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(54) Title: MULTIPLE COMPRESSOR HEAT PUMP OR AIR CONDITIONER

(57) Abstract

In a refrigeration system (10), a multiple compressor 
system for maintaining the heat output constant while the 
outside ambient temperature continues to decrease. The 
present invention comprises a primary compressor (31) 
and at least one secondary compressor (32). The entire 
refrigeration system is sized for the primary compressor 
(31) operating while in the cooling mode. In the heating 
mode, the primary compressor (31) operates by itself until 
the outside ambient temperature (60) falls to a temperature 
within a particular range. Once this temperature range 
is met, a secondary compressor (32) begins operating in 
conjunction with the primary compressor (31) such that the 
mass flow of refrigerant through the system in the heating 
mode of operation is no greater than that of the primary 
compressor operating alone in the cooling mode. While 
the outside temperature continues to decrease, additional 
secondary compressors may be included to maintain a 
constant heat output, in the cooling mode, only a single 
compressor is required to operate the system. Each of the 
compressors may alternate with any other so that the lives of 
the compressors are preserved.
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MULTIPLE COMPRESSOR HEAT PUMP OR AIR CONDITIONER

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to the use of 
multiple compressors to provide extra capacity in the 
heating mode at low ambient temperatures in reversible 
refrigeration systems. This invention more particularly 
pertains to utilizing a single or primary compressor 
above a particular temperature range and then multiple 
compressors simultaneously while in and below that 
temperature range in the heating mode of operation such 
that the heat output remains constant at lower ambient 
temperatures. In the cooling mode, a primary compressor 
alternates with any one of a number of the secondary 
compressors in singular compressor operation to extend 
the life of the compressors.

Description of the Background Art
Presently, most commercially available multiple 

compressor systems use dual compressors only in the 
cooling mode where the second compressor is used 
primarily for extra cooling capacity at high ambient 
temperatures. These known dual compressor systems are 
used in the cooling mode only. Such a system requires an 
oversized condenser and evaporator compared to the
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primary compressor when in the first stage cooling mode. 
This is because when both compressors are running in the
second stage cooling mode an increased mass flow of 
refrigerant is created through the entire system. In 
other words, the entire refrigeration system would have
to be sized to accommodate the increased flow of
refrigerant due to the existence of multiple compressors 
running simultaneously in the cooling mode at high 
ambient temperatures .

With regard to these known multiple compressor 
refrigeration systems, these systems are simply 
oversized, configured at a considerably higher cost and 
perform with low efficiency when running in the cooling 
mode. Moreover, the simultaneous use of multiple 
compressors in the cooling mode will likely exhaust the 
refrigeration system prior to the typical life expectancy 
of the individual lives of the multiple compressors.

In response to the realized inadequacies of 
these earlier, multiple, oversized compressor systems, it 
became clear that there is a need for a multiple
compressor system capable of being utilized in both the 
heating and cooling modes of operation but which is sized 
for only a single compressor in the cooling mode. This 
device must provide for an increased mass flow of 
refrigerant at low outside ambient temperatures by 
providing multiple compressors such that the heat output 
remains constant. However, while in the heating mode at

2



higher ambient temperatures, a single, primary compressor dictates the component sizing 
of the overall refrigeration system. Moreover, the primary compressor is itself sufficient 
in the cooling mode. Thus, the device of the present invention may allow alternative use 
of compressors in the cooling mode to extend the life expectancy of the overall system.

····• · · ·
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In as much as the art consists of various types of multiple compressor refrigeration
systems, it can be appreciated that there is a continuing need for and interest in
improvements to multiple compressor systems, and in this respect, the present invention

5 addresses theses needs and interests.

[R:\L1BLL112537.doc:caa
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OBJECT OF THE INVENTION
It is an object of the present invention to substantially overcome or at least

ameliorate one or more of the disadvantages of the prior art, or at least to provide a useful
5 alternative.

SUMMARY OF THE INVENTION
Accordingly, in a first aspect, the present invention provides A refrigeration 

system of the type having a condenser, evaporator, refrigerant and the capabilities of at
10 least heating and cooling modes of operation, a multiple compressor system in parallel 

operation comprising, in combination, a primary compressor and at least one secondary 
compressor, the condenser and evaporator sized for operation with said primary 
compressor in the cooling mode of operation, said primary compressor operating 
exclusively in the heating mode above a temperature range; said secondary compressor 

is commencing operation in the heating mode of operation in said temperature range and 
concurrently operating with said primary compressor such that mass flow of the 
refrigerant through the refrigeration system in the heating mode of operation is no greater
than that of the cooling mode of operation.

• · · ·• · · «
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In a second aspect, the present invention provides a refrigeration system of the
type having a condenser, evaporator, refrigerant and the capabilities of at least heating
and cooling modes of operation, a multiple compressor system in parallel operation
comprising, in combination, a primary compressor and at least one secondary compressor,

5 the condenser and evaporator sized for operation with said primary compressor in the 
refrigeration system in the cooling mode of operation, said primary compressor operating 
exclusively in the heating mode above a temperature range of approximately 20° to 30°F 
(-6.7° to -1.1 °C); said secondary compressor commencing operation in the heating mode 
of operation in said temperature range and concurrently operating with said primary 

io compressor such that the mass flow of the refrigerant through the refrigeration system in 
the heating mode of operation is no greater than that of the cooling mode of operation; 
said secondary compressor alternating exclusive operation in the cooling mode of
operation with said primary compressor.

♦ ·

• · · ·• · · «
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The present invention is defined by the appended claims with the specific
embodiment shown in the attached drawings. The present invention is directed to an
apparatus that satisfies this need for the advantages of multiple compressors operating
simultaneously at low ambient temperatures in the heating mode while maintaining a

5 refrigeration system that is sized for a single compressor that is operating at high ambient 
temperatures in the cooling mode. For the purpose of summarizing the invention, the 
invention comprises a refrigeration system sized for a single, primary compressor in the 
cooling mode of operation. The primary compressor exclusively operates in the heating 
mode above a particular temperature range. Preferably, the temperature range is between

10 approximately 20° and 30°F. However, below this particular temperature range, 
additional secondary compressors operate simultaneously with the primary compressors 
in the heating mode. As the temperature differential increases below the particular 
temperature range, the number of secondary compressors operating conjunctively with the 
primary compressor increases. In other words, once dropping below each increment of 

is the temperature range, an additional secondary compressor begins operating in
conjunction with the previously initiated compressors. However, in the

fR.ALlBLL112537.doc.caa
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refrigeration system of the present invention, the mass 
flow of refrigerant while in the heating mode of 
operation remains equal to or below that of the cooling 
mode of operation.

An important feature of the present invention 
is that once the outside ambient temperature falls below 
the approximate temperature range established for the 
exclusive operation of the primary compressor, the mass 
flow of refrigerant in the heating mode increases as a 
result of the operation of the secondary compressors in 
conjunction with the primary compressor. Moreover, the 
condenser and evaporator are sized for only a single 
compressor in the cooling mode of operation. Therefore, 
it can be readily seen that the present invention 
provides a means to maintain increased mass flow of 
refrigerant in the heating mode at lower outside ambient 
temperatures but no greater than the mass flow for a 
single compressor operaing in the cooling mode. Thus, a 
multiple compressor system of the present invention would 
be greatly appreciated.

The foregoing has outlined rather broadly, the 
more pertinent and important features of the present 
invention. The detailed description of the invention 
that follows is offered so that the present contribution 
to the art can be more fully appreciated. Additional 
features of the invention will be described hereinafter.
These form the subject of the claims of the invention.

8
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It should be appreciated by those skilled in the art that 
the conception and the disclosed specific embodiment may 
be readily utilized as a basis for modifying or designing 
other structures for carrying out the same purposes of 
the present invention. It should also be realized by 
those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of 
the invention as set forth in the appended claims.

9
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BRIEF DESCRIPTION OF THE DRAWINGS
For a more succinct understanding of the nature 

and objects of the present invention, reference should be 
directed to the following detailed description taken in 
connection with the accompanying drawings in which:

Fig. 1 is prior art illustrating dual, parallel 
compressors in a reversible refrigeration system in the 
cooling mode;

Fig. 2 is a Pressure-Enthalpy diagram 
illustrating the process representation of the known art;

Fig. 3 is an illustration of one embodiment of 
the present invention having dual, parallel compressors 
in a reversible refrigeration system for simultaneous 
operation in the heating mode; and

Fig. 4 is a Pressure-Enthalpy diagram 
illustrating the process representation of the present 
invention;

Fig. 5 is an illustration of one embodiment of 
the present invention having multiple secondary 
compressors in conjunction with a primary compressor; and

Fig 6 illustrates the Pressure-Enthalpy diagram 
and associated data for one embodiment of the present
invention.

10
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Similar reference characters refer to similar 

parts throughout the several views of the drawings.

The foregoing has outlined some of the pertinent objects of the invention. These 
objects should be construed to be merely illustrative of some of the more prominent 
features and applications of the intended invention. Many other beneficial results can be 
obtained by applying the disclosed invention in a different manner or by modifying the 
invention within the scope of the disclosure. Accordingly, other objects and a more 
comprehensive understanding of the invention may be obtained by referring to the 
detailed description of the preferred embodiment in addition to the scope of the invention 
defined by the claims taken in conjunction with the accompanying drawings.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
With reference to the drawings and in 

particular to Figs. 3 and 4 thereof, a new and improved 
refrigeration system embodying the principles and 
concepts of the present invention and generally 
designated by the reference number 10 will be described.
As shown in Fig. 1, a refrigeration system comprising of 

a pair of compressors 4 and 6, condenser 7, expansion 
valve 8 and an evaporator 2 is known for use in the 
cooling mode only. Fig. 2 illustrates this known process 
representation. Cycle 1-2-3-4-1 represents the 
thermodynamic steps characteristic of the typical dual 
compressor system while operating in the cooling mode.

As shown in Fig. 3, the preferred embodiment of 
the present invention comprises of a primary compressor 
31 and a secondary compressor 32. The dual compressors 
31 and 32 are in parallel communication with a condenser 
40, an expansion valve 50, and an evaporator 20.

The dual compressors 31 and 32 operate in the 
cooling mode with only one of the two compressors 
running. The compressors 31 and 32 could alternate in 
the cooling mode in order to increase the life expectancy 
of the system. Moreover, one of any number of secondary 
compressors N could operate in place of the primary 
compressor 31 in the cooling mode when only the operation 
of a single compressor is desired in order to prolong the

12
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life of the primary compressor 31.
The refrigeration line sizes, evaporator 20, 

and condenser 40 are sized according to mass flow for one 
compressor running in the cooling mode. Simply, the 
refrigeration system of the present invention is sized 
for the primary compressor 31 while operating in the 
cooling mode.

This is different from conventional dual
compressor technology where the line sizes and coils are 
sized for mass flow with both compressors running in the 
cooling mode.

In the heating mode, for dual compressor 
operation of the present invention, the primary 
compressor 31 runs by itself, down to some predetermined 
outdoor temperature. Then the secondary compressor 32 is 
started, to bring mass flow and capacity back up to that 
experienced at temperatures higher than the predetermined 
outdoor temperature. This is the only time multiple 
compressors, namely the primary and secondary compressors 
31 and 32, run concurrently with each other. The primary 
compressor 31 is brought on by the operation of an indoor 
thermostat 60. When the thermostat 60 calls for heat, 
the primary compressor 31 comes on only when above the 
present outdoor temperature. The secondary compressor 32 
is controlled first of all by the indoor thermostat 60.
If the indoor thermostat 60 is not calling for heat, 
neither the primary compressor 31 nor the secondary

13
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compressor 32 will come on regardless of the outdoor 
temperature. If the indoor thermostat 60 is calling for 
heat, then the secondary compressor 32 will come on based
on the action of an outdoor thermostat 60 (or it could be 
based on suction or high side refrigerant pressure).

In the preferred embodiment, the primary 
compressor 31 operates exclusively above a temperature 
range of approximately 20° to 3 0 °F. However, this 
temperature range is effected by the typical climate of a 
particular geographic region and may fluctuate depending 
upon a myriad of conditions such as altitude. In the 
present invention, a secondary compressor 32 begins 
operation while within this temperature range and 
operates in conjunction with the primary compressor 31. 
Each subsequent secondary compressor N begins operating 
in conjunction with the primary compressor 31 and the 
secondary compressor 32 at temperature intervals below 
this particular temperature range. For example, each 
subsequent secondary compressor begins operation at 
intervals of 20° to 30°F. In the case of only the 
primary compressor 31 and the secondary compressor 32 
operating as described above, the secondary compressor 33 
may begin operating at a temperature range of about 10 to 
-10°F. Each subsequent secondary compressor N may then 
begin operating with all the other compressors at 
temperature range intervals of approximately 20° to 30°F 
below the 10° to -10°F temperature range of the secondary

14
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compressor 33.
When the outdoor temperature drops below the 

outdoor thermostat set point which is within the above 
described temperature range of approximately 20° to 40 °F, 
the secondary compressor 32 will come on after the time 
delay 62 has operated. The time delay 62 prevents both 
the primary compressor 31 and the secondary compressor 32 
from coming on at the same time and creating a power 
spike. Therefore, the start amps are down. It is 
preferable to have a time delay of approximately 30 
seconds to 1 minute. The secondary compressor 32 turn 
off set point is some number of degrees higher than the 
secondary compressor 32 turn on set point.

All of this could be repeated with additional 
compressors N set up with their own outdoor thermostats 
60 set for lower and lower temperatures and time delays
62. Fig. 5 illustrates a plurality of secondary 
compressors N capable of operating in conjunction with 
the primary compressor 31 in the heating mode at low 
ambient temperatures. Fig. 4 illustrates the process 
representation of multiple secondary compressors N 
operating in conjunction with the primary compressor 31.

Cycle 1-2-3-4-1 represents the thermodynamic 
characteristics of the typical dual compressor system 
while in the cooling mode. Cycle l*-2t—3'-4’-l' 
represents the characteristics of the present invention

15
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comprising of a pair of compressors 31 and 32 operating 
in the heating mode as described above. Cycle 1''-2'
311.411-1'' represents the characteristics of the present 
invention wherein there are two secondary compressors 32

t
and 33. Cycle lN-2N-3N-4N-lN represents the
characteristics of the present invention where there are 
any number N of secondary compressors.

The benefit of the secondary compressor 32 or 
multiple secondary compressors N is a higher heating 
capacity at lower outdoor temperatures while maintaining 
a high coefficient of performance (COP) and with lower 
cost equipment since line and coil sizing is for mass 
flow of just one compressor operating in the cooling
mode .

The use of the refrigeration system 10 as 
described above constitutes an inventive method in 
addition to the refrigeration system 10 itself. In 
practicing the method of operation of a refrigeration 
system, the steps include passing the refrigerant from an 
evaporator 20 to a primary compressor 31 in the heating 
mode for compressing the refrigerant and supplying the 
refrigerant to the condenser 40. The method then 
includes the step of controlling the exclusive operation 
of the primary compressor 31 by selecting the temperature 
range above which the primary compressor 31 is the sole 
means for compressing refrigerant. The inventor of the 
present invention has discovered that the preferred

16
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temperature range is between 20° and 30°F. The primary- 
compressor 31 is used to operate exclusively in the 
heating mode above that temperature range. The method 
then includes passing the refrigerant from the evaporator 
20 to a secondary compressor 32 while in the heating mode 
while operating in the temperature range such that the 
mass flow of the refrigerant through the refrigeration 
system in the heating mode is no greater than that of the 
cooling mode.

By referencing the performance table for the 
Bristol compressor model H26B15QCBC, illustrating 
capacity and mass flow for refrigerant R22, to be used in 
association with the primary compressor 31 and the 
performance table for the Bristol compressor model 
H26D36QBBC, also illustrating capacity and mass flow for 
refrigerant R22, to be used in association with dual 
compressor operation, the performance of the present 
invention may be illustrated.

When looking at Fig. 6, and applying the change 
in enthalpy across the condenser for one versus two 
compressor mass flows, as provided from two typical 
compressor performance tables, it can be seen that the 
mass flow for two compressor operation at low ambient 
temperatures (20°F to 30°F) evaporator temperature of 
(10° to 20°F) is less than the mass flow of the lead 
compressor operating at typical extreme cooling 
performance evaporator temperatures (50° to 55°F) (90°

17
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condenser temperature) . Mass flow at 10° to 20°F 
evaporator temperature for dual compressor operation for 
a 90°F condenser temperature = 258.7 to 335.4 lb/hr mass 
flow. Mass flow at 50° to 55°F evaporator temperature 
for a 90° condenser temperature for the lead compressor 
is only = 286 to 314 lb/hr mass flow.

The capacity in cooling for the single 
(primary) compressor operating in the cooling mode would 
be approximately between 20,000BTUH and 26,000 BTUH 
depending on the efficiency of the equipment. The 
capacity in the heating mode for the dual compressor 
operation operated at a 10° to 20°F evaporator
temperature would be approxomately between 21,000 BTUH 
and 28,000 BTUH, versus the capacity in heating for the 
lead compressor only, is approximately between 9,000 BTUH 
and 12,000 BTUH at the same evaporator temperatures.

The increase in capacity is due to two factors. 
An increase in Ah (change in enthalpy) across the

condenser for dual (or multiple compressor) operation (Ah

increases as evaporator temperature is lowered by
increased compressor capacity) and an increase in mass 
flow due to increased compressor capacity.

Ah2 x mass flow1 < Ah2 x mass flow2 < AnN x mass flowN

For dual compressor operation at a 90°F

18
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condensor and 10°F evaporator, mass flow2 = 258.7 lb/hr

(performance chart for dual compressor operation) and Ah2

= 124-36 (Fig. 6, h@2" - h@,3) = 88.

Capacity^ = 88 x 258.7 = 22,766 BTUH

For lead compressor operation only at a 90° condenser 
and 20°F evaporator, mass flow1 = 150.3 lb/hr (performance 
chart for primary compressor only) and AhT = 121-36 (Fig. 
6, h@2 - h@3) = 85.

Capacityj = 85 x 150.3 = 12,776 BTUH.

In use, the present invention may further 
comprise of the step of providing additional secondary 
compressors N such that the number of operating secondary 
compressors N increases as the temperature decreases 
below the temperature range in the heating mode. The 
method may then also include the step of alternating the 
exclusive operation in the cooling mode of at least one 
of the secondary compressors 32, 33 or N with the primary 
compressor 31.

The previously described embodiments of the 
present invention have many advantages, including 
maintaining the heat output constant as the ambient 
temperature outside continues to drop. Moreover, the 
entire refrigeration system is sized for only a single 
compressor in the cooling mode. While in the cooling

19



mode, a compressor may switch operation with any other 

compressor so that the life expectancy of each of the 

compressors may be preserved.

The present disclosure includes that contained 

in the appended claims, as well as that of the foregoing 

description. Although this invention has been described 

in its preferred form with a certain degree of

particularity, it should be understood that the present 

disclosure of the preferred form has been made only by 

way of example and that numerous changes in the details 

of construction and the combination and arrangement of 

parts may be resorted to without departing from the 

spirit and scope of the invention.

An advantage of the preferred embodiment(s) is that it provides a multiple 
compressor system for maintaining a constant heat output at lower ambient temperatures.

Another advantage of the preferred embodiment(s) is that it provides a multiple 
compressor system compatible with a refrigeration system sized for the mass flow of a 
single compressor operating in the cooling mode at higher outside ambient temperatures.

Yet another advantage of the preferred embodiment(s) is that it provides a 
multiple compressor system having a primary compressor operating above a particular 
temperature range of outside ambient temperatures in the heating mode and then having 
secondary compressors operate in conjunction with the primary compressor when the 
outside ambient temperatures fall below that same particular temperature range.

Still a further advantage of the preferred embodiment is that it provides a 
multiple compressor system wherein the refrigeration system is sized for the primary 
compressor in the cooling mode but the secondary compressors alternate with the primary 
compressor for singular operation in the cooling mode.

Another advantage of the preferred embodiment(s) is that it provides a method of 
operation of a refrigeration system, the method further comprising of the step of 
alternating exclusive operation in the cooling mode of operation of at least one of the

20



The claims defining the invention are as follows:

1. A refrigeration system of the type having a condenser, evaporator, 
refrigerant and the capabilities of at least heating and cooling modes of operation, a

5 multiple compressor system in parallel operation comprising, in combination, a primary 
compressor and at least one secondary compressor, the condenser and evaporator sized 
for operation with said primary compressor in the cooling mode of operation, said 
primary compressor operating exclusively in the heating mode above a temperature range; 
said secondary compressor commencing operation in the heating mode of operation in

10 said temperature range and concurrently operating with said primary compressor such that 
mass flow of the refrigerant through the refrigeration system in the heating mode of 
operation is no greater than that of the cooling mode of operation.

2. A refrigeration system as claimed in claim 1 wherein the number of 
is secondary compressors in operation in conjunction with said primary compressor in the

heating mode increases as the temperature decreases below said temperature range.

3. A refrigeration system as claimed in claim 2 wherein each additional 
secondary compressor begins operation in conjunction with said primary compressor at

20 temperature intervals below said temperature range.

4. A refrigeration system as claimed in claim 1 wherein at least one of said 

secondary compressors alternates exclusive operation in the cooling mode of operation 
with said primary compressor.

25

5. A refrigeration system as claimed in claim 1 wherein said temperature 
range is between approximately 20° and 30°F (-6.7° and -1.1 °C).

6. A refrigeration system as claimed in claim 1 further comprising an 
30 interconnecting conduit means for interconnecting said plurality of compressors within

the refrigeration system.

7. A method of operation of a refrigeration system as claimed in any one 

of claims 1 to 6, the method comprising the steps of:
passing the refrigerant from the evaporator of the refrigeration system to a 

imary compressor in the heating mode of operation for compressing the refrigerant and

-21 -
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supplying same to the condenser of the refrigeration system, said primary compressor 
operating exclusively in the heating mode of operation above a temperature range;

controlling the exclusive operation of said primary compressor by selecting said 
temperature range above which said primary compressor is the sole means for

5 compressing refrigerant; and

passing the refrigerant from the evaporator of the refrigerant system to said 
primary compressor and a secondary compressor while in the heating mode of operation 
and in said temperature range such that the mass flow of the refrigerant through the 
refrigeration system in the heating mode of operation is no greater than that of the cooling

10 mode of operation.

8. The method of operation of a refrigeration system as claimed in claim 7 
further comprising of the step of providing at least one additional secondary compressor 
such that the number of operating secondary compressors increases as the temperature

is decreases below said temperature range in the heating mode of operation such that the 
mass flow of refrigerant through the refrigeration system in the heating mode of operation 
is no greater than that of the cooling mode of operation.

9. The method of operation of a refrigeration system as claimed in claim 8

20 further comprising of the step of alternating exclusive operation in the cooling mode of
operation of at least one of said secondary compressors with said primary compressor.

10. The method of operation of a refrigeration system as claimed in claim 7 
further comprising of the step of alternating exclusive operation of said secondary

25 compressor in the cooling mode of operation with said primary compressor.

11. The method of operation of a refrigeration system as claimed in claim 7 
wherein the refrigeration system is sized for said primary compressor in the cooling mode 

of operation.
30

12. The method of operation of a refrigeration system as claimed in claim 7 
wherein said temperature range is between approximately 20° and 30°F (-6.7° to -1.1 °C).

13. A refrigeration system of the type having a condenser, evaporator, 
refrigerant and the capabilities of at least heating and cooling modes of operation, a 
multiple compressor system in parallel operation comprising, in combination, a primary

-22-
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compressor and at least one secondary compressor, the condenser and evaporator sized
for operation with said primary compressor in the refrigeration system in the cooling
mode of operation, said primary compressor operating exclusively in the heating mode
above a temperature range of approximately 20° to 30°F (-6.7° to -1.1 °C); said secondary

5 compressor commencing operation in the heating mode of operation in said temperature 
range and concurrently operating with said primary compressor such that the mass flow of 
the refrigerant through the refrigeration system in the heating mode of operation is no 
greater than that of the cooling mode of operation; said secondary compressor alternating 
exclusive operation in the cooling mode of operation with said primary compressor.

io
14. A refrigeration system substantially as hereinbefore described with 

reference to Figure 3 or Figure 5 of the accompanying drawings.

15
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Mr Thomas H Hebert

Patent Attorneys for the Applicant/Nominated Person
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