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One exemplary embodiment of this disclosure relates to a refrigerant compressor. The compressor includes an axial
section having a plurality of blades and vanes and a centrifugal section having an impeller. The centrifugal section is arranged down
stream of the axial section.

(57) Abstract:

REFRIGERANT COMPRESSOR

RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.

62/379,367, filed August 25, 2016, which is herein incorporated by reference in its entirety.

BACKGROUND
[0001]

This disclosure relates to a compressor, such as for use in refrigeration.

[0002]

Refrigerant compressors are used to circulate refrigerant in a chiller via a

refrigerant loop. Refrigerant loops are known to include a condenser, an expansion device, and
an evaporator. The compressor compresses the fluid, which then travels to a condenser, which

cools and condenses the fluid. The refrigerant then goes to an expansion device, which

decreases the pressure of the fluid, and to the evaporator, where the fluid is vaporized,

completing a refrigeration cycle.
[0003]

Environmental regulations have led to refrigerants with lower working

pressure being preferred in minimizing the global warming potential and the ozone depletion
potential. These lower working pressure refrigerants have a lower vapor density than higher

working pressure refrigerants, requiring a larger cross-section area in order to pass the same
mass flow rate. This larger cross-section area leads to bigger machine sizes and lower shaft
speeds than machines that use higher working pressure refrigerants.

SUMMARY
[0004]

An example refrigerant compressor according to an exemplary aspect of this

disclosure includes an axial section having a plurality of blades and vanes and a centrifugal or
mixed-flow section having an impeller. The centrifugal or mixed-flow section is positioned
downstream of the axial section.
[0005]

In a further embodiment of the foregoing system, a flash vapor port is

arranged upstream of the centrifugal section.
[0006]

In a further embodiment of the foregoing system, an inlet guide vane is

arranged upstream of the axial section.
[0007]

In a further embodiment of the foregoing system, an inlet guide vane is

arranged upstream of the centrifugal flow section and downstream of the axial section.
[0008]

In a further embodiment of the foregoing system, the inlet guide vane is a

variable inlet guide vane.
[0009]

In a further embodiment of the foregoing system, a first inlet guide vane is

arranged upstream of the axial section and a second inlet guide vane is arranged downstream
of the axial section.
[0010]

In a further embodiment of the foregoing system, a diffuser is arranged

downstream of the centrifugal section.
[0011]

In a further embodiment of the foregoing system, the refrigerant compressor

is part of a chiller system.

[0012]

In a further embodiment of the foregoing system, a flow path for a working

fluid is defined by a hub and a casing.
[0013]

In a further embodiment of the foregoing system, the working fluid is one

of HFO-1233ZD, R123, DR-2, and HFO-1336MZZ.
[0014]

In a further embodiment of the foregoing system, a deswirler row having a

plurality of blades is arranged upstream of the centrifugal section.
[0015]

An example refrigerant compressor according to an exemplary aspect of this

disclosure includes an axial portion and a centrifugal portion arranged about an axis of rotation,
and a fluid flowpath. The fluid flowpath is substantially parallel to the axis of rotation at the

axial portion, and the fluid flowpath is substantially perpendicular to the axis of rotation at a

portion of the centrifugal portion.
[0016]

In a further embodiment of the foregoing system, the axial portion

comprises a plurality of blades and a plurality of vanes, and the centrifugal portion comprises
an impeller

[0017]

In a further embodiment of the foregoing system, the centrifugal portion

comprises a diffuser, and the fluid exits the flowpath via a volute.

[0018]

In a further embodiment of the foregoing system, the fluid is a refrigerant.

[0019]

In a further embodiment of the foregoing system, the refrigerant is one of

HFO-1233ZD, R123, DR-2, and HFO-1336MZZ.

[0020]

In a further embodiment of the foregoing system, a flash vapor port is

arranged upstream of the centrifugal section.

[0021]

In a further embodiment of the foregoing system, the compressor includes

inlet guide vanes.

[0022]

The embodiments, examples and alternatives of the preceding paragraphs,

the claims, or the following description and drawings, including any of their various aspects or
respective individual features, may be taken independently or in any combination. Features
described in connection with one embodiment are applicable to all embodiments, unless such
features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

The drawings can be briefly described as follows:

[0024]

Fii*ure 1 shows a schematic illustration of a refrigerant loop.

[0025]

Fii*ure 2 shows a refrigerant compressor.

[0026]

Fi *ure 3 shows another embodiment of a refrigerant compressor.

[0027]

i *ure 4 shows another embodiment of a refrigerant compressor.

[0028]

i *ure 5 shows another embodiment of a refrigerant compressor.

[0029]

i *ure 6 shows another embodiment of a refrigerant compressor.

[0030]

i *ure 7 shows another embodiment of a refrigerant compressor.

DETAILED DESCRIPTION
[0031]

Figure 1 illustrates a refrigerant cooling system 10. The refrigerant system

10 includes a main refrigerant loop, or circuit, 12 in communication with a compressor 14, a

condenser 16, an evaporator 18, and an expansion device 20. This refrigerant system 10 may
be used in a chiller, for example. Notably, while a particular example of the refrigerant system
10 is shown, this application extends to other refrigerant system configurations. For instance,

the main refrigerant loop 12 can include an economizer downstream of the condenser 16 and
upstream of the expansion device 20.

[0032]

The refrigerant cooling system 10 circulates a refrigerant. Increasingly,

refrigerants with lower working pressure are preferred for environmentally-friendly reasons.
Lower working pressure refrigerants also offer benefits in system efficiency, flammability, and
toxicity. A lower working pressure refrigerant has a lower vapor pressure level, lower
saturation pressure, and lower density than traditional refrigerants, such as HFC- 134a or HFO1234ZE. Lower working pressure refrigerants consequently require higher volumetric flow.

Examples of such lower working pressure refrigerants include R123, HFO-1233ZD, HFO1336MZZ, and DR-2. In an embodiment, lower working pressure refrigerants have a saturation

vapor pressure below 100 kilopascals (kPa) (or about 14.5 psia) at 4.4 degrees Celsius (or about
40 degrees Fahrenheit). In another embodiment, lower working pressure refrigerants include
refrigerants with a liquid phase saturation pressure below 45 pounds per square inch absolute
(psia) (or about 310 kPa) at 104 degrees Fahrenheit (40 degrees Celsius), as defined by the

Environmental Protection Agency's Refrigerant Recycling Regulations.
[0033]

Figure 2 illustrates an example refrigerant compressor 14 for a lower

working pressure refrigerant. In this example, the compressor 14 includes an axial compressor
section 19 and a centrifugal compressor section 2 1 arranged about an axis of rotation X. A fluid
flow path F is bounded by a hub 22 at an interior and a shroud or casing 24 at an exterior. An
inlet 25 of the compressor 14 receives fluid F from the evaporator 18. At the inlet 25, the fluid
is flowing substantially parallel to the axis of rotation X. In this example, a first stage of the

compressor 14 is a single-stage axial-flow section 19. The single-stage axial-flow section 19
includes a rotor row 28 having an array of rotor blades, and a stator row 30 having an array of
stator vanes. The blades of the rotor row 28 are configured to provide a desired compression
ratio. In an embodiment, the blades could include tip treatments, such as shrouds to help
manage blade tip performance loss. The rotor row 28 elevates vapor enthalpy.
[0034]

The stator row 30 elevates vapor static pressure and changes vapor swirl.

The vanes of the stator row 30 are configured to remove the angular flow component imparted
by the blades of the rotor row 28, and restore the axial flow direction as the working fluid F is
directed downstream within the compressor 14. In one embodiment, the stator vanes may be
stationary. In another embodiment, the stator row 30 may be radially adjusted, allowing for
smooth transition of flow path F from the axial-flow section 19 without conventional return
channel vanes. Together, the rotor row 28 and stator row 30 provide a single compression stage.
It should be understood, however, that this disclosure extends to compressors having
additional, or fewer, stages in the axial-flow compressor.

[0035]

A centrifugal section 1 is arranged downstream of the axial-flow section

19 for second stage vapor compression. The centrifugal section 2 1 includes a centrifugal

impeller 34. In an embodiment, the fluid flows radially outwardly at the centrifugal section 21.
In other words, the fluid F flows substantially perpendicular to the axis X at a portion of the

centrifugal section 21. The centrifugal impeller 34 could include full blades or a combination
of full blades and splitter blades. In other embodiments, the centrifugal section 2 1 could include
a single row or multiple rows of splitter blades. The addition of splitter blades may increase
the flow capacity of the impeller 34. In a further embodiment, a diffuser 36 is arranged

downstream of the impeller 34. The diffuser 36 could be a vaneless diffuser, a single row or
multiple row vaned diffuser, or a pipe diffuser. A diffuser 36 may improve capacity control
during various operating conditions, as well as the stable operating range of the compressor 14,

which may result in higher compressor efficiency. After passing the diffuser 36, fluid F exits
the compressor 14 via a volute 38, and goes on to the condenser 16. In other embodiments, a

simple collector or axial exit flowpath could replace the volute 38. In some embodiments, a

mixed-flow compressor could replace the centrifugal section 2 1 depending on design
specifications. A mixed-flow compressor includes an impeller that combines axial and radial

components to have a diagonal fluid flow. A mixed-flow compressor may allow for a smaller

diameter shroud or casing 24.
[0036]

In some embodiments, a deswirler row 39 is arranged upstream of the

centrifugal section 21. The deswirler row 39 includes multiple blades and removes additional
swirl flow prior to the fluid flow F entering the centrifugal section 21. In some embodiments,
the compressor 14 includes an inlet guide vane 40 upstream of the axial-flow section 19. The

inlet guide vane 40 may be stationary or variable. In a further embodiment, the inlet guide vane
40 is a single variable inlet guide vane. In other embodiments, the compressor 14 includes a

single variable inlet guide vane 42 between the axial-flow section 19 and the centrifugal section
21. The inlet guide vane 42 may be arranged to improve system efficiency and stability by

imparting either a rotational velocity component to manage the first stage incidence angle, or
to expand the working fluid F to a higher specific volume, or both. Although two inlet guide

vanes 40, 42 are illustrated, the compressor 14 could include more or fewer inlet guide vanes.
[0037]

In a further embodiment, a flash vapor port 44 is arranged upstream of the

centrifugal impeller 34. The vapor port 44 adds a small amount of flash vapor from the
economizer to the flow path F, which improves refrigeration cycle efficiency.
[0038]

Figure 3 illustrates another embodiment of a refrigerant compressor. In this

embodiment, the vapor port 44 is arranged downstream of the deswirler row 39 and upstream

of the centrifugal section 21. The illustrated embodiment does not include inlet guide vanes,
but some embodiments could include inlet guide vanes upstream of the axial-flow section 19
and/or the centrifugal flow section 21.
[0039]

Figure 4 illustrates another embodiment of a refrigerant compressor. In this

embodiment, the compressor 14 does not include a deswirler row or inlet guide vanes.
[0040]

Figure 5 illustrates another embodiment of a refrigerant compressor. In this

embodiment, the compressor 14 includes a variable inlet guide vane 40 upstream of the axial-

flow section 19. The vapor port 44 is arranged downstream of the deswirler row 39.
[0041]

Figure 6 illustrates another embodiment of a refrigerant compressor. In this

embodiment, a variable inlet guide vane 40 is arranged upstream of the axial-flow section 19,
and the compressor 14 does not include a deswirler row.
[0042]

Figure 7 illustrates another embodiment of a refrigerant compressor. In this

embodiment, an inlet guide vane 40 is arranged upstream of the axial-flow section 19 and an

inlet guide vane 42 is arranged downstream of the axial-flow section 19 but upstream of the
centrifugal flow section 21. The vapor port 44 is arranged between the rotor row 28 and the
stator row 30 of the axial-flow section 19.
[0043]

These combinations of an axial-flow section 19 upstream of a centrifugal

section 2 1 (or mixed-flow compressor) lead to a more compact compressor with higher shaft
speeds using lower working pressure refrigerants. In some embodiments, the shaft speed is

similar to shaft speeds of a conventional medium or higher working pressure refrigerant
compressor. The more compact compressor additionally provides cost savings and the use of
the lower working pressure refrigerant improves cycle efficiency.
[0044]

It should be understood that terms such as "axial" and "radial", "centrifugal"

or "mixed-flow" are used above with reference to the normal operational attitude of a
compressor. Further, these terms have been used herein for purposes of explanation and should
not be considered otherwise limiting. Terms such as "about" are not intended to be
boundaryless terms, and should be interpreted consistent with the way one skilled in the art
would interpret those terms.
[0045]

Although the different examples have the specific components shown in the

illustrations, embodiments of this disclosure are not limited to those particular combinations.
It is possible to use some of the components or features from one of the examples in

combination with features or components from another one of the examples.
[0046]

One of ordinary skill in this art would understand that the above-described

embodiments are exemplary and non-limiting. That is, modifications of this disclosure would

come within the scope of the claims. Accordingly, the following claims should be studied to
determine their true scope and content.

CLAIMS

What is claimed is:

1.

A refrigerant compressor, comprising
an axial section having a plurality of blades and vanes; and

a centrifugal section having an impeller downstream of the axial section.

2.

The refrigerant compressor of claim 1, wherein a flash vapor port is arranged upstream

of the centrifugal section.

3.

The refrigerant compressor of claim 1, wherein an inlet guide vane is arranged upstream

of the axial section.

4.

The refrigerant compressor of claim 3, wherein the inlet guide vane is a variable inlet

guide vane.

5.

The refrigerant compressor of claim 1, wherein an inlet guide vane is arranged upstream

of the centrifugal section and downstream of the axial section.

6.

The refrigerant compressor of claim 5, wherein the inlet guide vane is a variable inlet

guide vane.

7.

The refrigerant compressor of claim 1, wherein a first inlet guide vane is arranged

upstream of the axial section and a second inlet guide vane is arranged downstream of the axial
section.

8.

The refrigerant compressor of claim 1, further comprising a diffuser downstream of the

centrifugal section.

9.

The refrigerant compressor of claim 1, wherein the refrigerant compressor is part of a

chiller system.

10.

The refrigerant compressor of claim 1, wherein a flow path for a working fluid is

defined by a hub and a casing.

11.

The refrigerant compressor of claim 10, wherein the working fluid is one of HFO-

1233ZD, R123, DR-2, and HFO-1336MZZ.

12.

The refrigerant compressor of claim 1, further comprising a deswirler row having a

plurality of blades arranged upstream of the centrifugal section.

13.

A refrigerant compressor, comprising:
an axial stage and a centrifugal stage arranged about an axis of rotation;

a fluid flowpath, wherein the fluid flowpath is substantially parallel to the axis of
rotation at the axial stage, and the fluid flowpath is substantially perpendicular to the axis of
rotation at the centrifugal stage.

14.

The refrigerant compressor of claim 13, wherein the axial stage comprises a plurality

of blades and a plurality of vanes, and the centrifugal stage comprises an impeller.

15.

The refrigerant compressor of claim 13, wherein the centrifugal stage comprises a

diffuser, and the fluid exits the flowpath via a volute.

16.

The refrigerant compressor of claim 13, wherein the fluid is a refrigerant.

17.

The refrigerant compressor of claim 16, wherein the refrigerant is one of HFO-1233ZD

R123, DR-2, and HFO-1336MZZ.

18.

The refrigerant compressor of claim 13, wherein a flash vapor port is arranged upstream

of the centrifugal stage.

19.

The refrigerant compressor of claim 13, further comprising inlet guide vanes.

A refrigerant compressor, comprising
an axial section having a plurality of blades and vanes; and

a mixed- flow section downstream of the axial-flow section.
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