

"Y" documentof particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
11 May 2015 (11.05.2015)

Date of mailing of the international search report

12 May 2015 (12.05.2015)

Name and mailing address of the ISA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. ++82 42 472 7140

S

Authorized officer

LEE, Myung Jin

Telephone No. +82-42-481-8474

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2015/012632

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

US 8353114 B2 (BEERS, D. G. et al.) 15 January 2013
See abstract; column 2, line 38-column 3, line 45; claims 1, 10; figures 1, 2.

1-134

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/012632

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2005-0066538 Al 31/03/2005 AU 2004-277943 Al 14/04/2005
BR P10414841 A 21/11/2006
CA 2540368 Al 14/04/2005
CA 2540368 C 11/12/2012
CN 1866628 A 27/12/2006
CN 1886628 B 07/09/2011
CN 1886628 C 27/12/2006
EP 1667566 A2 14/06/2006
IL 174587 DO 20/08/2006
JP 2007-531552 A 08/11/2007
KR 10-0935433 B1 06/01/2010
KR 10-2006-0083424 A 20/07/2006
MX PAO6003546 A 02/02/2007
NO 20061566 A 28/06/2006
RU 2006114770 A 10/11/2007
US 2006-0179676 Al 17/08/2006
US 7055262 B2 06/06/2006
US 7665225 B2 23/02/2010
WO 2005-032322 A2 14/04/2005
WO 2005-032322 A3 20/10/2005

KR 10-2005-0050293 A 31/05/2005 None

US 2013-0180125 Al 18/07/2013 CN 101974843 A 16/02/2011
EP 2617887 Al 24/07/2013
WO 2012-034434 Al 22/03/2012

US 5806204 A 15/09/1998 US 6151795 A 28/11/2000

JP 07-178288 A 18/07/1995 None

US 8353114 B2 15/01/2013 US 2012-017464 Al 26/01/2012
US 2012-017615 Al 26/01/2012
US 8833095 B2 16/09/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report

