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DESCRIPTION

BACKGROUND

[0001] The disclosure relates to vapor compression systems. More particularly, the disclosure
relates to economized reciprocating compressors.

[0002] Various economized reciprocating compressors have been proposed. In one example,
there is staged compression with the main flow of refrigerant passing sequentially through two
stages of cylinders and the economizer flow being introduced at the interstage. This multi-
stage compression introduces additional valve flow losses and friction (because the refrigerant
flow from the evaporator needs to pass through two set of valves and two set of pistons (in the
first stage and second stage)). It also limits cooling capacity in that only one stage of two is
drawing refrigerant into the compressor from the evaporator via the compressor suction port.

[0003] Another recent proposal involves isolating the banks of cylinders. Thus, the intake of
one bank is at the compressor suction port whereas the intake of another bank is at the
compressor economizer port and both discharge to the compressor discharge port. In a two-
bank configuration, this would be associated with approximately 1:1 ratios of suction volumetric
flow rate to economizer volumetric flow rate. In a three-bank situation wherein two banks draw
from the suction port, this would have an approximate 1:2 ratio. Such low ratio of suction flow
intake to the economizer port intake is undesirable because it results in low operating efficiency
and reduced capacity.

[0004] EP 0845642 A2 discloses a compressor having a plurality of banks of cylinders to be
operated multi-stage, single-stage, plural parallel single stages and, when multi-stage, with or
without an economizer. This document discloses a compressor according to the preamble of
claim 1.

SUMMARY

[0005] The invention is defined by the appended claims. One aspect of the disclosure involves
a compressor comprising: a case defining: a first cylinder bank having a plurality of cylinders; a
cylinder head; a suction port; a discharge port; and an economizer port; a plurality of pistons,
each individually associated with a respective one of the cylinders; and a crankshaft held by
the case for rotation about a crankshaft axis and coupled to the pistons; characterized in that:
the first cylinder bank cylinder head is divided into: a first suction chamber; a second suction
chamber; and a single discharge chamber. The first cylinder bank first suction chamber is
coupled to the suction port. The first cylinder bank second suction chamber is coupled to the
economizer port. The first cylinder bank discharge chamber is coupled to the discharge port.
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[0006] In one or more embodiments of any of the other embodiments, the economizer port is
on the first cylinder head.

[0007] In one or more embodiments of any of the other embodiments, the economizer port
and the discharge port are on the first cylinder head.

[0008] In another aspect of the disclosure involves the compressor wherein: the case further
defines: a second cylinder bank having a plurality of cylinders; and for the second cylinder
bank, a cylinder head. The second cylinder bank cylinder head is divided into: a single suction
chamber; and a single discharge chamber. The second cylinder bank suction chamber is
coupled to the suction port. The second cylinder bank discharge chamber is coupled to the
discharge port.

[0009] In one or more embodiments of any of the other embodiments, the first cylinder bank
and the second cylinder bank have identical valve plates.

[0010] In one or more embodiments of any of the other embodiments, a first cylinder of the
first cylinder bank and the cylinders of the second cylinder bank have a first displacement. A
second cylinder of the first cylinder bank associated with the second suction chamber has a
second displacement, different than the first displacement.

[0011] In one or more embodiments of any of the other embodiments, the first cylinder bank
first suction chamber and second cylinder bank suction chamber are coupled to the suction
port via a sump of the compressor.

[0012] In one or more embodiments of any of the other embodiments, the case defines a third
cylinder bank.

[0013] In one or more embodiments of any of the other embodiments, the case defines a third
cylinder bank having a head divided into a single suction chamber and a single discharge
chamber.

[0014] In one or more embodiments of any of the other embodiments, the third cylinder bank
suction chamber is coupled to the suction port; and the third bank discharge chamber is
coupled to the discharge port.

[0015] In one or more embodiments of any of the other embodiments, the first, second, and
third cylinder banks each have exactly two cylinders.

[0016] In one or more embodiments of any of the other embodiments, the second cylinder
bank is a central cylinder bank. The first cylinder bank discharge chamber and third cylinder
bank discharge chamber are coupled to the discharge port via the second cylinder bank
discharge chamber.
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[0017] In one or more embodiments of any of the other embodiments, a method for using the
compressor comprises: passing a first flow to the suction port; passing a second flow to the
economizer port; splitting the first flow into respective first and second branch flows to the first
cylinder bank first suction chamber and the second cylinder bank suction chamber; passing the
first branch flow through a first cylinder of the first cylinder bank to the first cylinder bank
discharge chamber; passing the second branch flow through the second cylinder bank
cylinders in parallel to the first cylinder bank discharge chamber; passing the second flow
through a second cylinder of the first cylinder bank to the first cylinder bank discharge
chamber; and passing a combined flow from the first cylinder bank discharge chamber and the
second cylinder bank discharge chamber out the discharge port.

[0018] In one or more embodiments of any of the other embodiments, an electric motor is
coupled to the crankshaft to drive rotation of the crankshaft.

[0019] In one or more embodiments of any of the other embodiments, a wall of the first
cylinder bank cylinder head between the first suction chamber and the second suction
chamber intersects a wall between the discharge chamber of the first cylinder bank and the
first and second suction chambers of the first cylinder bank.

[0020] In one or more embodiments of any of the other embodiments, a portion of the first
cylinder bank cylinder head blocks the first cylinder bank second suction chamber from
communication with a port in a valve plate of the first cylinder head, the port communicating
with a sump of the compressor.

[0021] In one or more embodiments of any of the other embodiments, the portion of the first
cylinder bank cylinder head is a wall intersecting another wall dividing the first cylinder bank
discharge chamber from the first cylinder bank second suction chamber.

[0022] In one or more embodiments of any of the other embodiments, a system comprises the
compressor and further comprises: a heat rejection heat exchanger; an expansion device; a
heat absorption heat exchanger; a refrigerant flowpath from the discharge port sequentially
through the heat rejection heat exchanger, expansion device, and heat absorption heat
exchanger, returning to the suction port; and an economizer flowpath branching from the
refrigerant flowpath to return to the economizer port.

[0023] The details of one or more embodiments are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]
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FIG. 1 is a schematic view of a vapor compression system.
FIG. 2 is a partially schematic vertical sectional view of a compressor.
FIG. 3 is a plan view of a prior art valve plate.

FIG. 4 is a partial transverse schematic sectional view showing cross-over flow in a three-bank
compressor.

FIG. 5 is a plan view of a gasket for a prior art head.

FIG. 6 is a plan view of a gasket for an economized head.

FIG. 7 is an isometric view of the economized head.

FIG. 8 is a plan underside view of a gasket for a second prior art head.
FIG. 9 is a plan underside view of a gasket for a second economized head.

FIG. 10 is an isometric view of the second economized head.

[0025] Like reference numbers and designations in the various drawings indicate like
elements.

DETAILED DESCRIPTION

[0026] FIG. 1 shows a vapor compression system 20 having a compressor 22 for driving a
refrigerant flow along a recirculating main flowpath 24 in a normal operational mode. The
compressor has a suction port 26 and a discharge port 28. The compressor further comprises
an economizer port 30. The compressor has a housing schematically shown as 32 in which the
ports are formed.

[0027] In the normal operational mode, the main refrigerant flowpath 24 proceeds sequentially
from the discharge port 28 downstream through a first heat exchanger 40 (e.g., a condenser
or gas cooler acting as a heat rejection heat exchanger), an expansion device 42 (e.g., an
electronic expansion valve or the like), and a second heat exchanger 44 (e.g., an evaporator
serving as a heat rejection heat exchanger) before returning to the suction port 26.

[0028] FIG. 1 further shows a branch flowpath 50 as an economizer flowpath
diverging/branching from the main flowpath 24 at a junction 52 and ultimately returning to the
economizer port 30. In the exemplary economizer, an economizer heat exchanger 60 places
the main flowpath and economizer flowpath downstream of the junction 52 in thermal
communication with each other to transfer heat from the main flowpath to the economizer
flowpath. To do this, the economizer heat exchanger 60 has a leg 62 along the main



DK/EP 3295029 T3

refrigerant flowpath and a leg 64 along the economizer flowpath in heat exchange relation with
each other. The leg 62 is upstream of the expansion device 42 and the leg 64 is downstream
of an expansion device 66 along the economizer flowpath (e.g., an electronic expansion valve
or the like). An alternative economizer involves a flash tank economizer.

[0029] FIG. 1 schematically shows the exemplary housing 32 as further defining a plurality of
cylinders. In the illustrated example, there are three cylinder banks 70, 72, and 74. Each
exemplary bank has two cylinders 76, 77; 78, 79; 80, 81. Each cylinder has one or more
suction or intake ports 90 and discharge or outlet ports 92 (e.g., compressor internal ports
such as in a valve plate in addition to the overall compressor suction port 26 and discharge
port 28). Respective heads 100, 102, 104 of the banks separate one or more discharge
chambers communicating with the discharge ports from one or more suction or intake
chambers communicating with the suction ports. In a conventional manner, the second and
third heads each define a single suction chamber 120, 122 and a single discharge chamber
124, 126. In a baseline compressor from which the present compressor is reengineered, the
first bank may have a similar arrangement. The exemplary compressor first bank 70 head 100
preserves its baseline discharge chamber 128 but divides what would have been a single
suction chamber into a first suction chamber 130 communicating with the suction port of the
first cylinder 76 and a second suction chamber 132 communicating with the suction port of the
second cylinder 77. This may be achieved by adding a dividing wall 134 across what would
have been the single suction chamber of the baseline head. As is discussed further below, this
configuration allows the first bank second cylinder to be fed via the economizer port whereas
the remaining cylinders of the compressor are fed from the suction port. Thus, the second
cylinder suction chamber 132 may be referred to as an economizer chamber. This allows an
approximate 5:1 ratio of suction flow to economizer flow. This may be contrasted with a
situation where an entire bank (of a three-bank compressor) is fed from the economizer port
thus having a ratio of 2:1.

[0030] In the exemplary baseline compressor, the compressor suction port 26 communicates
with a sump 140 and via the sump to the suction chambers. This communication may be
provided by one or more passageways extending outward through the cylinder case (e.g., that
defines the bores of the cylinders). In this example, there are two passageways 142, 144, one
at either end of the bank. In the reengineering of the first bank, the second passageway 144 is
eliminated (e.g., as is discussed below, one portion of that passageway may be eliminated,
leaving other portions moot). That passageway is replaced with a passageway 150 that may
extend through the cylinder case or directly into the head from the economizer port 30.

[0031] In the exemplary baseline compressor, the compressor discharge port 28 is coupled via
a passageway 160 to the second bank discharge chamber 126. The passageway 160 may
simply be within the head 102. The first bank discharge chamber 128 and third bank discharge
chamber 176 are coupled via respective passageways 162, 164 (crossover passageways) to
the second bank discharge chamber 124.

[0032] An exemplary layout of the compressor is a W layout wherein the three banks are
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spaced at intervals circumferentially about a crank axis with the cylinders of each bank being
spaced axially and facing generally radially outward. The exemplary arrangement places the
bank 126 in the center of a close grouping of the three banks.

[0033] FIG. 2 shows the compressor having a motor 200 driving a crankshaft 202 held by the
case for rotation about a central longitudinal axis 500. The exemplary view is a simplified
vertical sectional view through the second cylinder bank.

[0034] FIG. 3 shows a valve plate 152 that intervenes between the cylinder case and head of
one of the cylinder banks. For each of the two exemplary cylinders, the suction port comprises
three openings and the discharge port comprises three openings. The openings may be
sealed by reed valves (not shown). At opposite longitudinal ends, there are ports 143, 145
along the respective passageways 142 and 144 that may serve as suction gas inlets passing
suction gas outward from the sump into the suction chamber. At lateral ends, there may be
ports 155 that serve a discharge function. The port 156, depending on which cylinder is
involved, may serve a suction function or a cross-over function. FIG. 4 shows the two lateral
ports of the second central bank as being cross-over ports. Because one of these ports is
alongside the suction chamber, a dividing cover 158 is placed within the suction chamber to
isolate the suction flow for the second bank.

[0035] FIG. 5 shows a gasket for a head of the two outboard/lateral banks of the baseline
compressor. FIG. 6 shows a revised gasket for a revised head of FIG. 7. In the exemplary
three-bank compressor with discharge from the center bank, the baseline gasket represents a
configuration usable on the two outboard/lateral banks. The gasket also provides a partial
schematic of the head layout of the baseline compressor (with various legs of the gasket
material corresponding to walls of the head and various gaps between legs corresponding to
various chambers or passageways). The gasket has a perimeter band 220 corresponding to a
sidewall 240 of the head. The discharge chamber 124, 126 is separated from the suction
chamber 120, 122 via a leg 230 of the gasket and corresponding wall 250 of the head. The
baseline suction chamber includes portions that register with the two suction gas inlets 143,
145 (and 155 in case of the outboard/lateral bank) of FIG. 3; thus the gasket has open areas.
FIG. 6 shows a modified version of the gasket of FIG. 5 wherein the subject cylinder bank is
converted into an economized bank (e.g., the first bank in the example above).

[0036] In order to form the exemplary present first bank cylinder head 100, the additional wall
134 and associated gasket leg 234 (FIG. 6) are added joining the dividing wall 250 (and leg
230) to the sidewall 240 (and perimeter band 220). Additionally, communication of the second
cylinder 77 suction port with the adjacent suction gas inlet must be blocked. This may be done
in one or more of several ways. First, the adjacent suction gas inlet 145 may be removed in a
redesign of the valve plate. Second, the head may simply be formed (e.g., cast) with a surface
260 (FIG. 7) to block communication of the suction chamber 132 with the adjacent suction gas
inlet 145. FIG. 6 shows an additional gasket leg 258 sealing this surface.

[0037] FIG. 7 shows the head casting with the economizer port 30 as a portion of the casting
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communicating with the suction chamber 132 (which serves as an economizer chamber).

[0038] An alternative modification could involve modifying the baseline center bank to become
the economized bank. FIG. 8 shows a baseline gasket for the baseline center bank. Generally
similar to the gasket of FIG. 5, it also includes a portion 320 representing a wall of the head
surrounding a discharge flow crossover port/passage 162 or 164.

[0039] FIG. 9 shows a modified gasket representative of a similar modification relative to FIG.
8 as FIG. 6 is to FIG. 5. Gasket leg 334 and head wall 336 may be similar to leg 234 and wall
134.

[0040] FIG. 10 shows the associated modified center bank head. In the baseline system, the
two lateral bank heads have no ports and the center bank head has the discharge port.
Whereas the first modification of FIG. 7 modifies one of the lateral bank heads to have an
economizer port 30, the second modification of FIG. 10 instead modifies the center bank head
to have the economizer port 30 and discharge port 28.

[0041] Various asymmetries may be introduced in reengineering a configuration of a non-
economized compressor to an economized compressor as discussed above or
remanufacturing an existing non-economized compressor to become economized. The
displacement of the cylinder associated with the economizer flow may be altered relative to the
other cylinders (e.g., for example the cylinder associated with the economizer flow may have a
smaller diameter than other cylinders). To accommodate change in bearing loading,
connecting rod wrist pin bearings or other bearings may be altered for economized
compressor. For example, the modified compressor could have a needle bearing instead of a
fluid film bearing for a connecting rod wrist pin bearing for an economized cylinder

[0042] The compressor and system may be made using otherwise conventional or yet-
developed materials and techniques.

[0043] The use of "first", "second", and the like in the description and following claims is for
differentiation within the claim only and does not necessarily indicate relative or absolute
importance or temporal order. Similarly, the identification in a claim of one element as "first" (or
the like) does not preclude such "first" element from identifying an element that is referred to
as "second" (or the like) in another claim or in the description.

[0044] Where a measure is given in English units followed by a parenthetical containing Sl or
other units, the parenthetical's units are a conversion and should not imply a degree of
precision not found in the English units.

[0045] One or more embodiments have been described. Nevertheless, it will be understood
that various modifications may be made. For example, when applied to an existing basic
system, details of such configuration or its associated use may influence details of particular
implementations. Accordingly, other embodiments are within the scope of the following claims
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by which the invention is defined.
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Patentkrav:

Kompressor (22), der har en flerhed af cylinderreekker, omfattende:
et hus (32) afgreensende:

en fgrste cylinderreekke (70) med en flerhed af cylindre (76, 77),

et cylinderhoved (100),

en sugeport (26),

en udledningsport (28) og

en economiserport (30), og
en flerhed af stempler, der er forbundet med hver deres cylinder, og
en krumtapaksel (202), der er fastholdt af huset til rotation omkring en
krumtapakselakse og koblet til stemplerne,
kendetegnet ved, at:
den farste cylinderreekkes cylinderhoved er opdelt i et fgrste sugekammer
(130), et andet sugekammer (132) og et enkelt udledningskammer (128),
den farste cylinderreekkes fgrste sugekammer er koblet til sugeporten,
den farste cylinderreekkes andet sugekammer er koblet til economiserporten
0g
den fgrste cylinderraekkes udledningskammer er koblet til udledningsporten.

Kompressor ifglge krav 1, hvor:

economiserporten er pa det fgrste cylinderhoved.

Kompressor ifglge krav 1, hvor:

economiserporten og udledningsporten er pa det fgrste cylinderhoved.

Kompressor ifglge krav 1, hvor:

huset (32) endvidere afgreenser:
en anden cylinderraekke (72) med en flerhed af cylindre (78, 79) og
et cylinderhoved (102) til den anden cylinderraekke,
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den anden cylinderraekkes cylinderhoved er opdelt i et enkelt sugekammer
(120), og et enkelt udledningskammer (124),

den anden cylinderraekkes sugekammer er koblet til sugeporten og

den anden cylinderraeekkes udledningskammer er koblet til udledningsporten.

Kompressor ifglge krav 4, hvor:
den farste cylinderreekke og den anden cylinderreekke har identiske
ventilplader.

Kompressor ifglge krav 4, hvor:

en fgrste cylinder i den fgrste cylinderraekke og cylindrene i den anden
cylinderraekke har en fgrste forskydning og

en anden cylinder i den fgrste cylinderraekke, der er forbundet med det andet
sugekammer, har en anden forskydning, der er forskellig fra den fgrste
forskydning.

Kompressor ifglge krav 4, hvor:
den farste cylinderraekkes fgrste sugekammer og den anden cylinderreekkes

sugekammer er koblet til sugeporten via et bundkar (140) i kompressoren.

Kompressor ifglge krav 4, hvor:
huset afgreenser en tredje cylinderreekke (74) med et hoved (104), der er

opdelt i et enkelt sugekammer (122) og et enkelt udledningskammer (126).
Kompressor ifglge krav 8, hvor:
den tredje cylinderreekkes sugekammer er koblet til sugeporten og

den tredje cylinderreekkes udledningskammer er koblet til udledningsporten.

Kompressor ifglge krav 9, hvor:

den fgrste, anden og tredje cylinderreekke hver har ngjagtig to cylindre.

Kompressor ifglge krav 9, hvor:
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den anden cylinderraekke er en central cylinderraekke; og

den fgrste cylinderraekkes udledningskammer og den tredje cylinderraekkes
udledningskammer er koblet til udledningsporten via den anden
cylinderraekkes udledningskammer.

Kompressor ifglge krav 1, hvor:

en veaeg (134) i den fgrste cylinderraekkes cylinderhoved mellem det fgrste
sugekammer og det andet sugekammer krydser en veeg (250) mellem den
fgrste cylinderreekkes udledningskammer og den fgrste cylinderreekkes fgrste
og andet sugekammer.

Kompressor ifglge krav 1, hvor:

en del (260) af den fgrste cylinderraekkes cylinderhoved blokerer den fgrste
cylinderraekkes andet sugekammer fra forbindelse med en port i en ventilplade
i det fgrste cylinderhoved, hvilken port er forbundet med et bundkar i
kompressoren, fortrinsvis hvor delen (260) af den fgrste cylinderraekkes
cylinderhoved er en veeg, der krydser en anden vaeg (250), der adskiller den
fagrste cylinderreekkes udledningskammer fra den fgrste cylinderraekkes andet

sugekammer.

System omfattende kompressoren ifglge krav 1 og endvidere omfattende:
en varmeafvisende varmeveksler (40),

en ekspansionsanordning (42),

en varmeabsorberende varmeveksler (44),

en kglemiddelstrgmningsbane (24), der passerer sekventielt gennem den
varmeafvisende varmeveksler, ekspansionsanordningen og den
varmeabsorberende varmeveksler og tilbage til sugeporten, og

en economiserstrgmningsbane (50), der forgrener sig fra
kglemiddelstramningsbanen og tilbage til sugeporten.

Fremgangsmade til brug af kompressoren ifglge krav 4, hvilken

fremgangsmade omfatter:
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at lede en fgrste strgm til sugeporten,

at lede an anden strgm til economiserporten,

at adskille den anden strgm i fgrste og anden forgreningsstrgmme til
henholdsvis den fgrste cylinderraekkes fgrste sugekammer og den anden
cylinderraekkes sugekammer,

at lede den fgrste forgreningsstrém gennem en fgrste cylinder i den fgrste
cylinderraekke til den fgrste cylinderreekkes udledningskammer,

at lede den anden forgreningsstrgm gennem cylindrene i den anden
cylinderraekke parallelt med den fgrste cylinderraekkes udledningskammer,
at lede den anden forgreningsstrgm gennem en anden cylinder i den fgrste
cylinderraekke til den fgrste cylinderraekkes udledningskammer og

at lede en kombineret strgm fra den fgrste cylinderraekkes udledningskammer

og den anden cylinderreekkes udledningskammer ud ad udledningsporten.
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