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to The Coleman Company, Inc, Wichita, Kans., a cor 
poration of Kansas 

Filed Nov. 5, 1965, Ser. No. 506,553 
6 Claims. (Cl. 62—149) 

This invention relates to an automatic refrigerant stor- , 
age for a reversible heat pump, and more speci?cally, 
to a reversible heat pump with improved means for ad 
justing the effective charge of refrigerant. 

It has been previously observed, in Hopkins Patent 
2,589,384, that in any commercially useful reversible heat 
pump, the refrigerant charge which is correct for one 
direction of ?ow is wrong for the other direction. Hop 
kins, therefore, teaches the interposition of a refrigerant 
storage tank in the circuit of the heat pump, such tank 
being disposed adjacent the heat exchanger which oper 
ates as a condenser when the larger charge is needed, and 
being connected by a tube with a part of the circuit 
which is at the pressure of the other heat exchanger. 

In practice, it has been found that such a storage tank 
provides, at best, only a partial solution to the problem. 
While the storage tank does have the effect of automati 
cally adjusting the charge, it also produces, or cooperates 
with the other components of the system to produce, 
certain undesirable side effects. For example, in a heat 
pump which requires a larger charge during the cool 
ing cycle, a change-over from heating to cooling will 
cause refrigerant to surge from the storage tank located 
adjacent the outdoor coil (which acts as a condenser 
during the cooling cycle) and into the system. Rapid 
emptying of the storage tank may cause ?ooding of the 
evaporator coil and, if liquid refrigerant then continues 
on the compressor, the oil of the compressor will be di 
luted and the slug of liquid refrigerant entering the com 
pressor may even damage the valves. 

Ordinarily, heat pump systems require a greater charge 
during the cooling cycle. The storage tank thus removes 
excess charge on the heating cycle to give optimum ca 
pacity to the heatpump; however, such optimum capaci 
ties are usually based on conditions which will exist 
during mild outdoor temperatures. As outdoor tem 
peratures fall below this predetermined level, the out 
door coil, which acts as an evaporatorduring the heating 
cycle, receives less and less heat from the air and, if a suf 
?ciently low outdoor temperature is reached, liquid re 
frigerant will be drawn into the compressor, again re 
ducing the viscosity of the oil to a point which may cause 
compressor breakdown. 

Accordingly, it is an" object of the present invention 
to provide a reversible heat pump in which the charge 
is automatically adjusted to suit the particular cycle of 
operation, without the dangers and disadvantages de 
scribed above. Speci?cally, it is an object to provide a 
heat pump equipped not only with a storage tank for 
withdrawing excess refrigerant from the system during 
certain conditions of operation, but also with addition 
al storage means which coacts with the tank for automati 
cally controlling the charge and for eliminating or reduc 

: ing those operating conditions which might otherwise re 
sult in compressor breakdown. 

Other objects will appear from the speci?cation and 
drawings in which: 
FIGURE 1 is a generally diagrammatic view of a heat 

pump circuit illustrating the direction of refrigerant flow 
when the heat pump is in its cooling cycle of operation. 
FIGURE 2 is a diagrammatic view similar to FIGURE 

1 and showing the heat pump during its cooling cycle, but 
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under conditions where there is a high internal load on 
the system. . 
FIGURE 3 is a diagrammatic view similar to FIGURE 

1 but illustrating the operation of the system when the 
heat pump is in its heating cycle of operation. 
FIGURE 4 is similar to FIGURE 3, showing the heat 

pump during its heating cycle of operation, but under 
conditions where the outside temperature is extremely low. 
As previously indicated, it is a characteristic of re 

versible heat pumps that a refrigerant charge which is 
correct for one direction of operation is wrong for the 

Normally, a larger charge is needed 
.during the cooling cycle and, therefore, excess charge 
must be removed during the heating cycle. The accom 
panying drawings refer to such a system; that is, a sys 
tem in which excess charge must be removed during the 
heating cycle, and must be returned to the system during 
the cooling cycle, in order to maintain optimum operat 
ing conditions. It will be understood as the speci?cation 
proceeds, however, that the teachings of the present in 
vention are also applicable to a heat pump in which the 
larger?vcharge is required during the heating cycle and 
the ‘smaller one during the cooling cycle. 
The heat pump diagrammatically illustrated in FIG 

URE 1 comprises two coil heat exchangers 10 and 11, 
a motor-driven compressor 12, a 4-way reversing valve 
13, and a capillary tube arrangement 14, which operates 
as a long-path restrictor. 
Between reversing valve 13 and compressor 14 is a 

suction line 15 through which refrigerant vapor is con 
A discharge line 16 extends 

from the compressor back to the reversing valve and 
carries refrigerant under pressure to the valve and to the 
particular coil 10 or 11 which has been selected to op 
erate as the condenser. 
The capillary tube arrangement 14 includes capillary 

tubes 17 and 18, the former being operative during the 
heating cycle and the latter being operative during the 
cooling cycle. Lines 19 and 20, each equipped with a 
check valve 21 and 22, direct the flow of refrigerant to 
the capillary tubes. During a cooling cycle, when the 
refrigerant ?ows in the direction indicated by arrows 
23, line 19 is operative to convey refrigerant from the out 
door coil 10, which operates as a condenser, to capillary 
tube 18. The ?ow of refrigerant from line 10 through 
line 20 is blocked by check valve 22. On the other hand, 
when the flow of refrigerant is reversed during the cool 
ing cycle, as indicated by arrows 241- in FIGURE 3, re 
frigerant flows from the indoor coil 11, which then oper 
ates as the condenser, through line 20 and through 
capillary tube 17. Under such conditions, the ?ow of 
refrigerant through line 19 is blocked by check valve 21. 
A conventional drier 249a may be interposed in the 

line leading to the capillary tubes to withdraw any mois 
ture from ‘the refrigerant charge. To avoid chemical 
breakdown of the refrigerant, it is desirable to maintain 
the moisture level below forty parts water per one million 
parts refrigerant. 

All of the parts of the closed system so far described 
are entirely conventional. Since such components, in 
cluding the drier 25, capillary tubes 17 and 18, compres 
sor 12, reversing valve 13, and coils 10 and 11, are well 
known components of heat pumps, a further description 
of their structure is believed unnecessary herein. 

Adjacent coil 11, which operates as a condenser when 
the smaller refrigerant charge is required, is a storage 
tank 25. The refrigerant storage tank is completely 
sealed except for a single line 26 which enters the bottom 
of the tank and which communicates with refrigerant line 
20 between coil 11 and check valve 22. It is important 
that the storage tank 25 be adjacent to, but spaced from, 
coil 11. If the tank is mechanically or physically con 
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nected to the coil, then the tank walls would tend to 
assume the same temperature as the coil itself, resulting in 
improper operation of the system. Heat transfer between 
the storage tank and the adjacent coil 11 must be avoided; 
however, the tank should be positioned close enough to 
the coil so that its walls will react to the temperature 
of the air either entering or leaving the coil 11. 

Interposed along suction line 15 is a vertically-elon~ 
gated accumulator tank 27. Portion 15a of line 15 com 
municates with an opening at the upper end of the ac 
cumulator tank and serves as the inlet line therefor. 
Portion 15b, Which extends to the compressor 12, also 
communicates with a second opening at the upper end 
of accumulator tank 27 and serves as a discharge line 
for that tank. 
The volume of the accumulator tank is critical. Its 

capacity must not exceed the volume of oil which the 
compressor 12 might lose before reaching its lowest op 
erating oil level. In other words, the volume of the 
accumulator tank must be less than the difference between 
the maximum and minimum operating oil capacities of 
the compressor. In practice, it has been found that the 
accumulator tank capacity should be substantially less 
than this difference because, in normal operation of the 
compressor, some oil necessarily circulates through the 
refrigerant system. 
The capacities of the storage tank 25 and accumulator 

tank 27 are closely related. Speci?cally, the combined 
capacities of the storage and accumulator tanks should 
equal the volume of excess charge which must be re 
moved from the refrigerant system during one of its cycles 
of operation. Normally, as previously indicated, excess 
charge must be removed during the heating cycle; there 
fore, the combined capacities of the accumulator and 
storage tanks should equal the excess charge which must 
be removed from circulation through the system in order 
to achieve the optimum charge when the apparatus is op 
erating at the lowest ambient (outside) temperature to 
which the outdoor coil is expected to be subjected. 
Broken line 28 indicates the physical disposition of 

the various components when the heat pump is installed 
for operation. All of the components disposed to the 
left of line 28 are normally positioned outside of an in 
closure and are subjected to outdoor temperatures, where 
as those components to the right of line 28 are normally 
located within an inclosure and are subjected to indoor 
temperatures. 
FIGURES 1 and 2 illustrate the heat pump during a 

cooling cycle when it operates as an air conditioner. 
Coil 11 serves as an evaporator, withdrawing heat from 
the room air space. The vaporized refrigerant is drawn 
through suction 15 into compressor 12 and is then 
pumped under pressure to the outdoor coil 11 which 
serves as a condenser. Storage tank 25 remains empty, 
since the temperature of its walls remain Well above the 
condensation temperature of the refrigerant and any re 
frlgerant ?owing therein through line 26 would quickly 
boil off. Refrigerant ?ows into and out of accumulator 
27 on its way to compressor 12. 
FIGURE 2 illustrates the condition which results dur 

ing a cooling cycle when the gas returning from the 
evaporator to the compressor is superheated. Oil, ?ow 
ing along with the superheated gas, collects in the accumu~ 
lator. Once the system shuts off or catches up with the 
load, the oil in the accumulator tank will boil off with 
liquid refrigerant and return to the compressor. As pre 
viously indicated, the capacity of the accumulator must 
be limited to the volume of oil that can be removed 
from the system without impairing operation of the com 
pressor. 

During a heating cycle (FIGURES 3 and 4) the indoor 
coil 11 operates as a condenser and the outdoor coil 
10 operates as an evaporator. The flow of refrigerant 
through the circuit is reversed and, since the storage 
tank 25 taps into the circuit adjacent the condenser, it 
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collects liquid refrigerant ?owing from the condenser. In 
effect, the storage tank removes from the system that por 
tion of the refrigerant charge which is in excess of the 
optimum charge required for operation of the heat pump 
under moderate outdoor temperature conditions. Gas 
eous refrigerant flows from the evaporator through re~ 
versing valve 13 and suction line 15 into compressor 
12. Since the returning refrigerant is in a gaseous state 
during such moderate outdoor temperature conditions, 
it simply flows into and out of the accumulator tank on 
its way to the compressor. 
As the outdoor temperature drops, coil 10, which acts 

as an evaporator on the heating cycle, receives decreas 
ing amounts of heat from the air. Under extremely low 
outdoor temperature conditions, the amount of heat avail 
able to the outdoor coil is insuf?cient to vaporize all the 
refrigerant and liquid refrigerant therefore ?ows from 
the outdoor coil towards compressor 12. However, under 
such conditions, the accumulator tank 27 operates as an 
auxiliary storage tank to collect liquid refrigerant and 
thereby further reduce the charge of refrigerant in the 
system (FIGURE 4). Liquid refrigerant which might 
otherwise pass into the compressor to dilute the oil to 
the point where im lubricating effectiveness is destroyed 
is thereby avoided. The storage tank 25 and accumulator 
tank 27 thereby coact to withdraw excess charge from 
the system during the lowest outdoor temperatures at 
which the heat pump is expected to operate. The com 
bined capacities of the storage tank and accumulator are 
such that at very low outdoor temperatures, when ?ood 
ing of the evaporator coil occurs, there is not enough 
refrigerant left in the system to dilute the viscosity of 
the oil enough to damage the compressor. 

It will be observed that storage tank 25 is disposed in 
the air stream of the coil 11 with which it communicates. 
It has been found that if the storage tank is instead placed 
in the air stream of the other coil 10 (while retaining 
its flow of communication with coil 11) serious oil Wash 
out may occur and may cause compressor failure, un 
der certain operating conditions. This problem is avoided 
by locating storage tank 25 adjacent the coil with which 
it communicates; that is, the coil which operates as a 
condenser when the smaller refrigerant charge is required. 

If the storage tank were instead located adjacent the 
outdoor coil, while retaining its How of communication 
with the indoor coil, and the system were accidently 
adjusted into a heating cycle during high summer tem 
peratures, then the storage tank would be ?lled and the 
indoor coil would act as a condenser. If the cycle were 
then reversed, either accidently or intentionally, the stor 
age tank, which would be exposed to hot outdoor condi 
tions, would empty rapidly, far more rapidly than if it 
were located as shown adjacent the indoor coil. Liquid 
refrigerant discharged from the rapidly-emptying storage 
tank would ?ow through the outdoor coil and surge into 
the compressor, causing oil washout and, possibly, com 
pressor failure. 

This problem is avoided by locating the storage tank 
adjacent the coil to which it is connected. Should the 
same conditions of operation described above accidently 
or intentionally take place, the storage tank will empty 
more slowly and, even if a slug of liquid refrigerant 
should pass from the evaporator coil towards the com 
pressor, it will be collected in accumulator 27. Rela 
tively slow emptying and ?lling of the storage tank 25, 
which results from the location of that tank adjacent 
coil 11, also has the further advantage of reducing the 
operating noise level of the system as a whole. 

Should the system be such that a larger charge is re- I" 
quired during the heating cycle, it is to be understood 
that the storage tank 25 should again be located adjacent 
to, and in communication with, the coil which operates 
as a condenser when the smaller charge is needed; in 
that case, coil 10. In other respects, the structure and 
operation would be identical to that already described. 
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The combined capacities of storage tank 25 and accumu 
lator tank 27 would be equal to the excess charge which 
must be removed from the system when the indoor tem 
perature is at its lowest practical or expected level. 

While in the foregoing I have disclosed an embodi 
ment of the invention in considerable detail for purposes 
of illustration, it will be understood by those skilled in 
the art that many of these details may be varied without 
departing from the spirit and scope of the invention. 

I claim: 
1. A reversible heat pump circuit comprising a ?rst 

heat exchanger capable of operating selectively as a con 
denser or as an evaporator; 21 second heat exchanger capa 
ble of ‘operating selectively as an evaporator; a second 
heat exchanger capable of operating selectively as an 
evaporator or as a condenser; a ?ow resistor connecting 
said ?rst and second heat exchanger for the reversible 
?ow of refrigerant therethrough, a compressor interposed 
between said exchangers and completing the circuit, re 
versing means in said circuit for selectively reversing 
the direction of ?ow from said compressor to and from 
said heat exchangers, the thermal characteristics of the 
circuit being such that one of the directions requires for 
e?icient operation an effective charge larger than the 
charge for the other of said directions, a quantity of re 
frigerant in the circuit corresponding with the larger 
charge, a refrigerant storage tank equipped with a two 
way ?ow connector which communicates with the circuit 
between said exchangers and adjacent to the exchanger 
which operates as a condenser when the smaller charge is 
needed, and an accumulator tank communicating with 
the circuits at a point along the compressor’s refrigerant 
intake line, the capacity of said accumulator tank being 
no greater than the volume of oil which may be with 
drawn from the compressor without impairing compres 
sor operation, and the combined capacities of said ac 
cumulator and storage tanks being equal to the volume 
of excess charge present when the flow of refrigerant in 
said circuit is in said other direction so that a smaller re 
frigerant charge is needed, and the heat exchanger which 
then operates as an evaporator is subjected to its lowest 
expected ambient temperatures. 

2. The structure of claim 1 in which said storage tank 
is disposed adjacent the heat exchanger which operates 
as a condenser when the smaller refrigerant charge is 
needed. 

3. The structure of claim 1 in which said accumu 
lator tank has inlet and outlet openings communicating 
with said circuit; said accumulator tank being vertically 
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elongated and said openings :being located adjacent to the 
upper end thereof. 

4. A reversible heat pump circuit comprising a ?rst 
heat exchanger capable of operating selectively as a con 
denser or as an evaporator, a second heat exchanger capa 
ble of operating selectively as an evaporator or as a con 
denser; a ?ow restrictor connecting said ?rst and second 
heat exchangers 'for the reversible ?ow of refrigerant 
therethrough; a compressor interposed between said ex 
changers and completing the circuit; reversing means in 
said circuit for selectively reversing the direction of ?ow 
from said compressor to and from said heat exchangers; 
the thermal characteristics of the circuit being such that 
a larger charge is required during a cooling cycle when 
said ?rst exchanger operates as a condenser and said sec 
ond exchanger operates as an evaporator, and a smaller 
charge is required during a heating cycle when said ?rst 
exchanger operates as an evaporator and said second ex 
changer operates as a condenser; a quantity of refriger 
ant in the circuit corresponding with the larger charge; 
a refrigerant storage tank equipped with a two-way ?ow 
connector which communicates with the circuit adjacent 
said second heat exchanger; and an accumulator tank 
communicating with the circuit at a point along the com 
pressor’s refrigerant intake line; the capacity of said ac 
cumulator tank being no greater than the volume of oil 
which may be withdrawn from the compressor Without 
impairing compressor operation; and the combined ca 
pacities of said accumulator and storage tanks being 
equal to the volume of the excess charge present during 
a heating cycle when said ?rst heat exchanger is sub 
jected to its lowest expected ambient temperatures. 

5. The structure of claim 4 in which said storage tank 
is spaced closely to said second heat exchanger. 

6. The structure of claim 4 in which said accumulator 
tank has inlet and outlet openings located adjacent the 
upper end thereof. 
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