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(57) ABSTRACT 

A heat pump type cooling/heating apparatus comprises a 
coolant injection path and a gaseous coolant adjustment 
valve. The coolant injection path may be split between a 
cascade heat exchanger and an evaporator of a low-tempera 
ture refrigeration cycle to inject coolant into a low pressure 
side compressor, or between a water coolant heat exchanger 
and cascade heat exchanger to inject coolant into a high 
pressure side compressor of a high temperature refrigeration 
cycle. The gaseous coolant adjustment valve may be provided 
in the coolant injection path and is adjusted to correspond to 
a load of a 
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HEAT PUMPTYPE COOLING/HEATING 
APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority under 35 
U.S.C. S 119 to Korean Patent Application No. 10-2009 
01 12740, filed on Nov. 20, 2009 in Korea, the entirety of 
which is hereby incorporated by reference. 

BACKGROUND 

0002 1. Field 
0003. One or more embodiments described herein relate to 
thermal control. 
0004 2. Background 
0005 Heat pumps are in widespread use for heating and 
cooling homes. However, they have drawbacks. For example, 
heat pumps fail to provide Sufficient cooling/heating perfor 
mance formany homes or buildings, especially those of larger 
size. Also, operational efficiency is compromised because of 
the need to perform frequent defrosting operations for the 
evaporator. 

BRIEF DESCRIPTION OF THE DRAWING 

0006 FIG. 1 is a diagram of one embodiment of a cooling/ 
heating apparatus. 
0007 FIG. 2 is a block diagram of the cooling/heating 
apparatus of FIG.1. 
0008 FIG.3 is a diagram of one type of cascade cycle unit 
for use in FIG. 1. 
0009 FIG. 4 is a graph of a P-H relationship obtained for 
a cooling/heating apparatus according to one or more of the 
embodiments herein. 
0010 FIG. 5 is a diagram of another embodiment of a 
cooling/heating apparatus. 
0011 FIG. 6 is a diagram of another embodiment of a 
cooling/heating apparatus. 
0012 FIG. 7 is a diagram showing a manner in which a 
cascade unit and outdoor unit may be separately provided in 
the apparatus of FIG. 6. 
0013 FIG. 8 is a diagram showing a manner in which the 
outdoor unit may be attached to the cascade unit in the appa 
ratus of FIG. 6. 

DETAILED DESCRIPTION 

0014 FIG. 1 shows a first embodiment of a heat pump type 
cooling/heating apparatus which includes a refrigeration 
cycle apparatus 3 that heats water using a coolant, circulates 
the heated water, and Supplies the heated water to destinations 
1 and 2 requiring hot water. 
00.15 Destinations 1 and 2 include a room heating unit 1 
that heats a room using the water heated by the coolant and a 
water heating unit 2 that discharges the heated water to the 
outside through a discharging device, such as a shower head. 
The room heating unit and the water heating unit will be 
described in greater detail below. 
0016. The refrigeration cycle apparatus 3 may include a 
cascade cycle unit 4 and a gas injection mechanism 5. 
0017. The cascade cycle unit 4 may include a cascade heat 
exchanger that performs aheat exchange between a first cool 
ant of a low temperature refrigeration cycle A and a second 
coolant of a high temperature refrigeration cycle B, and a 
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water coolant heat exchanger in which the second coolant of 
the high temperature refrigeration cycle B is condensed while 
heating water. 
0018. The first and second coolants have different conden 
sation temperature and evaporation temperature. For 
example, in a case where theist coolant has a low condensa 
tion temperature and evaporation temperature of R410A, the 
second coolant may have a higher condensation temperature 
and evaporation temperature of R134a than the first coolant. 
0019. The gas injection mechanism 5 expands the coolant 
condensed in one of the low temperature refrigeration cycle A 
and the high temperature refrigeration cycle B, separates a 
gaseous coolant from the condensed coolant, and then injects 
the separated gaseous coolant into a compressor in the refrig 
eration cycle in which the gas injection mechanism is pro 
vided. The gas injection mechanism may be included in at 
least one of the low temperature refrigeration cycle A and the 
high temperature refrigeration cycle B. 
0020. The low temperature refrigeration cycle A, the high 
temperature refrigeration cycle B, and the gas injection 
mechanism will now be described in greater detail with the 
assumption that the gas injection mechanism is provided in 
the low temperature refrigeration cycle A. 
0021. The low temperature refrigeration cycle A forms a 
closed path running from a low pressure side compressor 6 
through a cascade heat exchanger 10 and a first expansion 
mechanism 12 to an evaporator 14. The first coolant is com 
pressed in the low pressure side compressor 6, condensed in 
the cascade heat exchanger 10, expanded in the first expan 
sion mechanism 12, and evaporated in the evaporator 14. The 
second coolant may be evaporated while the first coolant 
repeats the compression, condensation, expansion, and 
evaporation. 
0022. The low pressure side compressor 6, which com 
presses the first coolant, is connected to the cascade heat 
exchanger 10 and a low pressure side compressor discharge 
pipe 7. The low pressure side compressor 6 may be connected 
to the evaporator 14 and a low pressure side compressor 
Suction pipe 8. 
0023 The low pressure side compressor may be config 
ured as a two stage compressor, a twin rotary compressor, a 
screw compressor, or a scroll compressor, so that the gaseous 
coolant is gas injected to low pressure side compressor 6 in a 
case where gas injection mechanism 5 is provided in the low 
temperature refrigeration cycle A. 
0024. A two stage compressor, which is connected in 
series with a coolant path, includes a first compression part 
and a second compression part. A coolantis first condensed in 
the first compression part and then re-condensed in the sec 
ond compression part. The coolant evaporated in evaporator 
14 is Sucked and compressed in the first compression part 
before discharge. 
0025. The gas injection mechanism 5 is connected to a 
connection path between the first compression part and sec 
ond compression part. The gaseous coolant injected from the 
gas injection mechanism is mixed with the coolant that is 
compressed and discharged by the first compression part, and 
then the mixed material may be compressed and discharged 
by the second compression part. 
0026. A twin rotary compressor includes first and second 
compression parts that perform compression by the same 
motor. The coolant evaporated in the evaporator 14 is Sucked, 
compressed, and discharged by the first compression part. 
The gas injection mechanism 5 is connected to the second 
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compression part. The coolant evaporated in the evaporator 
14 is compressed and discharged by the first compression 
part. The gaseous coolantinjected by the gas injection mecha 
nism may be compressed and discharged by the second com 
pression part. 
0027. A screw compressor is a rotary displacement com 
pressor that includes a pair of male and female Screw rotors 
engaged with each other, with a gaseous coolant compressed 
between the male and female screw rotors. The coolant 
evaporated in evaporator 14 is sucked and compressed in a 
compression chamber of the compressor. 
0028. The gas injection mechanism is connected to an 
injection port communicating with one side of the compres 
sion chamber of the screw compressor. The gaseous coolant 
injected from the gas injection mechanism may be mixed with 
the coolant compressed in the screw compressor and the 
resultant material may be compressed and discharged. 
0029. A scroll compressor compresses a coolant by rotat 
ing a rotational Scroll in a compression chamber. The coolant 
evaporated in evaporator 14 is Sucked and compressed in the 
compression chamber of the scroll compressor. The gas injec 
tion mechanism is connected to an injection port communi 
cating with one side of the compression chamber of the scroll 
compressor. The gaseous coolant injected from the gas injec 
tion mechanism is mixed with the coolant condensed in the 
scroll compressor, and the resultant material may be com 
pressed and discharged. 
0030 The cascade heat exchanger 10 includes a conden 
sation path to condense the first coolant and an evaporation 
path to evaporate the second coolant passing therethrough. A 
heat transfer member may be provided between the conden 
sation and evaporation paths for heat exchange between the 
first and second coolants. 

0031. The cascade heat exchanger 10 may be configured 
as a double pipe heat exchanger where a condensation path 
and an evaporation path are located inside and outside of a 
heat transfer member, or a plate type heat exchanger where a 
condensation path and an evaporation path are located alter 
nate to each other with a heat transfer member therebetween. 

0032. The cascade heat exchanger may be connected to 
first expansion mechanism 12 and gas injection mechanism5. 
The first expansion mechanism expands the first coolant 
Sucked into evaporator 14 and may be configured as an elec 
tronic expansion valve that may adjust the degree of opening 
to control the suction superheat of the low temperature refrig 
eration cycle A. 
0033. The first expansion mechanism 12 may be con 
nected to evaporator 14 through a pipe 13 between the first 
expansion mechanism and the evaporator. The evaporator 
may be configured as an air-cooled heat exchanger that intro 
duces external air into the evaporator and evaporates the 
coolant using the introduced air. The cascade cycle unit 4 may 
also include outdoor fan 15 that blows external air into the 
evaporator. 
0034. The high temperature refrigeration cycle B forms a 
closed path running from a high pressure side compressor 16 
through a water coolant heat exchanger 20 and a second 
expansion mechanism 22 to the cascade heat exchanger 10. 
The second coolant is compressed in the high pressure side 
compressor 16, heat exchanged with water and condensed in 
the water coolant heat exchanger 20, expanded in the second 
expansion mechanism 22, and heat exchanged with the first 
coolant and evaporated in the cascade heat exchanger. The 
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water may be heated while the second coolant repeats the 
compression, condensation, expansion, and evaporation. 
0035. The high pressure side compressor 16, which com 
presses the second coolant, may be connected to the water 
coolant heat exchanger 20 via a high pressure side compres 
Sor discharge pipe 17. The high pressure side compressor may 
be connected to the cascade heat exchanger 10 via a high 
pressure side compressor Suction pipe 18. 
0036. The water coolantheat exchanger 20 is connected to 
a water circulation path that is a closed path including the 
room heating unit 1 and the water heating unit 2. 
0037. The water coolant heat exchanger includes a con 
densation path to condense a coolant passing therethrough 
and a water heating path to heat water passing therethrough. 
The water coolant heat exchanger may be configured as a 
double pipe heat exchanger where the condensation path and 
the water heating path are located inside and outside of a heat 
transfer member, or a plate type heat exchanger where the 
condensation path and the water heating path are located 
alternate to each other with a heat transfer member therebe 
tWeen. 

0038. The water coolantheat exchanger may be connected 
to second expansion mechanism 22 through a pipe 21 
between water coolant heat exchanger 20 and second expan 
sion mechanism 22. The second expansion mechanism 
expands the second coolant Sucked into cascade heat 
exchanger 10 and may be configured as an electronic expan 
sion valve that may adjust the degree of opening to control the 
suction superheat of the high temperature refrigeration cycle 
B 

0039. The second expansion mechanism may be con 
nected to cascade heat exchanger 10 through a pipe 23 
between second expansion mechanism 22 and cascade heat 
exchanger 10. 
0040. The gas injection mechanism 5 may expand the first 
coolant condensed in the cascade heat exchanger 10, separate 
a liquid coolant and a gaseous coolant from the first coolant, 
and inject only the gaseous coolant to low pressure side 
compressor 6. 
0041. The gas injection mechanism 5 may include a gas/ 
liquid separator 24 that separates a liquid coolant and a gas 
eous coolant from the coolant condensed in the cascade heat 
exchanger 10, a coolant injection path 26 that injects the 
gaseous coolant separated by the gas/liquid separator 24 to 
the low pressure side compressor 6, an auxiliary expansion 
mechanism 28 that expands the coolant flowing from the 
cascade heat exchanger 10 to the gas/liquid separator 24, and 
a gaseous coolant adjustment valve 30 that is provided over 
the coolant injection path 26. 
0042. The gas/liquid separator 24 may be provided 
between cascade heat exchanger 10 and first expansion 
mechanism 12. The gas/liquid separator may be connected to 
auxiliary expansion mechanism 28 through gas/liquid sepa 
rator Suction pipe 25, connected to the first expansion mecha 
nism through a liquid phase pipe 27, and connected to the low 
pressure side compressor 6 through the coolant injection path 
26. 

0043. The coolant having passed through the auxiliary 
expansion mechanism 28 flows into the gas/liquid separator 
24 via a gas/liquid separator Suction pipe 25 and separates 
into a gaseous coolant and a liquid coolant in the gas/liquid 
separator 24. The gaseous coolant may be injected to the low 
pressure side compressor 6 through coolant injection path 26 
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and liquid coolant may flow into first expansion mechanism 
12 through the liquid phase pipe 27. 
0044) One end of coolant injection path 26 may be con 
nected to gas/liquid separator 24 and the other end may be 
connected to low pressure side compressor 6. 
0045. The coolant injection path 26 may include a plural 
ity of gas injection pipes 26A and 26B. The gas injection 
pipes may include a first gas injection pipe 26A that connects 
between gas/liquid separator 24 and gaseous coolant adjust 
ment valve 30, and a second gas injection pipe 26B that 
connects between the gaseous coolant adjustment valve 30 
and the low pressure side compressor 6. 
0046) The auxiliary expansion mechanism 28 expands the 
coolant condensed in the cascade heat exchanger 10 before 
the coolant is sucked into the gas/liquid separator 24. The 
auxiliary expansion mechanism may be provided between the 
cascade heat exchanger and gas/liquid separator. 
0047. The auxiliary expansion mechanism 28 may be con 
figured as an electronic expansion valve that may adjust the 
degree of opening to prevent the liquid coolant in the gas/ 
liquid separator 24 from flowing to the coolant injection path 
26. The auxiliary expansion mechanism may be connected to 
cascade heat exchanger 10 through a pipe 29 between cascade 
heat exchanger 10 and auxiliary expansion mechanism 28. 
0048. The gaseous coolant adjustment valve 30 controls 
the gaseous coolant discharged from the second expansion 
mechanism 22. The gaseous coolant adjustment valve 30 may 
be configured as an opening/closing valve that performs the 
opening/closing operation under the On/Off control, or an 
electronic expansion valve that may control the degree of 
opening. 
0049. The water circulation path runs through the water 
coolant heat exchanger 20, room heating unit 1, and water 
heating unit 2, so that water heated in water coolant heat 
exchanger 20 passes through at least one of the room heating 
unit 1 or the water heating unit 2 and then returns to the water 
coolant heat exchanger 20. 
0050. The water circulation path may include a cascade 
cycle unit pipe 32 that is located inside the refrigeration cycle 
apparatus 3, a water heating pipe 33 that allows water to pass 
through the water heating unit 2, a room heating pipe 34 that 
allows water to pass through the room heating unit 1, and a 
connection pipe 35 that connects the cascade cycle unit pipe 
32 to the water heating pipe 33 and the room heating pipe 34. 
0051) A hot water adjustment valve 36 may be positioned 
over the connection pipe 35 to guide the water heated in the 
water coolant heat exchanger 20 to at least one of water 
heating pipe 33 and room heating pipe 34. The water heating 
pipe and room heating pipe may be connected to the water 
coolant heat exchanger through the connection pipe. 
0052. The cascade cycle unit 4, room heating unit 1, and 
water heating unit 2 will now be described in greater detail. 
The cascade cycle unit may include a flow switch 37 that 
senses the flow of water passing through the cascade cycle 
unit pipe 32 and a circulation pump 38that is positioned over 
the cascade cycle unit pipe 32 to pump water for circulation. 
0053. The room heating unit may include a floor heating 
unit 41 that heats the floor of a room and an air heating unit 42 
that heats air in the room. The floor heating unit may be 
configured as a meander line embedded in the floor of the 
room. The air heating unit 42 may be configured as a fan coil 
unit or a radiator. 
0054 Room heating water adjustment valves 43 and 44 
may be positioned over the room heating pipe 34 to guide 
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water to at least one of the floor heating unit 41 and the air 
heating unit 42. The floorheating unit 41 may be connected to 
the room heating water adjustment valves via an air heating 
pipe 45, and the airheating unit may be connected to the room 
heating water adjustment valves via a floor heating pipe 46. 
0055. The water heating unit 2 supplies hot water required 
for a user to take a shower or wash the dishes, and may include 
a hot water tank 51 that contains water and a hot water 
auxiliary heater 52 that is provided in the hot water tank. The 
hot water tank may be connected to a cool water inlet 53 that 
introduces cool water to the hot water tank and a hot water 
outlet 54 that discharges hot water out of the hot water tank 
51. The water heating pipe 33 may be provided in the hot 
water tank. 
0056. The hot water outlet 54 may be connected to a hot 
water discharging device 55, such as a shower head. A cool 
water inlet 56 may be connected to the hot water outlet 54 so 
that cool water may be discharged to the outside through the 
hot water discharging device 55. 
I0057. In the cascade cycle unit 4, the room healing unit 1, 
and the water heating unit 2 as described above, if the hot 
water adjustment valve 36 is subjected to a water heating 
mode for supplying hot water when a circulation pump 39 is 
driven, water heated in the water coolant heat exchanger 20 
may flow through the cascade cycle unit pipe 32 and the 
connection pipe 35 into the water heating pipe 33 to heat 
water in the hot water tank 51 and then return to the water 
coolantheat exchanger 20 via the connection pipe 35 and the 
cascade cycle unit pipe 32. 
0058 If the hot water adjustment valve 36 is subjected to 
a room heating mode for heating the room when the circula 
tion pump 39 is driven, the water heated through heat transfer 
with the second coolant in the water coolant heat exchanger 
20 may pass through the cascade cycle unit pipe 32 and the 
connection pipe 35 into the room heating pipe 34 to heat at 
least one of the floorheating unit 41 and the air heating unit 42 
and then return to the water coolant heat exchanger via the 
room heating pipe, the connection pipe, and the cascade cycle 
unit pipe. 
0059. If the room heating water adjustment valves 43 and 
44 are subjected to an air heating mode for heating air in the 
room, the water passes through the air heating pipe 45, the air 
heating unit 42, and the airheating pipe 45 to the room heating 
pipe 34, and if the room heating water adjustment valves are 
subjected to a floor heating mode for heating the floor in the 
room, the water passes through the floor heating pipe 46, the 
floor heating unit 41, and the floor heating pipe 46 to the room 
heating pipe. 
0060. In the first embodiment of the heat pump type cool 
ing/heating apparatus, the low pressure side compressor 6, 
cascade heat exchanger 10, first expansion mechanism 12, 
evaporator 14, high pressure side compressor 16, water cool 
ant heat exchanger 20, second expansion mechanism 22. 
coolant injection path 26, gaseous coolant adjustment valve 
30, gas/liquid separator 24, and auxiliary expansion mecha 
nism 28 may be installed together in a single unit to constitute 
refrigeration cycle apparatus 3. 
0061 FIG.2 shows a block diagram of the cooling/heating 
apparatus of FIG. 1, FIG.3 is an expanded view of the cascade 
cycle unit of this apparatus, and FIG. 4 is a graph showing a 
P-H relationship that may be obtained for the cooling/heating 
apparatus. 
0062. As shown, the cooling/heating apparatus includes a 
manipulation unit 60 that inputs instructions including opera 
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tion/stop instructions, a load sensor 70 that senses the load of 
the apparatus, and a controller 80 that controls the low pres 
Sure side compressor 6, first expansion mechanism 12, out 
door fan 15, high pressure side compressor 16, second expan 
sion mechanism 22, auxiliary expansion mechanism 28, and 
gaseous coolant adjustment valve 30 based on the operation 
of the manipulation unit and the sensing result of the load 
SSO. 

0063. The load sensor 70 may include a hot water tem 
perature sensor that senses the load of roomheating unit 1 and 
water heating unit 2. 
0064. The hot water temperature sensor may be provided 
at a side of the water circulation path to sense the temperature 
of water circulating through the water coolantheat exchanger 
20 and at least one of the room heating unit or the water 
heating unit. In one embodiment, the hot water temperature 
sensor senses the temperature of water that is cooled in at least 
one of room heating unit 1 or water heating unit 2 and then 
returns to the water coolant heat exchanger. For example, the 
hot water temperature sensor may be installed in the cascade 
cycle unit pipe 32. 
0065. The load sensor 70 may also include an outdoor 
temperature sensor that determines whether the outdoor tem 
perature is low or not. This sensor may be in evaporator 14 to 
sense the temperature of air blowing from the exterior to the 
evaporator. 
0066. If the load sensed by the load sensor is not less than 
a predetermined load value, controller 80 may operate in an 
injection mode in which gaseous coolant is injected through 
gas injection mechanism5. And, if the load sensed by the load 
sensor is not more than a predetermined load value, the con 
troller may operate in a general mode that stops injecting the 
gaseous coolant through the gas injection mechanism. 
0067. The controller controls the gaseous coolant adjust 
ment valve 30 based on whether the operation mode is the 
general mode orgas injection mode. In the general mode, the 
controller may close gaseous coolant adjustment valve 30, 
and in the gas injection mode the controller may open the 
gaseous coolant adjustment valve. 
0068. If the temperature of hot water sensed by the hot 
water temperature sensor is less than a predetermined tem 
perature value, the controller may determine that the load is 
not less than the predetermined load value to operate the 
cooling/heating apparatus, especially the refrigeration cycle 
apparatus 3, in the gas injection mode. 
0069. If the temperature of hot water sensed by the hot 
water temperature sensor is not less than the predetermined 
temperature value, the controller may determine that the load 
is less than the predetermined load value to operate the cool 
ing/heating apparatus, especially the refrigeration cycle 
apparatus 3, in general mode. 
0070 If the temperature of hot water sensed by the outdoor 
temperature sensor is not more than a predetermined tem 
perature value, the controller may determine that the load is 
not less than the predetermined load value to operate the 
cooling/heating apparatus, especially the refrigeration cycle 
apparatus 3, in the gas injection mode. 
0071. If the temperature of hot water sensed by the outdoor 
temperature sensor is more than the predetermined tempera 
ture value, the controller may determine that the load is less 
than the predetermined load value to operate the cooling/ 
heating apparatus, especially the refrigeration cycle appara 
tus 3, in general mode. 
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0072. In response to an instruction from manipulation unit 
60, the controller drives low pressure side compressor 6 and 
high pressure side compressor 16 and controls first expansion 
mechanism 12 and second expansion mechanism 22 to enable 
the first and second expansion mechanisms to expand the 
coolant. Further, the controller may drive outdoor fan 15. 
0073. If the temperature sensed by load sensor 70 exceeds 
a predetermined temperature value, the controller may close 
the gaseous coolant adjustment valve 30. At this moment or 
shortly thereafter, the controller may fully turn off the auxil 
iary expansion mechanism 28. 
0074. During operation, the first coolant is compressed in 
low pressure side compressor 6, condensed in cascade heat 
exchanger 10, and directed to sequentially pass through aux 
iliary expansion mechanism 28 and second expansion mecha 
nism 22. The first coolant is then expanded while passing 
through first expansion mechanism 12 and then a heat-ex 
change operation is performed with external air to be evapo 
rated while passing through evaporator 14. The first coolant 
then returns to the low pressure side compressor. 
(0075 While the first coolant is compressed in the low 
pressure side compressor, the second coolant may be com 
pressed in high pressure side compressor 16, condensed in 
water coolant heat exchanger 20 while heating water, 
expanded in second expansion mechanism 22, evaporated 
while passing through cascade heat exchanger 10 to exchange 
heat with the first coolant, and then returned to the high 
pressure side compressor. 
0076. The refrigeration cycle apparatus 3 may heat water 
at higher temperature than a case where low temperature 
refrigeration cycle A alone or high temperature refrigeration 
cycle B alone is included. 
0077 On the other hand, if the temperature sensed by load 
sensor 70 is not more than a predetermined temperature 
value, controller 80 may open gaseous coolant adjustment 
valve 30. At this moment or shortly thereafter, the controller 
controls the auxiliary expansion mechanism 28 to have a 
predetermined degree of opening in order to enable the aux 
iliary expansion mechanism to expand the first coolant. In 
addition to controlling the gaseous coolant adjustment valve 
and auxiliary expansion mechanism, the controller may con 
trol the other components in the same way as the general 
mode. 
0078. During the above-mentioned control, the first cool 
ant may be compressed in low pressure side compressor 6. 
condensed in cascade heat exchanger 10, expanded in auxil 
iary expansion mechanism 28, and then introduced into sec 
ond expansion mechanism 22. 
007.9 The first coolant is separated into a gaseous coolant 
and a liquid coolant in the second expansion mechanism. The 
liquid coolant may be expanded while flowing into first 
expansion mechanism 12, evaporate in evaporator 14, and 
then Sucked and compressed in low pressure side compressor 
6. On the other hand, the gaseous coolant may pass from 
second expansion mechanism 22 through coolant injection 
path 26 and gaseous coolant adjustment valve 30 and injected 
into the low pressure side compressor for compression. 
0080. In general mode, while the first coolant goes through 
compression, condensation, expansion, and evaporation pro 
cedures, refrigeration cycle apparatus 3 is subjected to a 
cycle: a->b->c->f->a, as depicted by the dashed lines in FIG. 
4. 

I0081. In gas injection mode, while the first coolant goes 
through compression, condensation, expansion, expansion, 
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and evaporation procedures, the refrigeration cycle apparatus 
3 is subjected to a cycle: a->b->c->d->e->f->a, as depicted by 
the solid lines in FIG. 4. Also, part of the coolant discharged 
from cascade heat exchanger 10 is subjected to a procedure: 
c->d->g->b as depicted in FIG. 4 while going through expan 
sion and compression, so that the cascade heat exchanger may 
have an increased condensation Volume compared to the nor 
mal mode. 
0082 On the other hand, the second coolant may be com 
pressed in high pressure side compressor 16 while the first 
coolant is compressed in low pressure side compressor 6. The 
second coolant may be condensed while water is heated in 
water coolantheat exchanger 20, expanded in second expan 
sion mechanism 22, heat exchanged with the first coolant and 
evaporated while passing through cascade heat exchanger 10, 
and then returned to high pressure side compressor 16. The 
refrigeration cycle apparatus 3 perform compression, con 
densation, expansion, and evaporation while the second cool 
ant goes through a cycle: h->I->|->k->h. 
0083. That is, the refrigeration cycle apparatus may have 
further reduced compression work in the gas injection mode 
than the general mode, and may supply hot water to the 
refrigeration cycle apparatus even when the temperature at 
the exterior is low and the apparatus is located in a cold site. 
0084 FIG. 5 shows a second embodiment of a heat pump 
type cooling/heating apparatus, wherein a gas injection 
mechanism 5' may be provided in high temperature refrigera 
tion cycle B. The gas injection mechanism 5' may be provided 
between second expansion mechanism 22 and water coolant 
heat exchanger 20 of the high temperature refrigeration cycle 
B and connected to high pressure side compressor 16' of high 
temperature refrigeration cycle B. 
0085. In low temperature refrigeration cycle A, a low pres 
Sure side compressor 6' may be connected to cascade heat 
exchanger 10 via a low pressure side compressor discharge 
pipe 7 and connected to evaporator 14 via a low pressure side 
compressor Suction pipe 8. 
I0086. In low temperature refrigeration cycle A, first 
expansion mechanism 12 may be connected to cascade heat 
exchanger 10 via a pipe 11 between first expansion mecha 
nism 12 and cascade heat exchanger 10 and connected to 
evaporator 14 via a pipe 13 between the first expansion 
mechanism and evaporator 14. 
0087. In high temperature refrigeration cycle B, high pres 
Sure side compressor 16' may be configured as a two stage 
compressor, a twin rotary compressor, a screw compressor, or 
a scroll compressor So that the gaseous coolant having passed 
through gas injection mechanism 5' is gas injected to high 
pressure side compressor 16'. 
0088. The high pressure side compressor 16' may be simi 
lar to high pressure side compressor 16, and may be con 
nected to water coolant heat exchanger 20 via high pressure 
side compressor discharge pipe 17 and to cascade heat 
exchanger 10 via high pressure side compressor Suction pipe 
18. 
0089. The gas injection mechanism 5' may expand the 
second coolant condensed in water coolant heat exchanger 
20, separate the second coolant into a gaseous coolant and a 
liquid coolant, and then inject only the gaseous coolant into 
high pressure side compressor 16'. 
0090 The gas injection mechanism 5' may include a gas/ 
liquid separator 24' that separates a liquid coolant and a gas 
eous coolant from the coolant condensed in water coolant 
heat exchanger 20, a coolant injection path 26' that injects the 
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gaseous coolant separated by gas/liquid separator 24' to high 
pressure side compressor 16', an auxiliary expansion mecha 
nism 28 that expands the coolant flowing from water coolant 
heat exchanger 20 to gas/liquid separator 24, and a gaseous 
coolant adjustment valve 30' that is provided over gas/liquid 
separator 24'. 
0091. The gas/liquid separator 24" may be provided 
between water coolant heat exchanger 20 and second expan 
sion mechanism 22, and may be connected to auxiliary 
expansion mechanism 28' through a gas/liquid separator Suc 
tion pipe 25", to second expansion mechanism 22 through a 
liquid phase pipe 27", and to high pressure side compressor 16' 
through a coolant injection path 26'. 
0092. Once having passed through the auxiliary expansion 
mechanism 28, the coolant flows into gas/liquid separator 24 
via gas/liquid separator Suction pipe 25' and separates into a 
gaseous coolant and a liquid coolant in the gas/liquid separa 
tor 24'. The gaseous coolant may be injected to high pressure 
side compressor 16' through coolantinjection path 26' and the 
liquid coolant may flow into second expansion mechanism 22 
through liquid phase pipe 27". One end of coolant injection 
path 26' may be connected to gas/liquid separator 24' and the 
other end may be connected to high pressure side compressor 
16. 
0093. The coolant injection path 26' may include a plural 
ity of gas injection pipes 26A' and 26B'. These pipes may 
include a first gas injection pipe 26A' that is connected 
between gas/liquid separator 24' and gaseous coolant adjust 
ment valve 30' and a second gas injection pipe 26B' that is 
connected between gaseous coolant adjustment valve 30' and 
high pressure side compressor 16'. 
0094. The auxiliary expansion mechanism 28' expands the 
coolant condensed in water coolantheat exchanger 20 before 
the coolant is sucked into gas/liquid separator 24'. The aux 
iliary expansion mechanism may be provided between water 
coolant heat exchanger 20 and gas/liquid separator 24', and 
may be configured as an electronic expansion valve for 
adjusting the degree of opening to prevent the liquid coolant 
in gas/liquid separator 24' from flowing to coolant injection 
path 26'. 
0.095 The auxiliary expansion mechanism 28 may be 
connected to water coolant heat exchanger 20 through a pipe 
29' between the water coolant heat exchanger and the auxil 
iary expansion mechanism. The gaseous coolant adjustment 
valve 30' controls the gaseous coolant discharged from the 
gas/liquid separator 24', and may be configured as an open 
ing/closing valve that performs the opening/closing operation 
under the On/Off control, or an electronic expansion valve 
that may control the degree of opening. 
0096 FIG. 6 shows a third embodiment of a heat pump 
type cooling/heating apparatus, FIG. 7 shows a manner in 
which a cascade unit and outdoor unit may be separately 
provided in this apparatus, and FIG. 8 shows a manner in 
which the outdoor unit may be attached to the cascade unit in 
this apparatus. 
0097. As shown, the third embodiment may include an 
outdoor unit O and a cascade unit C. The outdoor unit O may 
include low pressure side compressor 6, first expansion 
mechanism 12, evaporator 14, and outdoor fan 15. The cas 
cade unit C may include cascade heat exchanger 10, high 
pressure side compressor 16, water coolant heat exchanger 
20, and second expansion mechanism 22. 
0098. In case of being provided in low temperature refrig 
eration cycle A, gas injection mechanism 5 may be included 
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in the outdoor unit O, and in case of being provided in high 
temperature refrigeration cycle B the gas injection mecha 
nism may be included in the cascade unit C. 
0099. The cascade unit C may be separated from outdoor 
unit C as shown in FIG. 7, in which the refrigeration cycle 
apparatus 3 may be considered as a separation type. Alterna 
tively, the cascade unit may be attached to the outdoor unit C 
as shown in FIG. 8, in which case the refrigeration cycle 
apparatus 3 may be considered as an integration type. The 
cascade unit C may be selectively mounted on the outdoor 
unit O. 
0100. One or more embodiments described herein, there 
fore, provides a heat pump type cooling/heating apparatus 
that may efficiently provide a supply of hot water as needed. 
One or more of these embodiments may also provide a heat 
pump type cooling/heating apparatus that enhances heating 
performance by preventing a lowering in efficiency in cold 
regions in which the apparatus is being used. 
0101. In accordance with one embodiment, a heat pump 
type cooling/heating apparatus includes a cascade cycle unit 
that includes a cascade heat exchanger that performs a heat 
exchange between a first coolant of a low temperature refrig 
eration cycle and a second coolant of a high temperature 
refrigeration cycle, and a water coolant heat exchanger that 
heats water while the second coolant of the high temperature 
refrigeration cycle is condensed. 
0102 The water coolant heat exchanger is connected to a 
destination via a water circulation path including: a coolant 
injection path that is split between the cascade heat exchanger 
and an evaporator of the low temperature refrigeration cycle 
to inject a coolant into a low pressure side compressor of the 
low temperature refrigeration cycle or split between the water 
coolant heat exchanger and the cascade heat exchanger to 
inject a coolant into a high pressure side compressor of the 
high temperature refrigeration cycle; and a gaseous coolant 
adjustment valve that is provided in the coolant injection path 
and adjusted corresponding to the load of the destination. 
0103) In another embodiment, a heat pump type cooling/ 
heating apparatus includes a gas/liquid separator that sepa 
rates a coolant condensed in the cascade heat exchanger into 
a liquid coolant and a gaseous coolant; and an auxiliary 
expansion mechanism that is provided between the cascade 
heat exchanger and the gas/liquid separator to expand a cool 
ant 

0104. The low temperature refrigeration cycle may forms 
a closed path running from a low pressure side compressor 
through the cascade heat exchanger and a first expansion 
mechanism to an evaporator, and the high temperature refrig 
eration cycle forms a closed path running from a high pres 
Sure side compressor through the water coolant heat 
exchanger and a second expansion mechanism to the cascade 
heat exchanger, and wherein the gas/liquid separator is pro 
vided between the cascade heat exchanger and the first expan 
sion mechanism. 
0105. In another embodiment, the heat pump type cooling/ 
heating apparatus further includes a gas/liquid separator that 
separates a coolant condensed in the water coolant heat 
exchanger into a liquid coolant and a gaseous coolant; and an 
auxiliary expansion mechanism that is provided between the 
water coolant heat exchanger and the gas/liquid separator to 
expand a coolant. 
0106 The low temperature refrigeration cycle forms a 
closed path running from a low pressure side compressor 
through the cascade heat exchanger and a first expansion 
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mechanism to an evaporator, and the high temperature refrig 
eration cycle forms a closed path running from a high pres 
Sure side compressor through the water coolant heat 
exchanger and a second expansion mechanism to the cascade 
heat exchanger, and wherein the gas/liquid separator is pro 
vided between the water coolant heat exchanger and the sec 
ond expansion mechanism. 
0107 The low pressure side compressor, the cascade heat 
exchanger, the first expansion mechanism, the evaporator, the 
high pressure side compressor, the second expansion mecha 
nism, the water coolant heat exchanger, the coolant injection 
path, the gaseous coolant adjustment valve, the gas/liquid 
separator, and the auxiliary expansion mechanism are 
installed in a single unit. 
0108. The low pressure compressor, the first expansion 
mechanism, and the evaporator are installed in an outdoor 
unit, and wherein the cascade heat exchanger, the high pres 
Sure side compressor, the second expansion mechanism, and 
the water coolant heat exchanger are installed in a cascade 
unit, and wherein the coolant injection path, the gaseous 
coolant adjustment valve, the gas/liquid separator, and the 
auxiliary expansion mechanism are installed in one of the 
outdoor unit and the cascade unit. The cascade unit may be 
integrally mounted on the outdoor unit or may be provided 
separately from the outdoor unit. 
0109 The heat pump type cooling/heating apparatus fur 
ther includes a load sensor that senses the load of the desti 
nation; and a controller that controls the gaseous coolant 
adjust valve according to a sensing result of the load sensor. 
The load sensor is provided over the water circulation path. 
The controller opens the gaseous coolant adjustment valve 
when a temperature sensed by the load sensor is less than a 
predetermined valve, and closes the gaseous coolant adjust 
ment valve when a temperature sensed by the load sensor is 
more than the predetermined valve. The destination includes 
a room heating unit connected to the water circulation path 
and a water heating unit connected to the water circulation 
path. 
0110. At least one of the low pressure side compressor and 
the high pressure compressor, which is connected to the cool 
ant injection path, is configured as a two stage compressor. 
0111. At least one of the low pressure side compressor and 
the high pressure compressor, which is connected to the cool 
ant injection path, is configured as a screw compressor. 
0112 At least one of the low pressure side compressor and 
the high pressure compressor, which is connected to the cool 
ant injection path, is configured as a scroll compressor. 
0113. At least one of the low pressure side compressor and 
the high pressure compressor, which is connected to the cool 
ant injection path, is configured as a twin rotary compressor. 
0114. One or more embodiments of the heat pump type 
cooling/heating apparatus may include the cascade heat 
exchanger with the low temperature refrigeration cycle and 
the high temperature refrigeration cycle, and thus, may make 
the temperature of water Supplied to the apparatus higher than 
the conventional apparatuses having a single refrigeration 
cycle. Further, since the gaseous coolant is gas injected into 
the compressor over the low temperature cycle or compressor 
over the high temperature cycle, thus capable of enhancing 
heating performance. 
0115 Since the gaseous coolantis gas injected into the low 
pressure side compressor over the low temperature refrigera 
tion cycle, it may be possible to minimize a lowering in 
volume flow rate that occurs at the evaporator over the low 
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temperature refrigeration cycle when the temperature of the 
exterior is low. Additionally, the condensation volume of the 
cascade heat exchanger may be raised, and this allows for 
efficient room heating and high defrosting performance. 
0116. Since the gaseous coolant is gas injected into the 
compressor over the low temperature refrigeration cycle, it 
may be possible to lower the maximum management tem 
perature of the compressor over the low temperature refrig 
eration cycle and enhance reliability of the compressor over 
the low temperature refrigeration cycle. 
0117 Since the gaseous coolant is gas injected into the 
high pressure side compressor over the high temperature 
refrigeration cycle, it may be possible to increase the conden 
sation Volume of the water coolantheat exchanger, thus lead 
ing to improving room heating performance and Supplying 
water at higher temperature. 
0118. Any reference in this specification to “one embodi 
ment,” “an embodiment,” “example embodiment,” etc., 
means that a particular feature, structure, or characteristic 
described in connection with the embodiment is included in at 
least one embodiment of the invention. The appearances of 
Such phrases in various places in the specification are not 
necessarily all referring to the same embodiment. Further, 
when a particular feature, structure, or characteristic is 
described in connection with any embodiment, it is submitted 
that it is within the purview of one skilled in the art to effect 
Such feature, structure, or characteristic in connection with 
other ones of the embodiments. 
0119) Although embodiments have been described with 
reference to a number of illustrative embodiments thereof, it 
should be understood that numerous other modifications and 
embodiments can be devised by those skilled in the art that 
will fall within the spirit and scope of the principles of this 
disclosure. More particularly, various variations and modifi 
cations are possible in the component parts and/or arrange 
ments of the Subject combination arrangement within the 
Scope of the disclosure, the drawings and the appended 
claims. In addition to variations and modifications in the 
component parts and/or arrangements, alternative uses will 
also be apparent to those skilled in the art. 

What is claimed is: 
1. Aheat pump type cooling/heatingapparatus comprising: 
a cascade cycle unit that includes a cascade heat exchanger 

that performs a heat exchange between a first coolant of 
a low temperature refrigeration cycle and a second cool 
ant of a high temperature refrigeration cycle, and 

a water coolant heat exchanger that heats water while the 
second coolant of the high temperature refrigeration 
cycle is condensed, wherein the water coolant heat 
exchanger is coupled to a destination via a water circu 
lation path, the heat pump type cooling/heating appara 
tus further comprising: 

a coolant injection path that is split between the cascade 
heat exchanger and an evaporator of the low temperature 
refrigeration cycle to inject a coolant into a low pressure 
side compressor of the low temperature refrigeration 
cycle, or split between the water coolant heat exchanger 
and the cascade heat exchanger to inject a coolant into a 
high pressure side compressor of the high temperature 
refrigeration cycle; and 

a gaseous coolant adjustment valve provided in the coolant 
injection path and adjusted corresponding to a load of 
the destination. 
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2. The apparatus of claim 1, further comprising: 
a gas/liquid separator to separate a coolant condensed in 

the cascade heat exchanger into a liquid coolant and a 
gaseous coolant; and 

an auxiliary expansion mechanism, provided between the 
cascade heat exchanger and the gas/liquid separator, to 
expand a coolant. 

3. The apparatus of claim 2, wherein: 
the low temperature refrigeration cycle forms a closed path 

running from a low pressure side compressor through 
the cascade heat exchanger and a first expansion mecha 
nism to an evaporator, 

the high temperature refrigeration cycle forms a closed 
path running from a high pressure side compressor 
through the water coolant heat exchanger and a second 
expansion mechanism to the cascade heat exchanger, 
and 

the gas/liquid separator is provided between the cascade 
heat exchanger and the first expansion mechanism. 

4. The apparatus of claim3, wherein the low pressure side 
compressor, the cascade heat exchanger, the first expansion 
mechanism, the evaporator, the high pressure side compres 
Sor, the second expansion mechanism, the water coolant heat 
exchanger, the coolant injection path, the gaseous coolant 
adjustment valve, the gas/liquid separator, and the auxiliary 
expansion mechanism are installed in a single unit. 

5. The apparatus of claim 3, wherein: 
the low pressure compressor, first expansion mechanism, 

and evaporator are installed in an outdoor unit, 
the cascade heat exchanger, high pressure side compressor, 

second expansion mechanism, and water coolant heat 
exchanger are installed in a cascade unit, and 

the coolant injection path, gaseous coolant adjustment 
valve, gas/liquid separator, and auxiliary expansion 
mechanism are installed in one of the outdoor unit or the 
cascade unit. 

6. The apparatus of claim 1, further comprising: 
a gas/liquid separator to separate a coolant condensed in 

the water coolant heat exchanger into a liquid coolant 
and a gaseous coolant; and 

an auxiliary expansion mechanism, provided between the 
water coolant heat exchanger and the gas/liquid separa 
tor, to expand a coolant. 

7. The apparatus of claim 6, wherein: 
the low temperature refrigeration cycle forms a closed path 

running from a low pressure side compressor through 
the cascade heat exchanger and a first expansion mecha 
nism to an evaporator, 

the high temperature refrigeration cycle forms a closed 
path running from a high pressure side compressor 
through the water coolant heat exchanger and a second 
expansion mechanism to the cascade heat exchanger, 
and 

the gas/liquid separator is provided between the water 
coolant heat exchanger and the second expansion 
mechanism. 

8. The apparatus of claim 7, wherein: 
the low pressure side compressor, cascade heat exchanger, 

first expansion mechanism, evaporator, high pressure 
side compressor, second expansion mechanism, water 
coolant heat exchanger, coolant injection path, gaseous 
coolant adjustment valve, gas/liquid separator, and aux 
iliary expansion mechanism are installed in a single unit. 
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9. The apparatus of claim 7, wherein: 
the low pressure compressor, first expansion mechanism, 

and evaporator are installed in an outdoor unit, 
the cascade heat exchanger, high pressure side compressor, 

second expansion mechanism, and water coolant heat 
exchanger are installed in a cascade unit, and 

the coolant injection path, gaseous coolant adjustment 
valve, gas/liquid separator, and auxiliary expansion 
mechanism are installed in one of the outdoor unit or the 
cascade unit. 

10. The apparatus of claim 9, wherein the cascade unit is 
integrally mounted on the outdoor unit. 

11. The apparatus of claim 9, wherein the cascade unit is 
separated from the outdoor unit. 

12. The apparatus of claim 1, further comprising: 
a load sensor to sense the load of the destination; and 
a controller to control the gaseous coolant adjust valve 

according to a sensing result of the load sensor. 
13. The apparatus of claim 12, wherein the load sensor is 

provided over the water circulation path. 
14. The apparatus of claim 13, wherein the controller opens 

the gaseous coolant adjustment valve when a temperature 
sensed by the load sensor is less than a predetermined valve, 
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and closes the gaseous coolant adjustment valve when a tem 
perature sensed by the load sensor is more than the predeter 
mined valve. 

15. The apparatus of claim 1, wherein the destination 
includes a room heating unit coupled to the water circulation 
path and a water heating unit connected to the water circula 
tion path. 

16. The apparatus of claim 1, wherein at least one of the low 
pressure side compressor or the high pressure compressor, 
which is coupled to the coolant injection path, is configured as 
a two-stage compressor. 

17. The apparatus of claim 1, wherein at least one of the low 
pressure side compressor or the high pressure compressor, 
which is coupled to the coolant injection path, is configured as 
a screw compressor. 

18. The apparatus of claim 1, wherein at least one of the low 
pressure side compressor or the high pressure compressor, 
which is coupled to the coolant injection path, is configured as 
a scroll compressor. 

19. The apparatus of claim 1, wherein at least one of the low 
pressure side compressor or the high pressure compressor, 
which is coupled to the coolant injection path, is configured as 
a twin rotary compressor. 
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