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[57] ABSTRACT 

A refrigeration system having at least one unloadable 
compressing apparatus and at least one always loaded 
compressing apparatus is provided with separate gas 
discharge lines connected to respectively separate 
condenser coil surfaces, and a valve arrangement is 
provided in those discharge lines connected to the un 
loadable compressing apparatus for closing those lines 
in response to an unloaded condition of the particular 
compressing apparatus serving the lines. The system 
has condenser coil surfaces matched to the unloading 
steps of the compressing apparatus. In one embodi 
ment the valves in the discharge lines subject to being 
loaded or shut down are of the pilot type in which the 
pilot control is derived from the always loaded dis 
charge line. 

9 Claims, 5 Drawing Figures 
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REFRIGERATION SYSTEM WITH CAPACITY 
CONTROL 

BACKGROUND OF THE INVENTION 

The invention pertains to the art of refrigeration sys 
tems having at least one unloadable compressor and 
the refrigerant piping and control arrangement for the 
system. 

DESCRIPTION OF THE PRIOR ART 

Conley et al., U.S. Pat. No. 3,775,995 is the closest 
prior art of which applicants are aware in that it dis 
closes and claims a capacity control arrangement for 
dual compressors, one of which is unloadable. 
Examples of other U.S. patents which disclose refrig 

eration systems including either unloadable compres 
sors or multiple compressors feeding separate con 
denser coil surfaces in one way or another are U.S. Pat. 

Nos. 3,013,403, 2,760,348, 2,677,944, 2,274,774, 
2,274,336, 2,168,157, 2,079,687 and 2,008,407. How 
ever, they do not deal with the hermetically sealed shell 
type of compressors in which the interiors of the shells 
are in communication with each other and which occa 
sions the passage of a refrigerant from a warmer envi 
ronment to a colder non-operating environment. Ac 
cordingly, the exemplary patents are not considered 
particularly pertinent to the invention. 
Some of the commercial background of the appara 

tus involved may lend a better understanding of the in 
vention. The invention is particularly applicable to air 
cooled condensing units of the 25 to 40 ton sizes, for 
example. In such units a dual compressor assembly is 
provided having two hermetically sealed, multi 
cylinder compressors mounted on a single base with the 
compressors being in tandem with respect to receiving 
suction gas. This permits a single suction connection to 
be made to the two compressors. The lead compressor 
is 50 percent unloading and accordingly has a non 
unloading discharge line and an unloadable discharge 
line. The lag compressor is non-unloading and operates 
either fully loaded or not at all. Thus it has its two dis 
charge lines joined together into a common discharge 
line. 

In carrying out the invention, to obtain a matching of 
the condenser coil surfaces to the operation of the sys~ 
tem in the various unloading steps, the condenser serv 
ing the lead shell is the same size as that serving'the lag 
shell but is split so that each of the condenser parts 
serves one of the two discharges from the lead com 
pressor. Under certain conditions of partly unloaded 
operation, there is a tendency for passage or leakage of 
refrigerant from a warm environment to a colder envi 
ronment. Thus, for example, when the system is operat 
ing under low ambient conditions with the lag compres 
sor off there may be passage of suction gas refrigerant 
from the hot operating lead compressor through the 
suction gas connection to the lag compressor, which 
may still have a higher interior temperature than its 
condenser coil because of the low ambient tempera 
ture. This suction gas received by the cold condenser 
coil through the lag compressor may condense and ac 
cumulate in liquid form and accordingly decrease the 
refrigerant charge in the system as a whole. This may 
possibly cause the system to shut down because of low 
suction pressure. Under a condition of high ambient 
temperatures with only the lead compressor operating 
refrigerant can pass from the warm lag compressor coil 
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2 
to the relatively colder lag compressor. If condensation 
of this refrigerant occurs, liquid can accumulate on top 
of the compressor and possibly cause damage to the 
compressor upon a subsequent start-up. Problems of 
this general character are also discussed in the noted 
Conley et al. patent. 
The aim of the invention is to provide a refrigeration 

system in which condensing surfaces are matched to 
the compressing capacity and in which the system 
avoids the noted problems experienced with migrating 
refrigerant. 

SUMMARY OF THE INVENTION 

In accordance with the invention a refrigeration sys 
tem is provided in which separate discharges for the 
loaded and unloaded parts of an unloading compressor 
are provided, the condensing coil capacity is matched 
to the loaded condition of the system and means are 
provided to effect isolation from the remainder of the 
refrigeration system of the inlets and outlets of the con 
densers which are not being fed due to the unloaded 
condition of the system. Additionally, the invention 
contemplates the provision of a pilot type valve for ef 
fecting the isolation of the unused condenser portion 
during a partly unloaded operation. 

DRAWING DESCRIPTION 

FIG. I is a schematic view of a refrigeration system 
according to one embodiment of the invention; 
FIG. 2 is a schematic view of another embodiment of 

the refrigeration system according to the invention; 
FIG. 3 is a sectional view of one example of a pilot 

valve usable in carrying out the invention; 
FIG. 4 is a view of a fragmentary portion of the end 

of the pilot valve having a pair of inlet connections and 
a relief connection; and 
FIG. 5 is an operational diagram of a control arrange 

ment for use in connection with the FIG. 1 embodi 
ment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, a 50% unloadable, multi 
cylinder compressor 10 of the hermetically sealed shell 
type has an always loaded discharge port 12 and an un 
loadable discharge port 14 which are connected to hot 
gas discharge lines 16 and 18 respectively. Each com 
pressor may be of the general type disclosed in U.S. 
Pat. Nos. 3,171,588 and 3,259,307, for example. The 
non-unloading port and line may also be referred to as 
the always loaded port and line, meaning, of course, al 
ways loaded while the system is in operation. The un 
loadable compressor 10 is also commonly referred to 
as the lead compressor in the art. The lines 16 and [8 
are connected to a split condenser coil 20, one-half 22 
of which is served by the always loaded line 16 and the 
other half 24 of which is served by the unloadable line 
18. The tubes of the coil 20 are not interlaced, so each 
half effectively functions as a separate coil. 
The line 18 has a check valve 26 and a solenoid valve 

28 therein, and the outlet of condenser half 24 has a 
check valve 30 therein. 
The lag compressor 32 is a non-unloadable, multi 

cylinder compressor of the hermetically sealed shell 
type and has its interior connected to the interior of the 
lead compressor shell by a suction gas connection 34 
so that the connection of the compressors with respect 
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to the receipt of suction gas in the system is character 
ized as a tandem arrangement. The two hot gas dis 
charge ports of the lag compressor 32 have lines con 
nected thereto which join to form a common line 36 
which leads to the condenser 38 for the lag compressor. 
The common line 36 has a check valve 40 and a sole 
noid valve 42 therein, and a check valve 44 is provided 
in the outlet line from the condenser 38. The outlet 
lines from the split condenser 20 and from the con 
denser 38 join on the downstream side of the check 
valves 30 and 44 to form a common line 46 which leads 
to the evaporator or load 48 which is connected by suc 
tion gas line 50 back to the inlet of the lead compressor 
10. A relief line 52 having a solenoid valve 54 therein 
connects between the common line 36 on the upstream 
side of the solenoid valve 42 with the common Suction 
50. 
A controller 56 responsive to the suction pressure in 

the common suction line 50 functions to provide ca 
pacity control through switch means 58 (FIG. 5) for 
controlling the energization of the compressors l0 and 
32 as well as the various solenoid valves in the lines. 
The capacity control steps are accomplished as follows. 
As noted before the lead compressor 10 is 50% unload 
ing while the lag compressor 32 is always fully loaded 
or off and is of the non-unloading type. Four equal 
steps of capacity control are accomplished through a 
combination of unloading the lead compressor and 
shutting down the lag compressor. For full capacity, the 
lead compressor 10 is operated fully loaded and the lag 
compressor 32 is also operated. For three-fourths ca 
pacity, the compressor 10 is operated 50% unloaded 
with the lag compressor operating at full load. For half 
capacity of the system, the lead compressor is operated 
fully loaded while the lag compressor is off. For one 
fourth capacity, the lead compressor is operated 50% 
unloaded while the lag compressor is off. As may be 
seen from the operating condition legends in the boxes 
60, 62 and 64 in FIG. 5, the solenoid valve 28 in the un~ 
loadable discharge line 18 is closed whenever the lead 
compressor 10 is half unloaded. As shown in box 64, 
the same condition exists for the solenoid valve 42 in 
the discharge line 36 when the lag compressor is off. 
Likewise, the relief valve 54 is operated to an open po» 
sition whenever the compressor 32 is shut down. 
The manner in which the described system functions 

to obtain the advantages of the invention under various 
operating conditions will now be described. Under a 
low ambient temperature condition with only the lead 
compressor 10 operating, the temperature of con 
denser 38 normally served by the lag compressor 32 
may be lower than the suction gas temperature which 
is permitted to pass into the lag compressor shell 
through the suction crossover line 34. Thus the lag 
compressor interior, which is not operating, may well 
be warmer than the condenser 38 and the tendency of 
the refrigerant is to pass to the colder environment. 
The check valve 40 does not prevent flow in the direc 
tion from the lag compressor 32 to the condenser 38. 
However, the closed solenoid valve 42 does prevent 
this flow. If the refrigerant were permitted to pass into 
the cold condenser coil, it could condense and tend to 
?ll it with liquid which would decrease the charge in 
the system as a whole, possibly causing the system to 
shut down because of low suction pressure. In that con 
nection it is noted that the usual protective devices 
such as high pressure and temperature cutouts, low 
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4 
pressure cutouts, etc., are not shown in the system, but 
it will be understood they are used in accordance with 
conventional practice. 
Under a high ambient temperature condition in 

which only the lead compressor 10 is operating, the 
passage of refrigerant can be from the hot condenser 
coil 38 to the cold compressor 32, which has a temper 
ature corresponding generally to the suction gas tem 
perature in the lead compressor shell. The solenoid 
valve normally prevents the flow in reverse direction. 
However, since it is possible that the relatively high 
pressure associated with the high temperature of the 
condenser could cause the solenoid valve to be popped 
open, the check valve serves as a back-up to insure that 
reverse flow cannot occur. The passage of refrigerant 
back into the lag compressor when it is not operating 
can cause the accumulation of liquid refrigerant at the 
top of the compressor and cause damage to the com 
pressor upon a subsequent start-up. 
The purpose of the reliefline 52 with the solenoid 54 

therein is to bleed gas back to the lead compressor 
under a condition when the lag compressor is off. The 
relief valve 54 is closed when both compressors are op 
erating. When the relief line 52 is open it prevents high 
pressure gas or liquid due to condensation from accu 
mulating on the discharge side of the lag shell and also 
provides the advantage of an unloaded start of the lag 
compressor. The relief line is not required for the un 
loadable line 18 of the lead compressor since the lead 
compressor is always operating under all steps of ca 
pacity control. 
The corresponding arrangement for the unloadable 

discharge line 18 of the lead compressor circuit, that is, 
the check valve 26, solenoid valve 28 and check valve 
30, functions in the same way when the lead compres 
sor is half unloaded, with the exception that there is no 
necessity for the relief line since the part of the line 18 
upstream from the solenoid valve is in close communi 
cation with the operating compressor 10. 
From the foregoing description in connection with 

FIGS. 1 and 5 it will be appreciated that the invention 
provides a separate discharge for the loaded and un 
loaded parts of the compressing apparatus, it matches 
the number of compressor unloading steps to the ca 
pacity or surface area of the condensers, and it pro 
vides for the isolation of those condensers not being fed 
with refrigerant gas during partly unloaded operation 
of the system. 
The system shown in FIG. 2 has identical numerals 

applied to those parts corresponding to parts in FIG. 1. 
The system functions to accomplish the same general 
purpose as that shown in FIG. 1, the basic difference 
being that the check valve and solenoid valve in each 
of the unloadable lines is replaced by a pilot type valve 
designated 70 in line 18 and 72 in line 36. Before de 
scribing the operation of these valves in the system as 
a whole, the basic valve structure illustrated in FIG. 3 
will be described. 
The valve 72 includes a body 74 having a diametri 

cally stepped chamber therein in which a correspond 
ingly diametrically stepped piston 76 is movably ?tted. 
The chamber at the smaller end of the piston is called 
the pilot chamber 78 while the chamber at the larger 
end is called the inlet chamber 80. The portion of the 
chamber intermediate the ends is designated 82. The 
valving operation occurs between the valve port 84 and 
the valve seat 86 at the diametrically larger end of the 
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piston 76, these parts being located between the inlet 
chamber 80 and an outlet chamber 88. The piping inlet 
connections for the two lines from the lag compressor 
are identified as 90 and 92, while the relief connection, 
which is also in communication with the inlet chamber 
80, is identi?ed as 94 (FIGS. 3 and 4). 
A discharge pressure connection 96 is adapted to 

place the pilot chamber 78 in communication with the 
discharge line 16 connected to the always loaded port 
of the lead compressor. A pressure vent connection 99 
(suggested by another as possibly being desirable if sig 
nificant leakage occurs past either O-ring seals 97 or 
98) would, if used, be in communication with the inter 
mediate chamber 82 and connected to the relief line 52 
(FIG. 2) to obviate the possibility of the intermediate 
chamber filling up with gas or liquid due to such leak 
age. 
The pilot type valve 70 serving the unloadable line 18 

(FIG. 2) of the lead compressor needs only a single 
inlet connection, and does not require the relief con 
nection, for the same reason that the line 18 of the sys 
tem of FIG. I does not require a relief connection. 
The manner in which the pilot type valves operate is 

as follows. The pilot chamber 78 in each is subject to 
the discharge gas pressure of the always loaded line 16 
of the lead compressor. If the loading of the system is 
such that the inlet chamber 80 is being supplied with 
refrigerant gas, the differential in area between the 
valve seat part of the piston 76 and the pilot chamber 
end of the piston will cause the valve to move to a fully 
open position so that the valve will permit the flow to 
the respective condenser it serves. However, if the 
compressing apparatus feeding the inlet chamber is in 
operative while the always loaded part of the lead com 
pressor is operating, then the force exerted upon the 
small end of the piston will cause the pilot valve to 
move to a closed position. In this case, the relief from 
the upstream side of the pilot type valve can still occur 
since the relief connection is in communication with 
the inlet chamber 80. 
From the foregoing it will be appreciated that in the 

FIG. 2 embodiment the pilot type valves take the place 
of and function in the same manner as the solenoid 
valves and check valves of the FIG. 1 embodiment. 
However, they operate from compressor pressures so 
that no electrical connections are needed, incorporate 
the relief valve connection in the valve itself so ‘that no 
separate connection need be made to the line, and are 
believed to provide a somewhat less expensive arrange 
ment than the arrangement of FIG. 1. 

It will also be noted that the concept of the invention 
is applicable to a single compressor which is unloadable 
in part, such as 10. 

I claim: 
1. The combination of a refrigeration system includ 

ing an unloadable, hermetic shell, multi-cylinder com 
pressor having an always loaded discharge port and an 
unloadable discharge port, and a non-unloading, her 
metic shell, multi-cylinder compressor, said shells of 
said compressors being connected to receive suction 
gas returned from said system and being in open com 
munication with each other, a condenser arrangement 
including a split condenser coil having one part con 
nected by a ?rst line to said always loaded discharge 
port, and another part connected by a second line to 
said unloadable discharge port, and another condenser 
connected by third line means to the discharge of said 
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6 
non-unloading compressor, and means to effect isola 
tion from the remainder of said refrigeration system, of 
the inlet and outlet of said another part of said split 
condenser during operation of said unloadable com 
pressor in an unloaded mode, and of the inlet and out 
let of said another condenser during periods of non 
operation of said non-unloading compressor. 

2. The combination of claim I wherein: 
said shells are connected in tandem to receive said 

suction gas from said system ?rst to said unloada 
ble compressor and then said non-unloading com 
pressor. 

3. The combination of claim I including: 
control means to effect capacity control in steps for 
successively reduced capacity by operating both 
said compressors fully loaded for maximum capac~ 
ity, operating said unloadable compressor half 
loaded and said non-loading compressor fully 
loaded for three-fourths capacity, operating said 
unloadable compressor fully loaded with said non 
unloading compressor shut down for half capacity, 
and operating said unloadable compressor half 
loaded with said non-unloading compressor shut 
down for one-fourth capacity. 

4. The combination of claim I wherein: 
said means to effect isolation includes a check valve 
and a solenoid valve in both said second line and 
said third line means; 

means for operating each of said solenoid valves in 
accordance with the discharge of said second line 
and to said third line means. 

5. The combination of claim 4 including: 
a relief line connecting said third line means up 
stream of said solenoid valve to the suction side of 
the refrigeration system, said line including valve 
means therein having a closed position when said 
non-unloading compressor is operating, and an 
open position when said non-unloading compressor 
is shut down. 

6. In a refrigeration system including an unloadable, 
hermetic shell, multi-cylinder compressor having an al 
ways loaded discharge port and an unloadable dis 
charge port, and a non-unloading, hermetic shell, mul 
ti-cylinder compressor, said shells of said compressors 
being connected to receive suction gas returned from 
said system and being in communication with each 
other, a condenser arrangement including a split con~ 
denser coil having one part connected by a first line to 
said always loaded discharge port, and another part 
connected by a second line to said unloadable dis 
charge port, and another condenser connected by third 
line means to the discharge of said non-unloading com 
pressor, and valve means in both said second line and 
said third line means to close off said lines in response 
to the absence of discharge gas ?ow in said second line 
and said third line means respectively, each of said 
valves having a pilot chamber connected to said always 
loaded discharge part for creating a force in a closing 
direction corresponding to the discharge pressure in 
said ?rst line. 

7. In a refrigeration system according to claim 6 
wherein: 
each of said valves includes an inlet chamber con 
nected to receive discharge gas from its respective 
line and line means; 

a stepped piston interposed between said pilot cham 
ber and said inlet chamber, the end of said piston 
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presented to said pilot chamber having a reduced 
cross sectional area relative to the end of said pis 
ton presented to said inlet chamber so that said pis 
ton is movable in the direction of said pilot cham 
her to open in response to discharge gas pressure 
imposed in both said pilot chamber and said inlet 
chamber. 

8. In a refrigeration system having at least one un 
loadable compressing apparatus and at least one always 
loaded compressing apparatus, and separate discharge 
lines for said compressing apparatuses connected to re 
spectively separate condenser coil surfaces, valve 
means in the discharge lines connected to said unloada 
ble compressing apparatus for closing said lines in re 
sponse to an unloaded condition of the particular com 
pressing apparatus serving said lines. 
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9. [n a system according to claim 8 wherein: 
said valve means comprises a pilot type valve having 
a movable, stepped-diameter piston in a corre 
spondingly stepped-diameter chamber, the cross 
sectionally smaller end of said piston being subject 
to pressure from always loaded compressing appa 
ratus, and the opposite, cross—sectionally larger end 
being subject to pressure from said unloadable 
compressing apparatus, so that when both said 
compressing apparatuses operate said piston moves 
in the direction of said smaller end to effect open 
ing of said valve, and when only said always loaded 
compressing apparatus is operating said piston 
moves in the opposite direction to close said valve. 

* * :k * * 


