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(54) Two stage compression refrigeration system

(57) A refrigeration system comprising a first stage booster compressor 12 feeding muitiple parallel
connected second stage compressors 14, 16, an economizer 22 between a condenser 18 and an
evaporator 24, economizer vapor being returned to an inter-stage pressure point between the first
stage and second stage compressors, operates in a very flexible and highly efficient manner by driving
the booster, first stage compressor 12 at variable speed and the second stage compressors 14, 16 at
constant speed, at maximum capacity, with those machines incapable of being unloaded. The control
system utilizing a sensor 64 for sensing evaporator pressure, evaporator temperature of suction

pressure and a sensor 73 for sensing inter-stage pressure, varies the speed of the drive motor for the

first stage booster compressor 12 to initially slow down the booster and secondly connect or
disconnect the second stage compressor 14, 16 from the system. The booster is always operating and
the economizer is always active in the system. Since the high stage machines do not unload, they
always operate at their peak efficiency.
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SPECIFICATION

Highly efficient flexible two-stage refrigera-
tion system

Field of the Invention

This invention relates to refrigeration and air
conditioning systems employing multi-stage
compressors, and more particularly, to a sys-
tem utilizing an economizer for subcooling the
condensed refrigerant prior to vaporization in
the evaporator, and to an arrangement render-
ing high flexibility to multiple compressor op-
erations while maximizing the efficiency of the
refrigeration system bearing the first and sec-
ond stage compressors.

Background of the Invention

Supermarkets today typically use three sin-
gle stage compressors in parallel which turn
on and off on suction pressure. Such systems
typically have no economizer and thus the
efficiency is low because the compression
ratios are high and there is much cycling of
the compressors and the suction pressure con-
trol band is still quite wide. These factors
contribute to inefficiency and lack of reliabil-
ity.
it is, therefore, a primary object of the
present invention to provide an improved
multi-compressor refrigeration system in
which the basic system still employs only
three compressors, one booster and two high
stage compressors, wherein the system em-
ploys an economizer which is constantly active
within the system and which requires only
two basic transducers for total system control.

Summary of the Invention

The present invention is directed to a refri-
geration circuit which comprises at least one
first stage compressor, two second stage com-
pressors, a condenser, an economizer, an eva-
porator, and conduit means bearing a com-
pressible refrigerant working fluid in connec-
tingm the first stage compressor, the second
stage compressors as a group, the condenser,
the economizer, the evaporator, in series, in
that order, in a closed loop and with the
second stage compressors in parallel with
each other. The conduit means further com-
prises means for bleeding a portion of the
condensed refrigerant from the closed loop
downstream of the condenser and expanding
it within the economizer for subcooling the
liquid refrigerant within the closed loop being
fed to the evaporator and for returning ex-
panding refrigerant as relatively high pressure
refrigerant vapor to an intermediate pressure
point within the closed loop between the
outlet of the first stage compressor and the
inlet to the second stage compressors. Means
are provided for expanding the supercooled
high pressure liquid refrigerant downstream of
the economizer at the evaporator. Motors are
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provided for driving the compressors, and the
system includes means for controlling oper-
ation of the first and second stage compres-
sors including means for selectively driving
the second stage compressor motors for selec-
tively energizing the second stage compressor
motors and for controlling refrigerant flow
selectively to the second stage compressors.
The improvement comprises driving the first
stage booster compressor at a variable speed
to effect a large variation in flow rate of the
refrigerant passing therethrough, and wherein
the second stage compressors comprise com-
pressors fixedly operating at maximum load
and thus operating at their peak efficiency,
such that the inter-stage pressure is main-
tained reasonable and wherein the control
means comprises a first transducer for sensing
any one of evaporating pressure, evaporating
temperature or suction pressure, and second
transducer means for sensing inter-stage pres-
sure of the refrigerant circulating in the closed
loop for controlling the speed of the first stage
booster compressor such that initially control
is achieved by slowing down the booster and
second when the inter-stage pressure reaches
a predetermined minimum, one of the second
stage compressors is shut down; whereby, the
inter-stage pressure automatically rises and
increases the load on the remaining high
stage compressor.

Any or all of the compressors may be
reciprocating compressor helical screw rotary
compressors, sliding vane rotary compressors,
or scroll compressors. The motor for driving
the first stage booster compressor may consti-
tute an induction motor using a variable speed
inverter drive, with the frequency varying be-
tween 20 to 100 Hertz.

Brief Description of the Drawings

Figure 1 is a schematic diagram of a closed
loop refrigeration circuit forming a preferred
embodiment of the present invention.

Figure 2 is a plot of inter-stage pressure for
the system of Fig. 1 against the system load/
capacity illustrating the simplified control and
flexibility of that refrigeration system.

Description of the Preferred Embodiment
Referring to Fig. 1, there is shown a closed
loop refrigeration system forming a preferred
embodiment of the present invention as at
10. The closed loop system includes a first
stage, booster compressor 12, a pair of sec-
ond or high stage compressors as at 14, 16,
and air cooled condenser 18, a receiver 20,
an economizer 22, and an evaporator or eva-
porators 24 which are basic components of
the closed loop refrigeration system 10. Con-
duit means function to connect the elements
in series with the two high stage compressors
14, 16 in parallel as a group within the
closed loop series circuit. As such, conduit 26
bearing a suitable refrigerant working fluid
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such as R-502 branches at point 27, into
parallel conduits 28 and 30 to provide the
output of the booster, first stage compressor
12 at intermediate pressure to the suction
side or inlets for the second stage compres-
sors 14, 16. The outputs of the second stage
compressors 14, 16 join via conduits 32 and
34 at junction 33 which high pressure com-
pressed refrigerant vapor is fed to the inlet of
the air cooled condenser 19 via conduit 36.
The outlet of the air cooled condenser permits
the condensed refrigerant to fiow to receiver
20 via conduit 38. As indicated, the refrige-
rant R in liquid form within receiver 20 flows
via conduit or line 40 to the economizer 22.
At point 41, a bypass or bleed line 42 permits
a portion of the liquid refrigerant R to be biled
from the primary closed loop circuit and to
expand via an expansion valve 44 within
economizer 22 functioning to subcool the
major portion of the liquid refrigerant which
passes directly to the evaporator or evapora-
tors 24 via line 46. This subcooled liquid
refrigerant expands via expansion valve 48
into and within the evaporator or evaporators
24 to perform a useful function within the
refrigeration system. The refrigerant vapor re-
turning from the evaporator or evaporators 24
flows via line 50 to the suction or low side of
the booster, first stage compressor 12, com-
pleting the closed loop circulation.

Meanwhile, the bled refrigerant via line 42
which vaporizes within the economizer to per-
form the subcooling effect, passes via line 52
to an intermediate pressure point as at 54
within the system opening to conduit 26
connecting the outlet of the first stage com-
pressor to the inlet of either or both second
stage compressors 14, 16. It should be noted
that while only two second or high stage
compressors 14, 16 are shown, there may be
three or more high stage compressors, all
connected in parallel and suitably controlled.
The system illustrated is purposely limited to
two high stage compressors 14, 16.

The refrigeration system as illustrated allows
highly efficient refrigeration to take place util-
izing one or more evaporators 24 under all
load conditions due to its constant use of an
economizer cycle, i.e. the booster first stage
compressor 12 is always operating but the
economizer 22 is always active. Purposely,
two high stage compressors 14, 16 are used
in order that the inter-stage pressure variation
does not become unmanageable. Also, the
high stage machines, which may be recipro-
cating compressors without load capacity, do
not unload and thus always operate at their
peak efficiency. The booster first stage com-
pressor 12 may be a variable speed recipro-
cating compressor, although it could be a
variable speed screw compressor, variable
speed sliding vane rotary compressor, etc. It
is also possible to use a variable speed turbo
compressor, i.e. cen:_trlfqgaégi c%an'&reisor
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The goal of the system is the highest pos-
sible efficiency, and the system basically em-
ploys a booster compressor 12 operating at
variable speed combined with two or more
high stage machines of fixed capacity in order
that the inter-stage pressure is maintained
reasonable.

In the illustrated system, a motor M, as at
56 is connected as indicated by dotted litie
58 to the booster first stage compressor 12 in
order to drive the same at variable speed and
provide preferably a five to one flow range or
better for the refrigerant R passing through
the compressor. In turn, the second stage
compressor 16 is directly driven by a second
motor M, as at 72, while motor M, as at 74
directly drives the other second stage com-
pressor 14.

The control system is inherently simple and
stable. The system as illustrated employs a
control panel as at 62 connected to a source
S via leads 76. Power is thus supplied via the
control panel 62 to motor 56 via electrical
supply line 60. The system utilizes two trans-
ducers. The first transducer 64 is a pressure
transducer as illustrated and senses the suc-
tion pressure to the first stage booster com-
pressor 12 and is shown as being in line 50
supplying refrigerant from the evaporator or
evaporators 24 to compressor 12 at the inlet
or suction side of the booster compressor 12.
Alternatively, the transducer 64 could be a
transducer sensing the evaporating pressure
or evaporating temperature for the evaporator
or evaporators 24. The signal for transducer
64 is sent to the control panel 62 via line 66.
The second transducer 73 senses the inter-
stage pressure, and in this case is connected
within line 26 which feeds the discharge from
the first stage compressor to the inlet side of
the second stage compressors 14, 16. Pres-
sure transducer 72 supplies a signal via line
74 to the control panel 62. In addition to line
60, which emanates from the control panel
62 and whose function is to vary the speed of
the drive motor 56 directly driving the booster
compressor 12, a number of other lines ema-
nate from the control panel 62 and extend to
various components of the system. In that
respect, a control line 70 connects the control
panel 62 to a solenoid operated valve 68
which is positioned within line 28 leading to
the inlet of the second stage compressor 14
and functions to selectively cut out the second
stage compressor 14 from the system under
certain conditions which will be explained
hereinafter. Control ine 76 emanates from the
control panel 62 and supplies current to the
motor 72 which directly drives the second
stage compressor 16. A supply line 78 ex-
tends from the control panel 62 to motor 74
functioning to directly drive the second stage
compressor 14.

Under operation, as the refrigerant require-
ment falls for the evaporator or evaporators
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24, the suction pressure at the inlet of the
booster compressor 12 will drop, and trans-
ducer 64 supplies a control signal via line 66
to the control panel, evidencing the drop in
suction pressure. In turn, the control panel 62
varies the current flowing to the drive motor
56 so as to slow down the booster compres-
sor and thereby decrease the flow of refrige-
rant through the first stage compressor 12.
The motor 56 may comprise an induction
motor using a variable speed inverter drive in
which case the control panel 62 will function
to vary the frequency of the current flow
supplied to the motor 56 via line 60. For a
five to one flow range for the booster com-
pressor 12, the variance in frequency of the
control signal to motor 56 may be from 20 to
100 Hertz.

When the inter-stage pressure reaches a
predetermined minimum, one of the two sec-
ond stage compressors will be shut down, and
the inter-stage pressure will automatically rise
and increase the load on the remaining high
speed stage compressor or compressors. In
the illustrated system, the second transducer
73 sensing inter-stage pressure will supply a
signal indicative of the further pressure reduc-
tion in inter-stage via line 74 to the control
panel 62. The control panel 62 will then shut
down the compressor as at 14 by terminating
energization of that drive motor 74 via line
78. Simultaneously, if needed, the solenoid
operated control valve 68 will change state to
shut off refrigerant flow through line 28 lead-
ing to the second stage compressor 14 via
line 70.

The system operation is graphically illus-
trated in Fig. 2 which is a plot inter-stage
pressure against system load/capacity. The
two parallel solid plot lines P and P’ are inter-
stage pressure plots depending upon the oper-
ation of one or two high stage machines. Plot
P is for a single second stage compressor
while plot P’ covers higher system load/capa-
city operations from 40 to 100 percent. As-
suming, for instance, that the system is oper-
ating at conditions of low load with a single
second stage compressor in operation, i.e.
second stage compressor 16 and keeping in
mind that the booster first stage compressor is
always operating and thus the economizer 22
is always active, when system operation is
such that the inter-stage pressure reaches a
high point along plot line P, i.e. for instance
at a selected 60 psig point indicated at B on
plot line P, the second high stage compressor
14 is cut in, the inter-stage pressure drops to
a pressure of about 26 psig at point B’ on the
second plot line P’ for two high stage com-
pressor operations. As may be appreciated,
since the foad is rising, the inter-stage pres-
sure at which high stage compressor 14 is
restarted, is set higher than the rebalanced
inter-stage when the second compressor shuts
off, the shut off point on plot line P’ being at
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A which is a pressure of about 20 psig as
illustrated for the system.

It should be kept in mind that the plot
shown is for an efficient and reliable super-
market refrigeration system involving one or
more evaporators 24 and forms the basis for
the generic control philosophy or logic dia-
gram wherein the refrigerant may be R-502
and the system having — 20°F evaporating
temprature. Under the system shown, there is
an avoidance of excess cycling of the high
stage compressors 14, 16 which will not
seriously affect the system efficiency as the
economizer is still always active. When the
inter-stage pressure dropping along plot line P
to 20 psig and reacing point A, the system
drops out the compressor 14 maintaining the
second stage compressor 16, and the inter-
stage pressure immediately rises (for the same
load) to approximately 46 psig. The single
high stage compressor 16 maintains system
operation as the basic load continues to fall
and the booster compressor 12 is slowed
down further by suitable control from the
control panel 62 to the booster drive motor
56 via line 60. As stated previously, if the
load increases after system transfer to the
single high stage compressor 16, the speed of
motor 56 increases appropriately providing an
increase in the flow rate of the refrigerant
through the first stage compressor 12 until, of
course, the inter-stage pressure reaches a
level of 60 psig (point B, plot line P) wherein
the second stage compressor 14 cuts in and .
compresses refrigerant in parallel with the
refrigerant passing through the other second
stage compressor 16.

Under the illustrated system, with falling
system load, suction pressure transducer 64
causes booster compressor 12 speed to fall.
When inter-stage pressure point A (plot line
P’) reaches, one second stage compressor
turns off and the inter-stage psig rebalances
(point A’, plot line P). Rising load causes the
booster compressor 12 to speed up and the
second or next high stage compressor turns
on at B (plot line P).

As may be appreciated, two basic trans-
ducers are the only input required for ade-
quate control. One is required for measuring
the suction pressure or its equivalent and one
is required for measuring the inter-stage pres-
sure of the closed loop refrigerant working
fluid. The generic control logic is quite simple
and straightforward, and a solid state control
panel may be readily implemented to effect
system control under the parameters disclosed
herein. The refrigeration system is believed to
be ideal for both commercial refrigeration as
well as typical heat pumps for heating and
cooling commercial and other buildings. The
illustrated system utilizes only three compres-
sors, one booster and two high stage com-
pressors. The system includes adequate re-
dundancy in that the high stage compressors
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alone can handle about 50 percent of the
maximum system load without the booster,
and the booster and one high stage compres-
sors can also handle about 50 percent of the
maximum system {oad as appreciated from
the plots of Fig. 2. The booster horsepower is
so low that it may be reasonable to equip it
with inverter or brushiess DC drive for the
variable speed necessary for the system.

CLAIMS

1. A refrigeration circuit comprising:

variable capacity first stage compressor
means;

second stage compressor means;

a condenser;

an evaporator;

conduit means bearing a compressible refri-
gerant interconnecting said first stage com-
pressor means, said second stage compressor
means, said condenser, and said evaporator,
in series in a closed loop, in that order;

motors for driving said compressor means;

an economizer operatively disposed be-
tween said condenser and evaporator for ex-
panding a portion of the condensed refrige-
rant from said closed loop downstream of said
condenser-for subcooling refrigerant flowing
to said evaporator.

means for feeding said expanded portion of
refrigerant to an inter-stage point between the
outlet of said first stage compressor means
and the inlet of said second stage compressor
means; and

control means for controlling the operation
of said second stage compressor means in
response to a condition at said inter-stage
point.

2. A refrigeration circuit as claimed in
claim 1, wherein said control means com-
prises a first sensor for sensing a condition on
the suction side of the first stage and a
second sensor for sensing a condition on the
suction side of the second stage.

3. A refrigeration circuit as set forth in
ciaim 2, wherein said second sensor senses
inter-stage refrigerant pressure.

4. A refrigeration circuit as claimed in
claim 2, wherein said control means is oper-
able to initially vary the capacity of said first
stage compressor means and secondly for
varying the capacity of said second stage
compressor means so that inter-stage pressure
is maintained within a desired range.

5. A refrigeration circuit as claimed in
claim 4, wherein the capacity of said first
stage compressor means is controlled in re-
sponse to a condition on the suction side of
the first stage and the capacity of said second
stage compressor means is controlled in ré-
sponse to a condition on the suction side of
said second stage.

6. A refrigeration circuit as claimed in any
one of the preceding claims, wherein said
second stage compressor means comprises at
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least two fixed capacity compressors.

7. The refrigeration system as claimed in
claim 6. wherein said control means includes
means for selectively closing off inter-stage
refrigerant flow from said first stage compres-
sor means to at least one of said second stage
fixed capacity compressors.

8. The refrigeration system as claimed in
claim 6, wherein said control means com-
prises means for terminating energization of
the drive motor for at least one of said second
stage fixed capacity compressors.

9. The refrigeration system as claimed in
claim 6, wherein said fixed capacity compres-
sors are connected in parallel with each other.

10. The refrigeration system as set forth
in any one of the preceding claims wherein
said first stage compressor motor is a variable
speed motor.

11. A refrigeration circuit constructed and
arranged to operate substantially as hereinbe-
fore described with reference to and as illus-
trated in the accompanying drawings.
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