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HOT GAS BYPASS FOR TWO-STAGE COMPRESSOR

CROSS-REFERENCE TO RELATED APPLICATION

[0001] Benefit is claimed of US Patent Application Ser. No. 61/940,716, filed February

17, 2014, and entitled "HOT GAS BYPASS FOR TWO-STAGE COMPRESSOR", the

disclosure of which is incorporated by reference herein in its entirety as if set forth at length.

BACKGROUND

[0002] The disclosure relates to vapor compression systems. More particularly, the

disclosure relates to surge control of multi-stage centrifugal compressors in vapor

compression systems.

[0003] One example of a vapor compression system involves a chiller. The exemplary

chiller involves a two-stage centrifugal compressor driven by an electric motor. The main

refrigerant flowpath through the exemplary system passes sequentially from an outlet of the

compressor through a condenser, an economizer (e.g., a flash tank economizer), an expansion

device, and a cooler, returning from the cooler to the compressor inlet. An economizer line

may extend from the economizer to an interstage of the compressor.

[0004] The exemplary prior art chiller uses a hot gas bypass to provide stable operation at

low loads. The exemplary bypass is from discharge conditions (e.g., between the compressor

outlet and condenser inlet) to cooler inlet conditions (e.g., downstream of the expansion

device). Flow along the bypass flowpath is governed by a hot gas bypass valve, in turn

controlled by a system controller. When compressor load falls below a set level, the

exemplary controller opens the bypass valve. This causes an increase of load to the

compressor resulting in stable operation.

SUMMARY

[0005] One aspect of the disclosure involves a vapor compression system comprising a

centrifugal compressor having: an inlet; an outlet; a first impeller stage; a second impeller

stage; and a motor coupled to the first impeller stage and second impeller stage. A first heat

exchanger is downstream of the outlet along a refrigerant flowpath. An expansion device and

a second heat exchanger are upstream of the inlet along the refrigerant flowpath. A bypass

flowpath is positioned to deliver refrigerant from the compressor bypassing the first heat



exchanger. A valve is positioned to control flow through the bypass fiowpath. The bypass

flowpath extends from a first location intermediate the inlet and outlet to a second location

downstream of the first heat exchanger along the refrigerant flowpath.

[0006] In one or more embodiments of any of the foregoing embodiments, the second

location is downstream of the expansion device along the refrigerant flowpath.

[0007] In one or more embodiments of any of the foregoing embodiments, the second

location is upstream of the second heat exchanger along the refrigerant fiowpath.

[0008] In one or more embodiments of any of the foregoing embodiments, the bypass

flowpath is a first bypass flowpath and a second bypass flowpath extends from a third

location between the first location downstream of the first location to a fourth location

upstream of the expansion device.

[0009] In one or more embodiments of any of the foregoing embodiments, the fourth

location is downstream of the first heat exchanger.

[0010] In one or more embodiments of any of the foregoing embodiments, the fourth

location is on an economizer tank.

[0011] In one or more embodiments of any of the foregoing embodiments, the system

further comprises an economizer having an economizer line returning to a fifth location

intermediate the inlet and outlet.

[0012] In one or more embodiments of any of the foregoing embodiments, the system

further comprises an economizer having an economizer line returning to an economizer port

intermediate the inlet and outlet.

[0013] In one or more embodiments of any of the foregoing embodiments, the

economizer port and the first location are at an interstage.



[0014] In one or more embodiments of any of the foregoing embodiments, the system

further comprises a controller configured to: calculate at least one pressure parameter; and

responsive to the calculated pressure parameter, control flow along the bypass flowpath.

[0015] In one or more embodiments of any of the foregoing embodiments, a method for

using the system comprises: driving rotation of the first impeller and the second impeller;

measuring at least one pressure; calculating at least one pressure parameter; and responsive to

the calculated pressure parameter, controlling flow along the bypass flowpath.

[0016] In one or more embodiments of any of the foregoing embodiments, the calculating

comprises a difference over time.

[0017] In one or more embodiments of any of the foregoing embodiments, the calculating

comprises an average over time.

[0018] Another aspect of the disclosure is a vapor compression system comprising a

centrifugal compressor having: an inlet; an outlet; a first impeller stage; a second impeller

stage; and a motor coupled to the first impeller stage and second impeller stage. A first heat

exchanger is downstream of the outlet along a refrigerant flowpath. An economizer is

downstream of the first heat exchanger along the refrigerant flowpath. An economizer line

returns from the economizer to the compressor. An expansion device and a second heat

exchanger are upstream of the outlet along a refrigerant flowpath. A bypass flowpath is

positioned to deliver refrigerant from the compressor bypassing the first heat exchanger. A

valve is positioned to control flow through the bypass flowpath. The bypass flowpath extends

from a first location to a second location downstream of the first heat exchanger but at or

upstream of the economizer along the refrigerant flowpath.

[0019] In one or more embodiments of any of the foregoing embodiments, the second

location is at the economizer.

[0020] In one or more embodiments of any of the foregoing embodiments, the

economizer is a flash tank economizer.



[0021] In one or more embodiments of any of the foregoing embodiments, the system

further comprises a controller configured to: calculate at least one pressure parameter; and

responsive to the calculated pressure parameter, control flow along the bypass flowpath.

[0022] In one or more embodiments of any of the foregoing embodiments, the system is a

chiller system.

[0023] Another aspect of the disclosure involves a vapor compression system comprising

a centrifugal compressor having: an inlet; an outlet; a first impeller stage; a second impeller

stage; and a motor coupled to the first impeller stage and second impeller stage. A first heat

exchanger is downstream of the outlet along a refrigerant flowpath. An expansion device and

a second heat exchanger are upstream of the inlet along the refrigerant flowpath. A bypass

flowpath is positioned to deliver refrigerant from the compressor bypassing the first heat

exchanger. A valve is positioned to control flow through the bypass flowpath. The bypass

flowpath is a first bypass flowpath. A second bypass flowpath extends at least partially

non-overlapping with the first bypass flowpath.

[0024] In one or more embodiments of any of the foregoing embodiments, the system

further comprises a controller configured to: calculate at least one pressure parameter; and

responsive to the calculated pressure parameter, control flow along the bypass flowpath.

[0025] In one or more embodiments of any of the foregoing embodiments, a method for

operating the system comprises: guiding rotation of the first impeller and the second impeller;

opening the valve to permit flow through the first bypass flowpath; and opening a second

valve to allow flow along the second bypass flowpath, flow along the second bypass flowpath

proceeding to the second impeller stage bypassing the first impeller stage.

[0026] 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

[0027] FIG. 1 is a schematic view of a chiller system.



[0028] FIG. 2 is a partially schematic view of a compressor of the system of FIG. 1.

[0029] FIG. 3 is a flowchart of a portion of an operation algorithm involving control of

hot gas bypass.

[0030] FIG. 4 is a schematic view of a second chiller system.

[0031] FIG. 5 is a flowchart of a portion of an operation algorithm involving controlled

hot gas bypass.

[0032] Like reference numbers and designations in the various drawings indicate like

elements.



DETAILED DESCRIPTION

[0033] FIG. 1 shows a vapor compression system 20 having an improved hot gas bypass

configuration and operation. The exemplary vapor compression system 20 is a chiller used to

cool a flow of water or other heat transfer liquid. The chiller comprises a compressor 22

having an inlet 24 defining suction conditions and an outlet 26 defining discharge conditions.

An exemplary compressor is a two-stage centrifugal compressor having a first stage shown as

28, a second stage shown as 30, and an interstage shown as 32. Each stage comprises a

centrifugal impeller. The two impellers are co-driven by an electric motor 34 (e.g., directly or

via a gearbox). The system 20 has a main refrigerant flowpath 35 proceeding through the

stages of compression between the inlet 24 and the outlet 26 and proceeding downstream via

a discharge line from the outlet 26 to the inlet 36 of a heat exchanger 38. In normal operation,

the heat exchanger 38 is a heat rejection heat exchanger, more particularly a condenser

rejecting heat from the refrigerant flowing therethrough to an external flow of a heat transfer

fluid. An exemplary flow of heat transfer fluid is cooling water or air. An exemplary flow 40

of heat transfer fluid enters an inlet 42 of the condenser 38 and exits an outlet 44 (e.g., a

water loop of the heat exchanger). The refrigerant flow exits a refrigerant outlet 46 of the

condenser and is passed to an inlet 48 of an economizer 50.

[0034] The exemplary economizer is a flash tank economizer having a liquid outlet 52

and a vapor outlet 54. The liquid outlet 52 is along the main refrigerant flowpath 35 which

proceeds further downstream to an expansion device 56 having an inlet 58 and an outlet 60.

The main refrigerant flowpath 35 passes further downstream from the expansion device outlet

60 to an inlet 62 of a second heat exchanger (a heat absorption heat exchanger (e.g., cooler))

64. The cooler absorbs heat from a flow 70 of heat transfer fluid (e.g., water) entering an inlet

72 and exiting an outlet 74 (e.g., a water loop of the heat exchanger). The cooler has a

refrigerant outlet 76 along the main refrigerant flowpath with a suction line 78 connecting the

outlet 76 to the compressor inlet 24 to complete the main refrigerant flowpath 35. An

economizer line 80 defines an economizer flowpath extending from the vapor outlet 54 back

to the compressor. In an exemplary embodiment, the economizer flowpath extends to an

economizer port 82 intermediate the inlet 24 and outlet 26 (more particularly, at the interstage

in this example). As so far described, this is representative of one of several exemplary prior

art configurations to which one or more of the further modifications may be applied.



[0035] Relative to known hot gas bypass configurations, one example has several

differences. First, instead of a single hot gas bypass flowpath, there are two at least partially

non-overlapping hot gas bypass flowpaths 120 and 122 departing from and returning to the

main refrigerant flowpath. Each hot gas bypass flowpath 120,122 is largely defined/bounded

by an associated hot gas bypass line 124, 126 in which a hot gas bypass valve 128, 130 is

located to control flow along the associated hot gas bypass flowpath. Additionally, the

location of one end of each bypass flowpath 120, 122 is shifted relative to the baseline

described above.

[0036] The first hot gas bypass flowpath 120 extends from an upstream end at a port 140

on the compressor to a downstream end at a location 142 between the expansion device 56

and the cooler 64. The location 142 may be the same as the aforementioned prior art location.

The exemplary location 140, however, is not at discharge conditions but rather at an

intermediate condition such as at an interstage. More broadly, the intermediate condition of

the port 140 may represent somewhere between 20% and 80%> of the compression process by

the compressor.

[0037] The second hot gas bypass flowpath 122 may extend from discharge conditions as

does the aforementioned prior art hot gas bypass flowpath. However, the exemplary second

hot gas bypass flowpath 122 extends to a location 150 upstream of the expansion device 56.

In the illustrated example, the location 150 is along the economizer 50.

[0038] FIG. 2 schematically shows exemplary locations of the economizer port 82, port

140, and impeller stages. It further shows a case (housing) assembly 160 of the compressor

containing the first stage impeller 162 and the second stage impeller 164 mounted to the shaft

166 of the motor 34. Between the inlet 24 and the inlet 167 of the first stage impeller, the

case contains a controllable inlet guide vane (IGV) array 168. downstream of the second

stage impeller outlet 169, the case defines a discharge plenum 170 along which the discharge

port (not shown) is located. Between the outlet 172 of the first stage impeller and the inlet

174 of the second stage impeller, components of the housing assembly define one or more

passageways including diffuser passageways 176 extending radially outward to a turn 178

which turns back radially inward and joins with return passageways (return) 180 extending

radially inward and then turning axially to meet the inlet 174. The exemplary location of port



140 is along the turn 178. More broadly, the exemplary location of port 140 is along or

downstream of the diffuser.

[0039] The exemplary economizer port 82 feeds an economizer gas chamber 190 to in

turn introduce gas to the primary refrigerant flowpath via injection ports 192. Exemplary

injections ports are along the return 180.

[0040] FIG. 1 further shows a controller 200. The controller may receive user inputs from

an input device (e.g., switches, keyboard, or the like) and sensors (not shown, e.g., pressure

sensors and temperature sensors at various system locations). The controller may be coupled

to the sensors and controllable system components (e.g., valves, the bearings, the compressor

motor, vane actuators, and the like) via control lines 202 (e.g., hardwired or wireless

communication paths). The controller may include one or more: processors; memory (e.g.,

for storing program information for execution by the processor to perform the operational

methods and for storing data used or generated by the program(s)); and hardware interface

devices (e.g., ports) for interfacing with input/output devices and controllable system

components.

[0041] FIG. 3 shows a control routine which may be programmed or otherwise

configured into the controller. The routine provides limitation of surge and may be

superimposed upon the controller's normal programming/routines (not shown, e.g., providing

the basic operation of a baseline system to which the foregoing control routine is added). The

exemplary control routine uses input from a series of pressure sensors including sensor 210 at

the first stage impeller exit, sensor 212 at the second stage impeller exit, 214 at the

condenser, 216 at the economizer and 220 at the cooler. A motor current sensor 230 and inlet

guide vane position sensor 232 also provide input to the controller.

[0042] In the exemplary routine 600 of FIG. 3, pressure characteristics of the two stages

are respectively measured 602. In this example, a pressure Pi for the first stage is measured

by the sensor 210 and a pressure P2 for the second stage is measured by the sensor 212.

Changes to each of these pressures are calculated 604. Exemplary changes or As (APi and

AP2 respectively) are the two measured pressure values relative to the corresponding

previously-measured values in a cyclic process. The new pressure data may be stored 606 for

use in the next cycle. The two pressure As are then compared 608, 610 to reference or



threshold values. In this example, if ∆Ρι is less than a first associated threshold pressure P -i,

the associated bypass valve is closed or is kept closed 612. In this example, the associated

bypasses along the bypass flowpath 120 and the closing is the closing of the valve 128.

Similarly, if ∆Ρι is greater than an associated threshold value P _2, the associated bypass

flowpath 120 and valve 128 are opened or kept open 614. Similarly, if ∆ Ρ 2 is less than an

associated threshold Ρ τ2_ι, the associated bypass flowpath 122 and the valve 130 are closed or

kept closed. If ∆ Ρ 2 is greater than a second associated threshold value Ρτ2_2, then the bypass

flowpath 122 and valve 130 are opened or kept open 618. A return step 620 returns to the

beginning after a preset delay and repeats. The exemplary cycle rate for the process is one

minute. The exemplary values of Ρχι_2 and Ρ 2_2 are 5 psi (34kPa). Exemplary Ρχι_ι and Ρτ2 ι,

are 2.0 psi (14kPa).

[0043] FIG. 4 shows an alternate system 300 which may be otherwise similar to the

system 20 in structure and operation but has changes to one or both bypass flowpaths. First,

there is a redirected return of the first bypass flowpath 320 and line 324 relative to the

flowpath 120 and line 124. In this case, rather than returning to a location between the

expansion device 56 and the heat absorption heat exchanger 64, the return is to a location 342

relatively downstream. The exemplary location 342 is downstream of the heat absorption heat

exchanger 64. More particularly, the exemplary location 342 is the return downstream of the

inlet guide vanes (shown added to FIG. 3).

[0044] The second exemplary change in the system 300 relative to the system 20 is the

redirected return of the second bypass flowpath 322 and line 326 relative to the flowpath 120

and line 126. In this case, rather than returning to a location downstream of the heat rejection

heat exchanger 38, the return to the primary flowpath is back to the compressor, more

particularly, an intermediate location along the compressor. In the illustrated example the

return is interstage, namely to the economizer port 82. This return may be achieved by simply

joining the economizer flowpath 80 so as to overlap along the downstream portion of both

such flowpath. By bypassing the economizer, with the flowpath 322, a reduction in

economizer size may be facilitated.

[0045] FIG. 5 shows an exemplary control routine 640 for the system 300. In this

example, the initial measurement step 642 measures not only Pi and P2 but also the

condenser pressure Pc (e.g., via sensor 214), the evaporator pressure PE (e.g., via sensor 220)



and the inlet guide vane position (e.g., via sensor 232). Averages of P IA and P2A respectively,

Pi and P2 are then calculated 644. The exemplary average is calculated as an average over a

short interval such as 0.5 minute to 5 minutes (e.g., 1 minute). Two parameters are then

calculated which are indicative of pre-surge. The exemplary parameter P1R is defined as

P IA/PE An exemplary parameter P2Ri s defined as P2A/PC-These two parameters are then

evaluated 648, 650. If P is greater than a threshold value A then the bypass valve 128 is

opened or kept open 652. If P2R is greater than a second threshold (optionally coincident with

the first threshold) B then the bypass valve 130 is opened or kept open 654. Thereafter, a

return 656 may return to the measurements 642.

[0046] The exemplary principles may be applied to other two-stage compressor

configurations. For example, the system configurations may be applied to so-called

back-to-back compressors where the two impeller stages are mounted at opposite ends of a

motor shaft. When standing alone, the exemplary back-to-back compressor has opposite first

and second inlets at opposite first and second ends and inlet guide vane arrays between such

inlets and the respective inlets to the first and second stage impellers. A discharge plenum of

the first stage impeller downstream of its diffuser is plumbed back to the second inlet when

installed in the vapor compression system. The discharge plenum of the second stage feeds

the overall compressor outlet with the first end inlet serving as the overall compressor inlet.

The economizer flow may be directed interstage such as to a junction with the line

connecting the first stage diffuser to the second end inlet upstream of the second end inlet

guide vanes.

[0047] 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.

[0048] Where a measure is given in English units followed by a parenthetical containing

SI or other units, the parenthetical' s units are a conversion and should not imply a degree of

precision not found in the English units.



[0049] 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.



CLAIMS

What is claimed is:

1. A vapor compression system (20; 300) comprising:

a centrifugal compressor (22) having:

an inlet (24);

an outlet (26);

a first impeller stage (28) ;

a second impeller stage (30); and

a motor (34) coupled to the first impeller stage and second impeller stage;

a first heat exchanger (38) downstream of the outlet along a refrigerant fiowpath;

an expansion device (56);

a second heat exchanger (64) upstream of the inlet along the refrigerant fiowpath;

a bypass fiowpath (120; 320) positioned to deliver refrigerant from the compressor

bypassing the first heat exchanger; and

a valve (128) positioned to control flow through the bypass fiowpath,

wherein:

the bypass fiowpath extends from a first location (140) intermediate the inlet and outlet to

a second location (142; 342) downstream of the first heat exchanger along the

refrigerant fiowpath.

2 . The system of claim 1 wherein:

the second location (142; 342) is downstream of the expansion device along the

refrigerant fiowpath.

3 . The system of claim 1 wherein:

the second location (142) is upstream of the second heat exchanger along the refrigerant

fiowpath.

4 . The system of claim 1 wherein:

the bypass fiowpath is a first bypass fiowpath; and

a second bypass fiowpath (122) extends from a third location between the first location

downstream of the first location to a fourth location (150; 82) upstream of the

expansion device.



5 . The system of claim 4 wherein:

the fourth location (150) is downstream of the first heat exchanger.

6 . The system of claim 4 wherein:

the fourth location is on an economizer (50) tank.

7 . The system of claim 4 further comprising:

an economizer (50) having an economizer line (80) returning to a fifth (82) location

intermediate the inlet and outlet.

8. The system of claim 1 further comprising:

an economizer (50) having an economizer line (80) returning to an economizer port (82)

intermediate the inlet and outlet.

9 . The system of claim 8 wherein:

the economizer port and the first location are at an interstage (32).

10. The system of claim 1 further comprising a controller (200) configured to:

calculate at least one pressure parameter; and

responsive to the calculated pressure parameter, control flow along the bypass flowpath.

11. A method for using the system of claim 1, the method comprising:

driving rotation of the first impeller and the second impeller;

measuring at least one pressure;

calculating at least one pressure parameter; and

responsive to the calculated pressure parameter, controlling flow along the bypass

flowpath.

12. The method of claim 11 wherein:

the calculating comprises a difference over time.

13. The method of claim 11 wherein:

the calculating comprises an average over time.



14. A vapor compression system (20; 300) comprising:

a centrifugal compressor (22) having:

an inlet (24);

an outlet (26);

a first impeller stage(28) ;

a second impeller stage (30); and

a motor (34) coupled to the first impeller stage and second impeller stage;

a first heat exchanger (38) downstream of the outlet along a refrigerant flowpath;

an economizer (50) downstream of the first heat exchanger along the refrigerant flowpath;

an economizer line (80) returning from the economizer to the compressor;

an expansion device (56);

a second heat exchanger (64) upstream of the outlet along a refrigerant flowpath;

a bypass flowpath (122; 322) positioned to deliver refrigerant from the compressor

bypassing the first heat exchanger; and

a valve (130) positioned to control flow through the bypass flowpath,

wherein:

the bypass flowpath extends from a first location to a second location downstream of the

first heat exchanger but at or upstream of the economizer (150) along the refrigerant

flowpath.

15. The system of claim 14 wherein:

the second location is at the economizer.

16. The system of claim 14 wherein:

the economizer is a flash tank economizer.

17. The system of claim 14 further comprising a controller configured to:

calculate at least one pressure parameter; and

responsive to the calculated pressure parameter, control flow along the bypass flowpath.

18. The system of claim 14 wherein:

the system is a chiller system.

19. A vapor compression system (20; 300) comprising:



a centrifugal compressor (22) having:

an inlet (24);

an outlet (26);

a first impeller stage (28);

a second impeller stage (30); and

a motor (34) coupled to the first impeller stage and second impeller stage;

a first heat exchanger (38) downstream of the outlet along a refrigerant flowpath;

an expansion device (56);

a second heat exchanger (64) upstream of the inlet along the refrigerant flowpath;

a bypass flowpath (120; 320) positioned to deliver refrigerant from the compressor

bypassing the first heat exchanger; and

a valve (128) positioned to control flow through the bypass flowpath,

wherein:

the bypass flowpath is a first bypass flowpath (120; 320);

a second bypass flowpath (122; 322) extends at least partially non-overlapping with the

first bypass flowpath.

20. The system of claim 19 further comprising a controller configured to:

calculate at least one pressure parameter; and

responsive to the calculated pressure parameter, control flow along the bypass flowpath.

2 1. A method for operating the system of claim 19, the method comprising:

guiding rotation of the first impeller and the second impeller;

opening the valve to permit flow through the first bypass flowpath; and

opening a second valve (130) to allow flow along the second bypass flowpath, flow along

the second bypass flowpath proceeding to the second impeller stage bypassing the

first impeller stage.
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