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This invention relates to heat pumps and more par 
ticularly to water heaters of the domestic type which op 
erate on the heat pump principle. 

Apparatus of this general type embodies basically, a 
hot water storage tank and a heat pump of the type in 
which a refrigerant is used as the working fluid. The 
heat pump itself includes a motor driven compressor, an 
evaporator and a condenser. The evaporator is placed in 
a convenient location where it is exposed to a source of 
heat and the condenser is disposed within the hot water 
storage tank. In operation, the compressor serves to 
withdraw gaseous refrigerant from the evaporator and 
compress the gaseous refrigerant thereby further raising 
its heat content. The hot gaseous refrigerant is then 
pumped through the condenser where it is changed back 
to liquid phase giving up its superheat, if any, plus its 
latent heat of condensation to the water in the tank. 
From this point the lique?ed refrigerant is led through 
an expansion device to the evaporator and the cycle is 
repeated. 
The apparatus described herein embodies several im 

provements over known devices of this type. 
In general, the objects of this invention are to provide 

a heat pump water heater of improved design and oper 
_ ating efficiency. 

The basic improvement to be described in detail herein 
involves a novel refrigerant circuit for the heat pump, in 
which a motor compressor unit having both a high dis 
charge pressure and low discharge pressure outlet is used. 
The heat exchanger condenser is divided in three sections. 
One section is positioned in the upper portion of the hot 
water storage tank, a second is positioned substantially 
in the mid-section of the tank, and the third is located in 
the lower portion of the tank. 
The invention may be readily understood from the fol 

lowing description read in conjunction with the accom 
panying sheet of drawings, in which: 
The singl v?gure shows in diagrammatic form the basic 

refrigerant circuit, and arrangement of the apparatus. 
Referring now to the drawing, the apparatus comprises 

essentially a refrigerant evaporator unit 10, a hot water 
storage tank 11, a motor compressor unit 12, and a con 
denser type heat exchanger. The evaporator may be 
mounted on the tank as shown, or it may be placed in 
any convenient location where it is in heat exchange 
relation with a source of heat. Conveniently, the source 
of heat may be a source otherwise wasted, such as waste 
heat from a cooking stove or chimney ?ue. In case of 
the former, the evaporator serves to cool and dehumidify 
the kitchen and in the latter case, the dehumidifying 
action is a desirable one in an otherwise damp basement. 
The heat exchanger includes a desuperheating coil 13 ar 
ranged in the upper part of the storage tank 11, _a high 
temperature condenser 14 arranged at about the mid por 
tion of the tank, and a low temperature condenser 15 
located in the lower portion of the tank. The bottom of 
the low temperature condensing coil is connected to the 
evaporator unit 10 by a conventional liquid line 16 in 
which is interposed an expansion valve 17. The latter 
may be of any of several well known types, such as, for 
example, a thermally controlled expansion valve. A suc 
tion line 18 connects the other side of the evaporator unit 
10 to a suction inlet on the motor compressor unit WhlCl'l 
inlet is common to both cylinders. _ ' , 
The compressor unit itself in accordance with the pres 

ent invention, comprises a pair of cylinders 19 and 20, 
the former being a high discharge pressure cylinder, and 
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the latter being a relatively low discharge pressure cyl 
inder. A line 21 connects the high discharge pressure 
cylinder 19 to the input side of the desuperheating coil 
13 and a similar line 22 connects the output of the low 
discharge pressure cylinder 20 to the input side of the 
low temperature condensing coil 15. The low tempera 
ture condenser is therefore fed jointly by the discharge 
from the high temperature condenser coil and the dis 
charge from the low discharge pressure cylinder 20. A 
pressure reducing device 23 is interposed between the high 
and low temperature condensing coils above the point 
where the line 22 connects the low discharge pressure 
cylinder to the low temperature condenser. This serves 
to maintain a pressure differential between the high and 
low temperature condensing stages. In practice, the pres 
sure reducing device may assume any one of several well 
known forms. For example, it may be a capillary tube, 
a spring loaded relief valve, or even a hand adjustable 
throttle valve. 

In order to control the rate of transfer of heat to the 
water in the tank, a thermostat‘ 24 may be located sub 
stantially at the mid-section of the storage tank in heat 
exchange relation to the water in the tank at that point, 
and is connected in series with the source of electrical 
supply to the motor compressor unit. A fan 25 driven 
by an electric motor 26 maintains a ?ow of air over the 
evaporator unit 10, and the motor 26 is connected in 
parallel with the motor of the motor compressor unit so 
that it also will be controlled by the thermostat 24-. 

In operation, therefore, inresponse to a demand for 
heat in the storage tank, the thermostat 24 operates to 
close the circuit to the motor compressor unit 12 and the 
fan motor 26. The motor compressor unit then supplies 
superheated refrigerant to coil 13 and simultaneously sup 
plies heated gaseous refrigerant at a relatively lower tem 
perature and pressure to the heat exchange coil 15. The 
refrigerant in coil 13 loses its superheat- to the water in 
the upper portion of the tank and then ?ows, as a sat 
urated gas, down to the high temperature condenser where 
it is partially condensed, and part of the latent heat of 
condensation is transferred to the water in the mid-section 
of the tank. The mixture of gas and liquid after passing 
through the pressure reducing device, then joins the 
heated gas from the low pressure cylinder. The result 
ing mixture is then circulated through the low temperature 
condenser coil 15 to give up the remainder of its latent 
heat of condensation to the water in the lower portion 
of the tank. From there, the cooled and lique?ed re 
frigerant passes through the liquid line 16, the expan~ 
sion valve 17 and into the evaporator unit 10. There, in 
changing back from liquid to gaseous state, it picks up 
heat from the ambient air being circulated through the 
evaporator coils by the fan 25. The heat laden refrig 
erant is then returned to a common intake of the motor 
compressor unit through the suction line 18, where it is 
recompressed and the cycle is repeated. 

It has been discovered that the basic refrigerant circuit 
as described above yields superior results, as to operating 
ei?ciency. While the compressor shown on the attached 
drawing is of the piston type, it will be apparent to those 
skilled in the art that other well known types, such for 
example as rotary compressors, are readily adaptable to 
the apparatus herein shown and described. Also, a com 
pressor having more than two di?erent discharge pres 
sure outlets could be used. For example, a compressor 
having three diiferent discharge pressure outlets could be 
used to feed separately, the three stages of the heat ex 
changer. 

In addition, however, to the above described re?ne 
ments in the refrigerant circuit, it has also been discov 
ered that the waste heat of the motor compressor unit 
may be more effectively utilized by increasing its rate of 
transfer to the water in the tank. This is accomplished 
by certain structural modi?cations, a description of which 
follows. 

Referring again to the drawing, it will be seen that 
the storage tank 11 is provided with a depression or 
pocket 27 in a side wall of the tank adjacent the upper 
end thereof. In practice, the motor compressor unit will 
be of the well known hermetically sealed type, but it in 
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turn will be wholly received‘ within the pocket 27 and 
also sealed therein. The space intermediate the motor 
compressor unit and the pocket is then ?lled with a non— 
in?ammable liquid having good heat transfer character 
istics in order to increase the rate of transfer of the waste 
heat from the motor compressor to the warmest Water in 
the upper portion of the tank by conduction. One ex— 
ample of a liquid Well adapted to this purpose is “Pyra 
nol,” which is a well known oil, in common use, in oil 
immersed electrical transformer apparatus. it also has 
high dielectric constant which is desirable to prevent short 
circuiting the electrical leads which carry current to the 
motor compressor unit. 
The water in the storage tank of heaters of this type 

tends to stratify in de?nite temperature levels. The hot 
test water will be in the upper portion of the tank sur 
rounding the desuperheating coil, while the water in the 
bottom portion of the tank surrounding the low tempera 
ture condenser coil may be only a few degrees warmer 
than the make up water. The water in the mid-section 
of the tank, surrounding the high temperature condenser 
will be at an intermediate temperature and these tem 
perature strata remain fairly constant in normal opera 
tion of the apparatus. For this reason, the operating 
characteristics of the heat exchanger, that is, its tempera 
ture and pressure in the three sections, also remain sub 
stantially constant. 
The foregoing will enable one skilled in the art to fully 

understand the invention and the novelty thereof which 
is de?ned by the following claims. 

I claim: 
1. A water heater of the heat pump type, comprising 

in combination: a hot water storage tank; a refrigerant 
evaporator adapted to absorb heat from the atmosphere; 
heat transfer means of the type in which refrigerant is 
circulated, said means being disposed in heat exchange 
relation to the water in said tank, extending substantially 
from top to bottom thereof and including during normal 
operating conditions, a desuperheating stage located ad 
jacent the upper part of said tank, a high temperature 
condensing stage located substantially at the mid-section 
of said tank, and a low temperature condensing stage 
located adjacent the bottom part of said tank said stages 
being connected in series; means connected between said 
high and low temperature stages to maintain a controlled 
pressure differential therebetween; means connecting said 
low temperature condensing stage to said evaporator, said 
means including an expansion device; motor driven re 
frigerant compression means, said means including at least 
a low discharge pressure outlet and a high discharge pres 
sure outlet; a common suction inlet for said compression 
means; means connecting said high discharge pressure 
outlet to said desuperheating stage; means connecting said 
low discharge pressure outlet to said low temperature con 
densing stage; means connecting said evaporator to the 
suction inlet of said compressor; and means responsive 
to the temperature of the water in said tank to control 
the transfer of heat thereto. 

2. A water heater of the heat pump type, comprising in 
combination: a hot Water storage tank; a refrigerant 
evaporator adapted to absorb heat from the atmosphere; 
heat transfer means of the type in which refrigerant is 
circulated, said means being disposed in heat exchange 
relation to the water in said tank, extending substantially 
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from top to bottom thereof and including during normal 
operating conditions, a desuperheating stage located ad 
jacent the upper part of said tank, a high temperature con 
densing stage located substantially at the mid-section of 
said tank, and a low temperature condensing stage located 
adjacent the bottom part of said tank said stages being 
connected in series; means connected between said high 
and low temperature stages to maintain a controlled pres 
sure differential therebetween; means connecting said low 
temperature condensing stage to said evaporator, said 
means including an expansion device; a motor compressor 
unit, said compressor including a low discharge pressure 
cylinder and a high discharge pressure cylinder; a suction 
inlet to said compressor common to both said cylinders; 
means connecting said high discharge pressure cylinder to 
said desuperheating stage; means connecting said low dis 
charge pressure cylinder to said low temperature con 
densing stage; means connecting said evaporator to the 
suction inlet of said compressor; and means responsive 
to the temperature of the water in said tank to control 
the transfer of heat thereto. 

3. A water heater as de?ned by claim 1 in which the 
motor compressor unit is mounted on and in heat ex 
change relation to said storage tank. 

4. A water heater as de?ned by claim 1 in which said 
storage tank is formed with a depressed pocket in the side 
wall thereof adjacent the upper portion thereof; means 
sealing said motor compressor unit within said pocket; 
and a nonin?ammable liquid having a high dielectric 
constant interposed in the space intermediate said com 
pressor unit and said storage tank to increase the rate of 
heat transfer from said motor compressor to the water 
in said tank. 

5. In a water heater of the heat pump type, a heat 
pump comprising: a motor compressor unit, said com~ 
pressor including a low discharge pressure cylinder and 
a high discharge pressure cylinder; a suction inlet to said 
compressor common to both said cylinders; an evapora 
tor; a condenser type heat exchanger; conduit means con 
necting the high discharge pressure cylinder of said motor 
compressor unit to one end of said heat exchanger; con~ 
duit means including an expansion device connecting the 
opposite end of said heat exchanger to said evaporator; 
conduit means connecting the low discharge pressure cyl 
inder of said motor ‘compressor unit to an intermediate 
point on said heat exchanger; means connected to said 
heat exchanger for maintaining a controlled pressure dif 
ferential between that portion of the heat exchanger to 
which the high discharge pressure cylinder is connected 
and that portion to which the low discharge pressure cyl 
inder is connected; and further conduit means connecting 
said evaporator to the suction inlet of said motor com 
pressor. 
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