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The invention relates generally to heat pumps and more
particularly to a heat pump embodying a force fesd
circulation cycle.

The use of heat pumps particularly for air condition-
ing has become an accepted industrial, commercial and
residential practice.

Conventional heat pump systems in use today whether
of the flooded or direct expansion type have the com-
pressors and the heat exchangers for the heat pump
system connected for series flow and the heat pump
systems are characterized by the fact that operation de-
pends on reversal of the direction of flow of the refrig-
erant fluid in the heat exchangers and the system coupled
with a change in function of the heat exchangers to ob-
tain the desired heating and cooling.

Conventional heat pumps of the flooded type and direct
expansion type have many limitations, restrictions and
oprrational problems.

Yor example, in flooded type heat pumps, the surge
drum height is a critical factor because the operation
Of the system is by gravity circulation.

Other difficulties of the flooded type heat pump system
are as follows:

(1) Float controls are required on each of the heat
-exchangers.

{2) Gil recovery means including an oil separator are
mecessary from each of the heat exchangers.

{3) The beat transfer rate is relatively low so that
targe heat exchangers are required.

14) Overcomplication of the controls to regulate the
operation of the system results in unrealiable automation
which is subject to continucus mechanical failure,

(5) Because flooded systems require a large number
of auxiliary traps, recovery tanks, etc. for efficient and
effestive operation, the commercial cost of manufacturing
these units is increased.

(5) The defrost cycle of such flooded type heat pump
syst:m robs heat from the media being heated or uses
external mechanical or electrical mechanisms associated
vrith the heat pump to effect the defrosting needed,

Similarly, in direct expansion heat pump systems:

(1) The heat exchangers must be extremely large be-
cause greater heat transfer service is required due {o the
poor heat transfer coefficient.

(2) Larger heat exchangers are required to provide
the superheat needed to obtain the desired operation in
the respective heat exchangers.

(3) Each heat exchanger requires its own expansion
valve arrangements which necessitates a duplication of
controls for each direction of flow.

(4) There are extremely difficult expansion valve
adjustment problems with outdoor weather changes.

(5) The system is subject to slugging during start-up
and the defrost cycle.

(6) Due to the fact that the gas refrigerant has en-
trained oil, oil recovery is complicated by critical gas
velocities during unloading of the COMPressor.

(7) Direct expansion systems normally employ a spe-
cial four (4) way reversing valve.

It is also well known in the conventional type heat
pump of either the flooded or direct expansion type, par-
ticularly when used for heating and cooling, that there
are intermediate periods of temperature and humidity
where the systems operate inefficiently.
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The present inventeion overcomes these and other
problems by providing an improved simplified heat pump
having a cooling, heating and intermediate cycle wherein .
a compressor functions in a condensing or high pressure
side cycle and a pump functions in an evaporating or low .
pressure side cycle which cycles are relatively independ-
ent but coact by means of a common accumulator or
the like separating means.

Thus the present invention contemplates an improved
heat pump which includes, a compressor disposed to
selectively pass hot compressed gaseous refrigerant from
the compressor to the inlet of either a frst or a second
heat exchanger which heat exchangers in turn have their.
outlets in communication with a common separating -
means from which the compressor takes its suction, and .
a pump circulation cyele to coact with the compressor
for delivering relatively cold liquid refrigerant under
pressure from the separating means to the inlet of that
heat exchanger not receiving. hot compressed gaseous
refrigerant for the heating or cooling cycle; or to operaie .
independently and without the compressor to deliver
relatively cold liquid refrigerant from  the separating
means and to the heat exchangers either in parallel or.
series during the intermediate cycle. ‘

The present invention also contemplates a heat pump..
system including a compression cycle and pump circula-
tion cycle wherein a relatively simple recovery means is
provided for dissolved or entrapped lubricant in the

efrigerant fluid,

The present invention also contemplates an improved
heat pump system including a compression cycle, and
pump circulation cycle wherein a simple defrosting cycle
is established by creating an imaginary load on the conis
pressor so that the hot . gases of compression will serve
to produce effective defrosting of the heat exchanger
required. o

Accordingly, it is an object of the present invention
fo provide a simple efficient force feed heat pump with
better heat transfer characteristics due to its ability to
provide an increased rate of circulation of refrigerant
fluid whereby the heat exchange surfaces when acting -
as the evaporator on the low pressure side cycle are
maintained wet at all times. ’

It is another object of the present invention to pro-
vide an improved heat pump wherein the lubricant en- -
trained and entrapped in the refrigerant fluid is prevented
from stratifying in the heat exchangers and wherein only .
a single point of oil Tecovery is necessary.

It is another object of the present invention to provide
an improved heat pump wherein a single gas and liquid
refrigerant separation device common to both heat ex-
changers is provided to obtain the required expansion
from the high pressure to the low pressure condition,

It is a still further object of the present invention to
provide an improved heat pump wherein during these
intermediate times of the year where the operation of
the system on a compression cycle is inefficient that the
system can be made to work only on the pumping c¢ycle
to provide cooling as may be required.

Purther objects and advantages of the invention will
become evident from the following description with ref-
erence o the accompanying drawings in which:

FIGURE 1 is a diagrammatic sketch of the invention
showing the cooling cycle including an outdoor heat ex-
changer in heat exchange communication with atmos-
pheric air, ’ ‘

FIGURE 2 is a diagrammatic sketch of the invention
showing the heating cycle including sn outdoor heat ex-
changer in heat exchange relation with atmospheric air.

FIGURE 3 is a diagrammatic sketch of the invention
showing the defrosting cycle for the outdoor heat ex-
changer illustrated in FIGURES 1,2and3. " i
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FIGURE 4 is a diagrammatic sketch of the invention
showing the intermediate cooling cycle including an out-
door heat exchanger in heat exchange relation with at-
mospheric air.

FIGURE 5 is a diagrammatic sketch of the invention
showing a modified form including a superheating means
on the suction line into the compressor.

FIGURE 6 is a diagrammatic sketch of the invention
showing -a modified form of the intermediate ccoling
cycle including an outdoor heat exchanger in heat ex-
change relation with atmospheric air.

FIGURE 7 is a diagrammatic sketch of the invention
showing a modified form including a low pressure sepa-
rating means.

FIGURES 1 to 4 of the drawings illustrate diagram-
matically arrangements of the same elements in the form
of a heat pump in accordance with the present invention.
They are distinguished in that the refrigerant tempera-
ture, pressure and flow path beiween the elements differ
for the various cycles cooling, heating, and intermediate.

While in the heat pump system one heat exchanger
is shown in heat exchange relation with atmospheric air,
it will be understood that such heat exchanger could be
associated with other heat sink or heat source media as
will ‘be understood by those skilled in the art and that
the corresponding heat exchanger best for the medium
serving -as the heat sink or heat source will be utilized.

Furthermore, while the system shows a second heat
exchanger in heat -exchange relation with circulating
water to be heated or cooled, it will be understood that

eat exchange can be with other liquid media or with
air or other gascous media without departing from the
scope of the present invention.

General Arrangement of the Heat Pump

Thus, referring to FIGURES 1 to 4 where the same
parts will have the same character numerals, a com-
pressor is-shown at 1 having a discharge outlet 2 con-
nected to a discharge line 3 disposed to receive hot com-
pressed gaseous refrigerant from the compressor. The
discharge line 3 is connected to three conduits 4, § and
6, each having their Tespective solenoid operated valves
7, 8 and § which can be manually or automatically con-
trolled to -provide that direction of flow in the sysiem
which will produce the desired cooling, heating or de-
frost cycles hereinafter described:

Conduit ¢ communicates with the inlet header 10 of 2
first heat exchanger 11 which will be called for the pur-
pose of the present disclosure the outdoor heat exchanger
because it is disposed and located so that atmospheric
air canbe passed thereover as by a fan 12 to permit good
heat exchange relation to occur between the coils 13 of
the heat exchanger and the air. Feat exchangers for
this purpose are well known and are casily purchasable
on the open market.

As indicated above, this heat exchanger may for all
purpoeses also ‘be one which is adapted for heat exchange
relation with other types of heat sink and heat source
media.

The outlet header 14 of the first or outdoor heat ex-
changer -communicates through connecting line 15 and
common conduit 16 with a high pressure float regula-
tor 17 in turn connected by connecting conduit 18 to col-
lecting line 19 leading to accumulator 2. High pres-
sure float regulators and accumulators are. elements
which are also well known in the refrigeration art and
require no further description.

The accumulator shall be sized sufficiently large to
permit a proper separation of the gasecus and liquid
refrigerant which is delivered to the accumulator and
shall be .constructed to act as a high pressure receiver
for storing the entire charge of the refrigerant as may
be necessary during shut down periods.

“The compressor has its suction inlet 21 connected as
by a suction line 22 to that portion of the accumulator
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20 occupied by the gaseous refrigerant so that slugging
of liquid is avoided during the operation of the com-
Pressor.

Conduit 6 communicates with the inlet chamber 23
of the second heat exchanger 24 which is termed for
the purpeses of the present description as the indoor
heat exchanger ‘because it will be disposed at an en-
closed point such that either a liquid or gas may be cir-
culated over the coils 25 to provide means for transfer-
ring heat or abstracting heat depending on the cycle in
operation at the time. This is accomplished in the pres-
ent form of the invention by passing liquid through inlet
26 and removing it by outlet 27. Heat exchangers for
this purpose are well known in the air conditioning and
refrigeration art and are easily purchasable on -the open
market.

The outlet chamber 28 for the second or indoor heat
exchanger 24 is also connected through return line 29
to the common line 16 which communicates with the
high pressure float regulator 17.

FIGURES 1 to 4 show that the conduits 15 and 29
are provided with check valves as at 38 and 31 respec-
tively so that the flow of refrigerant fluid through the
outdoor and indoor heat exchangers will be uni-direc-
tional, a specific characteristic of the operation of the
present invention regardless of the particular cycle in
operation.

FIGURES 1 to 4 also show that lines 15 and 28 com-
municate through lines 32 and 33 respectively directly
to collecting line 1% and depending on ‘the operating
cycle which calls for the setting for the control valves
34 and 35 for the respective lines 33 and 32 refrigerant
gas and liquid from one or the other -of the heat ex-
changers 11 or 24 can by-pass the high pressure fioat
regulator 17 and be passed directly to the accumulator 20.

The operation of the control valves 7, &, 9, 34 and
35 may be manual or automatic.

Pumping -System

In order to provide the positive or force feeding cir-
culation of refrigerant liquid to the respective indoor
and ocutdoor heat exchangers in the various cycles here-
inafter described where the heat exchanger is not receiv-
ing hot compressed gaseous refrigerant a pump. 49 is
provided having its suction connected by line 41 to the
portion of the accumulator 2¢ in which the liquid re-
frigerant settles. The pump discharges through common

- discharge line 42 to the connecting conduits 43 and 44

which -are in turn connected to the conduits 4 and 6
leading to the outdoor and indoor heat exchangers 11
and 24.

As shown in FIGURES 1 to 4 connecting conduits 43
and 44 are provided with check valves 45 and 46 re-
spectively, which check valves will direct the flow of
refrigerant liquid depending on the settings of control
valves 7 and 9.

Check valves 38 and 31 also operate similarly depend~
ing on the settings of control valves 34 and 35.

In both the case of check valves 3¢ and 31 and check
valves 45 and 46 the pressure of the refrigerant will
pressurize one or the other of the check valves so that
flow will occur through that check valve which does not
have the pressure acting against its discharge side.

The valves 34 and 35 also permit the inclusion of a
defrosting cycle which is accomplished through the de-
frosting conduit 5 connected through valve 8 to the com-
mon discharge line 3 and to a point downstream of the
solenoid operated valve 7 and the check valve 45 which
defrosting cycle is more fully described hereinafter.

Oil Recovery Means

The heat pump with a force feed pumping arrange-
ment as above described is particularly characterized by
the fact that no oil can accumulate in the system in any
of the heat exchangers or in any piping traps as -occurs
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in heat pump arrangements now known in the prior art.
Gil collects at only a single point in the system, namely
the accumulator 26 and this permits a unique simple
methed of oil recovery in that oil-rich Freon may be
sampied from the downstream side of pump 4Q by a
relatively small bleed line 58 having a solenoid operated
valve 51 thersin which can be maintained open during
these cycles which include compressor operation.

The oil-rich Frecn sampled through the bleed line 49
is evaporated by wrapping the bleed line as at 52 about
one of the hot lines such as the discharge line 3 from
the compressor. This evaporated refrigerant in gaseous
form containing small particles of oil can be returned
to the compressor by connecting the outlet of line 50 to
the suction inlet line 22 leading to the suction of the
compressor

Since there is a pressure difference between the dis-
charge side of the pump 48 and the suction side of the
compressor 1, a very effective non-clogging, easily regu-
lated oil recovery system will be incorporated in the heat
pump. A control for sensing superheat in line 56 is pro-
vided as at 53 and will be utilized to regulate the flow
of oil-rich Freon through line 59.

Figure 5—Modified Form of the Invention With Super-
heating

FIGURE 5 shows a modified form of the invention
wherein means is provided for superheating the gaseous
refrigerant before it is passed into the compressor suction
50 as to insure against moist gas entering the comipressor
and further to increase the differential of temperature
across the compressor.

In FIGURE 5 identical elements have been given the
same character numerals and as shown the modification
to produce the above results consists in merely changing
the line leading to the high pressure float regulator 17.

Thus line 16 connected at one end to the respective -

lines 15 and 29 and at the other end to the high pressure
float regnlator 17 has its intermediate portion coiled -as
at 55 about the suction line 22.

In operation as the compressor 1 draws gaseous re-
frigerant from the accumulator 28 through line 22 the
gaseous refrigerant comes into non-contacting heat ex-
change relation with the hot liguid refrigerant passing
through coil 55 of line 18. The hot liquid refrigerant
superheats the gaseous refrigerant passing through suc-
tion line 22, thereby evaporating any particles of liquid
refrigerant entrained in or camried by the gas being
passed to the compressor, thus insuring against any pos-
sibility of slugging that might cause damage to the com-
Pressor.

The operating cycles of this modified form of the in-
vention is otherwise identical with those hereinafter de-
scribed for the form of the invention shown in FIG-
URES 1 to 4.

Figure 7—Modified Form of Invention With Low Pres-
sure Separation Beans

In the above described heat pump only a preferred
form of the invention is illustrated and this shows the
use of a high pressure actuated separating means to sepa-
rate the hot compressed gaseous refrigerant from the cold
low pressure refrigerant liguid.

This separation of gas and liguid can also be accom-
plished by means of a low pressure actuated arrangement
such as is shown in FIGURE 7 of the drawings. Thus, in
FIGURE 7 identical elements have been given the same
character numerals, and as shown the modification Iine 1§
now leads to a high pressure type receiver $8 which in turn
is connected to the accumulator through a feed line 61.
Flow of refrigerant liquid through the line §1 is regulated
by control valve 62 which is actuated in response to signals
from the level controller 63, Level controllers with means
to deliver elecirical or pneumatic signals to the conirol
valve 62 are well known in the control art and their opera-
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tion for the purpose shown in the drawing is also under-
stood and therefore will not be described more fully.

The above described heat pumps as shown in FIG-
URES 1, 5 and 7 cen be operated so to include a com-
pression cycle or without a compressicn cycle. When the
system i3 operated with compression the equivalent cool-
ing and heating cycles of conventional heat pumps can be
obtained. When the system is operated without compres-
sion the valves are so positioned that the pump can force
or pesitively feed refrigerant liquid to the respective heat
exchangers in parallel or in series and the heat exchangers
will return the liguid to a mixing source so that cooling
can be obtained.

These various operating cycles of the heat pump system
will now be more fully described, and refsrence is pro-
vided on the figure described for approximate temperature,
pressure conditions and for the physical state of the refrig-
erant at given points in the cycle.

The valves other than check valves will be regulated
to their open, closed or modulated positions either manu-
ally or automatically.

Cooling Cycle

Cooling of 2 liquid or gaseous media in heat exchange
relation with the indoor heat exchanger 24 can be ob-
tained by operating the heat pump in the following
manner:

First, the compressor 1, the pump 4¢ and the fan 12
are placed into operation. Valves 7, 54 and 51 will be
open and all other valves will be closed. Hot compressed
gaseous refrigerant from compressor 3 will pass through
the discharge ontlet 2 and common discharge line 3 to the
conduit 4 connected to the inlet header 3¢ of outdoor heat
exchanger 11. In the outdoor heat exchanger 11 the hot
compressed gaseous refrigerant will be condensed to pro-
vide a hot liquid refrigerant which will collect in the cutlet
header 14 of the outdoor heat exchanger 1%.

The hot liquid refrigerant passes from the outlet header
14 through lines 13 and 16 to the high pressure float regu-
lator 17 which serves to pass or meter liquid of which a
portion flashes into gas through lines 18 and 19 to the
accumulator 20, This mixture of relatively coid gas and
liquid refrigerant mixes with other relatively cold gas and
liquid refrigerant which is returned from the indsor heat
exchanger as hereinafter described.

In the accumulator 20 which is properly sized, the
gaseous and Jiquid refrigerant separate so that a gas layer
ccecupies the upper pertion of the accumulator and the
liquid layer cccupies the lower portion of the accuraulator,
as is indicated by the dotted line in FIGURES 1 to 4.

Since the suction line 22 of the compressor is con-
nected to the upper portion of the accumulator which
holds the gaseous refrigerant only gas passes through the
suction line 22 and the suction inlet 21 of the COMPressor
where it is once again recompressed to repeat the con-
densing cycle.

The relatively cold lignid refrigerant in the accumula-’
tor 28 is also pumped with positive pressure to the indosor
heat exchanger 24 by means of the pumping system’
above described. Thus pump 49 receives liqoid through
the line 41 and discharges the refrigerant liquid through
line 42. Due to the fact that hot compressed gaseous
refrigerant is passing through conduit 4 the check valve 43
is prevented from opening and this discharged lquid
refrigerant under pressure must be deliversd through
conduit 44 and check valve 46 to the conduit 6 connected
to the inlet header 23 of the indoor heat exchanger 24,

At the indoor heat exchanger the liquid refrigerant is
passed therethrough into heat exchange relation with fluid
which is delivered through line 26 and removed by line 27
so that the cold liquid refrigerant is heated as it cools the
fluid being passed through the indoor heat exchanger.
This cooled fluid media as it leaves line 27 may be passed
to any suitable point of use.

1t is believed clear to those skilled in the air condition-
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ing and refrigeration art that air or other gasecus media
could also be cooled by passing in heat exchange relation
with a suitable type indoor heat exchanger without depart-
ing from the scope. of this inventicn.

The refrigerant collected in the outlet header 28 of
heat exchanger 24 will be part gas and part liquid be-
cause the pump supplies a greater quantity of Hquid than
is required for the capacity of the heat exchanger. This
is advantageous because the inner surface of the tubes of
the heat exchanger will under these conditions be continu-
ally wetted thereby increasing the efficiency of the heat
exchanger.

This mixture of gaseous and lquid refrigerant will be
passed from the outlet header 28 through lines 28, 32 and
control valve 34 to the collecting line 1% where it joins
with a like mixture of gas and liquid from the high pressure
float regulator 17 as it flows through line 1% to the ac-
cumulator 26 connected thereto.

This pumping circulation cycle will operate continu-
ously to provide the desired cooling as long as the com-
pressor continues to operate with the valves set fer the
cooling cycle as above described.

Heating Cycle

In the heating cycle shown in FIGURE 2 the compres-
sor 1, the pump 40 and the fan 12 are first placed into
operation. All valves are closed except control valves
9, 35 and 51.

Hot compressed gaseous refrigerant will be discharged
from the compressor through discharge outlet 2 and dis-
charge line 3 to conduit 6 and will be passed by conduit
6 to the inlet header 23 of the indcor heat exchanger 24
where ‘it gives up heat to the medium to be heated, as
for example, water brought into the heat exchanger 24

through inlet 26 and discharged to the desired point of &

use through outlet 27 in the heated condition. It is
understood that heat exchange could be made with other
liquid media-or air or other gaseous media without de-
parting from the-scope of this invention, and that where
air or a gas media is used that the type heat exchanger
required for this media will also be used as is well known
in the heat pump art.

“The release of heat to the media to be heated causes
the gas to condense to provide liquid refrigerant, which
liquid refrigerant passes through the outlet header 28 of
the heat exchanger 24 through line 2% and check valve
31 .to the common line 16 leading into the high pressure
float regulator 17.

In high pressure float regulator 17 .the liquid ‘fiashes
and during the expansion cools so that relatively cool gas
and liquid refrigerant is then led to the accumulator 2@
through line 19. This mixture of relatively cold gas and
liquid refrigerant similar to the cooling cycle mixes with
other relatively cold gas and liquid refrigerant which is re-
turned from the indoor heat exchanger as hereinafter de-
scribed. By reason of the size of the accumulator 2¢ the
refrigerant mixture separates to provide a gaseous layer
and -2 liquid layer of the refrigerant in intimate contact
with each other.

‘Since the suction line 22 communicates with the gaseous
portion of the refrigerant in the accumulator the com-
pressor will draw gaseous refrigerant through the suction
inlet line 22 and suction inlet 21 into the compressor
where it will be recompressed to pass through the cycle
above described.

In addition to the heat of compression heat is also
drawn from the heat -source in contact with the outdoor
heat exchanger 11 by force feeding refrigerant liquid to
the outdcor heat exchanger. This is accomplished by
means of the pumping assembly. Thus pump 4€¢ through
line 41 draws cold liquid refrigerant from the liquid layer
of the refrigerant in the accumulator 28 and discharges
it through discharge line 42. Since hot compressed gase-
ous refrigerant is being discharged through conduit ¢ the
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pumped fluid cannot pass through the check valve 46 and
instead passes through check valve 45 in conduit 43 into
conduit 4 connected thereto where it is forced to the inlet
header 10 of the outdoor heat exchanger 11. As it passes
through coils 13 of the outdoor heat exchanger 11 the
liquid refrigerant which will always be colder than the
heat source will pick up heat from the heat source and
then from the outlet header 14 it will be passed through
lines 15, line 33, and control valve 35 to collecting line
19 and thence to the accumulator 20 where it mixes with
the mixture of gas and liquid refrigerant returning from
the high pressure float regulator 17 to the accumulator
26, The mixtures passed to the accumulator separate
and as above described recirculate through lines 22 and
41 to the compressor and pump respectively, to repeat the
cycle.
Defrost Cycle

When the heating cycle is in operation and an outside
heat exchanger is used in non-contacting heat exchange
relation with air as has been above described, it is known
that ice or frost will collect on the outside surface of the
coils of the outdcor heat exchanger. As this coating of
ice or frost increases, the efficiency of the outdoor heat
exchanger will reduce and accordingly it is necessary to
provide a mechanism for removing this ice or frost. This
is accomplished in the present invention by means of a
simple defrost cycle.

The defrost cycle is characterized by the fact that the
compressor is artificially loaded, and operates to flow
hot gas as the heat carrying medium through the system
in a non-condensing cycle. This is accomplished by in-
serting the equivalent of an orifice in the flow path across
which the compressor moves the defrosting fiuid. In ac-
tual operation this orifice is effective by coustricting the
control valve 8 to accomplish this result.

Thus as shown in FIGURE 3 compressor 1 is placed
in operation. Fan 12 and pump 48 are not put in oper-
ation. All valves will be closed except control valves 8
and 35. As the compressor operates hot compressed
gaseous refrigerant is discharged through the discharge
outlet 2 and discharge line 3 to the defrost conduit 5 which
has the control valve 8 thercin. As indicated in FIGURE
3 the hot compressed gaseous refrigerant will as it passes
through the control valve 8 reduce the pressure from 250
p.sig to 50 p.s.i.g. so that the gas on the downstream
side of the control valve 8 is superheated gas at the tem-
perature and pressure indicated. This hot superheated gas
is passed to conduit 4 and thence to the inlet header 19
of the heat exchanger %1.

Since the fan 12 is not in operation the hot compressed
gaseous refrigerant will deliver the bulk of its heat to
the walls of the coils thereby melting the encrusted ice
and frost on the outer surface of the coils and the cooled
gaseous refrigerant collected in the outlet header 14 will
then be returned by differential pressure through lines 15,
33, control valve 35 and line 19 to the accumulator 20
which circuit merely serves to return the cooled gaseous
refrigerant back to the compressor through suction line
22 and suction inlet 21. The cycle will be repeated
until the heat exchanger is completely free of ice or frost
and this should be accomplished in approximately 15
to 20 minutes so as to permit the heating cycle to be
continued without an excessive length of interruption.

The effect of the restriction in the defrost flow cycle
is to impose the artificial load on the compressor. If the
compressor did not operate with such a load very little
heat would be generated. However, with this heat load
imposed the compressor must do work in lifting the gas
from 50 to 250 pounds which work is transmitted into
heat carried by the gas and this heat is utilized to defrost
the outdoor coil of the heat exchanger 11 very rapidly.
Thus capacity is not robbed from the media previously
heated nor is heat drawn from the very space of system
which. the heat pump is required to supply heat to. Fur-
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thermore, no additional equipment or other means such
as hot water sprays, electric resistance heaters or blankets
are required.

The heat utilized for the defrost cycle in the present
invention is obtained by direct conversion of the electrical
input into the compressor motor into heat which is carried
by the gaseous refrigerant circulated through the system.

Intermediate Cooling Cycle

in the infermediate cooling cycle cooling is effscted by
a mixing process where the heat content of two portions
oi the refrigerant is changed by circulating it through the
respective heat exchangers. i

One portion can discharge heat to the heat sink, the
other can absorb heat from the media to be cooled and
the respective portions can then be remixed together for
recirculation through the system once again.

This operating cycle is designed for limited conditions
where some but not a large quantity of cooling is re-
quired. Furthermore the circulation can be either in
parallel as shown in FIGURE 4 or in series as shown in
FIGURE 6 and these respective operating cycles will not
be described,

Thus by reference to FIGURE 4 we find in this cycle
that only the pump 46 and fan 12 will be in operation.
The compressor will not be in operation. In addition,
valves 7, 8, 9 and 51 will be closed and valves 34 and 23
will be open.

In operation pump 48 draws refrigerant liquid from the
accumulator 20 and discharges the liguid under pressure
through line 42 and through connecting conduits 43 and
44 simultaneously into conduits 4 and 6 respectively,
which In turn direct the liquid refrigerant to the inlet
beader 10 for the heat exchanger 11 and inlet header 23
for the heat exchanger 24,

Relrigerant liguid in heat exchanger 131 will pass
threugh the coils 13 in non-contacting heat relation with
air passed thereacross by the fan 12 and will be cooled.
The cooled refrigerant collects in the outlet header 14
and is passed via lines 13, 33 and collecting line 19 to the
accumulator 18.

Similarly, liquid refrigerant in heat exchanger 24 will
pass through its coils in non-contacting heat exchange
relation with the media, be it liquid or gas or other finid
to be cooled, as for example, water which is introduced
through inlet 26 and discharged through outlet 27 of the
heat exchanger 24 which cooled Liquid can be utilized for
cooling at any suitable point.

The heat exchange relation passes a mixture of gas and
liquid refrigerant to the outlet header 28 of the heat ex-
changer 24, which mixture flows via lines 32, control
vaive 34 and coliecting line 19 to the accummnlator 2%
where it mizes with the cooled liquid refrigerant return-
ing from the heat exchanger 1. Mixture of the two pro-
vides a IHquid refrigerant having an ambient temperature
which will once again permit it to absorb heat from the
media to be cooled by repetition of the flow cycle above
described.

Where the intermediate cooling cycle is accomplished
by series flow, the system must be modified as shown in
FIGURE 6.

This is done by providing a connecting line at 6% to
connect the outlet header 28 of heat exchanger 24 to con-
duit 4, and inserting a sclenoid operated control 61, valves
in line €8 and replacing the check valves in lines 29 and
43 with solenoid valves as at 62 and 63.

During operation of this modified system only the
pump 4¢ and fan 12 will be in operation. Once again, the
compressor will not be in operation. Valves 7, &, 9, 34,
81, 62, 63 will be closed and valves 61 and 35 will be
cpen.

Pump 48 will draw cold liquid refrigerant from the
accumulator 2§ and discharge this liquid through lines
42 and 44 and conduit 6 into the inlet header 23 of the
heat exchanger 24. The liquid refrigerant will give up
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Leat to the water circulated through the heat exchanger
through inlet 26 and outlet 27 and will as a result of the
heat exchange relation be converted into a mixture of
gas and liquid refrigerant which collects in the outlet
header 28 of the heat exchanger 24. The mixture of gas
and lquid refrigerant is passed from the outlet header 23
via connecting line 68 and conduit 4 to the inlet header
18 of the outdoor heat exchanger 11 where the refrigerant
is ccoled by heat exchange relation with air passed over
the coils 13 of the heat exchanger 11, thersty condensing
the gaseous porticn of the refrigerant. The now liquid
refrigerant collects in the outlet header i4 and is passed
by lines 135, 33 and 19 to the accumulator 29 connected
by line 41 to the pump 46 which permits this cycle to
repeat itself as long as the pump 4@ and fan i2 coniinue
io operate.

It will be understood that the invention is not to be
dimited to the specific comstruction or arrangement of
paris shown but that they may be widely modified within
the invention defined by the ciaims.

What is claimed is:

1. In a heat pump, a plurality of heat exchange means,
a common separating means for storing and separating
gaseous and liguid refrigerant, means comnecting the
dowastream side of each of said heat exchange means to

aid separating means, a compression means, said com-

pression means having its suction connected to said com-
mon separating means, conduit means communicating the
discharge of said compression means to the upstream side
of said heat exchange means, said conduit means being
adapted to deliver hot compressed gaseous refrigerant
interchangeably and selectively to the upstream side of
at lzast one of said heat exchange means, and a pump
circulation cycle having its suction conmnested to said
separating means to receive liguid refrigerant therefrom
and to force feed an excess of liquid refrigerant to the
upstream side of at least one other of szid heat exchange
means not receiving hot compressed gaseous refrigerant
from said compression means.

2. In a heat pump, a first heat exchange means and a
second heat exchange means each having inlet means and
outlet means, at least one compressing means, at least one
pumping means, means to interchangeably and selectively
connect the compressing means and the pumping means to
he respective inlet means for the first and second heat
exchange means, a common separating means for storing
and separating gaseous and liguid refrigerant, means con-
necting the respective outlet means for said first and said
second heat exchange means to the commeon separating
means, said compression means having its suction con-
nected to said common separating means to receive gase-
ous refrigerant therefrom and to pass hot compressed
gaseous refrigerant to that heat exchange means selec-
tively connected to the discharge of the compression
means, and said pumping means having its suction con-
nected to said common separating means to receive liquid
refrigerant therefrom and to pass an excess of liquid re-
frigerant under pressure to that heat exchanger means
selectively connected to the discharge of the pumping
means,

3. In the heat pump as claimed in claim 2, an oil re-
covery means including, line means connected between the
discharge side of said pumping means and the suciion side
of the compression means for bypassing a predetermined
quantity of mixed oil and liquid refrigerant, and means in
said line means for superheating the mixed oi] and liquid
refrigerant whereby a vaporized mixture of oil and gas
refrigerant is passed to said suction side of the COmpresser.

4. In the heat pump as claimed in claim 3 wherein said
superheating means comprises, a cooling coil formed in
said line means, said cooling coil mounted at any suitable
point in the heat pump for non-contacting heat exchange
relation with means carrying said hot gaseous refrigerant.

5. In the heat pump as claimed in claim 2 wherein
means connected between the separating means and the
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suction of the compression means acts to superheat
gaseous refrigerant passing from the separating means to
the suction of the compressor.

6. In the heat pump as claimed in claim 2 wherein a
return line provides means for connecting the suction of
the compressor to the separation means for passing the
gaseous refrigerant from the separation means to the
suction inlet of the compressor, and means connecting the
downstream side of the heat exchange means to the separa-
tion means. operatively connected to said return line for
superheating the gaseous refrigerant passing to said com-
pression means.

7. In a heat pump, a first heat exchange means and a
second heat exchange means each having inlet means and
outlet means, at least one compressing means, at least one
pumping means, means to interchangeably and selectively
connect the compressing means and the pumping means
to. the respective inlet means for the first and second heat
exchange means, a common separating means for storing
and scparating gaseous and liquid refrigerant including, a
flow regulating means to meter the high pressure mixture
of gascous and liquid refrigerant therethrough, an accu-
mulator means operatively associated with said flow regu-
lating means, means connecting the outlet means of the
heat exchange means selectively connected to receive hot
compressed gaseous refrigerant to the flow regulating
means, means connecting the ouilet means of that heat
exchange means selectively connected to the pumping
means to the accumnlator means, said compression means
having its. suction connected to said common separating
pieans to. receive gaseous refrigerant therefrom and to
pass hot compressed gaseous refrigerant to that heat ex-
change means selectively. connected to the discharge of
the compression means, and said pumping means having
its suction connected to, said common separating means to
receive liquid refrigerant therefrom and tc pass an excess
of liquid refrigerant under pressure to that heat exchanger
means selectively connected to the discharge of the pump-
ing means. ' ' ' '

3. In the heat pump as claimed in claim 7 wherein said
regulating means comprises, a high pressure float regulator
having an inlet and an outlet, said inlet connected to the
outlet of that heat exchanger sclectively comnected to
receive hot compressed gaseous refrigerant, and said out-
et for the float regulator connected to the accumulator
to pass the flashed mixture of gasecus and liquid refrig-
erant thereto.

* 9, In the heat pump as claimed in claim 7 wherein said
regulator means comprises, a high pressure receiver, said
receiver having an inlet and an outlei the inlet of said
receiver connected to the outlet means of the heat ex-
change means selectively connected to receive hot com-
pressed gaseous refrigerant, conduit means connecting the
cutlet of said high pressure receiver to the accumulator, a
control valve means in said conduit for regulating flow
of refrigerant from said receiver to said accumulator, a
liquid level control means on said accumulator, and means
connecting said liquid level control means to. said control
valve means to automatically regulate operation of the
control valve in accordance with variations of the level
of liquid refrigerant in said accumulator from the desired
predetermined level.

10. In a heat pump, a first heat exchange means and a
second heat exchangé means each having inlet means and
outlet means, at least one compressing means, at least
one pumping means, means to interchangeably and selec-
tively connect the compressing means and the pumping
means to the respective inlet means for the first and second
heat exchange means, a comimon separating means for
storing and separating gaseous and liquid refrigerant,
means connecting the respective outlet means for said first
and said second heat exchange means to the common
separating means, said compression means having its suc-
tion connected to said separating means to receive gaseous
refrigerant therefrom and to pass hot compressed gaseous
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refrigerant to that heat exchange means selectively con-
nected to the discharge of the compression means, and said
pumping means having its suction connected to said com-
mon separaiing means to receive liquid refrigerant there-
from and to pass an excess of liquid refrigerant to that
heat exchanger means selectively comnected to the dis-
charge of the pumping means and not receiving hot com-
pressed gaseous refrigerant from said compressor whereby
the pumping means will coact with said compressing
means during the cooling and heating cycles; and said
pumping means adapted to operate independently of the
compressing means to deliver an excess of relatively cold
refrigerant from the common scparating means to the
inlet of each of said first and second heat exchange means
in parallel and in series during the intermediate cocling
cycles.

11. In a heat pump having cooling, heating and inter-
mediate cooling cycles, a high pressure side cycle includ-
ing, compression means and at least one heat exchange
means, a low pressure side cycle including, pump means,
and at least one other heat exchange ineans, means 1o
interchangeably and selectively deliver hot compressed
gaseous refrigerant from said compression means to the
upstream side of said first mentioned heat exchange means
and to the upstream side of said second heat exchange
means to permit said heat exchange means to functicn
interchangeably, means. to interchangeably and selectively
feed cold liquid refrigerant from said pump means to the
upsiream side of said first mentioned heat exchange means
and to the upstream side of said second heat exchange
means when the respective heat exchange means is not
connected to receive hot gaseous refrigerant from said
compression means, 2 comnon separating means for stor-
ing and separating gaseous and liquid refrigerant, means
connecting the downstream side of said first heat exchange
means and said second heat exchange means to said com-
mon separating means, said compression means having its
suction inlet connected to said common separating means
and its discharge outlet connected to said means for inter-
changeably and selectively delivering hot compressed gase-
ous refrigerant to the upstream side of the respective first
and second heat exchange means, and said pump means
having its suction connected to said common separating
means and its discharge connected to said means for
delivering cold liquid refrigerant to said first and said
second heat exchange means and at all times to deliver
an excess of liquid refrigerant to the respective heat ex-
change means connected thereto for the particular cycle
of operation.

12. In a heat pump having cooling, heating and inter-
medijate cocling cycles, a high pressure side condensing
cycle including, a first heat exchanger having an inlet and
an outlet, a second heat exchanger having an inlet and an
outlet, a compressor, means fo interchangeably and selec-
tively connect the discharge of said compressor to the inlet
side of the respective first and second heat exchangers to
permit said first heat exchanger and said second heat
exchanger to function interchangeably, a common separat-
ing means for storing and separating gaseous and liquid
refrigerant, means connecting the respective outlet side of
said first and second heat exchanger to said separating
means, and said compressor having its suction connected
to said separating means to receive gaseous refrigerant
therefrom and to deliver hot compressed gaseous re-
frigerant through said means to the selected heat ex-
changer, and a circulation cycle having a pump therein
connected to receive liquid refrigerant from said separat-
ing means and during the heating and cooling cycle to
coact with the compressor for delivering relatively cold
refrigerant under pressure from the separating means to
the inlet of that heat exchanger not receiving hot com-
pressed gasecus refrigerant, and said circulation cycle dis-
posed to operate independently of the compressor to selec-
tively deliver relatively cold liquid refrigerant from the
separating means to the respective heat exchangers for
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selective parallel and series operation on the intermediate
cycle.

13. In a heat pump having cooling, heating and inter-
mediate cooling cycles, a high pressure side cycle includ-
ing, compression means and at least one heat exchange
means, a low pressure side cycle including, pump means,
and at least one other heat exchange means, means to
interchangeably and selectively deliver hot compressed
gaseous refrigerant from said compression means to the
upstream side of said first mentioned heat exchange means
and to the upstream side of said second heat exchange
means to permit said heat exchange means to function
interchangeably, means to interchangeably and selectively
feed cold liquid refrigerant from said pump means to the
upstream side of said first mentioned heat exchange means
and to the upstream side of said second heat exchange
means when the respective heat exchange means is not
connected to receive hot gaseous refrigerant from said
compression meains, a common separating means for stor-
ing and separating gaseous and liquid refrigerant, means
connecting the downstream side of said first heat exchange
means and said second heat exchange means to said com-
mon separating means, said compression means having its
suction inlet connected to said common separating means
and its outlet connected to said means for interchangeably
and selectively delivering hot compressed gaseous refrig-
erant to the upstream side of the respective first and sec-
ond heat exchange means, and said pump means having its
suction connected to said common separating means to re-
ceive liquid refrigerant from said separating means and
during the heating and cooling cycle to coact with the
compressor for delivering relatively cold refrigerant under
pressure from the separating means to the inlet of that
heat exchanger not receiving hot compressed gaseous re-
frigerant; and said pump means disposed to operate inde-
pendently and without the compressor to selectively de-
liver relatively cold liquid refrigerant from the separating
means to the respective heat exchangers during the inter-
mediate cycle.

14, In the heat pump as claimed in claim 11, an oil
recovery means including, line means connected betweea
the discharge side of said pumping means and the suction
side of the compression means for bypassing a predeter-
mined quantity of mixed oil and liquid refrigerant, and
means in said line means for superheating the mixed oil
and liquid refrigerant whereby a vaporized mixture of
oil and gas refrigerant is passed to said suction side of the
COMPressor.

15. In the heat pump as claimed in claim 11 wherein
means connected betwen the separating means and the
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suction of the compression means acts to superheat gase-
ous refrigerant passing from the separating means to the
suction of the compressor.

16. In the heat pump as claimed in claim 2, a defrost
means comprising, a defrost line connecting the dischargs
of said compression means to the inlet for that heat ex-
changer means to be defrosted, restriction means in said
defrost line, said defrost line and means for interchange-
ably and selectively connecting the compression means
and the pump means to the respective heat exchanger
adapted to permit free flow of gaseous refrigerant to and
from the heat exchange means to be defrosted whereby
the compression means is loaded due to the work of forc-
ing the gaseous refrigerant through said restriction means.

17. In a heat pump having at least one heat exchange
means in communication with a heat sink and heat source
media, compression means, conduit means connecting the
discharge outlet of said compressor to the upstream side
of said heat exchange means, valve means in said conduit
to be closed during defrosting of the heat exchange means,
separating means for storing and separating gaseous and
liquid refrigerant, means connecting the downstream side
of said heat exchanger to the separating means, and means
connecting the suction of said compression means to the
separating means to draw gaseous refrigerant therefrom,
the combination therewith of a defrost cycle including, a
conduit connected to the discharge of said compression
means and to said conduit means downstream of the valve
means to permit hot compressed refrigerant to be di-
rected from the compressor to the inlet of said heat ex-
change means, valve means to selectively control flow
through said defrost conduit, and means forming a restric-
tion in said defrost conduit to force said compressor to
perform work when the defrost conduit valve is open for
defrosting.
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