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(57) ABSTRACT 

Disclosed are an impeller-type heat pump integrated washer 
dryer and a drying method. The impeller-type heat pump 
integrated washer-dryer includes: a housing, an outer drum 
mounted inside the housing, an inner drum mounted in the 
outer drum, an impeller provided at the bottom of the inner 
drum, and an electric motor provided at the lower part of the 
outer drum for driving of the inner drum and/or the pulsator. 
An outer part of the outer drum is provided with an air duct 
and a heat pump system. The air duct communicates with 
sealed top and bottom ends of the outer drum. The heat pump 
system has an evaporator and a condenser mounted in the air 
duct, a throttle apparatus and a compressor. The evaporator, 
the compressor, the condenser and the throttle apparatus are 
sequentially connected in succession to form a circulating 
flow path enabling a medium to flow. 
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MPELLER-TYPE HEAT PUMP 
INTEGRATED WASHER-DRYER AND 
DRYING METHOD THEREWITH 

FIELD OF THE INVENTION 

0001. The present invention relates generally to the field of 
washing machines, and more particularly, to an impeller-type 
heat pump integrated washer-dryer and a drying method of 
the same. 

BACKGROUND OF THE INVENTION 

0002 Most existing impeller (pulsator) integrated washer 
dryers adopt heating pipes (strips), and include straight line 
type impellerintegrated washer-dryers and water-condensing 
type impeller integrated washer-dryers. Air between a hous 
ing and an outer drum in a straight line-type impeller inte 
grated washer-dryer is heated by a heating pipe (strip) and 
then is blown into an inner drum from a top cover under the 
drive of a fan. Moisture in the clothing in the inner drum 
exchanges heat with the hot dry air, and the moisture absorbs 
heat to become steam, which is then added to the air to form 
a moist air. The moist airflows out from a gap of the top cover, 
or is blown out through a gap on the impeller and a drain pipe 
at a bottom part of the outer drum. 
0003 For example, Chinese Patent Application No. 
CNO0137763.9 discloses a washing and drying machine 
including an outer drum elastically suspended in a housing, 
an inner drum for receiving clothing rotatably supported in 
the outer drum, and a rotating impeller rotatably disposed 
inside the inner drum at a bottom part thereof. The inner drum 
and/or the impeller are driven by an electric motor. A drying 
and blowing fan conveys air to the inner drum, and a heating 
device heats the air conveyed by the blowing apparatus. A 
controller controls operations of the electric motor, the drying 
and blowing fan, the heater, or the like. So as to control 
procedures of Washing, rinsing, and de-watering. In the de 
watering process, the controller drives the inner drum and at 
the same time drives the dying and blowing fan, so as to 
maintain conveying of air to the inner drum. 
0004. There is also a water-condensing type impeller inte 
grated washer-dryer. Air is heated by heating pipes (strips) 
and then blown into an inner drum from a top cover under the 
drive of a fan. Moisture in the clothing in the inner drum 
exchanges heat with the hot dry air, and the moisture absorbs 
heat to become steam, which is then added to the air. The 
moist air goes downwards and arrives at a water condenser at 
a rear part of the integrated washer-dryer via a gap on the 
impeller and a pipe below orata bottom part of an outer drum. 
The moist air exchanges heat with the water condenser to 
separate moisture and become relatively dry air, and again is 
heated by the heating pipe (strip) for drying circulation under 
the drive of the fan. 

0005 Chinese Patent Application No. 
CN200410033567.5 discloses a integrated washer-dryer 
where an outer drum is elastically suspended inside a 
machine body, an inner drum/impeller shaft is substantially in 
a vertical direction, an inner drum for receiving clothing is 
Supported in the outer drum in a free rotating manner, and hot 
air heated by a heater is conveyed into the inner drum by a 
drying blower fan. A heat exchanger that is connected to a 
lower part of the outer drum removes moisture from the wet 
hot air. A circulating moisture removing passage is used to 
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circulate the hot air, and apparatuses such as the heat 
exchanger, the drying blower fan, and the heater are provided 
in the passage. 
0006. In view of the foregoing, the present invention is 
provided. 

SUMMARY OF THE INVENTION 

0007. One of the objectives of the present invention is to 
provide an impeller-type heat pump integrated washer-dryer, 
So as to achieve the purpose of drying clothing by using aheat 
pump system. To achieve the objective of the present inven 
tion, the following technical solutions are adopted: 
0008. In one aspect of the invention, an impeller-type heat 
pump integrated washer-dryer includes a housing, an outer 
drum mounted in the housing, an inner drum mounted in the 
outer drum, an electric motor provided at a lower part of the 
inner drum for driving the inner drum and/or the impeller 
(pulsator) to rotate, where an outer part of the outer drum is 
provided with a an air duct and a heat pump system. The air 
duct communicates with sealed top and bottom ends of the 
outer drum. The heat pump system has an evaporator and a 
condenser mounted in the air duct, a throttle apparatus and a 
compressor. The evaporator, the compressor, the condenser 
and the throttle apparatus are sequentially connected to form 
a circulating flow path that allows a medium to flow through. 
0009. In one embodiment, two ends of the air duct respec 
tively are a first end and a second end, the first end is con 
nected to an upper part or a lower part of the outer drum, and 
the second end is connected to a lower part oran upper part of 
the outer drum, so as to enable the air duct and the outer drum 
to forma circulating airpath; and a filter mesh, the evaporator, 
the condenser, and a fan are sequentially provided in the air 
duct from the first end to the second end. 
0010. In one embodiment, the condenser and the evapora 
tor are disposed in the air duct at the upper part of the outer 
drum. 

0011. In one embodiment, a condensed water drain pipe 
that drains condensed water out of the integrated washer 
dryer is connected to a corresponding bottom part of the air 
duct in which the evaporator is provided. 
0012. In one embodiment, the air duct comprises a lower 
transverse air duct, a vertical air duct, and an upper transverse 
air duct; one end of the lower transverse air duct is connected 
to a bottom part of the outer drum and the other end of the 
lower transverse air duct extends backwards to be connected 
to a lower end of the vertical air duct; and an upper end of the 
Vertical air duct is connected to one end of the upper trans 
verse air duct and the other end of the upper transverse air duct 
is connected to an upper end of the outer drum. 
0013. In one embodiment, the compressor is disposed out 
side the air duct, an outlet end of the compressor is connected 
to the condenser disposed in an interior of the air duct, and an 
inlet end of the compressor is connected to the evaporator 
disposed in the interior of the air duct; and one end of the 
throttle apparatus is connected to the condenser and the other 
end of the throttle apparatus is connected to the evaporator. 
0014. In one embodiment, an outer drum door for receiv 
ing clothing and ensuring sealing of the outer drum is dis 
posed at an opening of the outer drum; and a drain pipe is 
connected to the bottom part of the outer drum, and a drain 
valve is disposed on the drain pipe. 
0015. In one embodiment, the condenser and the evapora 
tor are disposed in the air duct at a rear part of the outer drum. 
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0016. In one embodiment, the air duct includes a first 
Vertical air duct, a second vertical air duct, and a third vertical 
air duct that are vertically disposed, at a rear part of the outer 
drum, and are sequentially connected one another in an end 
to-end manner, a lower transverse air duct connected to a 
lower end of the first vertical air duct, and an upper transverse 
air duct connected o an upper end of the third vertical air duct; 
and the lowertransverse air duct is in communication with the 
lower part of the outer drum, and the upper transverse air duct 
is in communication with an upper part of the outer drum, so 
as to enable the outer drum and the air duct to form a 
si-shaped circulating air path. 
0017. In one embodiment, a top of the first vertical air duct 

is higher than an opening of the outer drum. 
0018. In one embodiment, a filter mesh is disposed in the 
air duct between a first end of the air duct and the evaporator, 
and a condensed water drain pipe is connected to a connection 
section between the second vertical air duct and the third 
vertical air duct. 
0019. In one embodiment, when the first end of the air duct 

is an end at which the lowertransverse air duct is connected to 
the lower part of the outer drum, the evaporator is disposed in 
the second vertical air duct and the condenser is disposed in 
the third vertical air duct. 
0020. In one embodiment, when the first end of the air duct 

is an end at which the upper transverse air duct is connected 
to the upper part of the outer drum, the condenser is disposed 
in the second vertical air duct and the evaporator is disposed 
in the third vertical air duct. 

0021. In one embodiment, the evaporator and the con 
denser are sequentially disposed in the second Vertical air 
duct or the third vertical air duct along a flow direction of air. 
0022. In another aspect, the present invention relates to a 
drying method for the impeller-type heat pump integrated 
washer-dryer according to any one of the above descriptions. 
The drying method includes introducing moist air from the 
outer drum to the air duct, condensing moisture in the moist 
air by an action of the heat pump system to form condensed 
water and high-temperature dry air, circulating the high-tem 
perature dry air back to the outer drum, and draining the 
condensed water out of the integrated washer-dryer. 
0023. In one embodiment, an impeller (pulsator) in an 
inner drum of the integrated washer-dryer rotates, and drives 
clothing in the inner drum to turn up and down, to enable the 
clothing to fully contact the high-temperature dry air during 
drying, so as to improve a drying efficiency of clothing and 
dry the clothing more uniformly. Air that enters the air duct 
from the outer drum is first filtered by a filter mesh to remove 
lint, and then enters the heat pump system. Therefore, the 
clothing lint is prevented from entering the heat pump system 
along with the airflow and causing a damage to the heat pump 
system. 
0024. In one embodiment, during drying, an operating 
pressure of the heat pump system gradually increases, and a 
rotation speed of a compressor decreases after the operating 
pressure exceeds a set value. Preferably, if the operating pres 
sure of the heat pump system is still above the set value when 
the rotation speed of the compressor of the heat pump system 
decreases to a minimum operating speed, a drain valve is 
opened, and air in the circulating air duct that is constructed 
by the air duct and the outer drum exchanges heat with outside 
air via a drain pipe, so as to reduce a temperature value of air 
in the circulating air duct, and reduce an operating load of the 
heat pump system. 
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0025. In one embodiment, the operating pressure of the 
heat pump system is above a set value when one of the 
following conditions is met: a running current I of the com 
pressor is greater than a limit value Imax, a condenser Surface 
temperature t1 that reflects a condensing temperature is 
greater than a limit value t1 max, and a compressor exhaust 
temperature t2 that reflects an inner temperature of the com 
pressor is greater than a limit value t2max. 
0026. During the whole drying process, input electric 
energy for driving the compressor is continuously transferred 
by a medium, and is conducted to a circulating air path for 
heating the air. Therefore, the heat loss in the whole circulat 
ing air path is the consumption of energy emitted to the 
ambient through a housing of the integrated washer-dryer, 
thereby reducing power consumption of the whole system. 
0027. By using the foregoing technical solutions, the 
present invention has the following advantages as compared 
with the prior art: by using the apparatus, the heat emitted due 
to the drop in the temperature of the moist air in the air duct is 
transmitted to the condenser from the evaporator by an action 
of the medium, so as to heat the dry air. Therefore, the energy 
use efficiency is improved and the power consumption is 
reduced. More specifically, components such as the evapora 
tor and the condenser for the heat pump system in the present 
invention are mounted at an upper side of the housing of the 
integrated washer-dryer, so as to ensure that the water level 
during washing does not exceed the heat pump system during 
washing by using the integrated washer-dryer, and improve 
safety of the heat pump system. Meanwhile, the present 
invention has a simple structure and a significant effect, and is 
suitable for extended use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is a structural schematic diagram of a inte 
grated washer-dryer according to Embodiment 1 and 
Embodiment 2 of the present invention. 
0029 FIG. 2 is a diagram illustrative of a mounting mode 
of a heat pump system in the integrated washer-dryer accord 
ing to Embodiment 1 of the present invention. 
0030 FIG. 3 is a diagram illustrative of a mounting mode 
of a heat pump system in the integrated washer-dryer accord 
ing to Embodiment 2 of the present invention. 
0031 FIG. 4 is a structural schematic diagram of a inte 
grated washer-dryer according to 
0032 Embodiment 3 of the present invention. 
0033 FIG. 5 is a structural schematic diagram of a inte 
grated washer-dryer according to Embodiment 4 of the 
present invention. 
0034 FIG. 6 is a structural schematic diagram of a inte 
grated washer-dryer according to Embodiment 5 of the 
present invention. 
0035 FIG. 7 is a structural schematic diagram of a inte 
grated washer-dryer according to Embodiment 6 of the 
present invention. 
0036) Description of main elements: 1 housing, 
2—outer drum, 3—inner drum, 4 impeller (pulsator), 
5—electric motor, 6-drain pipe, 7—fan, 8 compressor, 
9—condenser, 10 evaporator, 11 filter mesh, 12 throttle 
apparatus, 13—housing door, 14—outer drum door, 
15 drain valve, 16—condensed water drain pipe, 17 first 
vertical air duct, 18–second vertical air duct, 19 third ver 
tical air duct, 20 lower transverse air duct, 21—vertical air 
duct, 22 upper transverse air duct. 
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DETAILED DESCRIPTION OF THE INVENTION 

0037 Exemplary embodiments of the present invention 
are further described in detail below with reference to the 
accompanying drawings. 

Embodiment 1 

0038. As shown in FIG. 1, this embodiment introduces an 
impeller-type heat pump integrated washer-dryer, including a 
housing 1, an outer drum 2 mounted in the housing 1, an inner 
drum 3 mounted in the outer drum 2 and having an axis that 
form an acute angle or overlaps with a vertical direction, an 
impeller (pulsator) 4 provided at a bottom part of the inner 
drum3, and an electric motor 5 provided at a lower part of the 
outer drum 2 and driving the inner drum3 and/or the impeller 
4 to rotate. An opening is provided at an upper part of the 
housing 1. A housing door 13 capable of opening and closing 
is disposed at the opening, so as to enable clothing to be put 
into the inner drum 3 through the housing door 13. An outer 
drum door 14 capable of opening and closing is disposed at an 
opening of an upper part of the outer drum 2. A drain pipe 6 is 
disposed at a bottom part of the outer drum 2. A drain valve 15 
is disposed on the drain pipe 6. 
0039. In this embodiment, an air duct is further mounted in 
the housing 1 of the integrated washer-dryer. The air duct is 
disposed between the housing 1 and the outer drum 2. The air 
duct comprises a lower transverse air duct 20, a vertical air 
duct 21, and an upper transverse air duct 22 that are connected 
one another in an end-to-end manner, so that the air duct and 
the outer drum form a D-shaped circulating air path. The 
bottom part of the outer drum2 of the integrated washer-dryer 
is separately connected to the air duct and the drain pipe 6 
through three-way connection. The other end of the drain pipe 
6 extends outside the integrated washer-dryer. The drain valve 
15 is disposed on the drain pipe 6. Opening and closing of the 
outer drum door 14 and the drain valve 15 may ensure sealing 
of the circulating airpath constructed by the outer drum 2 and 
the air duct. 

0040. In this embodiment, the outer drum 2 is disposed at 
a front side close to the housing 1. The specific structure of the 
-shaped circulating airpath constructed by the outer drum 2 

and the air duct is as follows: the bottom part of the outer drum 
2 is connected to one end of the lower transverse air duct 20, 
and the other end of the lower transverse air duct 20 extends 
along a horizontal direction to a rear part of the housing 1; the 
other end of the lower transverse air duct 20 is connected to a 
lower end of the vertical air duct 21 that is vertically disposed 
at a rear part of the outer drum; and an upper end of the 
vertical air duct 21 is connected to one end of the upper 
transverse air duct 22 that is horizontally disposed on an 
upper part of the outer drum 2, and the other end of the upper 
transverse air duct 22 is connected to the upper part of the 
outer drum 2. In this embodiment, to facilitate description, 
one end of the lowertransverse air duct 20 that is connected to 
the lower part of the outer drum 2 is set as a first end of the air 
duct, and one end of the upper transverse air duct 22 that is 
connected to the upper part of the outer drum 2 is set as a 
second end of the air duct. 

0041. In this embodiment, aheat pump system is mounted 
between the upper part of the outer drum 2 and the housing 1. 
The heat pump system includes: an evaporator 10, a compres 
sor 8, a condenser 9, and a throttle apparatus 12 that are 
sequentially communicated, so as to construct a circulating 
path for circulating flowing of a medium. The condenser 9 

Oct. 6, 2016 

and the evaporator 10 are disposed in the upper transverse air 
duct 22. The compressor 8 is disposed outside the air duct. 
One end of the throttle apparatus 12 is connected to the 
evaporator 10, and the other end of the throttle apparatus 12 is 
connected to the condenser 9. An outlet end of the compressor 
8 is connected to the condenser 9 and an inlet end of the 
compressor 8 is connected o the evaporator 10. A filter mesh 
11 is provided at a connection corner between the upper 
transverse air duct 22 and the vertical air duct 21. The filter 
mesh 11 is arranged to cover a cross-section of the air duct, 
and is capable of filtering outlint that passes through. There 
fore, the filter mesh 11, the evaporator 10, the condenser 9, 
and the fan 7 are sequentially arranged in a direction from the 
first end to the second end along the air duct. Therefore, by an 
action of the fan 7, the air in the circulating air path that is 
constructed by the outer drum2 and the air duct enters the first 
end of the air duct from the bottom part of the outer drum 2, 
flows through the filter mesh 11, the evaporator 10, the con 
denser 9, and the fan 7 in the air duct, and then circulates back 
to the upper part of the outer drum 2 from the second end of 
the air duct, so as to form air circulation. 
0042. As shown in FIG. 2, in this embodiment, a water 
collection box is disposed at the bottom of the air duct at a 
position corresponding to the position in the air duct where 
the evaporator 10 is disposed. The water collection box is 
connected to an outer part of the integrated washer-dryer via 
the condensed water drain pipe 16. Therefore, the condensed 
water separated out from the moist hot air at the evaporator is 
collected by the water collection box, and is then drained out 
of the integrated washer-dryer through the condensed water 
drain pipe 16. 
0043. By mounting the heat pump system in the air duct 
formed at the upper part of the outer drum and making it 
impossible for washing water to flood the heat pump system 
when a highest water level of the integrated washer-dryer is 
reached, damage to the heat pump system caused by an exces 
sively high water level of the integrated washer-dryer is 
avoided. 
0044. In this embodiment, alternatively, one of the upper 
transverse air duct that is connected to the upper part of the 
outer drum is set as a first end of the air duct, and one end of 
the lower transverse air duct that is connected to the lower part 
of the outer drum is set as a second end of the air duct. A filter 
mesh, an evaporator, a condenser, and a fan are sequentially 
arranged in a direction from the first end to the second end 
long the air duct (not shown in the figure), so as to enable the 
air to enter the first end of the air duct from the upper part of 
the outer drum, flow through the filter mesh, the evaporator, 
the condenser, and the fan, and then circulate back to the 
bottom of the outer drum, by an action of the fan, so as to form 
an air path. 

Embodiment 2 

0045. In this embodiment, the air duct includes a lower 
transverse air duct in communication with the bottom part of 
the outer drum 2 and located at the lower part of the outer 
drum 2, an upper transverse air duct in communication with 
the top of the outer drum 2 and located at the upper part of the 
outer drum 2, and a vertical air duct located at arear part of the 
outer drum 2 and having upper and lower ends that are sepa 
rately in communication with the upper transverse air duct 
and the lower transverse air duct. 
0046. As shown in FIG. 3, a filter mesh 11 that covers a 
cross-section of the air duct is mounted at a connection corner 
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between the upper transverse air duct 22 and the vertical air 
duct 21. The evaporator 10 of the heat pump system is dis 
posed at a top of the upper transverse air duct 22 close to the 
corner. An inclined surface 17 is provided at the bottom part 
of the air duct. The inclined surface 17 is a slope extending 
downwards to the corner. Therefore, the condensed water 
separated from the moist air that passes through the evapora 
tor flows to the corner along the inclined surface 17 at the 
bottom part of the air duct, then flows through the vertical air 
duct 21 and the lower transverse air duct 20 to the drain valve 
15, and finally is drained out of the integrated washer-dryer 
through the drain pipe 6. 

Embodiment 3 

0047. As shown in FIG.4, in this embodiment, the air duct 
comprises a first vertical air duct 17, a second vertical air duct 
18, and a third vertical air duct 19 that are vertically disposed, 
at a rear part of the outer drum 2, and are sequentially con 
nected one another in an end-to-end manner, an upper trans 
verse air duct at an upper part of the outer drum, and a lower 
transverse air duct at a lower part of the outer drum, so as to 
enable the outer drum 2 and the air duct to form a 4-shaped 
circulating air path. The specific structure of the i-shaped 
circulating airpath is as follows: the outer drum 2 is disposed 
at a front side close to the housing 1, and the third vertical air 
duct 19, the second vertical air duct 18, and the first vertical 
air duct 17 are sequentially disposed between the rear part of 
the outer drum 2 and the rear side of the housing; and the 
bottom part of the outer drum 2 is connected to one end of the 
lower transverse air duct, and the other end of the lower 
transverse air duct extends backwards to the rear part of the 
outer drum to be connected to the lower end of the first 
vertical air duct; the upper end of the first vertical air duct 17 
is connected to the upper end of the second vertical air duct 
18, the lower end of the second vertical air duct 18 is con 
nected to the lower end of the third vertical air duct 19, and the 
upper end of the third vertical air duct 19 is connected to the 
upper end of the outer drum 2 through the upper transverse air 
duct disposed at the upper part of the outer drum. In this 
embodiment, to facilitate description, one end of the lower 
transverse air duct 20 that is connected to the lower part of the 
outer drum 2 is set as a first end of the air duct, and one end of 
the upper transverse air duct 22 that is connected to the upper 
part of the outer drum 2 is set as a second end of the air duct. 
0048. In this embodiment, aheat pump system is mounted 
between the rear part of the outer drum 2 and the housing 1. 
The heat pump system includes: an evaporator 10, a compres 
sor 8, a condenser 9, and a throttle apparatus 12 that are 
sequentially communicated, so as to construct a circulating 
path for circulating flowing of a medium. 
0049. The evaporator 10 is disposed in the second vertical 
air duct 18, and the condenser 9 is disposed in the third 
vertical air duct 19. The throttle apparatus 12 is disposed 
between the first vertical air duct 17 and the second vertical air 
duct 18, and the compressor 8 is disposed outside the air duct. 
One end of the throttle apparatus 12 is connected to the 
evaporator 10, and the other end of the throttle apparatus 12 is 
connected to the condenser 9. An inlet end of the compressor 
8 is connected to the evaporator 10, and an outlet end of the 
compressor 8 is connected to the condenser 9. In this embodi 
ment, preferably, the compressor 8 is disposed at a position 
below a connection section between the second vertical air 

Oct. 6, 2016 

duct 18 and the third vertical air duct 19, above the lower 
transverse air duct 20, and between the first vertical air duct 
17 and the outer drum 2. 
0050. In this embodiment, a filter mesh 11 is disposed at 
the connection section between the first vertical air duct 17 
and the second vertical air duct 18. The filter mesh 11 is 
constructed by a mesh structure having relatively dense 
sprang and covering a cross-section of the air duct, so as to 
filter out impurities such as lint contained in the air that flows 
through the filter mesh 11. The lint is prevented from blowing 
into the heat pump system and causing damage thereto. A fan 
7 is provided in the upper transverse air duct 22. The fan 7 
provides a kinetic energy and drives air to move So as to form 
an air flow. Therefore, by an action of the fan 7, air in the 
circulating airpath that is constructed by the outer drum2 and 
the air duct enters the first end of the air duct from the bottom 
part of the outer drum 2, flows through the filter mesh 11, the 
evaporator 10, the condenser 9, and the fan 7 in the air duct, 
and then circulates back to the upper part of the outer drum 2 
from the second end of the air duct, so as to form air circula 
tion. 
0051. In this embodiment, a top of the first vertical air duct 
17 is higher than an opening of the outer drum2. By providing 
the first vertical air duct between the first end of the air duct 
and the evaporator and higher than the opening of the outer 
drum, washing water may not flood the top of the first vertical 
air duct when a highest water level of the integrated washer 
dryer is reached, it is ensured that the washing water does not 
contact the heat pump system, and damage to the heat pump 
system due to contact with washing water is avoided. 

Embodiment 4 

0052. In this embodiment, the air duct comprises a first 
vertical air duct 17, a second vertical air duct 18, and a third 
vertical air duct 19 that are vertically disposed, at a rear part 
of the outer drum 2, and are sequentially connected one 
another in an end-to-end manner, an upper transverse air duct 
at an upper part of the outer drum, and a lower transverse air 
duct at a lower part of the outer drum, so as to enable the outer 
drum 2 and the air duct to form a t-shaped circulating air 
path. In this embodiment, to facilitate description, one end of 
the lower transverse air duct 20 that is connected to the lower 
part of the outer drum 2 is set as a second end of the air duct, 
and one end of the upper transverse air duct 22 that is con 
nected to the upper part of the outer drum 2 is set as a first end 
of the air duct. 
0053 As shown in FIG. 5, aheat pump system is mounted 
between the rear part of the outer drum 2 and the housing 1. 
The heat pump system includes: a condenser 9, a throttle 
apparatus 12, an evaporator 10, and a compressor 8 that are 
sequentially communicated, so as to construct a circulating 
path for circulating flowing of a medium. Specific mounting 
positions are as follows: a filter mesh 11 is disposed in the 
upper transverse air duct, a condensed water drain pipe 16 is 
connected to a connection section between the second verti 
cal air duct 18 and the third vertical air duct 19, the evaporator 
10 and the condenser 9 are disposed in the third vertical air 
duct 19, and a fan 7 is disposed at a connection section 
between the first vertical air duct 17 and the second vertical air 
duct 18. 
0054. In this embodiment, the fan provides a kinetic 
energy and drives the air in the air circulating path that is 
constructed by the outer drum 2 and the air duct to enter the 
first end of the air duct from the upper part of the outer drum 
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2, flow through the filter mesh 11, the evaporator 10, the 
condenser 9, and the fan 7 in the air duct by an action of the fan 
7, and then circulate back to the bottom part of the outer drum 
2 from the second end of the air duct, by an action of the fan, 
So as to form air circulation. 

Embodiment 5 

0055. In this embodiment, the air duct comprises a first 
vertical air duct 17, a second vertical air duct 18, and a third 
vertical air duct 19 that are vertically disposed, at a rear part 
of the outer drum 2, and are sequentially connected one 
another in an end-to-end manner, an upper transverse air duct 
at an upper part of the outer drum, and a lower transverse air 
duct at a lower part of the outer drum, so as to enable the outer 
drum 2 and the air duct to form a t-shaped circulating air 
path. In this embodiment, to facilitate description, one end of 
the lower transverse air duct 20 that is connected to the lower 
part of the outer drum 2 is set as a first end of the air duct, and 
one end of the upper transverse air duct 22 that is connected 
to the upper part of the outer drum 2 is set as a second end of 
the air duct. 

0056. As shown in FIG. 6, in this embodiment, specific 
mounting positions of respective components in the air duct 
are as follows: a fan 7 is disposed in the upper transverse air 
duct 22, a condensed water drain pipe 16 is connected to a 
connection section between the second vertical air duct 18 
and the third vertical air duct 19, an evaporator 10 and a 
condenser 9 are sequentially disposed in the third vertical air 
duct 19 from top to bottom, and a filter mesh 11 is provided at 
a connection section between the first vertical air duct 17 and 
the second vertical air duct 18. 
0057. In this embodiment, the fan provides a kinetic 
energy and drives the air in the air circulating path that is 
constructed by the outer drum 2 and the air duct to enter the 
first end of the air duct from the lower part of the outer drum 
2, flow through the filter mesh 11, the evaporator 10, the 
condenser 9, and the fan 7 in the air duct by an action of the fan 
7, and then circulate back to the upper part of the outer drum 
2 from the second end of the air duct, by an action of the fan, 
So as to form air circulation. 

Embodiment 6 

0058. In this embodiment, the air duct comprises a first 
vertical air duct 17, a second vertical air duct 18, and a third 
vertical air duct 19 that are vertically disposed, at a rear part 
of the outer drum 2, and are sequentially connected one 
another in an end-to-end manner, an upper transverse air duct 
at an upper part of the outer drum, and a lower transverse air 
duct at a lower part of the outer drum, so as to enable the outer 
drum 2 and the air duct to form a t-shaped circulating air 
path. In this embodiment, to facilitate description, one end of 
the lower transverse air duct 20 that is connected to the lower 
part of the outer drum 2 is set as a second end of the air duct, 
and one end of the upper transverse air duct 22 that is con 
nected to the upper part of the outer drum 2 is set as a first end 
of the air duct. 

0059. As shown in FIG. 7, a heat pump system is mounted 
between the rear part of the outer drum 2 and the housing 1. 
The heat pump system includes: a condenser 9, a throttle 
apparatus 12, an evaporator 10, and a compressor 8 that are 
sequentially communicated, so as to construct a circulating 
path for circulating flowing of a medium. Specific mounting 
positions are as follows: a filter mesh 11 is disposed in the 
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upper transverse air duct, a condensed water drain pipe 16 is 
connected to a connection section between the second verti 
cal air duct 18 and the third vertical air duct 19, the evaporator 
10 and the condenser 9 are disposed in the third vertical air 
duct 19, and a fan 7 is disposed at a connection section 
between the first vertical air duct 17 and the second vertical air 
duct 18. 
0060. In this embodiment, the fan provides a kinetic 
energy and drives the air in the air circulating path that is 
constructed by the outer drum 2 and the air duct to enter the 
first end of the air duct from the upper part of the outer drum 
2, flow through the filter mesh 11, the evaporator 10, the 
condenser 9, and the fan 7 in the air duct by an action of the fan 
7, and then circulate back to the bottom part of the outer drum 
2 from the second end of the air duct, by an action of the fan, 
So as to form air circulation. 

Embodiment 7 

0061 This embodiment introduces a drying method for 
the impeller-type heat pump integrated washer-dryer. The 
method includes: introducing moist air from an inner drum3 
into an air duct, condensing moisture in the moist air into 
condensed water by an action of a heat pump system, to form 
dry air, circulating the high-temperature dry air back to the 
inner drum 3, and draining the condensed water out of a 
integrated washer-dryer. 
0062. In this embodiment, the drying method includes the 
following steps: 11) air in an air duct passes through a heat 
pump system to form high-temperature dry air, which blows 
into an outer drum 2 by an action of a fan 7: 12) moisture in 
clothing in an inner drum 3 exchanges heat with the hot dry 
air, the moisture absorbs heat to become steam and form a 
moist and hot air, and the moist and hot air flows into the air 
duct; 13) the moist and hot air contacts an evaporator 10 of the 
heat pump system, heat is transmitted to a medium in the 
evaporator 10, a temperature of the moist and hot air 
decreases to separate condensed water, and the condensed 
water is drained out of the integrated washer-dryer, and 14) 
meanwhile, the moist and hot air becomes dry air having a 
relatively low temperature, the dry air passes through the 
condenser 9 of the heat pump system, the medium in the 
condenser 9 releases the heat to increase the temperature of 
the dry air, which then becomes high-temperature dry air, and 
then the high-temperature dry air circulate back to the outer 
drum 2 by an action of the fan 7. 
0063. In this embodiment, operating steps of the heat 
pump system areas follows: 21) the medium in the heat pump 
system absorbs heat from the air at the evaporator 10, to form 
a low-pressure overheated Steam, which is then compressed 
by the compressor by an action of the compressor 8, the 
pressure of the steam increases, and the steam becomes a 
high-pressure steam; and 22) the high-pressure steam dissi 
pates heat and condenses at the condenser 9, and is liquefied 
to release heat, thereby implementing reutilization of the 
heat. 
0064. In this embodiment, an impeller 4 in the inner drum 
3 of the integrated washer-dryer rotates, and drives clothing in 
the inner drum 3 to turn up and down, to enable the clothing 
to fully contact the high-temperature dry air in the inner drum 
3 during drying, so as to improve a drying efficiency of 
clothing and dry the clothing more uniformly. In this embodi 
ment, air that enters the air duct from the inner drum3 is first 
filtered by the filter mesh 11 to remove lint, and then enters the 
heat pump system. Therefore, impurities such as lint are 
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prevented from entering the evaporator 10 or the condenser 9 
of the heat pump system and causing a damage to equipment. 
0065. In this embodiment, during the whole drying pro 
cess, the temperature of the air in the circulating path of the air 
duct increases along with the increase in the operating time of 
the heat pump system, and the heat contained in the medium 
in the heat pump system continuously increases, which leads 
to an increase in the temperature of the medium in the con 
denser 9 and the evaporator 10, thereby causing an increase in 
the system pressure value of the heat pump system. To guar 
antee that the heat pump system is operated safely at a stable 
operating pressure during drying, a frequency-conversion 
control apparatus is needed to reduce a running speed of the 
compressor 8 or another heat-dissipation protection mecha 
nism or the like is needed to regulate the operating pressure of 
the heat pump system, so as to ensure stable and safe operat 
ing of the system. 
0066. In this embodiment, if a surface temperature t1 of 
the condenser 9 is greater than a set value 1' and/or a com 
pressor exhaust temperature t2 at an outlet of the compressor 
8 is greater than a set value 2 and/or an operating current I of 
the compressor 8 is greater than a set value I", the operating 
speed of the compressor 8 decreases to a set value. 
0067. When the integrated washer-dryer starts to dry, the 
compressor is operated at an initial rotation speed n1. When 
the surface temperature t1 of the condenser 9 increases to t11'. 
the rotation speed of the compressor decreases from the initial 
rotation speed n1 to n2: 
0068 when the surface temperature t1 of the condenser 9 
increases to t12, the rotation speed of the compressor 
decreases from n2 to n3; when surface temperature t1 of the 
condenser 9 increases to t13', the rotation speed of the com 
pressor decreases from n3 to na ... until the rotation speed of 
the compressor decreases to a minimum rotation speed n0, the 
compressor is operated at the rotation speed of n0 till the end 
of the drying. A relation among the rotation speeds of the 
compressor is as follows: 1) n2>n3>na. . . . >n0. A relation 
among the set values of the Surface temperature of the con 
denser is as follows: ti'<t12<t13< . . . 
0069. At a final stage of drying, when the compressor is 
operated at the rotation speed of n0, along with the increase in 
the temperature inside the drum, a running current I of the 
compressor 8 may also exceed a limit value Imax, a condenser 
Surface temperature t1 that reflects the condensing tempera 
ture may exceed a limit value t1max, and a compressor 
exhaust temperature t2 that reflects an inner temperature of 
the compressor may exceed a limit value t2max. At this time, 
the compressor 8 stops operating for a period of time T, so that 
the condenser surface temperature t1 that reflects the con 
densing temperature and the compressor exhaust temperature 
t2 that reflects an inner temperature of the compressor 
decrease to normal operating ranges. In one embodiment, the 
period of time T for which the compressor stops operating is 
greater than or equal to 3 minutes. 
0070. In this embodiment, at a final stage of drying, if the 
compressor is operated at the rotation speed of n0 and a 
running current I of the compressor 8 is greater than the limit 
value Imax or the condenser Surface temperature t1 that 
reflects the condensing temperature is greater than the limit 
value t1 max or the compressor exhaust temperature t2 that 
reflects the inner temperature of the compressor is greater 
than the limit value t2max, a drain valve 15 may also be 
opened, and the air in the outer drum 2 and the air duct is 
exchanged with outside air through the drain pipe 6, to reduce 
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a temperature value of air in the circulating airpath, to further 
reduce the temperature of the medium in the compressor 8 
and reduce the operating pressure of the compressor 8. So as 
to enable the running current I of the compressor, the con 
denser Surface temperature t1 that reflects the condensing 
temperature, and the compressor exhaust temperature t2 that 
reflects the inner temperature of the compressor to decrease to 
normal operating ranges. In one embodiment, if the compres 
Sor still fails in recovering to a normal operating state after the 
drain valve is opened for a period of time T1, the compressor 
8 stops operating for a period of time T. In another embodi 
ment, T1 is greater than or equal to 3 minutes. 
0071. During the whole drying process, input electric 
energy for driving the compressor 8 is continuously trans 
ferred by a medium, and is conducted to a circulating air path 
for heating the air. Therefore, the heat loss in the whole 
circulating airpath is only the consumption of energy emitted 
to the ambient through a housing of the integrated washer 
dryer, thereby reducing power consumption of the whole 
system and improving the drying efficiency. 
0072 The implementation solutions in the embodiments 
can be further combined or replaced and the embodiments are 
only intended to illustrate the principles of the present inven 
tion and are not intended to limit the concept and the scope of 
the present invention. Certain changes and modifications can 
be made as would be known to one skilled in the art without 
departing from the design concept of the present invention, 
which are all fall within the scope of protection of the present 
invention. 

1. An impeller-type heat pump integrated washer-dryer, 
comprising: a housing, an outer drum mounted in the hous 
ing, an inner drum mounted in the outer drum, an impeller 
provided at a bottom part of the inner drum, and an electric 
motor provided at a lower part of the outer drum for driving at 
least one of the inner drum and the impeller to rotate, wherein 
an outer part of the outer drum is provided with an air duct and 
a heat pump system, and the air duct communicates with 
sealed top and bottom ends of the outer drum; and wherein the 
heat pump system has an evaporator and a condenser 
mounted in the air duct, a throttle apparatus and a compressor; 
and wherein the evaporator, the compressor, the condenser 
and the throttle apparatus are sequentially connected to form 
a circulating flow path that allows a medium to flow through. 

2. The impeller-type heat pump integrated washer-dryer 
according to claim 1, wherein two ends of the air duct respec 
tively are a first end and a second end, the first end is con 
nected to an upper part or a lower part of the outer drum, and 
the second end is connected to a lower part oran upper part of 
the outer drum, so as to enable the air duct and the outer drum 
to form a circulating air path; and wherein a filter mesh, the 
evaporator, the condenser, and a fan are sequentially provided 
in the air duct from the first end to the second end. 

3. The impeller-type heat pump integrated washer-dryer 
according to claim 2, wherein the condenser and the evapo 
rator are disposed in the air duct at the upper part of the outer 
drum. 

4. The impeller-type heat pump integrated washer-dryer 
according to claim 3, wherein a condensed water drain pipe 
that drains condensed water out of the integrated washer 
dryer is connected to a corresponding bottom part of the air 
duct in which the evaporator is provided. 

5. The impeller-type heat pump integrated washer-dryer 
according to claim 2, wherein the air duct comprises a lower 
transverse air duct, a vertical air duct, and an upper transverse 
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air duct; wherein one end of the lower transverse air duct is 
connected to a bottom part of the outer drum and the other end 
of the lower transverse air duct extends backwards to be 
connected to a lower end of the vertical air duct; and wherein 
an upper end of the vertical air duct is connected to one end of 
the upper transverse air duct and the other end of the upper 
transverse air duct is connected to an upper end of the outer 
drum 

6. The impeller-type heat pump integrated washer-dryer 
according to claim 5, wherein the compressor is disposed 
outside the air duct, an outlet end of the compressor is con 
nected to the condenser disposed in an interior of the air duct, 
and an inlet end of the compressor is connected to the evapo 
rator disposed in the interior of the air duct; and one end of the 
throttle apparatus is connected to the condenser and the other 
end of the throttle apparatus is connected to the evaporator. 

7. The impeller-type heat pump integrated washer-dryer 
according to claim 1, wherein an outer drum door for receiv 
ing clothing and ensuring sealing of the outer drum is dis 
posed at an opening of the outer drum; and wherein a drain 
pipe is connected to the bottom part of the outer drum, and a 
drain valve is disposed on the drain pipe. 

8. The impeller-type heat pump integrated washer-dryer 
according to claim 1, wherein the condenser and the evapo 
rator are disposed in the air duct at a rear part of the outer 
drum. 

9. The impeller-type heat pump integrated washer-dryer 
according to claim 8, wherein the air duct comprises: a first 
Vertical air duct, a second vertical air duct, and a third vertical 
air duct that are vertically disposed, at a rear part of the outer 
drum, and are sequentially connected one another in an end 
to-end manner, a lower transverse air duct connected to a 
lower end of the first vertical air duct, and an upper transverse 
air duct connected to an upper end of the third vertical air 
duct; and wherein the lower transverse air duct is in commu 
nication with the lower part of the outer drum, and the upper 
transverse air duct is in communication with an upper part of 
the outer drum, so as to enable the outer drum and the air duct 
to form a t-shaped circulating air path. 

10. The impeller-type heat pump integrated washer-dryer 
according to claim 9, wherein atop of the first vertical air duct 
is higher than an opening of the outer drum. 

11. The impeller-type heat pump integrated washer-dryer 
according to claim 9, wherein a filter mesh is disposed in the 
air duct between a first end of the air conduct and the evapo 
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rator, and a condensed water drain pipe is connected to a 
connection section between the second vertical air duct and 
the third vertical air duct. 

12. The impeller-type heat pump integrated washer-dryer 
according to claim 11, wherein when the first end of the air 
duct is an end at which the lower transverse air duct is con 
nected to the lower part of the outer drum, the evaporator is 
disposed in the second vertical air duct and the condenser is 
disposed in the third vertical air duct. 

13. The impeller-type heat pump integrated washer-dryer 
according to claim 11, wherein when the first end of the air 
duct is an end at which the upper transverse air duct is con 
nected to the upper part of the outer drum, the condenser is 
disposed in the second vertical air duct and the evaporator is 
disposed in the third vertical air duct. 

14. The impeller-type heat pump integrated washer-dryer 
according to claim 11, wherein the evaporator and the con 
denser are sequentially disposed in the second Vertical air 
duct or the third vertical air duct along a flow direction of air. 

15. A drying method for the impeller-type heat pump inte 
grated washer-dryer according to claim 1, comprising: intro 
ducing moist air from the outer drum to the air duct, condens 
ing moisture in the moist air by an action of the heat pump 
system, to form condensed water and high-temperature dry 
air, circulating the high-temperature dry air back to the outer 
drum, and draining the condensed water out of the integrated 
washer-dryer. 

16. The drying method according to claim 15, wherein an 
impeller in an inner drum of the integrated washer-dryer 
rotates, and drives clothing in the inner drum to turn up and 
down, to enable the clothing to fully contact the high-tem 
perature dry air during drying. 

17. The drying method according to claim 15, wherein 
during drying, an operating pressure of the heat pump system 
gradually increases, and a rotation speed of a compressor 
decreases after the operating pressure exceeds a set value. 

18. The drying method according to claim 17, wherein if 
the operating pressure of the heat pump system is still above 
the set value when the rotation speed of the compressor of the 
heat pump system decreases to a minimum operating speed, a 
drain valve is opened, and air in the circulating air duct that is 
constructed by the air duct and the outer drum exchanges heat 
with outside air via a drain pipe, so as to reduce a temperature 
value of air in the circulating air duct, and reduce an operating 
load of the heat pump system. 
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