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1 . 

The heat pump, as its name implies, is a device 
for pumping thermal energy, or heat, from one 
temperature to some higher temperature. We 
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know from observation that the ?ow of heat nor- - 
mally or naturally takes place from a given temf 
perature to a lower temperature. To cause the ?ow 
to take place in a reverse direction requires the use 
of a mechanical device to supply the work re 
quired to raise the temperature of the medium 
and thus pump a given quantity of heat from 
the lower to the higher temperature. .This is 
dependent upon the di?’erence in the tempera 
ture levels just as the power to pump a given 
quantity of water is dependent on the difference 
in heads or water levels. ‘Anything which will 
increase this difference in heat level will decrease 
the power or energy required and, therefore, will 
result in better performance.‘ 7 . ‘ . 

The present invention is directed to improve. 
ments for bettering the performance of heat 
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pumps by staging the elements of the heat ex- . 
change devices of a refrigerating cycle so as to 
increase their eiiectiveness in causing a ?ow of 
heat to and from a moving ?uid medium. _ 
Time is a factor in heat transfer; hence, as air 

or water is traveling it is heated or cooledmore 
e?iciently by a series of staged condensers or a 
series of evaporators, or both, each operating at 
successively increased or decreased temperatures, 
as the case may be, than can be done by a single 
unstaged unit. Staging accomplishes the end re 
sult with less expenditure of energy and accord 
ingly with a higher coe?icient performance. 
The main objects of this invention are to pro 

vide improvements in the combination and ar 
rangement of the elements of a refrigeration 
cycle in a system particularly" adapted for its use 
as a heat pump; to provide improved means for 
staging the condenser and evaporator functions 
of heat exchange devices with a minimum of 
complication, or other difficulties affecting the 
performance of the refrigeration cycle; and to 
provide an improved form of heat pump con 
struction particularly adapted for use in trans 
ferring heat from one ?uid medium to another 
for the purpose of conditioning the air of a room. 
This invention is herein disclosed by means of ‘ 

a specific embodiment with some alternative 
modi?cations of details, as illustrated in the ac 
companying drawings, in which: ' 
Figure 1 is a diagram illustrating how the 

transfer of heat takes place in a heat pump in 
. which both the condenser and evaporator are 
staged. ' ' 

Fig. 2 is a chart showing. comparatively the co- ‘ 
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e?lcients'of performance of a staged unit and a 
standard unstagedunit of heat pump apparatus 
based on comparable data.~ 

Fig. 3 is a diagrammatic view of a heat pump 
apparatus in which the evaporator and the con 

' denser units are stagedinaccordance with this 
invention. 7 - ‘ . 

'Fig. 4 is a diagrammatic view of a‘ similarly 
staged heat pump with illustrative temperature 
indicia noted thereon at various points 'to corre 
spond with its operation as an air heating plant. 

Fig. 5 is a similar diagrammatic representation 
of a refrigeration cycle hookup, wherein certain 
condenser units and certain evaporator units are 1 
arranged in a ‘plurality of separate refrigeration 
cycles coordinated with each other as to per 
formance, and. wherein the condenser units and 
the evaporator units are each staged in their rela 
tion to the source medium and heat medium, re 
spectively. - 

Fig. 6 is a somewhat diagrammatic detail show 
ing a suitable modi?ed arrangement for connect 
ing staged condensers. 

Figs. 7 and 8 are further diagrammatic illus 
trations of modi?cations of'this detail. 

Fig. 9 shows a form of trap suitable for use in 
connection with staged condensers in the ar 
rangements illustrated in Figs. 3', 4 and 8. ‘ 
The advantages of staging will best be under 

stood from ,a consideration of the temperature 
changes that occur in an apparatus of this kind, I 
as illustrated schematically in Figure 1 in which 
the rectangles l and 2 represent» separate con 
denser unit stages and the rectangles 3 and 4 rep 
resent separate evaporator unit stages. 

. In Fig. 1 the line 5 indicates the temperature 
changes that occur in the source medium, which 
might be either water or air, on ?owing along 
the heat exchange surface of the evaporators and 
the line 6 indicates the temperature changes that 
occur in the heat-receiving medium (which may 
be either water or air) in its passage over the 
condensers. ~ 

' Inasmuch as heat ?ows naturally from a place 
I of higher temperature to a place of lower tem 
perature, the evaporator stage 3 must, in the 
heating cycle of the pump, be operated at a tem 
perature, indicated by the line 1, which is some 
what lower than the initial temperature of the 
heat source medium; and the evaporator stage 4 
‘must be operated at a temperature, represented 
by the line 8, which is somewhat lower than the 
temperature of the source medium received from 
stage 3, in order that heat will ?ow from this 
source medium to the refrigerant at each stage. ‘ 
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Similarly, in order that. heat will ?ow from the- 
condenser stages to the room air or other medium ‘ 
to which the heat is to be delivered by the pumpe, 
the condenser stages must be operated at tem 
peratures that are in each stage higher than? the 
desired delivery temperature of that air.‘ 

, The direction of ?ow of the media represented ' 
' by the lines 5 and 6 is from left to right of Fig. 1 
and it will be noted that the air to be heated, 
called “air from the house” in the diagram, has 
its temperature raised as‘ itr?ows through, the 
condensers. Similarly, the water'or air which 
is the source of heat represented by the line 5 
has its temperature reduced as it flows through 
the evaporators. I 

Inasmuch as the heat absorbed from the con 
denser must flow from ahigher to a lower tem 
perature, it is necessary that the temperature 
in the condenser be above that at which it is 
desired to have the air leave the heat pump. 
'These temperatures are indicated on the chart 
of Fig. 1 by the lines 9 and It as the correspond 
ing temperatures of the refrigerant in the con 
denser. 
In the-lower part of the diagram of Fig. 1 the 

situation in the evaporator is shown. The out 
side air or water, whichever is the source of heat, 
is supplied to the ?rst evaporator and as it passes 
through the evaporator heat is extracted from it, 
resulting in a temperature drop. In order to have 
the heat flow from this source to the refrigerant, 
it is necessary to have the temperature of the 
refrigerant in the evaporator lower at all stages 
than the temperature of the air or water that is 
being used as a source of‘ heat. 
As is indicated in this diagram, the actual tem 

perature distance through which heat must be 
pumped will be from slightly below the tempera 
ture of the refrigerant in the evaporator to slightly 
above the temperature of the refrigerant in the 
condenser. 

Consideration of the chart shown in Fig. 1, 
shows that, by dividing the condenser-evaporator 
units into stages, these units can be operated at 
successively di?erent temperatures and always 
provide an adequate margin of difference in tem 
perature between the air that is ?owing through 
the condensers and the temperature of the refrig 
erant to insure a continuous ?ow of heat between 
the two. Thus there is a considerable saving of 
power when the mechanical arrangement is such 
as to provide separate means for controlling these 
condenser and evaporator temperatures. 
In order to provide the temperature steps in 

successive condenser and evaporator units, a mul 
ticylinder compressor is used with a separate 
cylinder in refrigeration cycle relation to each 
stage, but the individual condenser stages and 
evaporator stages may be combined in various 
ways. For example, one cylinder may operate 
condenser l and evaporator 3 of Fig. 1, and an 
other cylinder may operate condenser 2 and 
evaporator 4. In this case the temperature range 
of the ?rst cylinder is shown in Fig. 1 by line A 
and the temperature range in the second cylinder 
is shown by line B. If condenser l is coupled 
with evaporator 4, and condenser 2 is coupled 
with evaporator 3, then the temperature range of 
the respective cylinders is shown by lines 0 and 
_D of Fig. 1. 

Fig. 2 shows comparative differences in coe?l 
_ cient of performance at different suction tem 
peratures at the intake of the compressor. The 
curve I I shows in the vertical scale the coe?icient 
of performance corresponding to the suction tem 

' one constant temperature and that the evapora- » . 

.4 _ 

perature indicated in the horizontal ‘scale on the 
assumption that the condenser is maintained at 

_ tor is maintained at another. ‘The curve‘l2 shows 
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' the corresponding improvement in the coef?cient' f ‘i r .l 
of performance that is'a'ccom'plished by stagin‘ ' "g5 .7 
The same’ general principles; which make con 

denser staging desirable apply to evaporator stag-é 
-ing. When the outside air or water, which is used 7 
as a sourceof heat, passes through the evaporator 
its temperature falls as the ‘heat is abstracted 
from it. In order to getthis heat to ?ow from the 
heat source medium to the evaporator, it is nec 
essary to maintain the evaporatorvat a tempera 
ture lower than the lowest temperature of the 
source medium. ?owing through the evaporator. 

If the evaporator is staged or divided into two 
or more parts, thetemperature ‘which must be .7 
maintained in the ?rst evaporator, to maintain , 
the same rateof'heat ?ow, may be higher than 
the temperature in the succeeding evaporator 
stage, and so on; thereby decreasing the average 
temperature‘ rangethrough which the heat must 7 
be pumped. This, of course, results in either 
larger capacity for the same horse-power input 
or lower power input for the same capacity; hence, 
a better coef?cient'of performance for the same I 
quantity of heat pumped. . 
The same general principles apply to house 

cooling‘as to house heating. In the case of heat 
ing, the air going to the house is passed over the 
condensers; and in the case of cooling, the air 
going to the house is passed over the evaporators. 
All of the advantages of staging for heating apply 
to cooling,‘the only difference being in quantita 
tive requirements. Qualitatively there is no 
difference. " . 

The foregoing discussion has been concerned 
with power vrequirements. Under some conditions 
it is possible that weight-saving, space-saving, 
cost or some other mechanical or economic result 
would necessitate reduction of size of the con- _ 
denser and/or evaporator surfaces. Here again 
staging would be advantageous. . 
Under some conditions of staging, it would be 

desirable to use different cylinder hookups in 
order to get better load balancing. One of the 
problems of good heat pump design is to get 
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proper balance between the condenser and evap 
orator surfaces and compressor capacity. 
In the mechanical system shown in Figure 3, 

the condenser is divided into three stage units 
l3, l4 and I5 and the evaporator is correspond 
ingly divided into three stage units I6, I‘! and I8 
and the compressor I9 is provided with separate 
cylinders 20, 2| and 22 connected in refrigera 
tion cycle relation to these respective stages. An 
even distribution of cylinders is not necessary. 
The best arrangement will depend upon the rela 
tive distribution of heat transfer surfaces. In 
this case, each of these compressor cylinders or 
groups of cylinders would supply a particular 
stage of both the evaporator and the condenser. 
The cylinder 20 sucks the refrigerant from the 

evaporator I6 through pipe 23, compresses it and 
discharges it through pipe 24 to condenser unit 
l3. Similarly. compressor cylinder 2! serves evap 
orator unit I‘! and condenser unit [4 through 
pipes 23.l and 2H; and cylinder 22 serves evap 
orator unit l8 and condenser unit l5 through 
pipes 23.2 and 24.2. t 

In this system, as shown in Fig. 3, a single re 
ceiver 25, through pipe 26 and individual ex 
pansion valves 21, 28 and 29, supplies refriger 
ant at properly regulated pressures correspond- _ 



ing to the temperatures or evaporators I0, I‘! 
and l8. . 
Inasmuch as the condenser units are operated 

at successively increasing temperatures, it is not 
practical to connect their discharge ends to a 
common discharge line running to the receiver 
25 without making adequate provision for the 
fact that these units l3, l4 and I5 operate at 
di?erent pressures. 
In Fig. 3 condenser unit I3 is connected by 

pipe 30' and trap 3| to the inlet pipe “J or the 
condenser unit l4 which, in turn, 
by pipe 32 through trap 33 with the inlet pipe 
24.2 of condenser i5 and this discharges into the 
receiver 25. The traps 3i and 33‘ may be of the 
type which is normally closed against the ?ow 
of gas or vapor and opens at intervals to dis 
charge accumulations of condensate. There are, 
of course, many forms of such valves of which 
the ?oat valve shown in Fig. 9 might be said 
to be generally representative. - 
The mode of connection, as shown in Fig. 3, 

makes proper compensation for the fact that the 
condenser units are operated at progressively dif 
ferent temperatures and pressures. The volume 
of condensate discharged by the traps is relative 
ly small compared to the ?ow of vapor with which 
it mixes in the pipes 24.l and 24.2 and under 
this arrangement there would be no‘harm done 
if some of the condensate should ?ash back into 
vapor form on its way to the receiver. 

In the form shown in Fig. 3 water is used as 
a source of heat in the heating season and also 
as a dump for heat in the cooling season. 
To this end each condenser unit ll, l4 and I5 

is served by a water coil 34, 34.i and 34.2 respec 
tively and each evaporator unit i5, I1 and I8 
is served by a water coil 35, 35.l and 35.2 respec 
tively. Water is supplied from an inlet pipe 36 
through a three-way valve 31, either to the water 
coils of the condenser units through pipe 38 or 
to the water coils of the evaporator units through 
pipe 38. 
Water coils of the evaporator units are pref 

erably end to end with each other ‘and discharge 
through pipe 40 to a drain 4!. Thewater coils 
of the condenser units are, however, connected 
in manifold relation both to the inlet pipe 38 
and to the outlet pipe 42 which leads to thedrain 
4i. This arrangement of- the water coils assures " 
that the maximum amount of heat will be ex 
tracted from the water during its passage through 
the evaporators in the- heating season and that 
the maximum amount oi.’ heat will‘ be dumped 
by the condensers into the cooling water system 
during the cooling season. " ' , > 

In devices of this kind the air ?owing to the 
room that is to be heated by the heat pump is 
directed over the condensers during the heating 
season, as indicated by the arrows 43 and fan 
44; and during the cooling season such air ?ow 
is directed over the evaporator coils, as is indi 
cated by the arrows "and fan 48, by means of 
appropriate duct work and ba?ie means which 
are not illustrated in Fig. 3 but are well under 
stood inthis art. ' ' ' 

‘A speci?c example of such duct work is ‘shown 
in Patent No. 2,401,890, issued to me jointly with 

, others on June 11, 1946. f " 
In operation during the heating season, the 

current of air indicated by the arrows 43 is the 
?uid medium into which the heat pump dumps, 
heat for the purpose of heating the building into 
which air flows; and the water ?owing through 
the water coils 35 oi the evaporator units is the 

6 . 

?uid medium from which the heat pump extracts 
the heat that is conveyed by the refrigeration 
cycle through the condenser coils I3, l4 and I! 
to the air that is delivered to the building. 
During the cooling season, the water iscut off 

from the evaporator units and is supplied to the 
condenser units by means of the valve 31. Heat 
‘is extracted by the evaporators from the house 

. conditioning air current, which is caused to ?ow 
10 

is connected . 

is 
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in heat transfer relation to the evaporators as 
represented by arrows 45 and is carried by the 
refrigerant to the compressor and then to the 
condenser where it is dumped into the water cir 
culating in the coils 34 and discharged from the 
building. _ ' 

In the diagrammatic drawing of Fig. 4 only 
those parts of the system of Fig. 3 that are used 
during the heating season‘are shown and indi 
cations of temperatures are shown at various 
‘places for the purpose of illustrative representa 
tion of relative temperatures that might prevail 
in diiferent parts of the apparatus under certain 
assumed conditions during the heating season. 
It will be understood that‘ under these circum 
stances the air to be conditioned is directed into 
heat exchange relation‘ with the condensers and 
excluded from the evaporators. 

' In this example, the connections between the 
condensers and their respective cylinders are 
slightly changed from the arrangement shown in 
Fig. 3 so as to reverse the sequence of the ?ow 

‘ of condensate through the condenser units It, l_4 
- and [5 on its way to the receiver. 

40 

But otherwise 
the structure of these two forms is substantially 
the same. ‘ 

In Fig. 5, a diagrammatic representation is 
shown of an arrangement in which each con 
denser unit is connected in a separate refrigera 
tion cycle, each with its respective evaporator, 
receiver and expansion valve so as to have the 
advantage of staging while eliminating the dis 

' advantage of traps or other devices for compen 
sating for differences of pressure in the successive 
condensers whereby each condenser and each 
evaporator is indpendent of any other. In this 
arrangement, the compressor cylinder 41 operates 
the refrigeration cycle which comprises the con 
denser 48, receiver 49, expansion valve 50 and 
evaporator 5|; and the compressor cylinder 52 
operates the refrigeration cycle which comprises 

and evaporator 56. ' 
The air or water flow, indicated by the arrow 

51, is in the direction in which it ?rst traverses 
the condenser 48 and then the condenser 53; and 
the air or water ?ow over the evaporators, indi 
cated by the arrow 58, is such that it ?rst trav 

' erses the evaporator 56 and then the evaporator 
5!. In such arrangement, the temperature 
range in each refrigeration cycle may be of the 
same extent, although ‘the vactual temperatures 
may be different, being steppedvup in successive 
stages so as to most e?iciently accomplish the 
transfer of heat to the moving air current. 
In a condenser arrangement comprising staged 

units connected in series arrangement in the 
same cycle of refrigerant ?ow, compensation for 
differences in the pressures in successive con- 
denser units can be had by an arrangement such 
as is illustrated in Fig. 6, wherein the'second or 
higher pressure condenser unit 59 has its outlet 
end connected with the inlet end of the first or 
low pressure condenser unit 60 by a pipe 6| which ' 
has either a trap (not shown) or a capillary tube 

75 82 interposed therein .to assure that only'liquid 

the condenser 53, receiver 54, expansion, valve l5‘ 
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condensate may pass through. In this form, 
the second condenser 58 has an inlet pipe .3 con 
nected to its respective compressor and the ?rst 
condenser has an inlet pipe I! connected to its 
respective compressor cylinder but, only the lowest 
pressure condenser unit 60 has its outlet pipe ‘I 
connected to the common receiver. The air flow 
in this case is indicated by the arrow 08 for the 
heating season arrangement. 
In Fig. 7, a modi?ed arrangement of staged 

condensers 61 and 88 is provided by having sepa 
rate inlet pipes 88 and" leading from separate‘ 
compressor cylinders to the respective condenser 
stages and having the outlet pipe of the second 
condenser 88 connected, through a capillary tube 
‘II and a heat exchanger ‘I2, to the outlet pipe 
‘ill of condenser 81 and the common pipe 11 
leading to the receiver. The heat exchanger 12 
may be controlled thermostatically or by pres 
sure-actuated means (not shown) to cool the out 
i'lowing condensate from the second condenser to 
a temperature at which it will not ?ash into vapor 
but will remain liquid on mixing with the con 
densate from the first condenser. 
A similar arrangement to this is shown in Fig. 

8, wherein the capillary tube is replaced by a trap 
13 which may be of the form shown in Fig. 9 and 
which comprises a valve ‘ll actuated by a lever 
‘I5 controlled by a ?oat 18 to insure that only 
liquid condensate will be discharged from the 
condenser 88. In either of the forms shown in 
Figs. 7 and 8, the function of the heat exchanger - 
is to equalize the ‘condensate temperatures and 
avoid having one of them ?ash into vapor as it 
merges with the other. 

It will be understood that numerous details of 
the speci?c constructions herein shown and de 
scribed may be altered or omitted without depart 
ing from the spirit of the invention defined by 
the following claims. \ 
I claim: _ ' . ‘ 

1. A heat pump, comprising, in a combination 
utilizing ‘a refrigerant to transfer heat from one 
fluid medium to another of different temperature, 
a series of condensers, a compressor havingsep 
arate means for supplying the refrigerant to the 
individual condensers at successively increasing 
temperatures, a series of evaporators each coact 
ing- cyclically with said compressor means and 
adapted to operate at successively decreasing 
temperatures with respect to one another, expan 

, sion means between said condensers and evapora 
tors, each of said condensers and evaporators 
comprising a refrigerant coil having a water pas 
sage and an air passage in heat exchange rela 
tion to the refrigerant coil, and valve means for 
directing a flow of water alternatively to said 
condensers and said evaporators. 

2. A heat pump, comprising, in a combination 
utilizing a refrigerant to transfer heat from one 
?uid medium to another of different temperature, 
a series of condensers, a compressor having sep 
arate means for supplying the refrigerant to the 
individual condensers at successively increasing 
temperatures, said condensers being connected 
in series relation to the?ow of refrigerant there 
through with vapor traps interposed between suc 
cessive condensers, a series of evaporators each 
coacting cyclically with said compressor means 
and adapted to operate at successively decreasing 
temperatures with respect to one another, expan 
sion means between said condensers and evapor 
ators, each of said condensers and evaporators 
comprising a refrigerant coil having a water pas 
sage and an air passage in heat exchange relation 

,’ to the refrigerant coil, means connecting said 
evaporator water passages in series relation to 
each other, valve means connected to a source 
of water for directing a flow of water alternatively 
to said condensers or said evaporators, the direc 
tion of ?ow of water through said, evaporators be 
ing from low unit temperature to higher unit 
temperature. _ ' 

3. A heat pump, comprising, in 'a combination 
l0 utilizing a refrigerant cycle to transfer heat from 

one ?uid medium to another, a pair of condensers, 
each having an inlet and an outlet for the refrig 
erant, a compressor having separate means for 
supplying the refrigerant to the individual con 

15 densers at respectively different pressures, evap 
orator means coacting in the refrigerant cycle 
with said condensers and compressor, a passage 
connecting the outlet of the higher pressure con 
denser with the inlet of the lower pressure con 

20 denser, a vapor trap in said passage, and expan 
sion means in the refrigerant cycle between the 
outlet of said lower pressure condenser and said 
evaporator means. 

4. A heat pump, comprising, in a combination 
25 utilizing a refrigerant cycle to transfer heat from 

one ?uid medium to another, a pair of condens 
ers, each having an inlet and an outlet for the 

. refrigerant, a compressor having separate means 
for supplying the refrigerant to the individual 

30 condensers at respectively different pressures, 
evaporator means coacting in the refrigerant 

' cycle with said condensers and compressor, a pas 
sage connecting the outlet of the higher pressure 
condenser with the outlet of the lower pressure 

35 condenser, a heat exchanger in ‘said passage, and 
expansion means in the refrigerant cycle between 
the outlet of said lower pressure condenser and 
said evaporator means. 

.5. A heat pump, comprising, in a combination 
40 utilizing ‘a refrigerant cycle to transfer heat from 

one ?uid medium to another, a pair of condens 
ers, each having an inlet and an outlet for the 
refrigerant, a compressor having separate means 
for supplying the refrigerant to the individual 

45 condensers at respectively different pressures, 
evaporator means coacting in the refrigerant ' 
cycle with said condensers and compressor, a 
passage connecting the outlet of the higher pres 
sure condenser with the inlet of the lower pres 

50 sure condenser, a capillary vapor trap in said pas 
sage, and expansion means in the refrigerant 
cycle between the outlet of said lower pressure 
condenser and said evaporator means. 

6. A heat pump, comprising, in a combination 
65 utilizing a refrigerant cycle to transfer heat from 

one ?uid medium to another, a pair of condens 
ers, each having an inlet and an outlet for the re 
frigerant, a compressor having separate means 
for supplying the refrigerant to the individual 

00 condensers at respectively different pressures, 
evaporator means coacting in the refrigerant 
cycle with said condensers and compressor, a pas 
sage connecting the outlet of the higher pressure 
condenser with the outlet of the lower pressure 

65 condenser, a vapor trap and a heat exchanger in 
said passage, and expansion means in the refrig 
erant cycle between the outlet of said lower pres- . 
sure condenser and said evaporator means. 

7. A heat Pump, comprising, in a combination 
70 utilizing a refrigerant cycle to transfer heat from 

one fluid medium to another, a pair of con 
densers, each having an inlet and an outlet for 
the refrigerant, a compressor having separate 

‘ means for supplying the refrigerant to the indi 
75 vidual condensers at respectively different pres 
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sures, evaporator means coacting in the refriger 
ant cycle with said condensers and compressor, 
a passage connecting the outlet of the higher 
pressure condenser with the outlet of the lower 
pressure condenser, a capillary vapor trap and 
a heat exchanger in said passage, and expansion 
means in the refrigerant cycle between the out 
let of said lower pressure condenser and said 
evaporator means. 

8. A heat pump, comprising, in a combination 
utilizing a refrigerant cycle to transfer heat from 
one ?uid medium to another, a pair of condens 
ers, each having an inlet and an outlet for the 
refrigerant, a compressor having separate means 
for supplying the refrigerant to the individual 
condensers at respectively di?erent pressures, 
evaporator means ‘ coacting in the refrigerant 
cycle with said condensers and compressor, a 
passage connecting the outlet of the higher pres 
sure condenser with the inlet of the lower pres 
sure condenser at the point between said last 
named inlet and its respective compressor means, 
a vapor trap in said passage, and expansion 
means in the refrigerant cycle between the outlet 
of said lower pressure condenser and said evapo 
rator means. ' 

9. A heat pump, comprising, in a combination 
utilizing a refrigerant cycle to transfer heat from ' 
one ?uid medium to another, a pair of condensers, 
each having an inlet and an outlet for the re 
frigerant, a compressor having separate means 
for supplying the refrigerant to the individual 
condensers at respectively different pressures, 
evaporator means coacting in the refrigerant 
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cycle with said condensers and compressor, a 35 
vapor trap connected to the outlet of the higher 
pressure condenser and having its liquid outlet 
connected to the inlet of the lower pressure con 
denser between said last-named inlet and the 

10 
compressor means for said lower pressure con 
denser, and expansion means in the refrigerant 
cycle between the outlet of the lower pressure 
condenser and said evaporator means. 

10. A heat'pump, comprising, in a combina 
tion ‘utilizing a refrigerant to transfer heat from 
one ?uid medium to another of diiferent tem 
perature, a series of condensers, a compressor 
having separate means for supplying the refriger— 
ant to the individual condensers at successively 
increasing temperatures, a series of evaporators 
each coacting cyclically with said compressor 
means and adapted to operate at successively de 
creasing temperatures With respect to one an 
other, expansion means between said condens 
ers and evaporators, each of said condensers and 
evaporators comprising a refrigerant coil having 
a water passage and an air passage in heat ex 
change relation to the refrigerant coil, means 
connecting said evaporator water passages in 
series relation to each other, means connecting 
said condenser water passages in parallel rela 
tion to each other, and valve means for directing 
a ?ow of water alternatively to said condensers 
or said evaporators. . . 

EMORY N. KEMLER. 
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