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This invention relates to reversible refrigerating appa-
ratus more commonly known as heat pumps.

It is well known, of course, that refrigerating apparatus
can be reversed and utilized :
rather than for cooling an enclosure. Operated in this
manner, heat is picked up from outside air or water by
evaporating low temperature refrigerant which is then
compressed to a sufficiently high pressure and correspond-
ing temperature by the refrigerating compressor to Eive
up its heat to the air within the enclosure, the refrigérant
becoming condensed thereby. Since in the great majority
of instances there is not sufficient amounts of water prac-
tically available, outstde air must be utilized as the heat
source, o

There are many factors limiting the use of outside air
as a heat source, however. The primary one is the fact
that as the outside air temperature drops, the capacity of
the apparatus drops at the very time when heating re-
quirements are increasing. This drop is caused by two
factors: one, as the outside air temperature drops, the

temperature differentials at which the compressor must
operate correspondingly increase, since the upper or con-

densing temperature must remain fairly constant and at
an elevated temperature. The volumetric efficiency of
the compressor thereby decreases, since it is a well estab-
lished fact that the efficiency of a compressor varies in-
versely as the pressure differential at which it must oper-
ate, corresponding to the temperature differential, in-
creases. 1wo, as the outside air temperature drops, the
evaporator of the refrigerating apparatus must operate
at a correspondmgly lower temperature and correspond-
ing pressure to remove heat from the outside air, thereby
decreasing the density of the refrigerant gas circulated.
It will be appreciated, of course, that with a compressor
of a fixed volumetric displacement, as the density of the
refrigerant decreases, the total weight of refrigerant cir-
culated decreases with a corresponding decrease in ca-
pacity. The capacity, of course, is directly dependent on
the pounds of refrigerant circulated through the apparatus.

For the above reasons, heat pumps, although perform-
ing satisfactorily in moderate chimates, are not in general
use in those climates having sustained cold periods below

30° F. unless, as pointed out above, there is sufficient’

water available as a heat source.

With the continual expansion of air conditioning there
has been a considerable research effort expended in trying
to increase the capacity of the heat pump at low outside
air temperatures. It can be easily understood that great
economues could be effected if the same apparatus that
was used to cool an enclosure in the summer could be
efficiently used to heat the enclosure in the winter.

It is an object of this invention to provide a heat pump
system utilizing a primary refrigerating apparatus in-
cluding an outdoor heat-exchanger for absorbing heat
from the outside air and an indoor heat-exchanger in
heat-exchange- relation with the room air to be heated
and, in addition thereto, a secondary refrigerating appa-
tatus including, an evaporator utilizing hot liquid refrig-

for heating an enclosure .
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erant in the primary refrigerating apparatus as a heat
source, and a condenser in heat—exchar:ge relation with
the room air to be heated. .

The secondary refrigerating apparatus serves to cool
the refrigerant liquid in the primary system from a con-
densing temperature in the order of 105° F. to a tem-
perature in tne order of 40° F. The fact that the evap-
orator temperature of the secondary refrigerating appa-
ratus.is considerably higher than the temperature in the
outdoor heat-exchanger of the primary refrigerating ap-
paratus, which for winter operations acts as an evaporator
at temperatures ranging down to 0° F., results in a high
co-efficient of performance for this secondary apparatus
which reflects on the overall co-efficient of performance
of the entire system in a beneficial way. The outside air
cooling capacity of the primary system is increased by
reason of the fact that each pound of refrigerant cir-
culated to the outdoor heat-exchanger contains fewer

‘B.t.w’s, having been cooled by the secondary refrigerat-

ing apparatus, and therefore can pick up more B.t.u.’s in
evaporation. These extra B.t.u.s are transrerred to the
secoadary apparatus and arc then discharged nio the air
to pe heated by the condenser of the secondary refriger-
atng apparatus.” -~ =

1t is a furtuer object of the invention to provide a heat
pump sysiem as above set out and wherein actuating
means are provided for the secondary apparatus respon-
sive to a predetermined low outside air temperature, In
operaidon the  prumidry refrigerating apparatus, which
cools air during summer operation, may be reversed as

- soon as there 1s a need for heating in the enclosure. This
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apparatus generally will be able 10 supply sufficient heat
down to some predetermined low temperature, say 30° F.
As the outside temperature reaches the predetermined low
point, a control will actuate a switch putting the second-
ary apparatus in operation to provide the additional
heating required. )

A sull ruriner object of the invention is to provide
an air condittoning system including a primary refriger-
aung apparatus having an indoor heat-exchanger in heat-
excnange relation with the air to be heated and an out-
door heat-excnanger in heat-exchange relation with the
outside air and including a secondary retrigerating appa-
ratus comprising a condenser in heat-excnange relation
with tne air to be heated and an evaporator in heat-
exchange relation with liquid refrigerant flowing between
the indoor and outdoor heat-exchangers of the primary
apparatus; and means for directing the refrigerant in
a 1ifst path through said heat-exchangers when cooling
is desired and in a reversed path when heating is desired
and further including means responsive to a predeter-
mined low' outdoor temperature for actuating the sec-
ondary apparatus. i

The invention comsists of the novel constructions, ar-
rangements and devices to be hereinafter described and

-claimed for carrying out the above-stated objects and such

other objects as will appear from the following descrip-
tion of preferred embodiments of the invention described
with reference to the accompanying drawings, in which:

Fig. 1 is a schematic representation of an air condi-
tioning system embodying the invention, including a re-
frigerant reversing valve in its heating position;

Fig. 2 is a partial view showing the reversing valve in
its cooling position; and :

Fig. 3 1s a pressure-enthalpy diagram illustrating the
principles involved.

In accordance with the invention, means are provided
for conditioning the air in an enclosure R. A.duct 10
communicates with the enclosure to be conditioned by
way of an inlet'11 and an outiet 12. A fan X3 driven by

. a motor 14 is positioned to withdraw air from the en-

closure via inlet 11 and. thence through duct 10, discharg-
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ing it through outlet 12 back into the enclosure. A filter
15 is positioned in inlet 11 for removing filterable impuri-
ties from the circulating air.

A primary refrigerating apparatus is provided for con-
ditioning the air passing through duct 10. The primary
refrigerating apparatus includes a compressor 16 driven
by a motor 17, an indoor heat-exchanger 18 located in
duct 18, and an outdoor heat-exchanger 19. When re-

ferring to an “indoor” heat-exchanger, I mean only that

the heat-exchanger is in heat-exchange relation with the
air to be heated or cooled. When referring to the “out-
door™ heat-exchanger, I mean’ only that the heat-ex-
changer is in heat-exchange relation with outside air. It
will be appreciated that the terms “indoor” and “outdoor”
refer solely to the function of the heat-exchangers rather
than to their physical location. A hot gés line 2§ con-

nects the discharge of compressor 16 with a three-way.

valve 21. From three-way valve 21, refrigerant lines 22
and-23 are provided, line 22 leading to the indoor heat-
exchanger and line 23 to the outdoor heat-exchanger. A
suction line 24 communicates valve 21 back to the inlet
of the compressor. Heat-exchangers 18 and 19 are inter-
connected by a liquid line 25 having a restrictor or capil-
lary tube-26 therein,

A duct 27 is provided with an i_nlet 28 and an outlet

29 communicating with the outside air space. Outdoor

heat-exchanger 19is located within duct 27, and a"fan 30

driven By a motor 31 is provided and posmoned to cir-
culate outside air thereover.

A secondary refrigerating apparatus is provided ‘and
comprises a‘compressor 32 driven by a motor 33 and.in-
cludes” an’ evaporator 34, and a_condenser 35 located .in

duct 10:" Evaporator 34 is in heat-exchange relation w1th,__

the- liquid ‘line’ 25 which intérconnects indoor heat-ex-
changer*18° with outdoor heat-exchanger 19. A hot gas

line- 36 ‘comnects the discharge of compressor 32 with

condenser 35. The condenser communicates _with the
evaporator through” liquid line 37 having a re_strlctor or
capillary tube 38 therein.” A suction line 39 connects the

evaporator to the inlet of ‘the compressor, 32 to complete

the circuit. .

A duct 40 having a filter 41 therein, connects the duct
10 with the outside air space by way of an inlet 42 should
it be desired to bring in a certain amount of outside air to
mix with the circulating room air passing through duct
10. A damper 43 is provided for regulating the flow of
outside air.

Power for operating the apparatus is supplied through
a master switch 44. With switch 44 closed, electrical
current is supp'ied to lines 45 and 46 which are con-
nected directly to motor 17. Lines 47 and 48 are cp-
propriately connected across lines 45 2nd 46 and are
directly "conmnected to motor 31. Lines 49 and 50 are
also connected across lines 45 and 4§ and 2re connected
to moter 14. A thermostaticclly controlled so’enoid
switch 51, comprlsmg a switch blade 52 and solenoid 53, is
provided in line 45 end is connected to a conventional
heating-coo’ing thermostat 54 which controls the opera-
tion of the switch 51. Leads 55 and 56 are connected
directly zcross linés 45 znd 46 and lecd to a transformer
57 for rcd.lcmg the volt-ge to thermostat 54. Lecds 58
and 59 join the thermostat with solenoid 53 for energizing
the same. ) . :

A peir of lends 66 and 61 are connected across Lnes
45 and 46 and connected to the secondary compressor
motor 33. Tn order that'motor 33 be not scturted when
switch 44 is first closed, line 61 has a thermost-ticelly
contrel'ed switch 62 therein connected to a bellows 63
operctive’y connected to a thermostatic contro! bulb 61
by way of 2 capiil~rv 65. Control bulb 64 is so set tht
upon a, predetermmed low outside air temperaturs in
the order of about 30° F., bellows 63 will contrs ct, closing
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When cooling of the enclosure R is desired, valve2¥ is
rotated 90° in a clockwise, direction to its position as
shown in Fig. 2. Thermostat 54 functions to open switch
51 on a drop in temperature in the conditioned space,
shutting down the primary refrigerating apparatus. On
a rise in temperature when cooling is, therefore, indicated,
thermostat 54 acts to energize solgnoid 53 to actuate
switch blade 52 to its upper, closed position to actuate
the primary refrigerating apparatus. With switch blade
52 closed under the influence of thermostat 54, an electri-
cal circuit.is completed to electric motor 17 through lines
45 and 46.. Since leads 49 and 59 connected to'motor 14
are connected directly across lines 45 and 46, motor 14 is
actuated at this time. _Similarly, motor 31 is actuated

" since leads 47 and 48 connected thereto are directly con-

nected across lines 45 and 46. Primary refrigerant gas
compressed in compressor 16 then flows via hot gas line
20, valve 21 and line 23 into the outdoor heat-exchanger
19 where it gives up its heat to the outside air and is con-

“densed. © The high pressure liquid then flows through

capillary 26 and has its pressure and corresponding tem-
perature reduced thereby.. The now low pressure, cold
liguid then flows via liquid line 25 into indoor heat-

. exchanger 18 picking up heat from the room air flowing

thereover. ‘As the refrlgerant vaporizes in heat-exchanger
18, the vapor'or gas flows via refrigerant line 22, through
valve 21 and suction line 24 back to the inlet of com-
Ppressor 16 to complete the cycle. The secondary refrig-

.. erating’ apparatus is, of course, not operative during the
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coohng cycle

In operatlon " when heatmg is desxred valve 21 is set as .
shown. "~ On the heating cycle thermostat 54 functions
reversely, tQ its operation on the cooling cycle. As the
temperature in the enclosure drops below the desired tem-

' perature, thefmostat 52 closes switch. 51 allowing current

to flow to-the motors operatmo the pnmary refrigerating
apparatus and fans 13. and 30 (the same c'rcuits-are set
up as on the coolmg cycle) Upon a rise in temperature

.in the conditioned space above the predetermined. level,

thermostat 54 will open switch 51 and thereby discontinue
the current supply to motors 14, 17 and 31. With switch
51 ‘closed, hot, primary, compressed refrigerant gas exits
compressor 16 by way of hot gas line 20 flowing through
valve 21 and thence into refrigerant line 22 leading to
the indoor heat-exchanger.18. The hot refrigerant gas is
liquified by room air flowing through the duct 10 and
over heat-exchanger 18 and gives up its heat of condensa-
tion to the said air. Hot liquid refrigerant leaves indoor
heat-exchanger 18 by way of liquid line 25. In flowing
through capillary 26, the pressure and corresponding tem-
perature of the refrigerant liquid en route to the outdoor
heat-exchanger 19 is reduced so that it will be at a tem-
perature sufficiently low to pick up heat from the cold
outside air flowing over the heat-exchanger under the
‘nfiuence of fan 30. In its passage through the heat-ex-
changer 19, the liquid refrigerant is vaporized and this
vopor or ges flows through refrigerant line 23, valve 21
and suction line 24 back to the inlet of compressor 16 to

~ comp ete the cycle.
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switch 62 thereby actuaiing the motor 33 of compressor. -

32 placing the secondary refrigerating apnaratus into. -
75

operation.

When additional  capacity is called for, switch 62 is
closed under the influence of bulb 64 and the secondary
refrigerating apparatus is activated by current flow
through: line 45, lead 60 to motor 33 and thence through
lead: 61 (with sw.tch 62 closed) and back to line 46
to .comp!lete. the circuit.. Cold secondary liquid refrig-
erant in theievaporator 34 removes heat from the hot
primary refrigerant liquid flowing through liquid line 25
en route :from heat-exchanger 13 to heat-exchanger 19.
This serves. both to sub-cool the primary relrigerant
liqu'd and-to. vaporize the secondary refrigerant liquid
in evaporator 34. The secondary refrigerant vapor or
gas then flows by way:of suction line 39 into the inlet
of compressor 32. It is compressed therein to a high

pressure: and corresponding high temperature and the

high temperature gas then flows by way ot hot gas line
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36 to condenser 35 where the gas is condensed by the
room air flowing thereover, giving up its heat of con-
densation to the room air.  The secondary refrigerant,
now liquid, then flows via liquid line 37 through capil-
lary ‘38 wherein its pressure and- temperature are corre-

" spondingly reduced as it passes therethrough. The cold
low pressure liquid then flows back into the evaporator
34 in heat-exchange relation with the hot primary refrig-
erant liquid therein to complete the circuit.

Fig. 3 is a pressure-enthalpy diagram illustrating the
thermal cycle of my heat pump system. The normal
heat pump system cycle would be as follows: starting
at “A” the refrigerant gas is compressed in compressor
16 to point “B” increasing both its pressure and its
total heat content. The increase in. total heat content
due to compression is the amount B—C B.tu.’s per
pound. . The refrigerant is condensed to a liquid at point
“D” in indoor heat-exchanger 18 at a conmstant pressure.
The total amount of heat given up in the indoor heat-
exchanger to the fluid flowing thereover is, therefore,
the amount B—D B.t.u.’s per pound. In passing through
capillary 26, the refrigerant is then throttled down to
a considerably lower pressure to point “G” and at a
constant -enthalpy. The refrigerant evaporates in out-
.door heat-exchanger 19 to point “A” picking up 4—G
B.t.u.’s per pound.

What I have done then is sub-cooled the primary
refrigerant liquid from “D” to point “E” in evaporator
34. The B.t.u’s per pound picked up in the secondary
refrigerating apparatus woilld then be D—E. This heat,
plus the heat of compression of the secondary com-
pressor, is then given up to the air flowing over con-
denser 35. The primary refrigerant is then expanded
from “E” to “F” and in evaporating in outdoor heat-
exchanger 19, picks up the extra B.tu.’s per pound
G--F which is equivalent to D—E, the amount picked
up by the secondary apparatus.

I wish it to be understood that my invention is not
~to be limited to the specific constructions and arrange-
ments shown and described, except only insofar as the
claims may be so limited, as it will be apparent to those
skilled in the.art that changes may be made without
departing from the principles of the invention.

What is claimed is:

1. A heating system comprising a primary refrigerat-
ing apparatus, including a compressor, an indoor heat-
exchanger in heat-exchange relation with a fluid to be
-heated, and an outdoor heat-exchanger in heat-exchange
relation with outside air, all connected in a closed re-
frigerating circuit; means for directing a refrigerant fluid
from said compressor via said circuit to said indoor
heat-exchanger thence to said outdoor heat-exchanger
and back to said compressor; and a secondary refriger-
ating apparatus, including an evaporator for removing
heat from ‘refrigerant fluid en route from said indoor
heat-exchanger to said outdoor heat-exchanger, a con-
denser for rejecting said heat into the fluid to be heated,
and means for actuating said secondary refrigerating
apparatus independently of said primary refrigerating
apparatus.

2. An air conditioning system comprising a primary
refrigerating apparatus, including a COmpressor, an in-
_ door heat-exchanger, an outdoor heat-exchanger and
refrigerant flow connections therebetween; means for
directing refrigerant fluid from said compressor to said
outdoor heat-exchanger, thence to said indoor heat-
exchanger and back to said compressor when cooling is
desired; means for directing said refrigerant fluid in a
reverse path when heating is desired whereby the func-
ions of said heat-exchangers are reversed; means for
flowing a fluid to be conditioned in a path including said
indoor heat-exchanger; means for flowing outside air
over said outdoor heat-exchanger; and a secondary re-
frigerating apparatus, including a condenser placed in
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said conditioned fluid path and an evaporator in heat-
exchange relation with liquid refrigerant flowing between
said indoor and outdoor heat-exchangers.

3. The system as set out in claim 2, wherein the
evaporator of said secondary refrigerating apparatus is
in heat-exchange relation with that portion of the refrig-
erant flow connections between the indoor and outdcor
heat-exchangers.

4. The system as set out in claim 2; and actuating
means for said secondary refrigerating apparatus respon-
sive to a predetermined low outside air temperature.

5. A heating system comprising a primary refr gerat-
ing apparatus including a compressor, an indoor heat-
exchanger in heat-exchange relation with air to be
heated, an outdoor heat-exchanger in heat-exchange
relation with outside air, and refrigerant flow connec-
tions therebetween; a secondary refrigerating apparatus
including a condenser in heat-exchange relation with the
air to be heated and an evaporator in heat-exchange
relation with the refrigerant flow connections between
the indoor and outdoor heat-exchangers; and actuating
means for said secondary refrigerating apparatus respon-
sive to a predetermined low outside air temperature.

6. An air conditioning system comprising a primary
refrigerating apparatus including a compressor, an in-
door heat-exchanger, an outdoor heat-exchanger and
refrigerant flow connections therebetween; means for
directing refrigerant fiu'd in a path from said compressor
to said outdoor heat-exchanger, thence to said indoor
heat-exchanger and back to the compressor when cool-
ing is desired; means for directing said refrigerant fluid
in a reverse path when heating is desired whereby the
functions of sad heat-exchangers are reversed; means
for flowing a fluid to be conditioned in a path including
said indoor heat-exchanger; means for flowing outside
air over said outdoor heat-exchanger; a secondary refrig-
erating apparatus for removing heat from hot refrigerant
liquid flowing from said indoor heat-exchanger to said
outdoor heat-exchanger when the system is heating and
including a condenser placed in said conditioned fluid
path; and means for actuating said secondary refrigerat-
ing apparatus responsive to a predetermined low outside
air temperature.

7. A heat pump system comprising a first refrigerat-
ing apparatus including an outdoor heat-exchanger for
absorbing heat from outside air and an indoor heat-
exchanger in heat-exchange relation with a fluid to be
heated and supplied to an enclosure; a second refrig-
erating apparatus including, an evaporator utiliz.ng hot
refrigerant in said first apparatus as a heat source and
a condenser in heat-exchange relation with the fuid to
be heated; a first thermal responsive means for control-
ling operation of said first and second apparatus; and
a second thermal responsive means for further control-
ling the operation of sa’d second apparatus,

8. The system of claim 7 wherein said first thermal
means is responsive to the temperature within the enclo-
sure to be heated, and said second thermal means is
responsive to outside air temperature.

9. A heat pump system comprising a first refrigerat-
ing apparatus including an outdoor heat-exchanger for
absorbing heat from outside air and an indoor heat-

- exchanger in heat-exchange relation with a fluid to be

heated; and a second refrigerating apparatus including
an evaporator utilizing hot refrigerant in said first appa-
ratus as a heat source, a condenser in heat-exchange
relation with the fluid to be heated, and actuating means
for said second refrigerating apparatus responsive to a
predetermined low outside air temperature.

10. A heat pump system comprising a first refrigerat-
ing apparatus including an outdoor heat-exchanger for
absorbing heat from outside air, an indoor heat-
exchanger in heat-exchange relation with a fluid to be
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