/044281 A2 | IV 00O OO

o

e
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
27 April 2006 (27.04.2006)

(10) International Publication Number

WO 2006/044281 A2

(51) International Patent Classification:
F25B 39/04 (2006.01) F25B 49/00 (2006.01)
F25B 1/00 (2006.01) F25B 1/10 (2006.01)

(21) International Application Number:
PCT/US2005/036276

(22) International Filing Date: 11 October 2005 (11.10.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/967,862 18 October 2004 (18.10.2004)  US

(71) Applicant (for all designated States except US): CAR-
RIER CORPORATION [US/US]; Carrier Parkway, P.O.
Box 4800, Syracuse, NY 13221 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LIFSON, Alexan-
der [US/US]; 8198 Dycus Circle, Manlius, NY 13104
(US). TARAS, Michael, F. [US/US]; 5424 Springview
Drive, Fayetteville, NY 13066 (US).

(74) Agent: DELACRUZ, Cedric, G.; Carrier Corporation,
One Carrier Place, Farmington, CT 06034 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: REFRIGERANT CYCLE WITH TANDEM COMPRESSORS AND MULTIPLE CONDENSERS

B A
ﬁq 28? .
£40 330 A
MANN
: 26 ,, %26
23
<§?30 F%] 22
25
34

327
7

(57) Abstract: A tandem compressor system is utilized that receives refrigerant from a common suction manifold, and from a
common evaporator. From the compressors, the refrigerant passes to a plurality of condensers, with each of the condensers being
& associated with a separate zone for heat rejection, preferably at different temperature levels. Each of the condensers is associated
& with at least one of the plurality of compressors. By utilizing the common evaporator, yet a plurality of condensers, the ability to
independently control temperature and amount of heat rejection to a number of zones is achieved without the requirement of having
a dedicated circuit with multiple additional components. Thus, the overall system cost and complexity can be greatly reduced.
In embodiments, one or more of the plurality of compressors can be provided by a compressor bank, having its own plurality of

COmpressors.
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REFRIGERANT CYCLE WITH TANDEM COMPRESSORS
AND MULTIPLE CONDENSERS
BACKGROUND OF THE INVENTION

[0001] This application relates to a refrigerant cycle utilizing tandem COMpressors
sharing a common evaporator, but having separate condensers.

[0002] Refrigerant cycles are utilized in applications to change the temperature
and humidity or -otherwise condition the environment. In a standard refrigerant system, a
compressor delivers a compressed refrigerant to a heat exchanger, known as a condenser,
which is typically located outside. From the condenser, the refrigerant passes through an
expansion device, and then to an indoor heat exchanger, known as an evaporator. At the
evaporator, moisture may be removed from the air, and the temperature of air blown over the
evaporator coil is lowered. From the evaporator, the refrigerant returns to the compressor.
Of course, basic refrigerant cycles are utilized in combination with many configuration
variations and optional features. However, the above provides a brief understanding of the
fundamental concept.

[0003] In more advanced refrigerant systems, a capacity of the air conditioning
system can be controlled by the implementation of so-called tandem compressors. The
tandem compressors are normally connected together via common suction and common
discharge manifolds. From a éingle common evaporator, the refrigerant is returned through a
suction manifold, and then distributed to each of the tandem compressors. From the
individual compressors the refrigerant is delivered into a common discharge manifold and
then into a common single condenser. The tandem compressors are also separately controlled

and can be started and shut off independently of each other such that one or both compressors
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may be operated at a time. By controlling which compressor is running, control over the
capacity of the combined system is achieved. Often, the two compressors are selected to
have different sizes, such that even better capacity control is provided. Also, tandem
compressors may have shutoff valves to isolate some of the compressors from the active
refrigerant circuit, when they are shutdown. Moreover, if these compressors operate at
different saturation suction temperatures, pressure equalization and oil equalization lines are
frequently employed.

[0004] One advantage of the tandem compressor is that better capacity control is
provided, without the requirement of having each of the compressors operating on a
dedicated circuit. This reduces the system cost.

[0005] Tandem compressors provide untapped potential for even greater control.
The tandem compressors have not been provided in many beneficial combinations that would
be valuable.

SUMMARY OF THE INVENTION

[0006] In this invention, as opposed to the conventional tandem system, there is
no discharge manifold connecting the tandem compressors together. Each of the tandem
compressors is connected to its own condenser, while both compressors are still connected to
a common suction manifold and a single evaporator. Consequently, for such tandem
compressor system configurations, additional temperature levels of heat rejection, associated
with each condenser, become available. An amount of refrigerant flowing through each
condenser can be regulated by flow control devices placed at the compressor discharge ports
as well as by controlling related expansion devices or utilizing other control means, such as

condenser airflow.
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[0007] The present invention, by providing separate condensers, allows for heat
rejection at two different temperatures and to two different zones. As an example, a first
condenser could be associated with an outdoor zone, while the second condenser is associated
with an indoor zone that would be at a different temperature. By controlling the temperature
at which heat is rejected, the amount of the refrigerant passing from that condenser can be
tightly controlled. One possible application would be to utilize one of the condensers to
prevent excessive frost formation (defrost operation), with the other condenser being operable
in a conventional manner as in normal air conditioning installations. Many other applications
such as air stream reheat in dehumidification applications or space heating are also feasible.

[0008] It should be understood that if more than two tandem compressors are
connected together, then the system can operate at each additional temperature level
associated with the added compressor. For example, with three compressors, heat rejection at
three temperature levels can be achieved by connecting each of the three compressors to a
dedicated condenser. In another arrangement two out of the three compressors can operate
with common suction and discharge manifold and be connected to the same condenser, while
the third compressor can be connected to a separate condenser. Of course, the tandem
application can be extended in analogous manner to more than three compressors.

[0009] These and other features of the present invention can be best understood

from the following specification and drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 is a first schematic.

[0011] Figure 2 is a second schematic.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0012] A refrigerant cycle 20 is illustrated in Figure 1 having a pair of
compressors 22 and 23 that are operating generally as tandem compressors. A pressure
equalization line 24 and an oil equalization line 25 may connect the two compressors 22 and
23, as known. Optional valves 26 are positioned downstream on a discharge line associated
with each of the compressors 22 and 23. These valves can be controlled to prevent backflow
of refrigerant to either of the compressors 22 or 23 should only one of the compressors be
operational. That is, if for instance the compressor 22 is operational with the compressor 23
stopped, then the valve 26 associated with the compressor 23 will be closed.

[0013] Refrigerant from the compressor 23 travels to a condenser 28. The
refrigerant continues downstream and through an expansion device 30. From the expansion
device 30, the flow passes through an evaporator 32. The refrigerant pgssing through the
evaporator 32 passes to a suction manifold 34 leading back to the compressors 22 and 23.
The refrigerant from the compressor 22 passes through a condenser 33. The refrigerant also
passes through an expansion device 30 and then returned through the evaporator 32 and
suction manifold 34 back to the compressors 22 and 23.

[0014] The present invention, by providing separate condensers, allows heat
rejection at two different temperature levels and to two different zones A and B. As an
example, a first condenser could be associated with an outdoor zone A, while the second
condenser is associated with the indoor zone B that would be at a different temperature. By
controlling the temperature at which heat is rejected, the amount of the refrigerant passing

from that condenser can be tightly controlled. One possible application would be to utilize
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one of the condensers to prevent excessive frost formation (defrost operation), with the other
condenser being operable in a conventional manner as in normal air conditioning
installations. Many other applications such as air stream reheat in dehumidification
applications or space heating are also feasible.

[0015] A control 40 for fhe refrigerant cycle 20 is operably connected to control
the compressors 22 and 23, the expansion devices 30, and the valves 26. By properly
controlling each of these elements in combination, the conditions at each condenser 28 and
33 can be controlled as necessary for the sub-environments A and B. The exact controls
necessary are as known in the art, and will not be explained here. However, the use of the
tandem compressors 22 and 23 utilizing a common evaporator 32 reduces the number of
components necessary for providing the independent control for the heat rejection to areas A
and B, and thus is an improvement over the prior art.

[0016] Also, it has to be understood that the valves 26 can be of a conventional
on/off or adjustable type, with the valve control executed through pulsation or modulation. In
such cases even more flexibility in control can be achieved.

[0017] Figure 2 shows a more complicated refrigerant cycle 50 for rejecting heat
to three zones A, B and C. As shown, a single evaporator 52 communicates with a suction
manifold 51. A first compressor 54 also communicates with the suction manifold 51. A
second compressor bank 56 includes two tandem compressors which each communicating
with a discharge manifold 65 and suction manifold 51.

[0018] A third compressor bank 58 includes three compressors all operating in
tandem and communicating with a discharge manifold 67 and, once again, with suction

manifold 51. The control of the compressor banks 56 and 58 may be as known in the art of
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tandem compressors. As mentioned above, by utilizing the compressor banks 56 and 58, a
control over the temperature level and an amount of heat rejection in each of the zones B and
C is provided.

[0019] From the condensers 100, 102 and 104, the refrigerant passes through
separate expansion devices 60, and to evaporator 52. As is shown, condenser 102 rejects heat
to zone B, and condenser 104 rejects heat to zone C. Again, a control 72 is provided that
controls each of the elements to achieve the desired conditions within each of the condensers
100, 102 and 104. The individual control steps taken for each of the condensers would be
known. It is the provision of the combined system utilizing a common evaporator in
combination with the tandem compressors and separate condensers that is inventive here.

[0020] Of course, other multiples of compressors and compressor banks as well as
condensers can be utilized within the scope of this invention.

[0021] Although preferred embodiments of this invention have been disclosed, a
wc;rker of ordinary skill in this art would recognize that certain modifications would come
within the scope of this invention. For that reason, the following claims should be studied to

determine the true scope and content of this invention.
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CLAIMS

What is claimed is:

1. A refrigerant cycle comprising:

a plurality of compressors, where at least two of said compressors receive a
refrigerant from a suction manifold leading from a common evaporator, refrigerant from said
compressors then passing into a plurality of condensers, said plurality of condensers
associated with said plurality of said compressors, where said at least two compressors are

connected to separate ones of said condensers.

2. The refrigerant cycle as set forth in claim 1, wherein at least one of said plurality of
compressors is a compressor bank having its own plurality of compressors delivering

refrigerant to a common condenser.

3. The refrigerant cycle as set forth in claim 1, wherein a separate expansion device is

positioned to receive refrigerant downstream of said plurality of condensers.

4, The refrigerant cycle as set forth in claim 1, wherein said plurality of compressors

includes at least three compressors.

5. The refrigerant cycle as set forth in claim 4, wherein at least one of said plurality of
compressors is a compressor bank having its own plurality of compressors receiving

refrigerant from a common suction manifold leading from said common evaporator.
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6. The refrigerant cycle as set forth in claim 1, wherein at least one of said compressors
has a flow control device on a discharge line leading to a corresponding one of said plurality

of condensers.

7. The refrigerant cycle as set forth in claim 6, wherein said flow control device is of an

adjustable type by one of modulation and pulsation control.
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8. A method of operating a refrigerant cycle comprising the steps of:
1) providing a refrigerant cycle including a plurality of compressors where at
least two of said compressors receive refrigerant from a common evaporator through a
suction manifold, refrigerant passing from said compressors to a plurality of condensers, with
each of said condensers receiving refrigerant from one of said plurality of compressors; and
2) operating said refrigerant cycle by independently controlling refrigerant flow

to each of said condensers.

9. The method as set forth in claim 8, wherein at least one of said plurality of
compressors includes a compressor bank including its own plurality of compressors, and said
compressor bank being controlled to achieve desired conditions within an environment to be

conditioned.

10. The method as set forth in claim 8, wherein a discharge flow control device
downstream of at least one of said compressors is adjusted by one of modulation and

pulsation control.

11.  The method as set forth in claim 8, wherein an expansion device is positioned
downstream of said condensers, and said_expansion device being controlled to achieve a

desired condition within an environment to be conditioned.
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