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[57] ABSTRACT 
A reverse cycle heat pump refrigeration system includ 
ing multi-circuited heat exchangers arranged to provide 
a series of refrigerant ?ow through the circuits for ei 
ther heat exchanger when it is used as a condenser, and 
a parallel refrigerant flow through the circuits for either 
heat exchanger when it is used as an evaporator. 

10 Claims, 1 Drawing Figure 
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REVERSE CYCLE HEAT PUMP CIRCUIT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

As is well known in the air conditioning art, and more 
particularly those employing hermetic refrigeration 
systems, maximum efficiency of an evaporator is at 
tained by maintaining the refrigerant stream leaving the 
evaporator in a saturated gaseous state so that the entire 
heat transfer surface of the evaporator is subjected to 
heat absorption by vaporization. With this ideal condi 
tion, therefore, the refrigerant absorbs latent heat in the 
evaporator and no sensible heat to raise its temperature 
following vaporization with the result that the maxi 
mum available refrigerating [affect] e?ect is attained. 
It has been general practice in the refrigeration industry 
to size evaporator coils with an amount of surface and 
pressure drop to assure that the refrigerant leaving the 
evaporator is in an expanded and superheated gaseous 
state. 

The condenser, on the other hand, is designed to 
provide totally liquid phase refrigerant to the expansion 
or capillary valve, which, as is well known cannot toler 

‘ ate any signi?cant amount of refrigerant gas. Conse 
quently, the refrigerant must be totally condensed to a 
liquid phase in the condenser. 
Conventional heat pump refrigeration systems of the 

type to which this invention particularly relates com 
prises indoor and outdoor coils or heat exchangers con 
nected to a closed refrigerant circuit. Refrigerant is 
circulated through the coils by a compressor which 
pumps the compressed refrigerant gas through the coil 
where it is condensed and passes through a means for 
expansion, such as a capillary tube or expansion valve, 
to the other coil for evaporation. The system includes 
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suitable change-over valve‘ mechanisms for reversing ' 
the function of the indoor and outdoor heat exchangers 
permitting the indoor exchanger to function as an evap 
orator for summertime cooling or as a condenser for 
wintertime heating, the upper coil performing the oppo 
site function. 
One of the shortcomings of the prior art heat pump 

refrigeration systems of the type described above is 
their incapability of the heat exchangers to operate 
efficiently both as evaporators and condensers. This is 
especially true since it takes a greater pressure drop 
through the condenser to change the high pressure gas 
to a high pressure liquid than it does for the evaporator 
to change low pressure liquid to a low pressure gas. 
Accordingly in heat pump or reverse cycle refrigera 
tion systems when the coils designed to operate as evap 
orators and condensers are reversed in the refrigeration 
cycle they are inefficient. 

SUMMARY OF THE INVENTION 

A reversible refrigeration system for heating and 
cooling generally includes a hermetic motor compres 
sor unit, an indoor heat exchanger and an outdoor heat 
exchanger each including a plurality of circuits, and a 
valve for reversing the ?ow of refrigerant through the 
system to operate it in a heating or cooling mode with 
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each heat exchanger arranged interchangeably as a 
condenser or as an evaporator. 
The circuits are connected in series between a heat 

exchanger inlet and outlet when a heat exchanger oper 
ates as a condenser with a conduit connecting the out 
lets of the heat exchangers. A pair of one way valves are 
arranged in the conduit to allow passage of refrigerant 
through the coils in series when a heat exchanger is 
operating as a condenser and for preventing series flow 
through the circuits when a heat exchanger is operating 
as an evaporator. 
A plurality of distribution means are connected at one 

end to the conduit and at the other end to each of the 
circuits so that the circuits are arranged in parallel when 
the heat exchanger operates as an evaporator. Means 
including valves are arranged between the circuits and 
the reversing valve for permitting refrigerant ?ow from 
each of the circuits when a heat exchanger is operating 
as an evaporator; and for directing all of the refrigerant 
?ow through the inlet when a heat exchanger is operat 
ing as a condenser. 

It is an object of the invention to provide a heat pump 
system wherein the indoor and outdoor heat exchangers 
function interchangeably as evaporators or condensers. 
Another object of the invention is to provide a heat 

pump system wherein the indoor and outdoor heat 
exchangers are identical in configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The single FIGURE of the drawing shows schemati 
cally a reversible heat pump system embodying the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawing, a conventional revers 
ible cycle heat pump system is shown including a com 
pressor 10 having a high pressure gas discharge con 
nected by a conduit 12 to the intake of a reversing valve 
14. One reverse flow port 16 of valve 14 is connected by 
a conduit 18 to a line 19 of a heat exchanger 20 which 
when it is used as a condenser is the inlet line. Heat 
exchanger 20 is preferably located or arranged so that it 
is subjected to outdoor air and is hereinafter referred to 
as the “outdoor coil.” A second reverse flow port 22 of 
the valve 14 is connected by conduit 24 to a line 25 of a 
heat exchanger 26 which when it is used as a condenser 
is the inlet line. Heat exchanger 26 is disposed so that it 
is subjected to recirculated indoor air and is hereinafter 
referred to as the “indoor coil.” 
The low pressure intake or suction port of compres 

sor 10 is connected by a conduit 30 to the exhaust port 
[32] 33 of valve 14, which port is selectively con 
nected with either reverse ?ow ports 16 and 22. In the 
cooling position the valve 14 is arranged so that the 
high pressure discharge gas from conduit 12 is directed 
through port 16 and connected through conduit 18 to 
the outdoor coil 20 which in the cooling cycle is used as 
the condenser. The suction or intake low pressure gas 
returning to the compressor from heat exchanger 26 
which is being used as the evaporator during the cool 
ing cycle is through inlet line 25, conduit 24, reverse 
flow port 22, suction line 30 and back to the compressor 
10. To complete the refrigeration cycle the heat ex 
changers 20 and 26 are, as will be explained later in the 
description of the system, interconnected by a conduit 
28. 
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Each of the heat exchangers 20 and 26 include a 
plurality of circuits 32 and 34 respectively. While in 
accordance with the embodiment of the invention 
shown three circuits are employed in each of the heat 
exchangers 20 and 26 to carry out the present invention, 
it should be understood that the exact number of cir 
cuits for a speci?c heat pump system may be determined 
by one skilled in the art. By the reversible heat pump 
refrigeration system of the present invention a series 
refrigerant ?ow is provided through the circuits 32, 34 
of either heat exchanger 20, 26 when it is used as a 
condenser, and a parallel refrigerant flow is provided 
through the circuits 32, 34 of either heat exchanger 20, 
26 when it is used as an evaporator. 
Each of the separate circuits 32 and 34 may comprise 

a conventional serpentine arranged tube 36 connected 
in series with the adjacent circuit of a heat exchanger by 
conduits or return bends 38. In the cooling mode the 
high pressure discharge gas from compressor 10 is di 
rected from port 16 of valve 14 through conduit 18 and 
into the inlet line 19 of outdoor heat exchanger 20 
which is in this instance operating as the condenser. 
High pressure gas flows from inlet 19 through the series 
arranged circuits in heat exchanger 20 and is condensed 
to a high pressure liquid which ?ows into an outlet 
which in this flow direction is conduit 40. From conduit 
40 the high pressure gas passes through a one way 
check valve 42 and into the conduit 28 interconnecting 
heat exchangers 20 and 26. 

It should be noted that the pressure drop through a 
heat exchanger operating as a condenser in a refrigera 
tion system is generally more than that required for the 
heat exchanger operating as an evaporator. By the pres 
ent invention when a heat exchanger is operating as a 
condenser the circuits therethrough are arranged in 
series so that the condenser will have enough length 
through each circuit to provide subcooling for the liq 
uid refrigerant. As the refrigerant gas condenses to a 
high pressure liquid, it becomes dense and needs less 
area and volume for a given mass. 

In the heating mode the high pressure discharge gas 
from compressor 10 is directed from port 22 of valve 14 
through conduit 24 and into the inlet line 25 of indoor 
heat exchanger 26 which is in this instance operating as 
the condenser. High pressure gas ?ows from inlet 25 
through the series arranged circuits in heat exchanger 
26 and is condensed to a high pressure liquid which 
flows into an outlet which in this flow direction is an 
outlet 44. From conduit 44 the high pressure gas pours 
through a one way check valve 46 and into the conduit 
28 interconnecting heat exchangers 20 and 26. Accord 
ingly the above arrangement provides a series refriger 
ant flow through the circuits for either heat exchanger 
20 or 26 in the cooling and heating cycle when they are 
used as condensers. This series refrigerant flow arrange 
ment of the heat exchangers 20,26 when they are used as 
condensers allows an effective pressure drop that is 
suf?cient to condense the high pressure gas into a liquid 
that may then pass effectively through the expansion or 
capillary portion of the system. 

It should be noted that the pressure drop through a 
heat exchanger operating as an evaporator in a refriger 
ation system is generally less than that required of the 
heat exchanger operating as a condenser. By the present 
invention when a heat exchanger is operating as an 
evaporator the circuits therethrough are arranged in 
parallel so that the relative shorter length of each circuit 
keeps the pressure drop low while providing greater 
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4 
area and volume for the gas as boiling occurs at which 
time the liquid changes to a gas. 

In the cooling mode high pressure liquid passing 
through valve 42 into conduit 28 continues through a 
thermostatic expansion valve 48 to a distributor 50. At 
this time valve 46 is effective in preventing high pres 
sure liquid from entering conduit 44 and heat exchanger 
26 which is operating as an evaporator. Distribution 
conduits 52 are connected between the distributor 50 
and each of the circuits 34 of indoor heat exchanger 26. 
Accordingly the circuits 34 of the indoor heat ex 
changer 26 operating as the evaporator in the cooling 
mode are arranged in parallel so that a lower pressure 
drop is allowed therethrough relative to the series ar 
ranged circuits 32 in the outdoor heat exchanger 20 
now operating as a condenser in the cooling mode. 

In operation high pressure liquid flows into the ther 
mostatic expansion valve 48 where expansion of the 
high pressure liquid takes place and the resultant low 
pressure liquid flows into each of the circuits 34 
through conduits 52. It should be understood that a 
capillary tube may be employed in place of valve 48 to 
provide the appropriate expansion of the high pressure 
liquid. One of the parallel circuits of heat exchanger 26 
is completed from capillary 52 through a circuit 34 and 
into conduit 44. Flow from conduit 44 then passes 
through a one way check valve 54 and into conduit 24 
which is connected to suction conduit 30 through the 
reverse ?ow port 22 of valve 14. The pressure of high 
pressure liquid on the other side of valve 46 at this time 
prevents passage of refrigerant from conduit 44 into 
conduit 28. A second parallel circuit of heat exchanger 
26 is completed through a conduit 56 and a one way 
check valve 58 and into conduit 24. The third parallel 
circuit through heat exchanger 26 is completed directly 
into conduit 24 through inlet 25. One way check valve 
54 and 58 are effective in preventing ?ow into conduits 
56 and 44 when the heat exchanger 26 is being used as 
a condenser. 

In the heating mode high pressure liquid passing 
through valve 46 into conduit 28 continues through a 
thermostatic expansion valve 48' to a distributor 50'. At 
this time valve 42 is effective in preventing high pres 
sure liquid from entering conduit 40 and heat exchanger 
20 which is now operating as an evaporator. Distribu 
tion conduits 52’ are connected between distributor 50' 
and each of the circuits 32 of outdoor heat exchanger 
20. Accordingly the circuits 32 of the outdoor heat 
exchanger 20 operating as the evaporator in the heating 
mode are arranged in parallel so that a lower pressure 
drop is allowed therethrough relative to the series ar 
ranged circuits 34 in indoor heat exchanger 26 operat 
ing now as a condenser in the heating mode. 

In operation high pressure liquid ?ows into the ther 
mostatic expansion valve 48’ when expansion of the 
high pressure liquid takes place and the resultant low 
pressure liquid ?ows into each of the circuits 32 
through conduits 52’. Like heat exchanger 26 when it 
was operating as an evaporator, one of the parallel 
circuits of heat exchanger 20 is completed from capil 
lary 52' through a circuit 32 and into conduit 40. Flow 
from conduit 40 then passes through a one way check 
valve 54’ and into conduit 18 which is connected to 
suction line 30 through the reverse flow port 16 of valve 
14. The presence of high pressure liquid on the other 
side of valve 42 at this time prevents passage of refriger 
ant ilow from conduit 40 into conduit 28. A second 
parallel circuit through heat exchanger 20 is completed 
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through a conduit 56', a one way valve 58' and into 
conduit 18. The third parallel circuit through heat ex 
changer 20 is completed directly into conduit 18. Like 
valve 54 and 58 valves 54' and 58' are effective in pre 
venting flow into conduit 56' and 40 when heat ex 
changer 20 is operating as a condenser. 
The foregoing is a description of the preferred em 

bodiment of the invention. In accordance with the Pa 
tent Statutes, changes may be made in the disclosed 
apparatus and the manner in which it is assembled with 
out actually departing from the true spirit and scope of 
this invention, as de?ned in the appended claims. 
What is claimed is: 
[1. A reversible refrigeration system adapted for 

heating and cooling, comprising: 
a motor compressor unit; 
an indoor heat exchanger and an outdoor heat ex 

changer each including a plurality of circuits; 
a valve for reversing the ?ow of refrigerant through 

said system to operate said system in a heating or 
cooling mode with each of said heat exchangers 
arranged interchangeably as a condenser or as an 
evaporator; 

a conduit interconnecting the outlets of said heat 
exchangers; 

means connecting the circuits in each of said heat 
exchangers in series between a heat exchanger inlet 
line and an outlet line when a heat exchanger oper 
ates as a condenser; and ; 

means connecting the circuits in each of said heat 
exchangers in parallel between said conduit and 
said reversing valve when a heat exchanger oper 
ates as an evaporator] 

[2. The reversibe refrigeration system recited in 
claim 1 wherein: 
means including a pair of one way valves arranged ' 
between said heat exchanger outlet lines and said 
conduit to allow passage of refrigerant into said 
conduit from said coils when a heat exchanger is 
operating as a condenser and for preventing series 
?ow of refrigerant through said circuits from said 
conduit when a heat exchanger is operating as an ; 
evaporator] 

[3. The reversible refrigeration system recited in 
claim 1 wherein: - 

a plurality of distribution means connected at one end 
to said conduit and at the other end to each of said 
circuits to arrange said circuits in parallel when a 
heat exchanger operates as an evaporator] 

[4. The reversible refrigeration system recited in 
claim 1 wherein: 
means including valves arranged between said cir 

cuits and said heat exchanger inlet lines for permit 
ting parallel refrigerant flow through each of said 
circuits between said conduit and said heat ex 
changer inlet line when a heat exchanger is operat 
ing as an evaporator; and for directing all of said 
refrigerant flow from said heat exchanger inlet line 
to said series connected circuits when a heat ex 
changer is operating as a condenser] 

[5. A reversible refrigeration system adapted for 
heating and cooling, comprising: 

a motor compressor unit; 
an indoor heat exchanger and an outdoor heat ex 
changer each including a plurality of circuits; 

a valve for reversing the flow of refrigerant through 
said system to operate said system in a heating or 
cooling mode with each of said heat exchangers 
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6 
arranged interchangeably as a condenser or as an 
evaporator; 

means connecting the circuits in each of said heat 
exchangers in series between a heat exchanger inlet 
line connected to said reversing valve and an outlet 
line when a heat exchanger operates as a con 

denser; 
a conduit connecting the outlets of said heat exchang 

ers; 
means including a pair of one way valves arranged 
between said heat exchanger outlet lines and said 
conduit to allow passage of refrigerant into said 
conduit from said coils when a heat exchanger is 
operating as a condenser and for preventing series 
?ow of refrigerant through said circuits from said 
conduit when a heat exchanger is operating as an 
evaporator; 

a plurality of distribution means connected at one end 
to said conduit and at the other end to each of said 
circuits to arrange said circuits in parallel when a 
heat exchanger operates as an evaporator; 

means including valves arranged between said cir 
cuits and said heat exchanger inlet lines for permit 
ting parallel refrigerant flow through each of said 
circuits between said conduit and said heat ex 
changer inlet line when a heat exchanger is operat 
ing as an evaporator; and for directing all of said 
refrigerant ?ow from said heat exchanger inlet line 
to said series connected circuits when a heat ex 
changer is operating as a condenser] 

6. A reversible refrigeration system adapted for heating 
and cooling, comprising: 

a motor compressor unit; 
an indoor heat exchanger and an outdoor heat ex 

changer each including a plurality of circuits, each 
circuit de?ning a single continuous passageway, a 
heat exchanger inlet line and a heat exchanger outlet 
line; 

a valve for reversing the flow of refrigerant through said 
system to operate said system in a heating or cooling 
mode with each of said heat exchangers arranged 
interchangeably as a condenser or as an evaporator; 

a conduit interconnecting said heat exchangers; 
means connecting in series said single continuous pas 

sageways of each of the circuits in one of said heat 
exchangers arranged as a condenser to provide refrig 
erant ?ow successively through each of said single 
con tinuous passageway of each of said circuits between 
its heat exchanger inlet line and its outlet line when 
that heat exchanger operates as a condenser; and 

means connecting in parallel said single continuous 
passageway of each of the circuits in said one of said 
heat exchangers when said one of said heat exchanger 
is arranged as an evaporator to provide refrigerant 
?ow simultaneously through the continuous passage 
way of each of said circuits said conduit and said 
reversing valve when that heat exchanger operates as 
an evaporator. 

7. The reversible refrigeration system recited in claim 6 
wherein: 

means, including a pair of one way valves arranged 
between said heat exchanger outlet lines and said 
conduit, to allow passage of refrigerant into said con 
duit from said circuits of the heat exchanger operating 
as a condenser and for preventing series flow of refrig 
erant from said conduit through said circuits of the 
heat exchanger operating as an evaporator. 



Re. 30,745 
7 

8. The reversible refrigeration system recited in claim 6 
wherein said means for connecting in parallel all of the 
circuits in the one of the said heat exchangers arranged as 
an evaporator includes a plurality of distribution means 
connected at one end to said conduit and at the other end 
to each of said circuits. 

9. The reversible refrigeration system recited in claim 6 
wherein: 

means, including valves arranged between said circuits 
and said heat exchanger inlet lines, for permitting 
parallel refrigerant flow between said conduit and 
said heat exchanger inlet line through each of said 
circuits of the heat exchanger operating as an evapora 
tor; and for directing all of said refrigerant flow from 
said heat exchanger inlet line to said series connected 
circuits of the heat exchanger operating as a con 
denser. 

10. A reversible refrigeration system adapted for heating 
and cooling, comprising: 

a motor compressor unit; 
an indoor heat exchanger and an outdoor heat ex 

changer, each of said heat exchangers including a 
plurality of circuits, a heat exchanger inlet line and a 
heat exchanger outlet line; 

a valve for reversing the ?ow of refrigerant through said 
system to operate said system in a heating or cooling 
mode with each of said heat exchangers arranged 
interchangeably as a condenser or as an evaporator; 

means connecting in series all of the circuits in the one of 
said heat exchangers arranged as a condenser to pro 
vide refrigerant flow successively through each of said 
circuits between its heat exchanger inlet line and its 
outlet line when that heat exchanger operates as a 
condenser; 

a conduit interconnecting said heat exchangers,‘ 
means, including a pair of one way valves arranged 

between said heat exchanger outlet lines and said 
conduit, to allow passage of refrigerant into said can 
duit from said circuits of the heat exchanger operating 
as a condenser and for preventing series ?ow of refrig 
erant from said conduit through said circuits of the 
heat exchanger operating as an evaporator; 

a plurality of distribution means connected at one end to 
said conduit and at the other end to each of said 
circuits of each of said heat exchangers to arrange said 
circuits in parallel when that heat exchanger operates 
as an evaporator: 

means. including valves arranged between said circuits 
and said heat exchanger inlet lines, for permitting 
parallel refrigerant flow between said conduit and 
said heat exchanger inlet line through each of said 
circuits of the heat exchanger operating as an evapora 
tor; and for directing all of said refrigerant flow from 
said heat exchanger inlet line to said series connected 
circuits of the heat exchanger operating as a con 
denser. 

”. A reversible refrigeration system adapted for heating 
and cooling, comprising: 
a motor compressor unit; 
an indoor heat exchanger and an outdoor heat ex 

changer; one of said heat exchangers including a 
plurality of circuits each circuit defining a single con 
tinuous passageway, said heat exchanger having an 
inlet line and an outlet line connected thereto; 

a valve for reversing the ?ow of refrigerant through said 
system to operate said system in a heating or cooling 
mode with each of said heat exchangers arranged 
interchangeably as a condenser or as an evaporator; 
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8 
a conduit interconnecting said heat exchangers; 
means connecting in series said single continuous pas 
sageway of each of said circuits in said one of said heat 
exchanger to provide refrigerant flow successively 
through said single continuous passageway of each of 
said circuits between said inlet line and said outlet line 
when said one heat exchanger operates as a condenser; 
and 

means connecting in parallel said single continuous 
passageway of each of said circuits in said one heat 
exchanger to provide refrigerant ?ow simultaneously 
through each single continuous passageway of each of 
said circuits between said conduit and said reversing 
valve when said one of said heat exchanger operates as 
an evaporator. 

12. The reversible refrigeration system recited in claim 
I I wherein: 

means, including a one way valve arranged between said 
outlet line of said one heat exchanger, and said can 
duit to allow passage of refrigerant into said conduit 
from said circuits when said one heat exchanger is 
operating as a condenser and for preventing series ?ow 
of refrigerant through said circuits from said conduit 
when said one heat exchanger is operating as an evap 
orator. 

13. The reversible refrigeration system recited in claim 
12 wherein means for connecting in parallel all of said 
circuits in said one heat exchanger includes a plurality of 
distribution means connected at one end to said conduit 
and at the other end to each of said circuits to arrange said 
circuits in parallel when said one heat exchanger operates 
as an evaporator. 

14. The reversible refrigeration system recited in claim 
13 wherein: 

means. including valves arranged between said circuits 
and said heat exchanger inlet line, ?sr permitting 
parallel refrigerant flow through each of said circuits 
between said conduit and said heat exchanger inlet 
line when said one heat exchanger is operating as an 
evaporator; and for directing all of said refrigerant 
flow from said heat exchanger inlet line to said series 
connected circuits when said one heat exchanger is 
operating as a condenser. 

15. A reversible re?'igeration system adapted for heating 
and cooling, comprising: 
a motor compressor unit; 
an indoor heat exchanger and an outdoor heat ex 

changer; one of said heat exchangers including a 
plurality of circuits and having an inlet line and an 
outlet line connected thereto; 

a valve for reversing the ?ow of refrigerant through said 
system to operate said system in a heating or cooling 
mode with each of said heat exchangers arranged 
interchangeably as a condenser or as an evaporator; 

means connecting in series all of said circuits in said one 
heat exchanger between said inlet line and said outlet 
line when said one heat exchanger operates as a con 
denser; 

a conduit interconnecting said heat exchangers; 
means, including a one way valve arranged between said 

one heat exchanger outlet line and said conduit, to 
allow passage of refrigerant into said conduit from 
said circuits when said one heat exchanger operates as 
a condenser and for preventing series ?ow of refriger 
ant through said circuits from said conduit when said 
one heat exchanger operates as an evaporator; 

a plurality of distribution means connected at one end to 
said conduit and at the other end to each of said 
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circuits to arrange said circuits in parallel when said 
one heat exchanger operates as an evaporator; and 

means. including valves arranged between said circuits 
and said heat exchanger inlet line, for permitting 
parallel refrigerant flow through each of said circuits 
between said conduit and said heat exchanger inlet 
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10 
line when said one heat exchanger operates as an 
evaporator; and for directing all of said refrigerant 
flow from said heat exchanger inlet line to said series 
connected circuits when said one heat exchanger oper 
ates as a COHdCU-S'El'. 
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