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The capacity of a two-stage compressor is a function of the

volumetric efficiency, Vs the change in enthalpy,élli, and the

displacement efficiency, Dg- In two-stage reciprocating

compressor systems the cylinders are divided between the two

stages with the first stage having, typically, twice as many

cylinders as the second stage. Unloading of this arrangement is

normally achieved by hot gas bypass or suction cutoff of one or
more cylinders of the first stage. In fact, the entire first
stage can be unlcaded so that the second stage is doing all of
the pumping and is being supplied at the compressor suction
pressure. Since the entire first stage discharge may be bypassed
to suction, this arrangement also serves to negate the capacity
increase associated with the use of an economizer.

Means are employed in a two-stage compression system so as to

both control the temperature of the second stage discharge and to

unload the compressor. Unloading the compressor is through the

use of a bypass which directs the first stage discharge of the
compressor back to suction. When the bypass is fully open, the
second stage inlet operates at system suction pressure and second
stage displacement alone must now handle the vapor generated by
both the system evaporator and the economizer. This effectively
reduces the vapor generated by the system evaporator to a

fraction of its full load amount thus accompllshlng very
effective unloading.

.cm

It .is"an object bf this invention to provide a method and

;eapparatUs whléh*prov1des a simple, efficient and reliable
ﬂgunloadlnq of a two -stage compressor.
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volumetric efficiency, V[err], the change in enthal py, [err]H and the

di spl acenent efficiency, Derr]. In two-stage reciprocating conpressor
systens the cylinders are divided between the two stages with the first
stage having, typically, twice as many cylinders as the second stage.

Unl oading of this arrangenent is normally achi eved by hot gas bypass or
suction cutoff of one or nore cylinders of the first stage. |In fact, the
entire first stage can be unl oaded so that the second stage is doing all of
the punping and is being supplied at tfie conpressor suction pressure. Since

the entjge;fi ﬁétﬁé@g&fﬂfé@*@{ 4%, P B8 RRYBASEEd pBviHE! bANectbBizer

arrangenent also serves®to negate the capacity ihcrease assocliated wth the
use of APeER’BHONI #Bra two-stage compressor. These objects, and others

as will become apparent hereinafter, are accomplished by the
present invention.

w

Basically, the economizer is connected to the fluid line
connecting the first and second stages of the compressor at a
point downstream of the bypass line for unloading the first
stage. The economizer flow is also direcged to control the
discharge temperature of the second staée'and, in addition,
cocacts with the bypassing of the first stage such that all of the
flow supplied to the second stage is at system suctiocn pressure
when the bypass is fully open.

10

For a further understanding of the present invention, reference
should now be made to the following detailed description thereof
{5 taken in conjunction with the accompanying drawings wherein:

Figure 1 is a schematic representation of a refrigeration system
employing the present invention;

Figure 2 is a graph showing relationship of capacity to
interstage pressure; and

Figure 3 is a schematic representation of a transport
refrigeration system employing the present invention.

In Figure 1, the numeral 10 generally designates a refrigeration
system employing the present invention. Refrigeration system 10
includes a reciprocating compressor 20 having a first stage 20a
and a second stage 20b with the first stage 20a illustrated as
having four cylinders and the second stage 20b illustrated as
having two cylinders. Compressor 20 is in a circuit serially
including first stage 20a, second stage 20b, condenser 30,

e
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Means are enployed in a two-stage conpression systemso as to both control
the tenperature of the second stage discharge and to unl oad the conpressor.
Unl oadi ng the conpressor is through the use of a bypass which directs the
first stage di scharge of. the conpressor back to suction. Wen the bypass is
fully open, the second stage inlet operates at system suction pressure and
second stage di spl acenent al one nuséanM/handle t he vapor generated by both
the system evaporator and the econom zer. This effectively reduces the

vVapain GSpet aé:@ﬁ'ax‘?é’ SRS SHA ‘?{H e Plg ra rhto? gbaCt 'L.%eofso Eénf:h'%ﬁ 'Oag

anount thus accon? I shing very ect| unloa I's an obj ect
t hi NPHYERELRE YBLlYe 062 d@\ca mtmem@d between the suctlon and

discharge sides of first stage 20a. Valve 62 operates in

response to the temperature sensed by temperature sensor 62a
5 which is in the zone being cooled.

Economizer line 70 extends between a point intermediate condenser
30 and thermal expansion valve 40 and a point intermediate first
stage 20a and second stage 20b but downstream of the intersection
with line 60. Valve 72 is located in economizer line 70 and is

!}  operated responsive to temperature sensor 72a which is located at
the outlet of second stage 20b. Thermal expansion valve 40 is

responsive to temperature sensor 40a which is located at the
outlet of evaporator 50.

- In operation at full load, valve 62 is closed and the entire

| output of first stage 20a is supplied to second stage 20b. The
‘ hot, high pressure refrigerant gas output of second stage 20b is
supplied to condenser 30 where the refrigerant gas condenses to a
liquid which is supplied to thermal expansion valve 40. Thermal
expansion valve 40 is controlled responsive to the outlet
temperature of evaporator 50 as sensed by temperature sensor 40a
and causes a pressure drop and partial flashing of the liquid
refrigerant passing through valve 40. The liquid refrigerant
supplied to evaporator 50 evaporates and the gaseous refrigerant
is supplied to first stage 20a to complete the cycle. Valve 72
is operated responsive to the outlet temperature of second stage
20b as sensed by temperature sensor 72a and controls the flow of
liquid refrigerant through line 70 in order to maintain the

desired ocutlet temperature of compressor 20. Liquid refrigerant

3
2
i
2
4

is expanded down to the interstage pressure in passing through
valve 72 and in expanding there is a cooling effect relative to
the liquid refrigerant flowing to evaporator S50 with further
cooling effect in the second stage 20b.
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chpparatus whi ch provi-des a sinple, efficient and rellable unloadlng of
§ Wo- st age conpressor. ' - 2-

4

As the locad requirements sensed by sensor 62a fall, valve 62 is
proportionally opened to permit a bypassing of the output of
first stage 20a back to the suction side. At the extreme, valve
62 will be fully opened thereby completely unloading first stage
20a and placing the suction and discharge side of the first stage
20a at the same pressure which is also the pressure in evaporator
50. As more of the output of first stage 20a is bypassed, the
mass flow supplied to the second stage 20b decreases. Because
second stage 20b is always working when compressor 20 is

operating, second stage 20b is drawing refrigerant into its

suction side at all times. Thus, second stage 20b always draws

at least a portion of the output of the first stage 20a which is
necessary to maintain flow in evaporator 50 and, in additien,
draws whatever flow is permitted by valve 72. As a result, the
economizer flow through line 70 is always supplied to the second
stage 20b rather than being able to bypass the first stage 20a.
As the first stage 20a is unloaded, the interstage pressure and
the mass flow to the second stage 20b decreases, but the
resultant mass flow delivery to the system 10 from the compressor
20 will drop faster than the interstage pressure due to the drop
in volumetric efficiency in the second stage.

Referring now to Figure 2, the point A represents the conditions

for R-22 where valve 62 is closed so that there is no bypassing
and the interstage pressure and capacity of system 10 are at
their maximums (eg. 5.65 bar (82 psia) and 12.31 kw (42,000
BTU/hr)) . Point B represents the fully bypassed condition where
valve 62 is fully open and the interstage pressure which is also

- the suction and evaporator pressure and the capacity of system 10

L SR

are at their minimum (eg. 1.25 bar (18 psia) and 1.76 kw (6,000

BTU/hr)) . More specifically, point A represents the conditions on

_a hot day where the volumetric efficiency, Ve, is high because at

full locad the compressor is being utilized as a two-stage compres-

sor and therefore the pressure ratio across each stage is low,
the change in enthalpy,
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It is another object of this invention to provide an econom zer operation
In & two-stage conpressor. These objects, and others as wll becone
apparent hereinafter, are acconplished by the present invention.
Basically, the econom zer is connected to the fluid |ine-connecting the
first and second stages of the conpressor at a point downstream of the
bypass line for unloading the first stage. The econom zer flow is al so
directed to control the discharge tefiperature of the second stage and, in

addltl%ﬁ& H, is high because of the use of an economizer and the
economizer flow is directed to the trapped intermediate pressure,
and the displacement efficiency, Dg: is high because all (four)
of the low stage cylinders are actively pumping vapor generated
only by the evaporétor 50. Point B represents the conditions on
a cold day where V is low due to the high pressure ratio across
the (two) high staqe cylinders, ZB.H is higher because the
economizer flow is being dumped to a lower pressure, and Dg is
very low because only the (two) high stage cylinders are now
pumping the evaporator generated flow as well as the economizer

generated flow. As a result, the turn down ratio can be about 7
to 1.

(%1

Referring now to Figure 3, which represents the present invention
as applied to a transport refrigeration system 110, structure has
been labeled one hundred higher than the corresponding structure
in Figure 1. Engine 100 which would typically be an internal
combustion engine drives compressor 120 and its cooling system is
in heat exchange relationship with accumulator 102. The output
of compressor 120 is supplied to o0il separator 122 which removes
il which is returned to crankcase 120c. The hot high pressure
refrigerant then passes through 3-way solenocid valve 124 which is
controlled by microprocessor 166. In the refrigeration mode, the
flow is to condenser 130 but in the heating mode and in the
defrost mode the flow is to receiver 126 and to drain pan heater
128. 1In the refrigeration mode the hot high pressure refrigerant
supplied to the condenser 130 condenses and is supplied to
receiver 126. At full cooling capacity, most of the flow from
receiver 126 passes via line 171 to main thermal expansion valve
140 which is controlled via temperature sensor 140a which is
located at the downstream side of evaporator 150. The liquid
refrigerant passing through thermal expansion valve 140 is
partially flashed and dropped in pressure before reaching
evaporator 150 where the remaining liquid refrigerant evaporates
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Llcoacts with the bypassing .of the first stage such that all of the flow
¢2Bsupplied to the second stage is at system suction pressure when the bypass
s - fully open. For a further understanding of the present invention,

b ef erence should now be nade to the foll owing detail ed description thereof

aken in conjunction with the acconpanyi ng draw ngs wher-ein: Figure 1 is
L schematic representation of a refrigeration system enploying the present

Envent i on;

6

and the gaseous refrigerant is supplied to accumulator 102 and
then to first stage 120a to complete the cycle.

At less than full cooling capacity, the first stage 120a is fully
or partially unloaded by the opening of modulating valve 162 in
bypass line 160. Valve 162 is positioned by microprocessor 166
responsive to the cargo container air temperature sensed by
sensor 1l62a which is located in the cargo container or space. A

suitable valve for use as valve 162 is disclosed in U.S. Patent
No. 3,941,952,

Additionally, eéonomizer/desuperheater flow to the suction side
of second stage 120b is controlled by temperature sensor 172a
located at the suction side of second stage 120b. When valve 172
is open, a flow path is established through economizer heat
exchanger 170 to line 170a which is connected between the
discharge of first stage 120a and the suction of second stage
120b but downstream of the connection of line 160. Other than
the fact that microprocessor 166 is present and drives valve 162
and the pressure 3-way solenoid valve 124, receiver 126, drain
pan heater 128 etc. the operation of the Fiqure 3 embodiment will
be the same as that of the Figure 1 embodiment.

Although the present invention has been specifically described in
terms of a reciprocating compressor, it is equally applicable to
any two-stage compression arrangement. Also, although the
economizer flow is supplied downstream of the bypass flow, it
could be supplied upstream of the bypass flow if the cooling
effects were desired. Further, valves 62 and 162 may be

controlled responsive to other conditions or they may be
overridden as during startup.
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i gure 2 is a graph showing relationship of capacity to interstage E ok
f essure; and Figure 3 is a schematic representation of a transport '
pf ri geration system enpl oying the present invention. In Figure 1, t

meral 10 generally designates a refrigeration system enploying the
esent invention. Refrigeration system 10 includes a reciprocating
npressor 20 having a first stage 20a and a second stage 20b wth the

st stage 20a illustrated as having four cylinders and the second stage
P, L ustrated as having tvo cylinders. Conpresser 20 13| L onghi

Il

cLazs T

What Is Claimed Is:-

1. In an unloading system for a refrigeration system
including a first closed fluid loop serially including a first
stage (20a) of a compressor means, a second stage (20b) of said
compressor means, a condenser means (30), expansion means (40)

>

and evaporator means (50) the improvement comprising a second
fluid loop defining bypass means and fluidly connected to said
first loop between a first end located intermediate said first
and second stages and a second end located intermediate said
evaporator means and said first stage, first valve means (62)

i located in said second loop for unloading said first stage back
to said second end of said second loop, a third fluid loop
defining an economizer means and fluidly connected to said first
loop between a first end located intermediate said condenser
means and said expansion means and a second end located

" intermediate said first and second stages, second valve means
(72) in said third loop for providing an economizer flow, whereby
when said first valve means is fully open said second stage alone
must handle refrigerant vapor generated by both said evaporator

means and said economizer means thereby unloading said
refrigeration system.

2. A method for unloading a refrigeration system
including a closed fluid loop serially including a first stage
(20a) of a compressor means, a second stage (20b) of the
compressor means, a condenser means (30), an expansion means (40}
and evaporator means (50) comprising the steps of: operating the
compressor means to compress refrigerant gas which is then
sirculated through the fluid loop, diverting liquid refrigerant
from a point intermediate the condenser means and the expansion

* [ L L 1 *




- 3-

(93}

including first stage 20a, second stage 20b, condenser'30,

8

means and passing the diverted liquid refrigerant through a valve
means (72) toc cause flashing and supplying the refrigerant
passing through the valve means to the fluid loop at a point
intermediate the first and second stages whereby an economizer.
circuit is established, diverting the output of the first stage
to a peint intermediate the evaporator means and the compressor
means to unload the first stage whereby when the first stage is

fully unloaded the interstage pressure is that of the evaporator
means.
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t hermal expansi on val ve 40, and evaporator 50. Line 60 contains nodul ati %
valve 62 and is connected between the suction and di scharge sides of fir i
‘stage 20a. Valve 62 operates in response to the tenperature sensed by
tenperature sensor 62a which is in the zone being cool ed. Econom zer line
70 ext ends Apsttmagts:a poi nt i nternedi ate condenser 30 and thernmal expansion
val ve 40 and a point internmediate first stage 20a and second stage 20b but
downstream of the ¥t ecoaenisarwis CPRRRCTEE WAl %y & Iig dingc 5C8%

econom zer Jiife «He 3NndshS 1gREEaLEHAT 8829081 VR4 O 2W%ﬁiwrﬁn@e@s@br72a
which is Ioczaot)ed at the outlet of secopd stage 20b. Ther Wrﬁll on val ve

40 i s ( at a point downstream o ypass for un a i

first stage {20a). The economizer f£low controls the dis-
charge temperature of the second stage (20b) and, in addition,
coacts with the bypassing of the first stage (20a) such that
all of the flow supplied to the second stage (20b) is at

system suction pressure when the byvpass is fully open.

(91]
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. . )
responsive to tenperature sensor 40a which is located at the outlet of *7L

evapor at or 50. In operation at full |oad, valve 62 is closed and thew—
entire output of first stage 20a is supplled to second stage 20b. The hot,
hi gh pressure refrigerant gas output of second stage 20b is supplied to
condenser 30 where the refrigerant gas condenses to a liquid which is
supplied to thermal expansion val ve 40. Thernal expansion valve 40 is
controlled responsive to the outlet tenperature of evaporator 50 as sensed
by tenperature sensor 40a and causes a pressure drop and partial flashing
of the liquid refrigerant pasSsimy- CMough valve 40. The liquid refrigerant
supplied to evaporator SOCEﬁaporates ahd t he gaseous refrigerant
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is supplied to first stage 20a to conplete the cycle. Val've 72 is oper at ed
responsive to the outlet tenperature of second stage 20b as sensed by
tenperature sensor 72a and controls the flow of liquid refrigerant through
~line 70 in order to maintain the desired outlet tenperature of conpr essor
20. Liquid refrigerant is expandedibdMB to the interstage pressure in
passi ng through valve 72 and in expanding there is a cooling effect

relative to the liquid refrigerant flow ng to evaporator 50 wth_further
cooling effect in the second stage 20b. 10
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As the load requirenents sensed by sensor 62a fall, valve 62 is
proportionally opened to permt a bypassing of the output of first stage

20a back to the suction side.

At the extrene,

valve 62 will be fully opened

t hereby conpletely unloading first stage 20a and pl acing the suction and
di scharge side of the first stage

-1 -

UNLOADING SYSTEM FOR TWO-STAGE. COMPRESSORS

The capacity of a two-stage compressor is a function of the
volumetric efficiency, Ve the change in enthalpyrlliL and the

displacement efficiency, De‘

In two-stage reciprocating

compressor systems the cylinders are divided between the two
stages with the first stage having, typically, twice as many

cylinders as the“second stage.

Unloading of this arrangement is

normally achieved by hot gas bypass or suction cutoff of one or
more cylinders of the first stage.

stage can be unloaded so that the
the pumping and is being supplied
Since the entire first
to suction, this arrangement also

pressure.

In fact, the entire first

second stage is doing all of

at the compressor suction
stage discharge may be bypassed
serves to negate the capacity

increase associated with the use of an economizer.

Means are employed in a two-stage compression system so as to
both control the temperature of the second stage discharge and to

unload the compressor.

Unloading the compressor is through the

use of a bypass which directs the first stage discharge of the

compressor back to suction.

When the bypass is fully open, the

second stage inlet operates at system suction pressure and second
stage displacement alone must now handle the vapor generated by

both the system evaporator and the economizer.

This effectively

reduces the vapar generated by the system evaporator to a
fraction of its full load amount thus accomplishing very

effective unloading.

It is an object of this invention to provide a method and

apparatus which provides a simple, efficient and reliable
unloading of a two-stage compressor.
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20a at the same pressure which is also the pressure in evaporator 50. As
nore of the output of first stage 20a is bypassed, the mass fl ow supplied
to the second stage 20b decreases. Because second stage 20b is al ways
wor ki ng when conpressor 20 is operating, second stage 20b is draw ng
refrigerant into its suction side at all_tinmes. Thus, second stage 20b

al ways draws at |east a portion of the'o%tbut of the first stage 20a which
is necessary to maintain flow in evaporator 50 and, in addition, draws
whatever flowis permtted by valve 72. As a result, the econom zer flow
through line 70 is always supplied to the second stage 20b rather than
bei ng abl eItoibypastshethebfjiecst oft dgies AdxenAsohhtofprotidd age e26aoniszer

unl oaded, egsrgeasasm RIS EHEE ﬁag,vﬁte%%owssm-ﬁagw %&44& S%ﬁgggﬁé@s@e 20Db

decreases, but .the resultant na elivery tot st'em romthe
conpressoras will become apparent hereinafter, are accomplxshed by the

present invention.

Basically, the economizer is connected to the fluid line
connecting the first and second stages of the compressor at a
point downstream of the bypass line for unloading the first
stage. The economizer flow is also directed to control the
discharge temperature of the second stage and, in addition,
coacts with the bypassing of the first stage such that all of the

flow supplied to the second stage is -at system suction pressure
when the bypass is fully open.

For a further understanding of the present invention, reference
should now be made to the following detailed description thereof
taken in conjunction with the accompanying drawings wherein:

Figure 1 is a schematic representation of a refrigeration systenm
employing the present invention;

Figure 2 is a graph showing relationship of capacity to
interstage pressure; and

Figure 3 is a schematic representation of a transport
refrigeration system employing the present invention.

In Figure 1, the numeral 10 generally designates a refrigeration
system employiﬁg the present invention. Refrigeration system 10
includes a reciprocating compressor 20 having a first stage 20a
and a second stage 20b with the first stage 20a jllustrated as
having four cylinders and the second stage 20b illustrated as
having two cylinders. Compressor 20 is.in a circuit serially
including first stage 20a, second stage 20b, condenser 30,

This is the replacement sheet
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20 will drop faster than the interstage pressure due to the drop in
volunetric efficiency in the second stage. Referring now to Figure 2, the
point A represents the conditions for R 22 where valve 62 is closed so that
there is no bypassing and the interstage pressure and capacity of system 10
are at their maximuns (eg. 5.65 bar (82 _psia) and 12.31 kw (42, 000

BTU hr)). Point B represents the fully ﬁyﬁassed condi tion where valve 62 is
fully open and the interstage pressure which is also the suction and
evaporator pressure and the capacity of system 10 are at their m ninum (eg.

1. 25 bar g%B 8sia% and 1.76 ﬁw (6,000 BTLVhrL%. More specifically, point A

r epr esent SPERBAL OREPEABHY R 1¥endP  BRA BYAPETRREr V2P ureking: 69f FPRERHRS),

Vierr], i|iscHujhtbegavskvait62 and is connected between the suction and
discharge sides of first stage 20a. Valve 62 operates in

response to the temperature sensed by temperature sensor 62a
which is in the zone being cooled.

Economizer line 70 extends between a point intermediate condenser
30 and thermal expansion valve 40 and a point intermediate first
stage 20a and second stage 20b but downstream of the intersection
with line 60. Valve 72 is located in economizer line 70 and is .
operated responsive to temperature sensor 72a which is located at
the outlet of second stage 20b. Thermal expansion valve 40 is

responsive to temperature sensor 40a which is located at the
outlet of evaporator 50.

In operation at full locad, valve 62 is closed and the entire
output of first stage 20a is supplied to second stage 20b. The
hot, high pressure refrigerant gas output of second stage 20b is
supplied to condenser 30 where the refrigerant gas condenses to a
liquid which is supplied to thermal expansion valve 40. Thermal
expansion valve 40 is controlled responsive to the outlet
temperature of evaporator 50 as sensed by temperature sensor 40a
and causes a pressure drop and partial flashing of the liquid
refrigerant passing through valve 40. The liquid refrigerant
supplied to evaporator 50 evaporates and the gaseous refrigerant
is supplied to first stage 20a to complete the cycle. Valve 72
is operated responsive to the outlet temperature of second stage
20b as sensed by temperature sensor 72a and controls the flow of
liquid refrigerant through line 70 in order to maintain the
desired outlet temperature of compressor 20. Liquid refrigerant
is expanded down to the interstage pressure in passing through
valve 72 and in expanding there is a cooling effect relative to
the liquid refrigerant flowing to evaporator 50 with further
cooling effect in the second stage 20b.

Thig is the repimcament sheset
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'fuII | oad the conpressor is being utilized as a two-stage conpres- sor and
therefore the pressure ratio across each stage is |ow, the change in
ent hal py, -5-

As the load requigements sensed by sensor 62a fall, valve 62 is
proportionally opened to permit a bypassing of the output of
first stage 20a back to the suction side. At the extreme, valve
62 will be fully opened thereby completely unloading first stage
20a and placing the suction and discharge side of the first stage
20a at the same pressure which is also the pressure in evaporator
50. As more of the output of first stage 20a is bypassed, the
mass flow supplied to the second stage 20b decreases. Because
second stage 20b is always working when compressor 20 is
operating, second stage 20b is drawing refrigerant into its
suction side at all times. Thus, second stage 20b always draws
at least a portion of the output of the first stage 20a which is
necessary to maintain flow in evaporator 50 and, in addition,
draws whatever flow is permitted by valve 72. As a result, the
economizer flow through line 70 is always supplied to the second
stage 20b rather than being able to bypass the first stage 20a.
As the first stage 20a is unloaded, the interstage pressure and
the mass flow to the second stage 20b decreases, but the
resultant mass flow delivery toc the system 10 froﬁ the compressor
20 will drop faster than the interstage pressure due to the drop
in volumetric efficiency in the second stage.

Referring now to Figure 2, the point A represents the conditions
for R-22 where valve 62 is closed so that there is no bypassing
and the interstage pressure and capacity of system 10 are at
their maximums (eg. 5.65 bar (82 psia) and 12.31 kw (42,000
BTU/hx)) . Point B represents the fully bypassed condition where
valve 62 is fully open and the interstage pressure which is also
the suction and evaporator pressure and the capacity of system 10
are at their minimum (eg. 1.25 bar (18 psia) and 1.76 kw (6,000 .
BTU/hr)) . More specifically, point A represents the conditions on
a hot day where the volumetric efficiency, Ve' is high because at
full load the Compressor is being utilized as a two-stage compres-

sor and therefore the pressure ratio across each stage is low,
the change in enthalpy,

This is the replacement sheet
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[err]H, is high because of the use of an econoni zer and the econom zer flow
Is directed to the trapped internedi ate pressure, and the displacenent
efficiency, Derr], is high because all (four) of the |ow stage cylinders
are actively punping vapor generated only by the evaporator 50. Point B
represents the conditions on a cold day where V[err] is |low due to the high
pressure ratio across the (two) high §t§gé cylinders, [err]H is higher
because the econom zer flow is being dunped to a | ower pressure, and D err]
is very | ow because only the (twd) high stage cylinders are now punping the

eyaporator sqeer th stk il S ell A LIe SHORATLEShodENSt Al hon A
economizer flow is directed to the trapped intermediate pressure,
and the displacement efficiency, Dg- is high because all (four)
of the low stage cylinders are actively pumping vapor generated
only by the evaporétor 50. Point B represents the conditions on
a coid day where Ve is low due to the high pressure ratioc across
the (two) high stage cylinders, Zﬁ,ﬂ is higher because the
economizer flow is being dumped to a lower pressure, and D, is
very low because only the (two) high stage cylinders are now
pumping the evaporator generated flow as well as the economizer

generated flow. As a result, the turn down ratio can be about 7
to 1.

Referring now to Figure 3, which represents the present invention
as applied to a transport refrigeration system 110, structure has
been labeled one hundred higher than the corresponding structure
in Figure 1. Engine 100 which would typically be an internal
combustion engine drives compressor 120 and its cooling system is
in heat exchange relationship with accumulator 102. The output
of compressor 120 is supplied to oil separator 122 -which removes
oil which is returned to crankcase 120c. The hot high pressure
refrigerant then passes through 3-way solenoid valve 124 which is
controlled by microprocessor 166. In the refrigeration mode, the
flow is to condenser 130 but in the heating mode and in the
defrost mode the flow is to receiver 126 and to drain pan heater
128. In the refrigeration mode the hot high pressure refrigerant
supplied to the condenser 130 condenses and is supplied to
receiver 126. At full cooling capacity, most of the flow from
receiver 126 passes via line 171 to main thermal expansion valve
140 which is controlled via temperature sensor 1l40a which is
located at the downstream side of evaporator 150. The liquid
refrigerant passing through thermal expansion valve 140 is
partially flashed and dropped in pressure before reaching
evaporator 150 where the remaining liquid réfrigerant evaporates

This is the repimcement sheet
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to 1. Referring now to Figure 3, which represents the present invention
as applied to a transport refrigeration system 110, structure has been

| abel ed one hundred hi gher than the corresponding structure in Figure 1.
Engi ne 100 which would typically be an internal conmbustion engine drives
conpressor 120 and its'cooling systemis in heat exchange relationship with
accunul at or 102. The output of conpressé 120 is supplied to oil separator
122 which renoves oil which is returned to crankcase 120c. The hot high
pressure refrigerant then passes through 3-way sol enoid val ve 124 which is
controll ed by mcroprocessor 166. In the refrigeration node, the flowis to
condenser aA30:Huitgagrdilse regai gagaride d0fpl bed h€o accumulator 102 and

then to first stage 120a tc complete the cycle.

At less than full cooling capacity, the first stage 120a is fully
or partially unloaded by the opening of modulating valve 162 in
bypass line 160. Valve 162 is positioned by microorocessor 166
responsive to the cargo container air temperature sensed by
sensor 162a which is located in the cargo container or space. A

suitable valve for use as valve 162 is disclosed in U.S. Patent
No. 3,941,952.

Additicnally, e&onomizer/desuperheater flow to the suction side
of second stage 120b is controlled by temperature sensor 172a
located at the suction side of second stage 120b. When valve 172
is open, a flow path is established through economizer heat
exchanger 170 to line 170a which is connected between the
discharge of first stage 120a and the suction of second stage
120b but downstream of the connection of line 160. Other than
the fact that microprocessor 166 is present and drives valve 162
and the pressure 3-way solenoid valve 124, receiver 126, drain
pan heater 128 etc. the operation of the Figure 3 embodiment will
be the same as that of the Figure 1 embodiment.

Although the present invention has been specifically described in
terms of a reciprocating compressor, it is equally applicable to
any two-stage compression arrangement. Also, although the
economizer flow is supplied downstream of the bypass flow, it
could be supplied upstream of the bypass flow if the cooling
effects were desired. Further, valves 62 and ‘162 may be
controlled responsive to other conditions or they may be
overridden as during startup.

Thig is the repiecamen sheet



defrost node the flowis to.receiver 126 and to drain pan heater 128. In
the refrigeration node the hot high pressure refrigerant supplied to the
condenser 130 condenses and is supplied to receiver 126. At full cooling
capacity, nost of the flow fromreceiver 126 passes via line 171 to main

t hermal expansi on valve 140 which is con;rolled vi a tenperature sensor -140a
which is located at the downstream side of evaporator 150. The liquid
refrigerant passing through thermal expansion valve 140 li“ﬁ Fﬁm ePlaced

fl ashed and dropped in pressure before reaching evaporat

remai ning liquid refrigerant evapor at esCLAIMS

What Is Claimed Is:-

1. In an unloading system for a refrigeration system
including a first closed fluid loop serially including a first
stage (20a) of a compressor means, a second stage (20b) of said
compressor means, a condenser means (30), expansion means (40)
and evaporator means (50) the improvement comprising a second
fluid loop defining bypass means and fluidly connected to said
first loop between a first end located intermediate said first
and second stages and a second end located intermediate said
evaporator means and said first stage, first valve means (62)
located in said second loop for unloading said first stage back
to said second end of said second loop, a third fluid loop
defining an economizer means and fluidly connected to said first:
loop between a first end located intermediate said condenser
means and said expansion means and a second end located
intermediate said first and second stages, second valve means
(72) in said third loop for providing an economizer flow, whereby
when said first valve means is fully open said second stage alone
must handle refrigerant vapor generated by both said evaporator

means and said economizer means thereby unloading said
refrigeration system.

2. A method for unloading a refrigeration system
" including a closed fluid loop serially including a first stage
(20a) of a compressor means, a second stage (20b) of the
compressor means, a condenser means (390), an expansion means (40f
and evaporator means (50) comprising the steps of: operating the
compressor means to compress refrigerant gas which is then
tirculated through the fluid loop, diverting liquid refrigerant
{rom a point intermediate the condenser means and the expansion

HIIIIII IR Tris is ho repiacement sheet
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- 6- and the gaseous refrigerant is supplied to accunul ator 102 and then
to first stage 120a to conplete the cycle.

This Sheet Has Been Replaced

- LI

means and passing the diverted liquid refrigerant through a valve
means (72) to cause flashing and supplying the refrigerant
passing through the valve means to the fluid locop at a paint
intermediate the first and second stages whereby an economizer

circuit is established, diverting the output of the first stage
to a point intermediate the evaporator means and the compressor
means to unload the first stage whereby when the first stage is

fully unloaded the interstage pressure is that of the evaporator
means.
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'At | ess than full cooling capacity, the first stage 120a i's fully -or -
partially unl oaded by the opening of nodul ating val ve. kn.bypass |ine
160. Valve 162 is positioned by mcroprocessor 166 \rllgls}sge%tﬁame ] §$ car go
container air tenperature sensed by sensor 162a whic wm t he
cargo contai ner or space. A suitable valve for use as

disclosed in U S. Patent No. 3,941, 957. 2 “Addi ti onal | Y,

economni zer/ desuperheater flow to the suction side of second stage 120b is
controll ed by tenpeg n 2 0L3Le t LAPSi de of second
stage 120b. Wen va’%’éaﬁﬁﬁlaség%géﬁa go#ll g@vépg?ﬁ&gseérg?g%%éggsed t hr ough
econom zer heat :

Abstract:

An economizer is connected to a fluid line connec-
ting the first and second stages (20a, 20b) of a compressor
(20) at a point downstream of the byvpass for unloading the
first stage (20a). The economizer flow controls the dis-
charge temperature of the second stage (20b) and, in addition,
coacts with the bypassing of the first stage (20a) such that
all of the flow supplied to the second stage (20b) is at
system suction pressure when the bypass is fully open.

Fig.: 1
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exchanger 170 to line 170a which is connected between the di scharge of
first stage 120a and the suction of second stage 120b but downstream of the
connection of line 160. O her than the fact that m croprocessor 166 is
present and drives valve 162 and the pressure 3-way sol enoid valve 124
receiver 126, drain pan heater 128 etc. the operation of the Figure 3

enbodi rent wll be the sane as that oﬂ'fhe Figure 1 enbodi nent. Al t hough
the present invention has been specifically described in ternms of a

reci procating conpressor, it is equally applicable to any two-stage
conpressi on arrangenent. Al so, although the econom zer flow is supplied

downst ream of the bypass fLQML.LL.QQUld be supplied upstream of the bypass
flowif the cooling
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effects were desired. Further, valves 62 and 162 may be controlled

responsive to other conditions or they nay be overridden as during startup.
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1. Arefrigeration system (10;110) having a single conpressor (20:120)
di vi d¢ed i nt Thit SHaet SLIBLRISR 20b; 1 20a, 1 20 an unI oadl ng system

and I Qﬁsna]"lwdloop Serlally.rrC)Luu gt sit
stage (20a;1 "ﬂ"li'ﬁjﬂ Frrpressor (207120) , REPLAGHR r'Ue@HﬁEiT st age
(20b; 120b) of “sal

sor (20:120) condensér ngarls
(30:130), expansi on neans (40;140) a eyaponas guN 1997 means

(50: 150), sai d unl oa §E1erm1ASOBﬁﬁN| Si hg a sqgcand fluid
| oop defi ni @igdipmgss neans (%EﬂmS %::EPLAGEQGO) f1 u] dy—eenrneeted ﬂo said
first | oop between “iptermedi ate said fjirst and

1. A refrigeration system (10;100) having a single
compressor (20;120) divided inta two stages (203,
20b; 120a,1200b), an unlcading system, and

a first closed fluid loop serially including the first
stage {20a;120a) of said compressor (20;120),
the second stage {20b;120b) of said compres-
sor (20;120), a condenser means (30;130),
expansion means (40;140) and evaporator
means (50:130),

said unloading system comprising:

* a second fluid locp defining bypass means (60Q;
160Q) fluidly connected to said first loop between
a first end locatad intermediate said first and
second stages (20a,200;120a,120b) and a sec-
ond end located intermediate said evaporator
means (50;150) and said first stage (20a:
120a),
first valve means (62;162) located in said sec-
ond loop for unicading said first stage (20a;
120a) by bypassing of the output of said first
stage (20a;120a) back to said second end of
said second lcop,
characterized in that said single compressor is
a reciprocating compressor (20;120),
said first valve means (62,162) being operated
in response to the air temperature in the zone
being cooled as sensed by a first temperature
sensor (62a;162a),
andin further compnsrng a third fluid Ioop defin-
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second st ages (20anm¢etmas2&ang &ib) and a sec- ond end | ocated

I ntermedi ate said e means (50; 150) d said first stage
(20a; 120a) i'i val ve neans (62; ] Tﬁj?g qIH@ A i d
sec- ond Ioop ng saidgfirst stagg¢ Ei %g BEE 0a)
by bypassing of the out put of said first st w { NZ\@%) back to
sai d second end of sai d second | oo haracterized in that

sai d single conpré8SoRN eConomizef Fﬁ't&&ﬂﬁo(cﬁ@h@@ddﬂ@&diyﬁﬂn( 20; 120),
e et ot oy o7, FREEERGTR 48R0 RO RRen 2 eI IE 0
tenperature located Intermiediate said condenser means
(30:130) and said expansion means (40;14Q)
and a second end located intermediate said
first and-second stages (20a,20b;1202,120b)
of said compressor (20;120),
second valve means (72;172) in said third
downstream of said first end of said bypass
means (80;180), lcop for providing an econo-

mizer flow, said second valve means (72,172)
being operated in response to the discharge
temperature of said second stage (20b;1200)
sensed by a second temperature sensor (72a;
172a),
whereby when said first valve means (82;162)
is fully open, said second stage (20b;1200b)
alone handles refrigerant vapour generated by
both said evaporator means (50;150) and said
economizer means (70;170) thereby unioading
said refrigeration system (10;110). REPLACEMENT P

2.0 JUN 1997

2. A methaod for unloading a refrigeration system (10;
10Q) having a single compreassor (20,120) divided
into two stages (20a,20b;120a,120b) and including
a closed fluid loop serially including the first stage
(20a;120a) of the compressor (20;120), a con-
denser means (30;130), an expansion means (40;
140) and evaporater means (50;15Q), the method
comprising the steps of.
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sensol (62aThisSheet Hhs Been Replaced and in further conprisin 8]ty o naw vy

defln - 8- ing a TE@%&BE?&@Ag
(70:170) fl ui nected to sajd.first |oop pet wecREPAAEED st en

| ocated internedr ate condenser neans (30:130) and sal d expansi on

nmeans (40: 140) _
operating the compressor (20;120) to com} REPLACEMENT SHEET

press refrigerant gas which is then circulateq |
through the fluid locp, |
bypassing the output of the first stage (20

120a) through a first valve means (62:162)
back to a point intermmediate the evaporator
means (50;150) and the comprassor (20;120)
to unload the first stage,

characterized by the steps of

controlling the first valve means (62:162)
responsive to the air ternperature in the zone
being cooled as sensed by a first temperature
sensor (62a;162a),

diverting liquid refrigerant from a point interme-
.diate the condenser means (30;130) and the
expansion means (40;140) and passing the
civerted liquid refrigerant through a second
valve means (72;172) to cause flashing of the
refrigerant,

controlling the second vaive means (72;172)
responsive to the discharge temperature of the
second stage (20b;120b) as sensed by a sec-
ond temperature sensor (72a;172a),
supplying the refrigerant passing through the
second valve means (72;172) to the fluid loop
at a point intermediate the first and second
stages (20a.20b;120a,120b) of the compressor
which is a reciprocating compressar (20:120).
said point being downstream of said bypass,
thereby establishing an economizer circuit (70:
170), whereby when the first stage (20a:120a)
is fully unloaded the interstage pressure is that
of the evaporator means (50:;1350).
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and a second end Ioc

(2cms Sigks: Hag Bezg
e
I

| ow, sa second va
the di schar ge
by a second tenperat

i one. nandi LI,

ated I nternedi ate said first and second stages

of said npressor (20:120),
09HEET downst r eam of =353
A %ﬂgﬁq ffor providing hh I
ve means Qb ) - 7 bei ng oper at eg
elper Studé aild {second st age :

D_Q]

'S fully open, jsaid second stage (20b:
efant_vapour—gererat ed by

1. A refrigeration system (10;100) having a single
compressor (20;120) divided inta two stages (20a,

20b;

120a,120b), an unloading system, and

afirst closed fluid loop serially inciuding the first
stage (20a;120a) of said compressor (20;120),
the second stage (20b;120b) of said compres-
sor (20;120), a condenser means (30;130),
expansion means (40;140) and evaporator
means (50:150),

said unlocading system comprising:

a second fluid locp defining bypass means (60;

160) fiuidly connected to said first loop between

a first end located intermediate said first and
second stages (20a,20b; 120a, 120b) and a sec-
ond end located intermediate said evaporator
means (50;150) and said first stage (20a;
120a),

first valve means (62;162) located in said sec-
ond loop for unloading said first stage (20a; -

120a) by bypassing of the output of said first
stage (20a;120a) back to said second end of
said second loop, ~
characterized in that said single compressor is
a reciprocating compressor (20;120),

said first valve means (62;162) being operated
in response to the air temperature in the zone
being cooled as sensed by a first temperature
sensor (62a;162a),

and in further comprising a third fluid loop defin-

A

yonse to

sensed

uf e} sensor (72a 172a), wheréﬁmpm@qg%%€+gHEéfst



W
%}itg}w ﬁ'asob e%tafrPLPrQ%MENT( SHE5is 5d) and said ecq nTgrlﬁ zbgggzw%\gssﬁéﬂ 1 70)
E Tlﬁ said refrigerlati on system ( 10;.330)-

hod
frwuam B9y tiem (10; 110) having a single

2p) di vi ded ijnto two stages (20a, R@’? ) and
[ ncI udi ng a cI op seri&Fly including the .ArCs’t%Qﬁ? s]ﬂ%g?

(20a; 120a) of t e conpressor_(2Q:1120), a con- denser neans (30 130),

an expansi o TealSddEn econdmiASY nTEaHY 17811 7 MuldigcdRQ) . the met hod
: nected to said first loop between a first end

located intermediate said condenser means

(30:130) and said expansion means (40;140Q)

and a second end located intermediate said

first and second stages (20a,20b;120a,120b)

of said compressor (20;120),

second valve means (72;172) in said third

downstream of said first end of said bypass

means (60;160), loop for providing an econo-

mizer flow, said second valve means (72,172)
being operated in response to the discharge
temperature of said second stage (20b;1200b)
sensed by a second temperature sensor (723;
172a),

whereby when said first valve means (62,162)
is- fully open, said second stage (20b;120b)
alone handles refrigerant vapour generated by
both said evaporator means (50;150) and said
economizer means (70;170) thereby unloading
said refrigeration system (10;110).

2. A method for unloading a refrigeration system (10;
100) having a single compressor (20,120) divided
into two stages (20a,20b;120a,120b) and including
a closed fluid loop serially including the first stage
(20a;120a) of the compressor (20;120), a con-
denser means (30;130), an expansion means (40;
140) and evaporator means (50;150), the method
comprising the steps of:

A




- operat| ng the orﬁEPb%@ﬁMEI\UZSHEEZO to com press | Bk t i ch
tihrfough the~ftu foop, bypassing Sonflghit Hp BhEA
f| r Ei 120q ) 6B 9NgRegy fi|r$t valve nmeans ( 52; 16 BEPbACED t 0 a
poi t hq evaporator '
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operating’ the compressor (20:120) to com-
press refrigerant gas which is then circulated
through the fluid loop, |
bypassing the output of the first stage (20a.
120a) through a first valve means (62;162)
back to a point intermediate the evaporator
means (50;150) and the compressor (20;120)
to unload the first stage,
characterized by the steps of
controlling the first valve means (62:162)
responsive to the air ternperature in the zone
being cooled as sensed by a first temperature
sensor (62a;162a), ‘
diverting liquid refrigerant from a point interme-
diate the condenser means (30;130) and the
expansion means (40;140) and passing the
diverted liquid refrigerant through a second
vaive means (72;172) to cause flashing of the
refrigerant,
controlling the second valve means (72,172)
responsive to the discharge temperature of the
second stage (20b;120b) as sensed by a sec-
ond temperature sensor (72a;172a),
supplying the reirigerant passing through the
second valve means (72;172) to the fluid loop
at a point intermediate the first and second
stages (20a,20b;120a,120b) of the compressor‘
- which is a reciprocating compressor (20:120).
said point being downstream of said bypass,
thereby establishing an economizer circuit (70:
170), whereby when the first stage (20a;120a)
is fully unloaded the interstage pressure is that
of the evaporator means (50; 150)
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means (50: 150) and the conpressor (20;120) to unload the first stage,
characterized by the steps of controlling the first valve nmeans (62:162)
responsive to the air tenperature in the zone being cooled as sensed by a

first tenperature sensor (62a; 1 62a)_ gjverting liquidREPLACEMERNEHEEDPM a
point interme- diate the condenser neans (30:130) and the expansi on neans

(40; 140) and passing the diverted liquid refrigerant through a second val ve

means (72:172) to cause flashing of the refrigerant, controlling the second
val ve nmeans (72;172 :
. OADING SYSTEM FOR TWO-STAGE COMPRESSORS

Abstract:

An economizer is connected toc a fluid line connec-
ting the first and second stages (20a, 20b) of a compressor
(20) at a point downstream of the bypass for unloading the
first stage (20a). The economizer flow controls the dis-
charge temperature of the second stage (20b) and, in addition,
coacts with the bypassing of the first stage (20a) such that
all of -the flow supplied to the second stage (20b) is at

system suction pressure when the bypass is fully open.

Fig.: 1
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responswe to the discharge tenperature of the second stage (20b; 1 20b) as
sensed by a sec- ond tenperature sensor (72a; 1 72a), supplying the
refrigerant passing through the second valve nmeans (72;172) to the fluid
loop at a point internediate the first and second stagesn@ﬁgmmm %
12Qb) of the conpressor which is a reci procating CoNpr gs ge+—{26+ 12\,‘) afd
poi nt bei ng downstream of said bypass, thereby establighiln ze
circuit (70: 170), whereby when the first stage (20a; 1304) ﬁgr}?ﬁw
unl oaded the interstage pressure is that of the evaporgtqr_neans (50:1%0].

Claims

1. A refrigeration system (10;110) having a single
compressor (20:120) divided inta two stages (203,
20b;120a,120b), an unloading system, and

afirst closed fiuid loop serially including the first
stage (20a;1203) of said compressor (20;120),
the second stage (20b;120b) of said compres-
sor (20:;120), a condenser means (30;130),
expansion means (40;140) and evaporator
means (50:150), _ |

said unloading system comprising:

a second fluid locp defining bypass means (60;
160) fluidly connected to said first loop between
a first end located intermediate said first and
second stages (20a,20b;120a,120b) and a sec-
ond end located intermediate said evaporator
means (50;150) and said first stage (20a;
120a), '

first valve means (62;162) located in said sec-
ond loop for unloading said first stage (20a;
120a) by bypassing of the output of said first
stage (20a;120a) back to said second end of
said second loop, '
characterized in that said single compressor is
a reciprocating compressor (20;120),

said first valve means (62;162) being operated
in response to the air temperature in the zone
being coocled as sensed by a first temperature
sensor (62a;162a),

and in further comprising a third fiuid loop defin-
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INg an economizer means (70:170) fluidly con-

nected to said first loop between a first end

located intermediate said condenser means

(30:130) and said expansion means (40;140)

and a second end located intermediate said

first and second stages (20a,20b;120a,120b)

of said compressor (20:120),

second valve means (72 ; 172) in said third loop
downstream of said first end of said bypass
means (60;160), loop for providing an econo-

mizer flow, said second valve means (72,172)
being operated in response to the discharge
temperature of said second stage (20b;120b)
sensed by a second temperature sensor (72a;
172a),

whereby when said first valve means (62;162)
is fully open, said second stage (20b:120b)
alone handles refrigerant vapour generated by
both said evaporator means (50;150) and said
economizer means (70;170) thereby unioading
said refrigeration system (10;110). -

2. A method for unloading a refrigeration system (10;
110) having a single compressor (20, 120) divided
into two stages (20a, 20b; 120a, 120b) and including
a closed fluid loop serially including the first stage
(20a; 120a) of the compressor (20; 120), a con-
denser means (30; 130), an expansion means (40;
140) and evaporator means (50; 150), the method
comprising the steps of:

* c L M 1] *
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operating the compressor (20:120) to com-
press refrigerant gas which_is then circulated
through the fluid loop,

bypassing the output of the first stage (20a:
120a) through a first valve means (62;162)
back to a point intermediate the evaporator
means (50;150) and the compreassor {20;120)
to unioad the first stage,

characterized by the steps of

controlling the first valve means (62:162)
responsive to the air teinperature in the zone
being cooled as sensed by a first temperature
sensor (62a;162a),

diverting liquid refrigerant from a point interme-
diate the condenser means (30;130) and the
expansion means (40;140) and passing the
diverted liquid refrigerant through a second
valve means (72;172) to cause flashing of the
refrigerant,

controlling the second valve means (72;172)
responsive to the discharge temperature of the
second stage (20b;120b) as sensed by a sec-
ond temperature sensor (72a;172a),
supplying the refrigerant passing through the
second vailve means (72;172) to the fluid ioop
at a point intermediate the first and second
stages (20a,20b; 120a, 120b) of the compressol
which is a reciprocating compressor (20:120).
said point being downstream of said bypass,
thereby establishing an economizer circuit (70:
170), whereby when the first stage (20a;120a)
is fully unloaded the interstage pressure is that

of the evaporator means (50;150).
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