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ABSTRACT OF THE DISCLOSURE 
A secondary, fluid-carrying circuit for use either with 

a gas-fired absorption refrigeration system or a mechanical 
refrigeration system to transfer heat generated by the heat 
dissipating components of the refrigeration system to a 
space for heating purposes or, alternately, to provide for 
cooling the space by transferring heat from said space to 
the heat absorbing components of the refrigeration sys 
tem. The secondary, fluid-carrying circuit allows the re 
frigeration system to operate in precisely the same manner 
whether a heating or cooling function is being performed. 
The invention provides separate hot and cold water hy 
draulic systems interconnected by appropriate valving 
whereby a hot water stream may be directed through a 
house coil for winter heating purposes and cold water may 
be conducted to the coil for cooling purposes. The hydrau 
lic circuitry further includes a radiator used to dissipate 
heat from the hot water stream during cooling mode oper 
ation and to deliver heat to the cold water stream during 
heating mode operation. Should the radiator become 
clogged with frost during winter operation, the fluid cir 
cuit of this invention provides for automatic defrosting 
thereof. 

BACKGROUND OF THE INVENTION 

The invention pertains to heat pumps using a refrigera 
tion system to both generate and absorb heat utilizing 
flowing heat transfer fluid for extracting heat from the 
heat generating portions of the system and utilizing it to 
heat a space and using a second flowing heat transfer fluid 
for rejecting heat transferred from a space to the heat 
absorbing portions of the system when cooling is desired. 
The system includes a radiator subject to frost build-up 
while the refrigeration system is used for heating the space 
together with means for removing this frost when required 
by using the heated fluid from the hot portions of the 
system. 
As disclosed in prior Pat. 2,152,250 it has been pro 

posed before to use the heat generating and absorbing 
components in a refrigeration system to heat or cool a 
space as desired. However, the system of this patent dis 
closes no arrangement for automatically removing frost 
when required from a radiator as explained above. 

SUMMARY OF THE INVENTION 

One of the features of this invention is to provide a 
heat pump for selectively heating or cooling in which one 
heat transfer fluid circuit is routed in heat exchange rela 
tionship with the hot portions of the refrigeration system, 
a second heat transfer fluid circuit is routed in heat trans 
fer relationship with the cold portions to chill fluid therein 
and either the hot or the cold fluid is directed through 
a space heat eXchanger to heat or cool the space while the 
other fluid is directed through a radiator so that the in 
dividual components of the refrigeration system can be 
designed for optimum refrigeration performance and no 
component is used for a dual purpose such as a compo 
nent being used under certain circumstances as a con 
denser and at other times as an evaporator. 
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Other features and advantages of the invention will be 

apparent from the following description of one embodi 
ment thereof as shown in the accompanying drawings. 
Of the drawings: 

FIG. 1 is a semi-schematic view illustrating one em 
bodiment of a heat pump capable of either heating or 
cooling a space using an absorption refrigeration system 
in combination with the heat transferring fluid circuitry 
of the instant invention. 

FIG. 2 is a view of the heat transferring fluid circuitry, 
as shown on the right-hand side of FIG. 1, illustrating the 
valve positions and the flow paths for the various fluids 
while the fluid circuitry is being used for cooling. 

FIG. 3 is similar to FIG. 2 but illustrating the condi 
tions during heating. 

FIG. 4 is a view similar to FIGS. 2 and 3 but illustrat 
ing the conditions during defrosting of an exterior heat 
exchanger. 

FIG. 5 is a schematic wiring diagram of the electrical 
control circuitry for the heat pump of FIG. 1. 

ABSORPTION REFRIGERATION SYSTEM 
As shown in FIG. 1, the heat transferring fluid circuitry 

of the instant invention is used in combination with an 
absorption refrigeration system. The fluid utilized by the 
heat transferring circuitry will typically be water with an 
appropriate amount of antifreeze added to allow year 
round operation. The working fluid in the absorption re 
frigeration system in a solution of a refrigerant in an 
absorption liquid. One well known example of such an ab 
sorption liquid is water and the refrigerant is typically 
ammonia. 
Turning now to a description of the absorption refrigera 

tion system of FIG. 1 there is provided a generator 10 
in the form of a vertical cylinder having rounded top 
and bottom ends with the bottom end 11 heated in the 
customary manner as by a circular gas burner 12. Spaced 
upwardly from the botom 11 of the generator 10 is a 
screen 13 on which is supported loose packing material 
14 which may be raschig rings. The generator is supplied 
with rich liquid, which is the customary identification 
for absorption liquid containing a high proportion of dis 
solved refrigerant, through a pipe 15. The generator 10 is 
kept only partially full of liquid as indicated by the liquid 
level 16. 
The burner 12 boils dissolved refrigerant from the liquid 

in the generator and this refrigerant, which is in the 
form of a hot refrigerant gas, bubbles up through the 
packing 14 and the liquid at the bottom of the generator 
to a top space 17 in the generator 10. 
From space 17 the hot refrigerant gas is conducted by 

a pipe 18 into a header space 19 at one end of an elon 
gated horizontal container 20. 
One side of this header space 19 is defined by a parti 

tion 21 and there is also provided a second partition 22 
spaced therefrom and a third partition 23 closely spaced 
from the partition 22. The two partitions 22 and 23 
cooperate to define a space 24 while the partition 23 and 
the other end 25 of the container 20 define a second 
header space 26. 

Extending through the partitions 21, 22 and 23 with 
their ends in the header spaces 19 and 26 are a plurality of 
pipes 27 which function as a condenser when cooling 
liquid such as water is directed into the space between the 
partitions 21 and 22 by a pipe 28 and from this space 
by a pipe 29. 
With the above arrangement heated gaseous refrigerant 

flowing from the header 19 through the pipes 27 into the 
header space 26 is condensed to liquid refrigerant. 
The liquid refrigerant space 26, which operates as a 

storage means or storage chamber for liquid refrigerant, 
is connected to a flow restrictor 30 in the form of a 
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capillary tube. This capillary in turn is connected to the 
internal coil 31 surrounded by a cylinder 32 to provide a 
precooler 33 for ammonia refrigerant. 
From the bottom of the precooler 33 the pipe 34 of 

the coil 31 extends to an evaporator 35. This evaporator is 
in the form of an internal helical coil 36 connected to the 
pipe 34 through a thermostatically regulated expansion 
valve 37. The evaporator coil 36 is surrounded by a 
liquid, such as water, contained within a jacket 38. 
The end of the coil 36 opposite the expansion valve 

37 is connected to an exit conduit or pipe 39 for convey 
ing cold gaseous refrigerant from the evaporator coil 36. 
This cold gaseous refrigerant is directed by the pipe 39 
into one end of the cylinder 32 of the precooler 33 where 
it serves to precool the liquid refrigerant passing through 
the helical coil 31 within the cylinder 32. 
From the other end of the precooler 33 the gaseous 

refrigerant is conducted by a pipe 40 into the bottom end 
of the vertical cylinder 41 of an absorber-heat exchanger 
42. This absorber heat exchanger contains within it a 
helical coil 43. 

Because heat is provided at its greatest intensity at the 
bottom end 11 of the generator 10 the liquid solution 44 
Within the generator is weakest adjacent this bottom end. 
In other words, the liquid here contains the lowest 
amount of dissolved refrigerant in the generator. This 
Weak liquid flows into the bottom end 45 of a vertical 
pipe 46 within the generator having a small opening 47 
in its upper end for pressure equalizing purposes. The 
pipe 46 operates as a standpipe and weak liquid passes 
upwardly therethrough to the lower end 48 of a heat 
transfer helical coil 49 that is vertically arranged about 
the standpipe 46 within the generator 10 and surrounded 
by the packing material 14. This helical coil 49 is con 
nected to an exit pipe 50 that extends through the side 
wall of the generator 10. Pipe 50, which therefore con 
veys Weak liquid from the generator, next passes through 
a cylinder 53 which forms a heat exchanger 54. 
After passing through this heat exchanger pipe 50 is con 

nected to a flow restrictor capillary 51 whose other end 
is connected to a pipe 52. Pipe 52 extends into the top 
of the vertical cylinder 41 of the absorber heat exchanger 
42. Beneath the inner end of the pipe 52 within this 
cylinder is a liquid distribution plate 55 having small 
openings 56 therein and arranged horizontally. This plate 
55 is located above the helical coil 43 within the cylinder 
41 so that weak liquid drips down over the coil 43 to 
be contacted by refrigerant gas flowing upwardly from 
the previously described pipe 40. As the weak liquid 
trickles down through the absorber heat exchanger 42 it, 
of course, becomes richer in dissolved refrigerant. The 
resulting enriched liquid and gaseous refrigerant that 
has not yet been absorbed flow from the bottom of the 
vertical cylinder 41 through a pair of pipes 57 having 
open ends at a lower level than the end of pipe 40. These 
pipes 57 pass through the bottom of the header space 
19 and extend horizontally as indicated at 58 into the 
header space 24. Thus these horizontal pipes 58 are also 
Surrounded by cooling liquid from the supply pipe 28 and 
function as water cooled absorber tubes. The result is 
that the absorber heat exchanger 42 in series with the 
water cooled absorber pipes 58 supply rich liquid to the 
header space 24. 

Rich liquid from the space 24 flows through pipe 59 
to a positive displacement, diaphragm pump 61. This 
diaphragm pump 61 serves to force the rich liquid through 
a pipe 62 into the heat exchanger coil 43 within the 
absorber heat exchanger 42. In passing through the coil 
43 the rich liquid is heated by heat generated as a result 
of the exothermic absorption process taking place on the 
surface of coil 43 as hot, weak liquid absorbs cold 
ammonia vapor. Coil 43 is connected by a pipe 63 to 
the lower end of the cylinder 53 of the heat exchanger 54. 
The rich liquid in passing up through this cylinder 54 
becomes heated further by heat exchange contact with 
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4. 
the interior pipe 50 within the cylinder 53 prior to passing 
through the previously described pipe 15 into the gen 
erator 10 above the liquid level 16 therein. 
As stated earlier, water to the water cooler condenser 

absorber container 20 is supplied by the pipe 28 for 
cooling both the condenser pipes 27 and the absorber 
pipes 58. This water is then conducted from the con 
tainer 20 by the pipe 29 which directs the water through 
the helical coil 64 in the top of the generator 10 above 
the liquid level 16 and adjacent the gaseous refrigerant 
exit pipe 18. From the coil 64 the water which has be 
come heated both by heat absorbed within the condenser 
absorber 20 and by the vapors at the top of the generator 
10 is directed from the coil 64 through a pipe 65. The 
cooling coil 64 within the generator 10 functions as a 
reflux condenser and condenses entrained water vapor 
from the gaseous refrigerant so that the condensed water 
falls into the liquid in the generator. 
The described absorption refrigeration system operates 

as follows. Heat applied by the burner 12 expels dis 
solved refrigerant from the Solution within the generator 
10 by boiling. This gaseous refrigerant rises up through 
the packing 14 and is cooled at the top of the generator 
by the reflux condenser coil 64. Water condensed from 
the gas then falls back into the liquid. The resulting dried 
refrigerant gas then passes out of the top of the genera 
tor through the pipe 18 into the condenser header 19. 
From here the gaseous refrigerant flows through the pipes 
27 wherein it is condensed to liquid refrigerant and col 
lects in the header space 26 which serves as a liquid re 
frigerant storage means or chamber. From here the liquid 
refrigerant under high pressure is forced through the 
capillary 30, precooler 33 and valve 37 into the coil 36 
within the evaporator 35. The refrigerant evaporates in 
the coil 36 to produce a cooling effect on the surrounding 
ambient environment contained within the space 67 as 
defined by the jacket 38. In the illustrated embodiment 
this environment is a heat transfer liquid such as water 
which is used for cooling a space such as a house, as will 
be described in detail hereinafter. 
From the bottom of the evaporator 35 the refrigerant 

which is gas or mixed gas and liquid flows through the 
exit pipe 39 to and through the precooler 33 and from 
here into the bottom of the absorber heat exchanger 42 
at which point it is primarily refrigerant gas. 

This gas rising in the cylinder 41 is absorbed into weak 
absorption liquid flowing down through the cylinder 41 
from the distribution plate opening 56. The weak liquid 
flowing into cylinder 41 from pipe 52 is forced from the 
bottom of generator 10 by pressure developed therein by 
Way of the bottom standpipe opening 45, opening 48, 
coil 49 within the generator, exit pipe 50 from the gen 
erator, heat exchanger 54, capillary 51 and pipe 52. 

In flowing down through the vertical cylinder 41 the 
liquid is made richer by absorbing refrigerant gas sup 
plied by the pipe 40 and the mixture of resulting liquid 
and gas is directed by the pipes 57 to the water cooled 
absorber pipes 58 within the condenser-absorber 20. This 
liquid, which is now rich liquid, flows from the absorber 
pipes 58 into the rich liquid space 24 and from there by 
way of the pipe 59, diaphragm pump 61, pipe 62, coil 43 
within the absorber heat exchanger 42, pipe 63, heat ex 
changer cylinder 53 and pipe 15 back into the generator 
above the liquid level 16 therein. 

HEAT TRANSFERRING FLUID CIRCUITRY 
FOR THE HEAT PUMP 

As stated earlier, the heat pump of the instant inven 
tion comprehends the use of novel heat transferring fluid 
circuitry, in conjunction with the above described absorp 
tion refrigeration system to either heat or cool a space. 
This heat transferring fluid circuitry provides means for 
routing liquid in heat transfer relationship with the heat 
producing components of the absorption refrigeration 
System; i.e. the absorber-condenser package and the reflux 
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condenser. The fluid circuitry further provides for routing 
liquid in heat transfer relationship with the heat absorb 
ing components of the absorption refrigeration system; 
i.e. the evaporator. Should it be desired to heat a space, 
valving associated with the heat transferring fluid cir 
cuitry automatically routes liquid heated by the absorber 
condenser package and reflux condenser to a space heat 
exchange coil and passes fluid cooled by the evaporator 
to a radiator coil located in the environment external to 
the heated space. Should cooling, be desired, the valving 
is set up to pass liquid cooled by the evaporator to the 
space heat exchanger coil and to route liquid heated by 
the absorber-condenser package and reflux condenser to 
the radiator. The heat transferring fluid circuitry further 
automatically routes heated liquid to the radiator coil 
should defrosting thereof be required during winter oper 
ation. It should be noted that the heat transferring fluid 
circuitry to be described below functions independently 
of the absorption refrigeration system described previ 
ously. Thus, this circuitry could also be used with a me 
chanical refrigeration system. 

Referring now to FIG. 1, it is noted that the heat 
transferring fluid circuitry includes both cold and hot 
Water circuit means. The cold water circuit means in 
cludes a pipe 68 leading from a four-way valve 69 to 
the bottom of the water jacket 38 of the evaporator 35 
and a pipe 70 leading from the top of this jacket to a 
second four-way valve 71. A pipe 72 leads from the valve 
71 to an A-coil heat exchanger 73 in an air duct 74 
through which air is forced by a motor operated fan 75 
for supplying the air to a space to be heated or cooled 
such as the interior of a house (not shown). 
From the four-way valve 71 a pipe 76 leads to an air 

cooled radiator 77 that is usually located to be con 
tacted by outdoor air drawn therethrough by a second 
fan 78. From the radiator 77 a pipe 79 leads to a pump 
80 whose outlet is connected to a pipe 81 leading to valve 
69. The pipe 28 of the heated liquid circuit leads from the 
valve 69. 
The side of the heat exchanger 73 opposite valve 71 

is connected by a pipe 82 to a second pump 83 whose 
outlet is connected by a pipe 84 to the valve 69. Dia 
phragm. pump 61 and water circulating pumps 80 and 83 
are operated by a motor 85 as indicated by the dotted 
lines 86, 87 and 88. The positions of the valves 69 and 
71 are controlled by servo motor 89 that is operatively 
connected to the valves as indicated by the dotted lines 
90 and 9. 
The operation of this heat exchanging fluid circuit for 

cooling is illustrated in FIG. 2, for heating is illustrated 
in FIG. 3 and for defrosting the radiator 77 is illustrated 
in FIG. 4. 
Each four-way valve 71 and 69 has a flat core 92 and 

93, respectively, each dividing its valve body into two Sub 
stantially semi-cylindrical sections. When the valve core 
92 is turned to the position shown in FIG. 2 the Semi 
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cylindrical chamber 94 on one side of valve 71 connects 
cold water pipe 70 from the evaporator 35 to the inlet 
pipe 72 to the A-coil heat exchanger 73 that is within 
the passage 74. This cools the exchanger 73 so that air 
indicated by the arrows 95 drawn through the coil by 
the fan 75 is chilled before passage to the house or other 
environment to be cooled. 
At the same time the core 93 of valve 69 is turned to 

the position shown in FIG. 2 and here the pipe 84 from 
the pump 83 which draws relatively warm liquid from 
the A-coil heat exchanger 73 is connected to the evapora 
tor inlet pipe 68 by way of valve chamber 96 in valve 69. 
At the same time pipe 65 of the hot water circuit means 

directs heated liquid through chamber 97 in valve 71 to 
the pipe 76 which leads to the radiator 77 where this 
liquid is cooled by air indicated by the arrows 98. The 
liquid from the radiator 77 which has thusly been cooled 
is then forced by the pump 80 through the pipe 81 and 
valve chamber 99 into the return pipe 28 of the heated 

60 

65 

70 

5 

6 
water circuit. Thus with the valve cores set in the posi 
tions shown in FIG. 2 water chilled by evaporator 35 is 
directed by Way of valve chamber 94 into the A-coil heat 
exchanger 73 and back into the evaporator by way of pipe 
82, valve chamber 96 and pipe 68. At the same time 
heated water is directed by these valves through the radia 
tor 77 where it is cooled by air 98 drawn by the fan 78. 
When heating of the house is desired the valve cores 

92 and 93 are turned to the positions shown in FIG. 3. 
In these positions the chilled water from the evaporator 
35 is directed through the radiator 77 to pick up heat 
because even in the winter this liquid coming directly 
from the evaporator will be at a lower temperature than 
outside air 98. The heated liquid from the pipe 65, which 
as explained is a part of the heated liquid circuit, is di 
rected by the valve 71 in FIG. 3 through the A-coil heat 
eXchanger 73 in the duct 74 in order to warm the air 
passing through the duct. The return water from the 
A-coil heat exchanger 73 passes through the pipe 82 and 
valve 69 back into the return pipe 28 for reheating. 

Because the temperatures to which the radiator 77 is 
Subjected are quite low in winter it is necessary that this 
radiator be periodically defrosted in order that it may 
operate properly. The positions of the valves during this 
defrosting are shown in FIG. 4. Under these conditions 
the heated water from the pipe 65 is directed by the valve 
71 through the pipe 76 into and through the radiator 77. 
This water which is heated by passing through the cir 
cuit of which pipe 65 is a part serves to melt frost from 
the coils of the radiator 77. 
The water passes from radiator 77 by way of the pipe 

79 and is forced in its circuit by the pump 80. From the 
pump 80 the water passes through the pipe 81 and valve 
69 back into the return line 28 of the heated water circuit. 
While defrosting is taking place the cold water circuit 

including the evaporator 35 and A-coil heat exchanger 73 
is inactivated as will be described in detail hereinafter 
so that this liquid circuit remains dormant during the 
defrosting. 
As can be seen, the heat pump of this invention has 

two separate heat exchange liquid circuits, one (cold) cir 
cuit including the evaporator 35 and the other (hot) in 
cluding the condenser-absorber 20 and the reflux con 
denser coil 64. The liquid in each of these circuits may 
be Water and, where necessary, contain a suitable amount 
of anti-freeze composition to prevent freezing when sub 
jected to subfreezing conditions as bypassage through the 
radiator 77 during the winter season in cold climates. 
THE AUTOMATIC CONTROL OF REFRIGERANT 

CONCENTRATION 
Because the heat pump of this invention is used for 

heating, cooling and defrosting, when necessary, the re 
frigeration system is required to operate over a wide range 
of ambient conditions. For example, for cooling opera 
tion during the Summer, water supplied to the evaporator 
35 from the A-coil heat exchanger 73 is at a high tem 
perature. This high temperature insures that large amounts 
of refrigerant will be evaporated in the evaporator to 
properly cool the liquid going to A-coil heat exchanger 
73. Furthermore, due to the high evaporator temperature, 
this evaporation takes place at relatively high pressures. 
On the other hand, during operation in winter when the 
heat pump is used for heating, water passed through the 
evaporator 35 is next passed through radiator 77 where 
the ambient atmosphere is at a low temperature. This 
means that the liquid passed back through the evaporator 
by way of the pipe 68 as shown in FIG. 3 is also at a 
very low temperature. Because the temperature is low a 
considerably smaller amount of refrigerant is needed in 
the evaporator coil 36 during these winter operating con 
ditions. Also, in order for evaporation to take place at 
all in the evaporator at such low ambient temperatures, 
the pressure within the evaporator must be much lower 
than during summer operation. 
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To be more specific, with an evaporator temperature 
of 45 F. during summer operation using ammonia as 
the refrigerant, the ammonia flow will often be around 
80 pounds per hour and, for proper evaporation of re 
frigerant, the low side system pressure (pressure in the 
evaporator and absorber) should ideally be about 65 
pounds per square inch gauge. On the other hand, the 
refrigerant flow will ordinarily be about 20 pounds per 
hour in winter and for proper evaporation, the low side 
pressure should be about 1 pound per square inch gauge. 
By reducing the flow of refrigerant through the evaporator 
during winter conditions, the concentration of refrigerant 
in the absorption liquid solution in the system can be 
lowered. This reduced concentration of the rich liquid 
results in a lower evaporator pressure for winter opera 
tions which is necessary for proper evaporation of the 
refrigerant therein. For example, at the summer 45 F. 
evaporator temperature, the rich liquid concentration flow 
ing to the generator ideally should be about 45% by 
weight ammonia, while at the winter -25 F. evaporator 
temperature the rich liquid should be only about 18% by 
weight ammonia. 

This means that in order to provide optimum opera 
tion of the heat pump for both winter and summer oper 
ation, it is highly desirable to remove unneeded refriger 
ant from the system during those periods in which little 
refrigerant is required as during winter operation. The 
apparatus to achieve this automatic removal of refriger 
ant will now be described as shown in the illustrated em 
bodiment, 

Referring back to FIG. 1 as noted previously, header 
Space Storage chamber 26 is provided in the condenser 
absorber container 20 to receive condensed liquid refrig 
erant from the condenser tubes 27. This liquid refriger 
ant flows into the evaporator coil 36 through an ex 
pansion valve 37 which is automatically controlled by 
a thermostatic sensing bulb 99 located in the exit pipe 
39 adjacent the point where it leaves the evaporator 35. 
Thus the opening in the expansion valve 37 is controlled 
by the temperature of the refrigerant leaving the evapora 
tor. This means that the colder this leaving refrigerant 
the less liquid refrigerant is passed through the valve 37 
whereas the hotter the exiting refrigerant the larger the 
opening in the valve 37. This means that only the proper 
amount of liquid refrigerant is admitted to the evapora 
tor coil 36 to provide the desired amount of refrigeration 
in the evaporator 35. During winter operation when 
the refrigerant requirements are much less, as explained 
above, the liquid refrigerant is “back-up' and accumu 
lates in the storage chamber 26. 

Storage of liquid refrigerant in the chamber 26, of 
course, keeps refrigerant out of the system as a whole. 
This tends to affect the liquid level 16 within the gener 
ator 10. Severe variations in this liquid level in the gen 
erator has the undesirable effect of changing the efficiency 
of operation of the generator. Therefore, it is desirable 
that this liquid level be maintained within relatively small 
variations. In the illustrated embodiment this is achieved 
by providing an enlarged section or chamber 100 of 
the generator 10 across which extends the top surface 
defining the liquid level 16 of the liquid within the gen 
erator. As can be seen in FIG. 1, the cross sectional area 
of this chamber 100 which is annular around the cylin 
drical generator 10 is considerably greater than the cross 
Sectional area of the adjacent portions of the generator 
itself. This means that the amount of retained refriger 
ant in the storage chamber 26 may vary considerably 
while affecting only slightly the liquid level 16 within the 
generator. 
The retaining of unneeded liquid refrigerant in the 

Storage chamber 26 by operation of the thermostat con 
trol valve 37 also has the effect of changing the concen 
tration of refrigerant in the absorption liquid (e.g. am 
monia dissolved in water). This is true because although 
the amount of refrigerant itself changes as described 
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the amount of absorption liquid within the system re 
mains constant. Thus, the working fluid in the absorption 
System is automatically compensated for optimum per 
formance regardless of the ambient condition. 

THE ELECTRICAL CONTROL CIRCUITRY 
OF THE HEAT PUMP 

The control circuit and the various controls for the 
absorption refrigeration heat pump disclosed in FIGS. 
1-4 is shown schematically in the wiring diagram of 
FIG. 5. As shown here 117 volt AC is delivered through 
terminals 101 and 102. The power flow is controlled by 
a double-pole, single-throw on-off switch 103 by means 
of which power is made available between the lines 104 
and 105. Between these lines there is connected a step 
down transformer 106 which provides 24 volt AC power 
between lines 107 and 108 which in turn supplies the 
low voltage portion of the heat pump control circuit. 

Cooling 
The heat pump of FIG. 1 is activated for cooling by 

manually moving gang-connected switches 109 and 110 
of thermostat 111 to their cooling positions as shown at 
the bottom of FIG. 5. Assuming that cooling is required, 
the switch 112 of the thermostat 111 is also closed by its 
control element 113 which, as shown, is a part of the 
house thermostat 111. 

Because the generator burner 12 is not yet lighted, 
a generator high temperature safety thermostat 114 lo 
cated at the bottom of the generator 110 and a back flame 
Safety thermostat 115 also on the generator 10 are closed. 
The Safety thermostat 115 is used to shut down opera 
tion of the absorption system should the fluid within 
the generator 10 become excessively hot through mal 
function or any other reason. Safety thermostat 114 is 
intended to shut down operation of the system should 
the fan 78 which cools both the radiator 77 and creates 
a draft for the gas burner 12 fail to operate. Under 
these conditions both thermostats 114 and 115 would 
be open. 

However, with proper operating conditions both ther 
moStats 114 and 115 are closed. Then a thermal time de 
lay heater 116 heats a bimetallic switch 117 sufficiently to 
close against its contact 118. This immediately energizes 
motor 85 which, as previously described, drives water 
circulating pumps 80 and 83 as well as diaphragm pump 
61. The motor 85 thereupon causes water to be pumped 
through the hot and cold water circuitry and the rich 
liquid to be pumped by the diaphragm pump 61 into 
the generator 10 in the manner previously described. 
When the cycle of operation of the system is started, 

defrost control switch 119, operated by a defrost control 
unit 120, is also closed. This switch supplies power from 
line 104 to relay coil 121 which in turn opens valve 122 
(FIG. 1). This valve, which is in line 70 from the evapo 
rator 35, controls flow through the cold water pipe from 
the evaporator 35. This permits the evaporator cooled 
Water to flow into and through the A-coil heat exchanger 
73 in the duct 74. The closed switch 119 also supplies 
power to the motor 123 of fan 78. The fan 78 thereupon 
begins drawing air 98 through the radiator 77 as shown 
in FIG. 2. Under these conditions water is flowing through 
both circuits as previously described, the pumps are op 
erating and the cooling fan 78 for the radiator 77 is op erating. 
Simultaneously the following switches in the circuit 

between the low voltage power supply lines 107 and 
108 are closed: These switches, which are in series with 
a gas valve Solenoid 124 which admits gas to the burner 
12, are the cold and hot water circuitry pressure switches 
125 and 126 which are closed due to pressure established 
by liquid flow in the hot and cold water circuitry lines. 
Movement of air through the radiator 77 closes a fan 
Sail Switch 127. Because the initial temperature of water 
flowing through both the hot and cold water circuitry 
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lines is cold, a hot liquid return line regulating thermo 
stat 128 and a cold liquid return line regulating thermo 
stat 129 are also initially closed. Since thermostat switch 
112 and the manually set switches 109 and 110 are al 
ready closed, a circuit is established between lines 107 
and 108 to gas valve solenoid 124. This starts the burner 
12 operating which heats the generator 10 and starts 
the operation of the absorption system. 

After the system is operating properly water flowing 
through the A-coil heat exchanger 73 in the air flow duct 
74 will be chilled to about 45 F., for example. When 
this occurs a relay coil 130 is energized through a cold 
water fan delay thermostat switch 132. The switch 132 is 
in series with a normally closed relay switch 133 which 
is controlled by a relay coil 134. Since coil 134 is de 
energized during this cooling operation by open switch 
109, switch 133 will be closed as shown in FIG. 5. 
Thermostats 135 and 136 which operate the switches 

131 and 132, respectively, are located in the water line 
72 conducting water to the heat exchanger 73. Because 
during cooling only chilled liquid is flowing through line 
72 the hot liquid thermostat switch 131 does not close; 
only the cold liquid control thermostat switch 132. Ther 
mostat switch 131 will not close until liquid flowing to 
the A-coil heat exchanger 73 exceeds approximately 120° 
F. On the other hand, the cold liquid thermostat 132 
will close when the liquid flowing to the A-coil heat 
exchanger 73 drops below about 45 F. These tempera 
tures are, of course, given by way of example only. 
Thus as soon as the chilled liquid from the evaporator 

35 passes to the A-coil heat exchanger 73, thermostat 
switch 132 closes and energizes solenoid relay coil 130. 
This closes a normally open switch 137 so that the motor 
138 for the air circulating fan 75 is energized. Under 
these conditions the air is drawn over the A-coil heat 
exchanger 73 in the duct 74 and is forced into the space 
such as the interior of the house to be cooled. The sys 
tem continues to operate in this manner until cooling 
thermostat 113 functions at the preset temperature on 
the house thermostat 111 to open, thereby interrupting the 
power supply to the gas valve solenoid 124. This shuts 
off the gas gurner 12 and the absorption refrigeration sys 
tem begins to shut down. As the opening of switch 112 
also de-energizes the heater 116 the bimetallic switch 
117 also opens after a short period of time. This shuts 
off both the water circulating pumps 80 and 83 by de 
energizing the motor 85 and also stops the operation 
of the motor 123 that drives the cooling fan 65. Then, as 
soon as water passing into the A-coil heat exchanger 73 
through supply line 72 rises above 45 F. thermostat 
132 in this line opens to de-energize relay coil 130 and 
break the power to the fan motor 138. 
In order to prevent excessive chilling during cooling 

periods, the temperature of water flowing through the 
A-coil heat exchanger 73 is also regulated by a thermostat 
129 in the exit line 82 from the A-coil heat exchanger 
73. This thermostat 129 opens whenever liquid passing 
from the A-coil heat exchanger 73 drops below a pre 
selected temperature, for example 35 F. This opening 
of thermostat 129 interrupts power to the gas valves 124. 
Because the heater 116 is still energized the fan motor 123 
and operating motor 85 for the pumps 80, 83 and 61 
will continue to be energized and thus to operate. Because 
gas valve solenoid 124 is de-energized, however, the ab 
sorption system itself will not operate. This means that 
the liquid passing into the A-coil heat exchanger 73 
will slowly rise in temperature and thermostat 129 will 
again close to re-energize the gas valve solenoid 124 and 
restart the burner 12. 
As can be seen there are a number of safety devices 

that form a part of this system. As stated earlier should 
the generator 10 rise to too high a temperature, the 
safety thermostat 114 will open to shut down the entire 
system. Also, if the fan motor 123 should fail so that 
air is no longer drawn through the radiator 77, the 
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said switch 127 would open and this would interrupt 
the power supply to the gas valve solenoid 124 and there 
by close the valve. A further safety factor related to fan 
motor 123 is provided as failure of this motor would 
cause the fan 78 to stop and there would no longer be 
a draft provided to the gas burner 12. When this occurred 
the safety thermostat 115 would become overly heated 
and open, thereby interrupting power to the entire unit. 

Heating 
When the heat pump illustrated is required for heating, 

as during winter operation, switches 109 and 10 are 
manually moved to the left to engage their heat contacts. 
These are, of course, the Switches that are a part of the 
house thermostat unit 111. When this is done heat con 
trol thermostat element 139 controls its switch 140 to 
control operation of the system under the heating con 
ditions. In addition, relay coils 134 and 141 are energized 
from line 107 by the closing of manual switch 109. The 
energizing of relay coil 141 in this manner closes normal 
ly open relay switch 142 to open normally closed relay 
switch 143 and close normally open switch 144 by en 
ergizing relay coil 145. 
The closing of relay switch 144 in this manner estab 

lishes power from line 104 through a cam actuated switch 
146. This circuit includes a field winding 147 of the servo 
motor 89. When thusly energized, motor 89 rotates valve 
cores 92 and 93 from the “cooling” positions shown in 
FIG. 2 to the "heating' positions shown in FIG. 3. As 
the valve cores move in this manner a pair of cams 148 
and 148 (FIG. 5) are also rotated. With the valve cores 
in the above stated position of FIG. 3 these cams close 
switch 150 and open switch 146. As switch 143 in series 
with switch 150 is open, as described above, power can 
not be supplied to the windings 15 of motor 89. At the 
same time opening of the cam controlled switch 146 de 
energizes the other windings 147 of motor 89. Thus valve 
cores 92 and 93 are held motionless in their FIG. 3 posi 
tions. 
The energizing of relay coil 141 also closes a normally 

open relay switch 152 to provide a circuit around the cold 
liquid return line regulating thermostat 129. In effect, 
therefore, switch 129 is shorted out by the closing of 
switch 152 which is necessary during the heating opera 
tion since whenever liquid passing from the A-coil heat 
exchanger 73 in the duct 74 rises above 45 F. the power 
Supply would be interrupted by the opening of switch 129 
if it were not shorted out. This is, of course, undesirable 
when the water temperature in A-coil heat exchanger 73 
is to be maintained at about 130 F. 
Movement of the manual control switch 109 to the heat 

position as previously described also energizes relay coil 
134 to open switch 133 which is shown in closed position 
in FIG. 5. This causes the energization of relay coil 130 
to be controlled by the hot water fan delay thermostat 
switch 131 which is open and closed by its thermostat ele 
ment 135. This means that as soon as liquid passing from 
the A-coil heat exchanger 73 exceeds the 125 F. prese 
lected setting thermostat switch 131 will be closed. Relay 
coil 130 will then be energized from electric supply lines 
107 and 108 to close switch 137 which will energize fan 
motor 138 from the main power lines 104 and 105. 
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As to the other components of the circuit of FIG. 5 
they will perform in the same manner as previously de 
scribed for cooling. The result is that under the heating 
conditions, the hot water return line regulating thermo 
stat 128 governs water temperature in A-coil heat ex 
changer 73 and will open each time the water leaving the 
A-coil heat exchanger 73 in duct 74 exceeds a predeter 
mined temperature to indicate that no more heating of 
the water is required temporarily. This opening of the 
switch 128 under the thermostatic control terminates 
power to the gas valve solenoid coil 124 and the liquid 
flowing through the heating portion of the system will 
thereby cool. Thus control of the entire system during 
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the described heating operation is controlled by the switch 
140 of the house thermostat 111. This switch 140 con 
trols the operation by controlling the power supply to 
both the heater 116 and the gas valve solenoid coil 124 
when the heating requirements are satisfied and will not 
resume operation until more heat is required. 

Defrosting 
As described earlier during the heating operation the 

radiator 77, which is normally subjected to outside air 
that can, of course, be quite cold, sometimes becomes at 
least partially clogged with frost build-up. That is true 
also because the liquid flowing through the radiator 77 
during heating is quite cold as it comes from the evap 
orator 35 by way of the control valve 71. Because of this 
control as illustrated particularly in the circuit of FIG. 5 
provides for automatically defrosting the radiator 77. 
The main defrost control includes a pressure sensitive 

Switch 120 mounted so as to be responsive to suction 
pressure created by the fan 78 which draws air through 
the radiator 77 as indicated by the arrows 98. When the 
radiator 77 begins to build up frost air flow through the 
radiator 77 is decreased and this decrease is in propor 
tion to the amount of frost build-up. As the frost increases 
the pressure sensed by the switch 120 changes and switch 
119 is opened by the control 120 at a predetermined pres 
sure. Assuming that the water leaving the condenser-ab 
sorber container or jacket 20 is above a preselected tem 
perature which, for example, may be 120 F. the by-pass 
switch 153 controlled by its thermostat 154 will be open 
as shown in FIG. 5. This switch 153 is used to insure that 
the hot liquid in the hot liquid circuit that also includes 
the reflux coil 64 at the top of the generator 10 contains 
enough heated liquid to completely defrost the radiator 
77. Under these conditions the by-pass switch 153 as 
stated will be open and defrost control switch 119 controls 
the defrosting of the radiator 77. 
Thus the opening of the switch 119 opens the power 

supply to the relay coil 121, fan motor 123 and the relay 
coil 145. This de-energization of coil 145 closes switch 
143 and opens switch 144 as shown in FIG. 5. At this 
time cam operated switch 150 is closed while the other 
cam operated switch 146 is opened, or just the opposite 
to that shown in FIG. 5. This means that power is supplied 
to field winding 151 in the motor 89 which is thereupon 
energized to begin rotating valve cores 92 and 93 toward 
the positions shown in FIG. 4 for defrosting. When the 
cores have reached the positions of FIG 4 cam 148 opens 
switch 150 while cam 149 closes its switch 146 so that both 
of these switches are then in the positions shown in FIG. 
5. This repositioning of the valve cores thereupon passes 
hot water from the line 65 through the valve 71 and 
through the line 76 into and through the radiator 77. 
This passage through the exchanger melts the frost thereon 
and the liquid is returned to its circuit by way of the exit 
pipe 79, pump 80, line 81 and valve 69 into the return 
line 28 of the hot water circuit. Because fan motor 123 is 
also de-energized at this time the hot water passing 
through the radiator 77 is not cooled by air flow so that 
the heat of the water can be used solely to remove frost. 
The de-energizing of the relay coil 121 by the opening 

of the switch 119 causes valve 122 to close so that cold 
water cannot flow through the cold liquid water circuit 
from the evaporator 35. Therefore, during the defrosting 
operation there is no delivery of cold water to the A-coil 
heat exchanger 73 in spite of the fact that the valve 71 
is set to the proper position as valve 122 blocks the cold 
liquid flow. This means, therefore, that there is no sup 
plying of chilled air to the house through the air duct 74. 
When the liquid leaving radiator 77 through the exit 

line 79 rises above a predetermined temperature, which 
indicates that substantially all of the frost has been re 
moved, this temperature is sensed by thermostate 155 
(see FIG. 1). When this occurs, the defrost control 
switch 119 is again closed to re-establish power to the 
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relay coil 121, fan motor 123 and relay coil 145. Thus 
relay coil 145 causes the motor 89 to turn the four-way 
valves 69 and 71 again to the heating position of FIG. 
3 So that hot water is again delivered to the A-coil heat 
exchanger 73 in the air duct 74 to resume the heating 
operation. 
The energization of coil 121 re-opens valve 122 in the 

cold water line 70 so that the cold water again flows 
from the evaporator through the radiator 77 in the man 
ner previously described. At the same time the energiza 
tion of cooling fan motor 123 is re-established to operate 
fan 78 to again resume the drawing of cooling air through 
the radiator 77. Thus the system is returned to normal 
heating operation automatically upon removal of the 
frost from the radiator 77. 

While I have shown and described a preferred em 
bodiment of my invention, it is to be understood that 
it is capable of many modifications. Changes, therefore, 
in the construction and arrangement may be made with 
out departing from the spirit and scope of the invention 
as defined in the appended claims. 
The embodiments of the invention in which an ex 

clusive property or privilege is claimed are defined as 
follows: 

1. In a refrigeration system having a refrigerant evapo 
rator and condenser, liquid circuit means for selectively 
carrying heating or cooling liquid to a space to be heated 
or cooled, comprising; first cold liquid conduit means in 
heat exchange relationship with said evaporator, second 
hot liquid conduit means in heat exchange relationship 
with said condenser, a heat exchanger located in heat ex 
change relationship with said space, a radiator isolated 
from said space, valve means connecting said first and 
Second conduit means, said heat eXchanger, and said 
radiator, means for positioning said valve means for di 
recting liquid chilled by said evaporator in said first con 
duit means to said heat exchanger for cooling said space 
and for directing liquid heated by said condenser in said 
second conduit means to said radiator to reject heat 
externally of said space, and for positioning said valve 
means for directing liquid chilled by said evaporator in 
said first conduit to said radiator to accept heat from 
externally of said space and for directing liquid heated 
by Said condenser in said second conduit to said heat 
eXchanger for heating said space, means for passing air 
having water vapor therein in heat exchange relationship 
with said radiator, and frost sensing means associated 
with said radiator and said valve means for positioning 
said valve means for directing liquid heated in said sec 
ond conduit to said radiator for defrosting said radiator 
during periods when said radiator is subject to frost build 
up as a result of subfreezing liquid passing therethrough. 

2. The liquid circuit means of claim 1 wherein said 
first conduit means includes a second valve means actu 
ated by said defrost sensing means whereby flow of liquid 
from said first conduit means to said heat exchanger is 
blocked during said defrosting. 

3. The liquid circuit means of claim 1 wherein said 
means for passing air in heat exchange relationship with 
said radiator includes electrical circuit means connected 
to said frost sensing means whereby operation of said 
air passing means is prevented during said defrosting. 

4. The liquid circuit means of claim 1 wherein said 
frost sensing means comprises a pressure responsive 
Switch positioned to sense the rate of flow of air passing 
in heat eXchange relationhip with said radiator, said 
switch initiating said defrosting when said rate of air flow 
is sensed to be below a predetermined level. 

5. The liquid circuit means of claim 1 wherein said 
radiator has associated therewith a temperature responsive 
means for sensing the temperature of liquid leaving said 
radiator during said defrosting, said temperature respon 
sive means terminating said defrosting when the tempera 
ture of liquid leaving said radiator is sensed to be above 
a predetermined temperature. 
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6. The liquid circuit means of claim 1 wherein said 
second conduit means has associated therewith a tempera 
ture responsive means connected electrically with said 
frost sensing means, said temperature responsive means 
preventing initiation of said defrosting by said frost 
sensing means until the liquid passing through said second 
conduit means exceeds a predetermined temperature. 

7. The liquid circuit means of claim 1 wherein said 
valve means comprises a pair of valves provided with a 
single energizable operating means for moving said pair 
of valves to any one of a plurality of predetermined po 
sitions, means for selectively energizing said operating 
means, and means for stopping said energizing, said oper 
ating means comprising an electric motor, having an 
electric circuit and said means for stopping said energizing 
comprising a switch in said electric circuit and cam means 
operated by said motor for opening said switch. 

8. In a refrigeration system having a refrigerant evapo 
rator and condenser, liquid circuit means for selectively 
carrying heating or cooling liquid to a space to be heated 
or cooled, comprising; first liquid conduit means in heat 
exchange relationship with said evaporator, second liquid 
conduit means in heat exchange relationship with said 
condenser, a heat exchanger located in heat exchange 
relationship with said space, a radiator isolated from said 
space, valve means adapted to assume first and second 
positions connected with said first and second conduit 
means, said heat exchanger, and said radiator, said valve 
means when in said first position directing liquid chilled 
by said evaporator in said first conduit to said heat ex 
changer for cooling said space and for directing liquid, 
heated by said condenser in said second conduit to said 
radiator to reject heat externally of said space and, when 
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in said second position, directing liquid chilled by said 
evaporator in said first conduit to said radiator to accept 
heat from externally of said space and for directing 
liquid heated by said condenser in said second conduit 
to said heat exchanger for heating said space, means for 
passing air having water vapor therein in heat exchange 
relationship with said radiator, and frost sensing means 
associated with said radiator and said valve means for 
moving said valve means from said second to said first po 
sition for directing liquid heated in said second conduit to 
said radiator for defrosting said radiator during periods 
when said radiator is subject to frost build-up as a result of 
subfreezing liquid passing therethrough. 

9. The liquid circuit means of claim 8 wherein said 
first conduit means includes a second valve means ac 
tuated by said defrost sensing means whereby flow of 
liquid from said first conduit means to said heat ex 
changer is blocked when said valve means is in said first 
position to perform said defrosting. 
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