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@ Refrigerator system with dual evaporators for household refrigerators.

@ A refrigerator system suitable for use in a house-
hold refrigerator having a freezer compartment and a
fresh food compartment is provided. The refrigerator

system includes a first expansion valve, a first evap-

orator for providing cooling to the freezer compart-
ment, a first compressor, a second compressor, a
condensor, a second expansion valve, and a second
evaporator providing cooling to the fresh food com-
partment. All the above elemerits are connected
together in series in that order, in a refrigerant flow
relationship. A phase separator connects the second
evaporator to the first expansion in a refrigerator flow
relationship and the phase separator provides inter-
cooling between the first and second compressors.
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REFﬁlGERATOR SYSTEM WITH DUAL EVAPORATORS FOR HOUSEHOLD REFRIGERATORS

Background of the Invention

The present invention relates to household re-

frigerators operating with a vapor compression cy- .

cle and more particularly, to refrigerators with a two
stage compressor.

_ Currently produced household refrigerators op-
erate on the simple vapor compression cycle. The
cycle includes a compressor , condensor , expan-
sion valve , evaporator , and a two phase refriger-
ant. In the prior art refrigerator cycle of Figure 1 a
capillary tube acts as an expansion valve. The
capillary tube is placed in close proximity with the
suction line of the compressor to cool the capillary
tube. The subcooling which occurs to the refriger-
ant in the capillary tube increases the cooling ca-
pacity per unit mass flow rate in the system there-
by increasing system efficiency which more than
compensates for the disadvantage of increasing the
temperature of the gas supplied to the compressor.
The evaporator in Fig. 1 operates at approximately
-10"F. Refrigerator-air is blown across the evap-
orator and the air flow is controlled so that part of
the air flow goes to the freezer compartment and
the remainder of the flow goes to the fresh food
compartment. The refrigerator cycle, therefore, pro-
duces its refrigeration effect at a temperature which
is appropriate for the freezer, but lower than it
needs to be for the fresh food compartment. Since
the mechanical energy required to produce cooling
at low temperatures is greater than it is at higher
temperatures, the simple vapor compression cycle
uses more mechanical energy than one which pro-
duces cooling at two temperature levels.

A well known procedure to reduce mechanical
energy use is to operate two independent refrigera-
tion cycles, one to serve the freezer at low tem-
peratures and one to serve the fresh food compart-
ment at an intermediate temperature. Such a sys-
tem, however, is very costly.

Another problem which occurs in cooling for
freezer operation in the simple vapor compression
cycle, is the large temperature difference between
the inlet and ouilet temperatures of the compres-
sor. The gas exiting the compressor is superheat-
ed, which represents a thermodynamic irreversibil-
ity which results in a relatively low thermodynamic
efficiency. Lowering the amount of superheat will
provide for decreased use of mechanical energy
and therefore greater efficiency.

It is an object of the present invention to pro-
vide a refrigerator system for use in household
refrigerators which has improved thermodynamic
efficiency. ‘
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It is a further object of the present invention to
provide a refrigerator system suitable for use in
household refrigerators which reduces the gas tem-
perature at the compressor discharge ports.

Summary of the Invention

In one aspect of the present invention, a refrig-
erator system suitable for use in a household re-
frigerator having a freezer compariment a fresh
food compartment is provided. The refrigerator
system includes a first expansion valve, a first
evaporator for providing cooling to the freezer com-
partment, a first compressor, a second compressor,
a condensor, a second expansion valve, and a
second evaporator providing cooling to the fresh
food compartment. All the above elements are con-
nected together in series in that order, in a refriger-
ant flow relationship. A phase separator connects
the second evaporator to the first expansion valve
in a refrigerator flow relationship and the phase
separator provides intercooling between the first
and second compressors.

Brief Description of the Invention

The subject matter which is regarded as the
invention is particularly pointed out and distinctly
claimed in the concluding portion of the specifica-
tion. The invention, however, both as to organiza-
tion and method of practice, together with further
objects and advantages thereof, may best be un-
derstood by reference to the following description
taken in conjunction withe accompanying figures in
which:

Figure 1 is a schematic representation of a
prior art vapor compression system used in a
household refrigerator;

Figure 2 is a schematic representation of
one embodiment of a dual evaporator two-stage
system in accordance with the present invention;

Figure 3 is a sectional view of the phase
separator of Figure 2;

Figure 4 is a schematic representation of
another embodiment of a dual evaporator two-stage
system in accordance with the present invention;
and

Figure 5 is a sectional view of the phase
separator of Figure 4.



3 EP 0 374 688 A2 4

Detailed Description of the Invention

Referring now to the drawing and particularly
Figure 2 thereof, one embodiment of a dual evap-
orator two-stage system is shown. The system
comprises a first expansion valve 11, a first evap-
orator 13, a first and second compressor 15 and
17, respectively, a condensor 21, a second expan-
sion valve 23, and a second evaporator 25, con-
nected together in that order, in series, in a refrig-
erant flow relationship by conduit 26. A phase
separator 27, shown in cross section in Figure 3,
comprises a closed receptacle 31 having at the
upper portion an iniet 33 for admitting liquid and
gaseous phase refrigerant and having two outlets
35 and 37. A screen 44 is located in the upper
portion of the receptacle to remove any solid ma-
terial carried along with the refrigerant when enter-
ing the inlet 33. The first outlet 35 is located at the
bottom of the receptacle 31 and provides liquid
refrigerant 39. The second outlet 37 is provided by
a conduit which extends from the interior of the
upper portion of the receptacie to the exterior. The
conduit is in flow communication with the upper
portion and is arranged so that liquid refrigerant
entering the upper portion of the receptacle
through inlet 33 cannot enter the open end of the
conduit. Two phase refrigerant from the outlet of
the second evaporator 25 is connected to the inlet
33 of the phase separator 27. The phase separator
provides liquid refrigerant to the first expansion
valve 11. The phase separator also provides satu-
rated refrigerant vapor which combines with vapor
output by the first compressor 15 and together are
connected to the inlet of the second compressor
17.

In operation, the first evaporator 13 contains
refrigerant at a temperature of approximately -10°F
for cooling the freezer compartment. The second
evaporator 25 contains the refrigerant at a tempera-
ture of approximately 25°F for cooling the fresh
food compartment.

The first expansion valve 11 is adjusted to
obtain just barely dry gas flow, which can be ac-
complished, for example, by observing a sight
glass located in the conduit 26 between the first
evaporator 13 and the first compressor 15. The gas
enters the first compressor 15 stage and is com-
pressed. The gas discharged from the first com-
pressor is mixed with gas at the saturation tem-
perature from the phase separator 27 and the two
gases are further compressed by the second com-
pressor 17. The high temperature, high pressure
discharge gas from the second compressor is con-
densed in condensor 21 with the expansion valve
23 adjusted to obtain some subcooling of the liquid
exiting the condensor. This can be accomplished
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by observing a sight glass situated between the
condensor 21 and the second expansion valve 23.
The liquid refrigerant condensed in the condensor
21 passes through the second expansion valve
where it expands from the high pressure of the
condensor 21 to a lower intermediate pressure in
the second evaporator 25. The expansion of the
fiquid causes part of the liquid to evaporate and
cool the remainder to the second evaporator -tem-
perature. The liquid and gas phase refrigerant en-
ters the phase separator 27. Liquid refrigerant ac-
cumulates in the lower portion of the receptacle
and gas accumulates in the upper portion. The
phase separator supplies the gas portion to be
combined with the gas exiting the first stage com-
pressor 15. The gas from the phase separator is at
approximately 25°F and cools the gas exiting from
the first stage compressor, thereby lowering the
gas temperature entering the second compressor
17 from what it would have otherwise have been
without the intercooling. The liquid of the two phase
mixture from the second evaporator 25 flows from
the phase separator 27 through the first expansion
valve 11 causing the refrigerant to a still lower
pressure. The remaining liquid evaporates in the
first evaporator 13 cooling the evaporator to ap-
proximately -10°F. A sufficient refrigerant charge is
supplied to the system so that the desired liquid
level can be maintained in the phase separator.

The pressure ratio of the two compressors is
determined by the refrigerant used and the tem-
peratures at which the evaporators are to operate.
The pressure at the input to the first compressor
15 is determined by the pressure at which the
refrigerant exists in two phase equilibrium at -10°F.
The pressure at the output of the first compressor
is determined by the saturation pressure of the
refrigerant at 25°F. The temperature of the con-
densor 21 has to be greater than that of the am-
bient temperature in order to function as a heat
exchanger under a wide range of operating con-
ditions. If the condensor is to operate at 105" F, for
example, then the pressure of the refrigerant at
saturation can be determined. The volume dis-
placement capability of the compressors are deter-
mined by the amount of cooling capacity the: sys-
tem requires at each of the two temperature levels,
which determines the mass flow rate of the refriger-
ant through the compressors.

The dual evaporator two-stage cycle requires
less mechanical energy compared to a single
gvaporator single compressor cycle with the same
cooling capacity. The efficiency advantages come
about due to the fact that the gas leaving the
higher temperature evaporator is compressed from
an intermediate pressure, rather than from the low-
er pressure of the gas leaving the lower tempera-
ture evaporator. Also contributing to improved effi-
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ciency is the cooling of the gas exiting the first
compressor by the addition of gas cooled to satu-
ration temperature from the phase separator. The
“cooling of the gas entering the second compressor
reduces the mechanical energy requirement of the
second compressor. '

Another embodiment of the present invention is
shown in Figure 4. The system comprises a first
expansion valve 51, a first evaporator 563, and a
first compressor 55, all of which are connected in
series in that order in a refrigerant flow relationship
by conduit 57. A second compressor 61, a conden-
sor 63, a second expansion valve 65, and a second
evaporator 67, are connected in series in that or-
der, in a refrigerant flow relationship by conduit 69.
A phase separator 71, shown in cross section in
Figure 5, comprises a closed receptacle 73 having
at the upper portion a first inlet 75 for admitting
-liquid- and gaseous phase refrigerant, a second
inlest 77- for introducing gas refrigerant below a
liquid level 81 in the lower portion of the receptacle
and two outlets 83 and 85. A screen 87 is located
in ‘the upper portion of the receptacle to remove
any solid material carried along with the refrigerant
when eéntering the first inlet. The first outlet 83 is
located at the bottom of the receptacle and pro-
vides liquid refrigerant. The second outlet 85 -is
provided by a conduit located in the upper portion
of the.receptacle and is arranged so that liquid
refrigerant entering the first inlet cannot enter the
open end of the conduit 85. Two phase refrigerant
from the outlet of the second evaporator 67 enters
the first inlet 75 of the phase separator. The phase
separator provides liquid refrigerant to the first ex-
pansiori valve 52 from outlet 83 of the phase sepa-
rator. The discharge gas refrigerant from the first
compressor 55 is infroduced into the receptacle 75
through the second inlet 77 where it mixes with the
liquid refrigerant. The second outlet 85 delivers.gas
at the saturation temperature of the liquid to the
- second compressor 61.

".In" operation, the first evaporator 53 contains
refrigerant at a temperature of approximately -10°F
- for cooling the freezer compartment. The second

evaporator 67 contains refrigerant at a temperature
of approximately 25° F for cooling the fresh food
compartment. The first expansion valve 51 is ad-
justed to obtain just barely dry gas flow such as by
observing a sight glass installed in the conduit 57
between the evaporator 53 and the compressor 55.
The gas enters the first compressor stage 55 and
is-compressed. The gas discharged from the first
compressor is mixed with and is in direct contact
with liquid refrigerant in the phase separator 71,
reducing the gas temperature to the saturation tem-
perature. Some of the liquid refrigerant is evap-
orated by the gas entering the second inlet. The
" liquid refrigerant that evaporates cools the incom-
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ing gas from the first compressor 55 to the satura-
tion gas temperature. Saturated gas from the upper
portion of the phase separator flows into the inlet of
the second compressor 61. The high temperature,
high pressure gas discharged by the second com-
pressor 61 is condensed in a condensor 63 with
the throttling adjusted by the second expansion
valve 65 to obtain some subcooling. This can be
accomplished, for example, by observing the sight
glass situated between the condensor 63 and the
second evaporator. The liquid refrigerant con-
densed in condensor passes through the second
expansion valve 65 where it expands from the high
pressure in the condensor to a lower intermediate
pressure in the second evaporator 67. The expan-
sion of the liquid causes part of the liquid to
evaporate and cools the remainder to the second
evaporator temperature. The liquid and gas phase
refrigerant enters the phase separator 71. The lig-
uid accumulates in the lower portion of the recepta-
cle and the gas in the upper portion. Liquid refrig-
erant from the phase separator flows through the
first expansion valve 51 causing the refrigerant to
éxpand to a still lower pressure. The remaining
liquid evaporates in the evaporaior cooling the
evaporator to approximately -10°F. A sufficient re-
frigerant charge is supplied so that the desired
liquid level can be maintained in the phase separa-
tor 71.

The dual evaporator two stage cycle requires
29% less mechanical energy compared to a single
evaporator single compressor cycle with the same
cooling capacity. The efficiency advantages come
about due to the fact that the gas leaving the
higher temperature evaporator 67 (second evapora-
tor) is compressed from an intermediate pressure
rather than from the lower pressure of the gas
leaving the lower temperature evaporator 53. Also
contributing to the improved efficiency is the cool-
ing of the gas leaving the first compressor 55 to
the saturation temperature, before compression to
the system's high pressure in the second compres-
sor 61. The cycle shown in Figure 2 is calculated
to be more efficient than the cycle in Figure 4 by
approximately 2%. While the arrangement of Fig-
ure 2 results in a higher gas inlet temperature to
the second compressor 61 and thereby requires
greater compression work, the cycle of Figure 2
makes available more liquid at intermediate pres-
sure for expansion to the iow temperature evapora-
tor 53 (first evaporator) thereby increasing the cy-
cle's efficiency. Figure 2 has a higher iniet tem-
perature to the second compressor since not all the
gas supplied to the second compressor is cooled
to the saturation temperature as is done in the
cycle of Figure 4.

When refrigerant R-12 is used the relative
compressor sizes (displacements) in the 2 stage
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dual evaporator cycles of both Figures 2 and 4 of
the first and second compressors are 0.27 and 0.45
compared to a compressor size of 1 for the simple
vapor compression cycle, for the same overall re-
frigeration capacity.

In the embodiments of Figures 2 and 4 the
compressors can be of the reciprocating type with
hermetically sealed motors or of the rotary type
with hermetically sealed motors or of any positive
displacement type with hermetically sealed motors.
The first compressor when refrigerant R-12 is used
can be very small and operates against a pressure
ratio of only 2, which could allow the use of, for
example, an inexpensive diaphragm compressor.
iImproved efficiency can be achieved by operating
both compressors from a single motor. Since a
larger motor can be more efficient than two smaller
motors providing the same total power.

Performance calculations for the cycles of Fig-
ure 1, Figure 2, and Figure 4 follow. All cycles are
assumed to use R12 refrigerant and the total cool-
ing capacity of each of the cycles was assumed to
be 1000 Btu/hr. In addition, all cycles are assumed
to use rotary compressors with hermetically sealed
motors cooled by refrigerant at the discharge pres-
sure of the compressor. For the cycle of Figure 1
the evaporator exit saturation temperature was as-
sumed to be -10° F, and have a pressure drop of 1
psi and an exit superheat of 0°. The compressor
adiabatic efficiency was assumed to be 0.61, motor
efficiency 0.8 and additional heating of suction gas
due to heat transfer from the compressor shell
43°F. The capillary tube heat transfer to the suc-
tion line of the compressor results in suction gas of
heating of 98" F. The condensor entrance satura-
tion temperature is assumed to be 130°F, the
pressure drop 10 psi, and exit subcooling 5F.

Based on these parameters, the motor dis-
charge temperature is calculated to be 429°F, re-
frigerant flow rate 18.6 1bm/hr, compressor power
270 Watts and the coefficient of performance 1.09.

For the cycles of Figures 2 and 4 the first
evaporator was assumed to have an exit saturation
temperature of -10°F, with a pressure drop of 1 psi
and an exit superheat of 0° F. The second evapora-
tor is assumed to have an exit temperature of 25°F
and 0 psi pressure drop. The first and second
compressor have an adiabatic efficiency of 0.7 and
a motor efficiency of 0.8. The first compressor
produces an additional superheating of suction gas
due to heat transfer from the compressor shell of
5°F. The second compressor has an additional
superheating of suction gas of 10° F. The conden-
sor has an enirance saturation temperature of
130°F, a pressure drop of 10 psi and an exit
subcooling of §° F. The cooling capacity of 1000
Btu/hr is divided equally between two evaporators.

The computed resuits from the above param-
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eters for the cycle in Figure 2 are a second com-
pressor discharge gas temperature of 208" F and a
first stage compressor discharge gas temperature
of 66° F. The compressor flow rates of the first and
second compressors are 8.0 Ibm/hr and 24.7
lom/hr, respectively. The first and second compres-
sor power consumptions are 22.2 and 164 watts,
respectively. The coefficient of performance is
1.58.

The computed results for the cycle of Figure 4
using the above parameters are a first and second
compressor discharge gas temperature of 66 and

" 208°F, respectively. A first and second compres-

sor fiow rate of 23.6 and 8.0 Ibm/hr, respectively. A
first and second compressor power consumption of
222 and 156.2 watts. The coefficient of perfor-
mance was calculated to be 1.64.

The system of Figure 4 can be modified by
changing the operation of the phase separator of
Figure 5. If the second inlet 77 is connected to the
conduit of the second outlet 85, then the gas from
the outlet of the first compressor would not be in
direct contact with the liquid refrigerant but would
still be cooled, although not to the saturation tem-
perature. The phase separator would provide inter-
cooling between the two compressors, operating as
heat exchanger, but not as much cooling as when
the gas is in direct contact with the liquid refriger-
ant.

The foregoing has described a refrigerator sys-
tem with dual evaporators suitable for use with
household refrigerators that has improved thermo-
dynamic efficiency.

While the invention has been particularly
shown and described with reference to several
preferred embodiments thereof, it will be under-
stood by those skilled in the art that various
changes in form and detail may be made without
departing from the spirit and scope of the inven-
fion. :

Claims

1. A refrigerator system for use in a refrigerator
having a freezer compartment and a fresh food
compartment comprising: :

a first expansion valve;

a first evaporator for providing cooling to the freez-
er compartment;

a first and second compressor;

a condensor;

a second expansion valve;

a second evaporator for providing cooling to the
fresh food compartment, all the above elements
connected -together in series, in that order, in a
refrigerant flow relationship; and

a phase separator connecting said second evapora-
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tor to said first expansion valve in a refrigerant flow
relationship, said phase separator providing inter-
‘cooling between said first and second compres-
sors. ' ,

2. The refrigerator system of claim 1 wherein
said phase separator comprises means adapted for
receiving liquid and gas phase refrigerant from said

.second evaporator and means for providing liquid

refrigerant to said first expansion valve.

3. The refrigerator system of claim 2 wherein
said phase separator comprises means for provid-
ing saturated gas to the second compressor so that
said second compressor receives gas phase refrig-
erant from said first compressor and from said
phase separator.

4. The refrigerator system of claim 2 wherein
said phase separator comprises means for receiv-
ing gas refrigerant from said first compressor and
providing gas at the saturated gas temperature to
said second compressor.

5. The refrigerator system of claim 3 wherein
said phase separator comprises a receptacle for
accumulating liquid refrigerant in the lower portion
and gas_refrigerant in the upper portion said recep-
tacle -comprising means for supplying saturated
gas to said second compressor.

6. The refrigerator system of claim 4 wherein
said- phase separator comprises a receptacle for
accumulating liquid refrigerant in the lower portion
and gas refrigerant in the upper portion, said re-
ceptacle comprising means for introducing gas
from "said first compressor into the receptacle be-
low the liquid level refrigerant and means situated
above-the liquid level for supplying saturated gas
to said second compressor.

7. A refrigerator system for use in a refrigerator
having a freezer compartment and a fresh food
compartment comprising:

a first expansion valve;

first evaporator for providing cooling to the freezer
compartment;

a first and second compressor;

a condensor;

a second expansion valve;

a-second evaporator for providing cooling to the
fresh food compartment, all the above elements
connected together in series, in that order, in a
refrigerant low relationship; and

a phase separator means for receiving liquid and
gas phase refrigerant from said second evaporator
and supplying liquid refrigerant to said first expan-
sion valve and saturated refrigerant gas to said
second compressor, so that gas from said first
compressor .and from said phase separator are
supplied to said second compressor.

8. A refrigerator system for use in a refrigerator
having a freezer compartment and a freak food
compartment comprising:
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a first expansion valve;

a first evaporator for providing cooling to the freez-
er compartment;

a first compressor,. said first expansion valve, said
first evaporator and said first compressor connect-
ed together in series, in that order, in a refrigerant
flow relationship;

a second compressor;

a condensor;

a second expansion valve;

a second evaporator for providing cooing to the
fresh food compartment, said second compressor,
said condensor, said second expansion valve, said
second evaporator connected together in series, in
that order, in a refrigerant flow relationship; and

a phase separator means for receiving liquid and
gas phase refrigerant from said second evaporator
and supplying liquid refrigerant to said first expan-
sion valve and for receiving superheated gas refrig-
erant from said first compressor and providing gas
at the saturated gas temperature to said second
coOmpressor.
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