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invention rel ates to conpressi on/ expansion refrigeration, and KM COPY
particularly concerned with turbine-expansion cycle 5 chiller, air

condi tioning, heat punp, or refrigeration systens in which a turbo-expander
I's enpl oyed to expand the condensed refrigerant to a reduced preSsure and .
to permt recovery of a portion of thelenergy of the conpressed fluid.
Single-fluid two-phase fl [ n rate 10 an expansion
valge fl oat val ve, or éﬁﬁéaﬁﬁﬁﬁﬁ%ﬁyﬁp g&%téﬂ#eﬁgégglator bet ween the
condenser heat exchad@@RBENEiEXR&N?I@HOREFRIGEEATI@Ncﬂ&ﬁgér to expand the
fluid, i.e., to throttle the flow of refrigerant fluid froma high pressure
to a Iow1 ressure. The use of a turbine or turbo-expander in a
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t ur bi ne abswhibichsa rrbunbomnpmdzelgws)fempﬂoyeﬂp&nd expandf lthgecandeaseld
convertSrberiferant to a reduced pressure and to permit recovery of a

portion of the energy of the compressed fluid.
Single-fluid two-phase flow systems typically incorporate

10 an expansion valve, float valve, or other mechanical pressure
regulator between the condenser heat exchanger and the
evaporator heat exchanger to expand the fluid, i.e., to
throttle the flow of refrigerant fluid from a high pressure to
a low pressure. ‘ |

15 The use of a turbine or turbo-expander in a refrigeration
cycle has been previously proposed with the aim of improving
the refrigeration efficiency. Some type of bi-phase flow
turbine is required to replace the isenthalpic expansion
process of a throttling expansion valve with an isentropic

20 expansion process. This is, the turbine absorbs some of the
energy of the expanding refrigerant'and converts it to
rotational energy. At the same time, the liquid fraction of
the refrigerant that enters the evaporator is increased.
Ideally, the energy of the expanding-refrigerant can be

25 recovered and can be used to reduce the amount of motor energy
needed to drive the systenm compressor.

U.S. Pat. No. 4,336,693 describes a refrigeration system
that employs a reaction turbine as an expander stage. In this
approach, a centrifugal reaction turbine preforms the

30 expansion function, and operates to separate vapor from the
liquid before extracting power. This produces increased
efficiency over a conventional turbo-expander. In this prior
patent, the energy produced by the turbine can be used to
drive a load, such as a generator.

35 However, turbines placed in this ro%e havevhot been
particularly efficient for a number of reasons. ‘In most



‘rotdtional energy. At the same tine, the liquid fraction of the refrigerant’
that enters the evaporator is increased. ldeally, the energy of the
expanding refrigerant can be 25 recovered and can be used to reduce the
amount of notor energy needed to drive the systemconpressor. U.S. Pat. No.
4,336,693 describes a refrigeration syatenithat enpl oys a reaction turbine
as an expander stage. In this approach;, a centrifugal reaction turbine
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- two-phasgpli BY8’ ¥PBOhot only smaller in capacity than the compressor,
but also operate under conditions of low efficiency due to the
two-phase flow and speed of the expanding fluid. For optimal
efficiency, the two-phase flow turbines also require a '
10 completely different speed from the compreésor. Consequently,
the conventional engineering practice is not to employ a
turbine expander because the small amount of savings in energy
recovery and efficiency gains are far outweighed by the
reduced initial and maintenance costs of a throttling valve.
15 A single fluid, two-phase-flow turbine expander can be
made practical and efficient only if critical relationshipsqof
the turbine to the rest of the refrigeration system are
observed. Direct coupling of the turbine rotor shaft to the
drive of the compressor is possible if the turbine rotor has a
20  design speed that permits it to serve as a high-efficiency
.expander, the turbine matches the properties of the
refrigerant, such as vapor density and two-phase flow acoustic
'velocity, and the capacity of the refrigeration system (i.e.,
refrigerator, chiller or air conditioner) satisfies optimal
25 mass fléw conditions of the turbine expander. However, no
previous system has observed these criteria, and so the
desired efficiency increases have not been achieved.
For medium- to high-pressure refrigerants such as R134A
and R22, two-phase flow turbo-expahders can be employed, of
30 the type described e.q., in Ritzi et al., U.S. Pat No. _
4,298,311, Hays et al. U.S. Pat. No. 4,336,693 and Hays et al.
U.S. Pat. No. 4,438,638. Qhese patents relate to turbines
driven by a two-phase working fluid where most of the fluid
mass (e.g., 20%) is liquid, and one or more nozzles directs
35 the condensed refrigerant at a rotor so that the vapor and
liquid mixture impacts the rotor. These turbines are designed '
as reaction turbines, so that kinetic energy of the expanding



“stat’e, the expansion process produces a relatively smal|l anount of work,
conpared to the work input required for the 5 conpressor. Moreover,

turbi nes that have been conventionally enployed are not only smaller in
capacity than the conpressor, but also operate under conditions of |ow
efficiency due to the two-phase fIOM/qu'Speed of the expanding fluid. For.
optimal efficiency, the two-phase flow turbines also require a 10
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10 Turbine-expansion cycle refrigeratioh systems assume a
normal, steady-state flow rate and pressure head condition.
Under normal conditions, the condenser drain mass flow passes
through the two-phase flow turbine expander, and expansion
energy is transferred to the compressor drive train. This

15 produces a reduction in the shaft horsepower requirement for
the compressor. .

Where the tprbo-expahder is designed as a fixed-geometry
device, the turbo expander can operate efficiently over a -
given range of mass flow and pressure head conditions. These

20 turbo expanders are designed to operate with liquid flow at a
given rate and pressure reaching the nozzles. Problems may
occur if the refrigeration system is operated at off-design
conditions. .

At off-design conditions, the pressure head may be too

25 small or the flow rate may be too large to pass the condensed
refrigerant efficiently through the turbine nozzles, thus
starving the cooler or evaporator stage. If the system head
drops, but mass flow is at the design flow rate or higher, the
pressure for that volume of flow may be too low to pass the

30 required liquid flow through the turbine nozzles. Liquid
refrigerant then stacks up in the sump region of the
condenser, starving the evaporator. This condition can force
the system to shut down due to lcw cooler or evaporator
pressure. _

35 Accordingly, it is necessary to incorporate some
additional means to permit a stable level of refrigerant to be



‘refrigerator, chiller or air conditioner) satisfies optimal 25 mass flow
condi tions of the turbine expander. However, no previous system has
observed these criteria, and so the desired efficiency increases have not
been achi eved. For nedium to high-pressure refrigerants such as R134A and
R22, two-phase flow turbo- expanders cag be enpl oyed, of 30 the type
descrlbed e.g., in Rtzi et al., at No. 4,298,311, Hays et al. U S
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- the design range of the system, and which avoids the
drawbacks of the prior art. '
According to an aspect of this invention, a single-fluid
10  two-phase-flow turbine expander with a slightly sub-cooled
inlet condition is directly i.e., mechanically coupled to the
drive train of the associated refrigeration compressor both to
expand the condensed refrigerant isentropically and also to
recover a significant amount of the compression energy of the
15 - refrigerant and apply that energy to rotating the compressor.
' For a refrlgeratlon system of a capacity of 100 to 1000
tons, employing a high-pressure refrigerant such as R22 or
R134A, and a centrifugal or screw compressor driven by a two-
pole induction motor (3000 to 3600 rpm), the turbine
20 effiéiency is estimated at about 60%. Depending on operating
conditions, the turbine reduces the motor locad by 6 - 15%
compared to the system with a throttling expansion valve. A
similar system employing a low-pressure refrigerant, such as.
R123 or R245ca, would permit a much smaller recovery due to
25 the need for an increased turbine rotor diameter and lower
. rotor shaft speed. Ideaily, a recovery of about 2 - 6% is
vossible.
Efficient energy recovery can also be achieved if the
turbine ekpander is employed in a refrigeration system below
30 100 ton capacity having a screw compressor or other type of
rotary compressor as long as the critical relationship between -
speed and capacity can be observed. For example, in systems
using high pressure refrigerants, the turbine expander can be
coupled directly to the high-speed shaft of a 40-ton geared
35 screw compressor, running at 12,000 rpm or an inverter-driven
5-ton scroll compressor running at 40,000 rpm.
In addition to these two examples, many other



Texpansion. 5 ~ However, in any given application, the size of the
turbi ne that provides optinal expansion will not provide suitable output
shaft power. The turbine's expansion capacity for a given nass fl ow should
be matched with the required shaft speed to permt direct coupling to the
conpressor drive. 10 Tur bi ne- expagsi-on cycle refrigeration systens
assune a nornmal, steady-state flow rate and pressure head condition. Under
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refrlgerﬁglon systemis operated at off de5|gn con

conditio q:ﬁédpF8§§6FEsh%aﬂrﬂ99 @t fixed nozzles that are directed

at the vanes. The mass flow of refrigerant through the nozzles
is sufficient to satisfy the evaporator as long as the system

10 is operating under design operating condition. However, if
the pressure head drops or if the mass flow rate becomes high,
and the system operates under off-design conditions, the
refrigeraﬁt mass flow allowed through the turbine nozzles can
be too small to satisfy the evaporator. This can lead to

15 shutdown of the system from low evaporator pressure.

In several preferfed embodiments of this invention, a
bypass conduit couples the condenser sump with the evaporator
to satisfy the evaporator during certain off-design
conditions. A float valve or equivalent sensor means in the

20 condenser sump detects that the liquid level is in excess of
normal limits. The sensor causes a valve to open and to
permit flow of the liquid through the bypass conduit. Under
normal conditions, the liquid level in the subcooler portion
of the condenser remains within the design limits, and the

25 Dbypass conduit remains shut off. Thus under normal
cénditions, i.e., during steady state operation, all of the
liquid reffigerant is cycled through the turbine expander to
permit recovery of energy and reduction in compressor motor
torque. However, when there is a change in operation

30 conditions, the bypass conduit cuts in to provide a flow of
liquid refrigerant from the condenser sump directly to the
evaporator. |

The above and many other objects, features, and
advantages of this invention will become apparent from the

35 ensuring description of a preferred embodiment, to be read in
conjunction with the accompanying Drawing.

Fig. 1 is a schematic view of a single-fluid



25 small or the flowrate may be too large to pass the condensed
refrigerant efficiently through the turbine nozzles, thus starving the
cool er or evaporator stage. |If the system head drops, but mass flow is at
the design flow rate or higher, the pressure for that volume of flow may be
too low to pass the 30 required I|qU|clgIom1through t he turbine nozzles.
Liquid refrigerant then stacks up in the sunp region of the condenser,
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incorporates a turbo-expander, showing a bypass condult
according to a second embodiment of this invention.

Figs. 3, 4, and 5 are a top cutaway view, a front
elevational cutaway view, and a side elevational cutaway view,

10 fespectively, of a float chamber for the sump of the
condenser stage of the embodiment of Fig. 1. '

Wlth reference to the Drawing, and inltlally to Flg. 1, a -
refrigeration system 10 for a heat pump,_refrlgerator, chiller
or air conditioner is shown schematically to comprise a

15 compressor 11 that is driven by an electric motor 12 or other
prime mover. The compressor 11 compresses a working fluid
that exists in the system in its liquid and vapor phases or
states. The compressor discharges the compressed vapor,'at
high pressure and high temperature, into a condenser/subcooler

20 assembly 13 which exhausts heat from the working fluid and
condenses the high pressure vapor into the high pressure
liquid. The condenser has a main heat exchanger 14 for
removing heat from the condensing vapor and a sensible
subcooler 15 for removing heat from the condensed liquid.

25 The liquid refrigerant collects in a valve chamber 28,
where a pilot chamber 16 contains a ﬁaih float valve 17 that
governs the rate of flow. The liquid refrigerant flows from
the chamber 28 through a main turbine conduit 18 into a
turbine expander 19. The high-pressure liquid flows into a

301 high pressure port and drives a turbine rotor with the kinetic
energy of the expanding working fluid. A portion of the
energy imparted to the working fluid by the compressor 11 is
recovered in the expander 19. From here, another conduit 20
carries the working fluid at low pressure into an evaporator

35 21 where the working fluid absorbs heat from an environmental
zone, and the absorbed heat converts the working fluid from
the liquid to the vapor state. The vapor from the evaporator



‘whi ch incorporates bypass neans to permit operation outside the design
range of the system and which avoids the drawbacks of the prior art.
According to an aspect of this invention, a single-fluid 10 two-phase-fl ow
turbi ne expander with a slightly sub- cooled inlet condition is directly
i.e., mechanically coupled to the drive train of the associated -
refrigeration conpressor both to expand the condensed refrigerant
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- 6% 1S expander, such as a throttling expansion valve.

10 The liquid level at the entrance to the subcooler 15 is
controlled by a float-valve-operated level control system 29.
The majority of the liquid flow leaves the sensible subcooler
15 through a subcooler drain 27, and enters a valve chamber
28. The level of the liquid working fluid in the subcooler 15

15 is maintained by an overflow weir 25 that allows a minor
portion of the condensed liquid to flow into the pilot chamber
16. 1In the pilot chamber, the main float valve 17 rises or
falls with the liquid level, to allow the main flow to leave
the valve chamber through the main turbine conduit or pipe 18.

20 A drain line with a drain orifice 26 continuously'bleeds the
pilot chamber 16 to the low pressure side of the system. If
the level entering the subcooler 15 is below the entrance of
the weir 25, no liquid flow will enter the pilot chamber 16.
The pilot chamber drain orifice 26 will bleed liquid out of

25 the pilot chamber, the pilot chamber level will drop, and the
main. float valve 17 will close. This restricts the main flow
leaving the subcooler through conduit 27, thereby forcing the
level at the entrance of the subcoocler 15 to rise. If the
liquid level in the condenser assembly 13 rises significantly

30 above the control weir 25, too much flow enters the pilot
chamber 16. 1In this case, the the pilot chamber drain
orifice 26 cannot bleed the ligquid flow fast enough. The
level in the pilot chamber 16 rises, so that the main float
valve 17 will open, allowing more flow to pass through the

35 subcooler drain conduit 27 and through the main turbine

- conduit 18 to the turbine expander 19. This causes the liquid

level at the entrance of the subcooler 15 to drop. For steady



'possi ble. Efficient “energy recovery can al so be achieved if the turbine
expander is enployed in a refrigeration system below 30 100 ton capacity
havi ng a screw conpressor or other type of roetary conpressor as |long as the
critical relationship between speed and capacity can be observed. For
exanpl e, in systems using high pressurg refrigerants, the turbine expander.
can be coupled directly to'the high- speed shaft of a 40-ton geared 35 screw
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havi my =Staterlevek. with peripheral vanes and a nozzl e block that houses
the The majority of the liquid refrigerant flows from the
level control system 29 through the main conduit 18 into the
turbine expander 19. The turbine expander 19, coupled to the.
compressor motor 12 through a shaft or a linkage 22, absorbs a
10 portion of the kinetic energy of the working fluid and
transfers it to the motor 12 to reduce some of the compressor
load on the motor 12. Consequently, with the turbine expander
the refrigeration cycle is operated more efficiently than is
possible with a different type of expander, such as a
15 throttling expansion valve. The low pressure exhaust flow of
the turbine expander 19 flows through the conduit 20 to the
evaporator or cooler 21 where the working fluid absorbs heat
from the environmental zone, and the absorbed heat converts
the working fluid from liquid to vapor state. The vapor re-
20 enters the intake of the compréssor 11, and the cycle is
' repeated.

With the efficient use of a turbine expander, higher
cooling efficiency is possible. With high pressure
refrigerants, such as R12, R22, and R134A, the throttling loss

25 through a standard expansion valve can be as high as 20%, and
for a low pressure refrigerant such as R123 or R245ca, the
throttling loss can be 12%. However, if a throttling type
expander can be replaced with a turbine expander having an
efficiency of 50%, a significant amount of this throttling

30 loss can be recovered. Thus, a turbine expander that is
directly (i.e., mechanically) coupled to the shaft of the
compressor can achieve a measurable improvement in
refrigeration efficiency. Typically, the turbine expander
has nozzles of fixed dimension and orifice size, which are

35 based on the design steady-state operating conditions of the
system. An example of a turbine expander is shown in
commonly-assigned U.S. Pat. Appln. Ser. No. 08/222,966, filed



“disc and contains a group of fixed nozzles that are directed at the vanes.
The mass flow of refrigerant through the nozzles is sufficient to satisfy
t he evaporator as long as the system 10 is operating under design
operating condition. However, if the pressure head drops or if the nass
fl ow rate beconmes high, and the syst emoper at es under off-design ;
conditions, the refrigerant nass flow all owed through the turbine nozzles
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thrqugh éﬁg EPI éﬁ%§”¥¥gﬁ}(%lth the bypass float valve 24 being
10 éhown on the right. The valve chamber 28 is disposed in the
central part of the level control system 29, with the main
conduit or pipe 18 exiting to the turbine and a bypass pipe 23
exiting the valve chamber to connect with the conduit 20. 1In
this embodiment the bypass valve mechanism 24 is proportional.
15 That is, the amount of liquid that is valved through the
bypass conduit 23 is generally proportional to the level of
the liquid in the valve chamber, above an initial high level.
The turbine expander, being a fixed-geometry device, and
sized for a particular steady-state condition, mdy have too
20 small a capacity to handle the refrigerant flow under some
transient or off-design conditions. Even though the main
float valve 17 would be in its completely open position, the
level at the entrance of the subcooler 15 would stack up in
the main condenser 14. This condition would result in system
25 safety shut down, because of low evaporator pressure, to
prevent the evaporator water/brine from freezing. To prevent
the system from shutting dowh, the second or bypass float
valve 24 comes into play.. The bypass float valve 24 has its
activation height set so that it remains closed until the main
30 float valve 17 is completely open. During system start up, _
during transient conditions or steady-state low-head or high-
weight flow conditions, the bypass float valve 24 will open as
needed to allow only the necessary quantity of bypass flow
through the bypass conduit 23, to the low pressure side of the
35 system 20 or 21. During off-design conditions, the bypass
conduit 23 communicates between the drain line 27 of the
condenser assembly 13 and the low-pressure conduit 20 and the



‘permit recovery of energy and reduction in conpressor notor torque.

- However, when there is a change in operation 30 conditions, the bypass
conduit cuts into provide a flow of liquid refrigerant fromthe condenser
sunp directly to the evaporator. The above and nany ot her objects,

features, and advantages of this inve%y(mTVWII become apparent fromthe 35
ensuring description of a preferred enbodiment, to be read in conj uncti on
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In this embodiment, elements that are in common with the
embodiment of Fig. 1 are identified with the same reference
numbers, but primed. A description of the main features need
not be repeated here. 1In this embodiment, rather than the

10 float yalve 24, a float switch 30 is actuated when the liquid
level in the pilot chamber 16’ reaches a predetermined high
level. The float switch actuates a bypass solenoid 31 that is
connected in line in the bypass conduit 23‘. This opens the
bypass conduit 23’ to liquid flow when the off-design

15 conditions do not permit sufficient mass flow through the main
conduit 18’ and the turbine 19°’.

Many other possible embodiments could be employed to

bypass liquid refrigerant around the turbine 19 or 19/ during
off-design conditions.



el evat ional—cut amay view, and a side el evational cutaway view, 10

respecti chanber for the sunp of the condenser stage of

the e%oéﬁ%\ “ﬂ“\ﬂ“\ Wth reference to the Drawing, and initially to
rrgermtison*system 10 for a heat punp, refrigerator, chiller or

alr condi tioner is shown schematicallyjto’ conprise a 15 conpressor 11 that

Is driven by an electric notor 12 or other prinme nover. The conpressor 11
conpr esWhataisockanged! isd t hat exists in the systemin its liquid and

vapor phases or state or, at
hi gh pressure and&hl %i?i Sﬁﬁf%%%F%ﬁ?%¥§%§§$§ﬂﬁyg¥ﬁi§¥¥%§ ssenbly
13 whi cnmwauysswhegh comns@s vmrﬁihg of LA df anid mﬁmrmrmetmatgh
pressur gx§apar jhNthet Bspmmgrfésyi@]ia%& ad NFagnd aﬂ%%s%fm' n heat

exchanger 14 for renovinhg heat fromithe condenS|ng vapor an sensi bl e

subcdol EPT15OMBrepgiBgi Hiie nEaROF Lhe T fRY cRFAERE RPRRLRASiLOm energy tae
liquid takr rgctagéraﬁtl £ThEd | rhav indg van cimpiersSet Wit einl g [t chanber 16

rerri goRsheiPeonber PR A€ 4 reaPled YrFERuH Adidh Rriek Sxui « "Ta"
into a Ubrlbhn&hsxﬁéncldr1§9delrmene@hapressqlevatemuprés’,ma & drive
motor having a drive shaft coupled to said input shaft to
10 1rotate the same; condenser means that exhausts heat from the
condensed refrigerant to convert the compressed vapor to
liquid, said condenser means including a sump for accumulating
said liquid; a turbine expander having an inlet supplied by
said sump of said condenser means with said fluid at said
15 elevated pressure as a combination of liquid and vapor for
expanding the refrigerant fluid to said reduced pressure,
including an output shaft coupled to said rotary compressor
~ input shaft, for recovering at least a part of the compression
energy of the refrigerant fluid as it is being expanded and an "
20 outlet providing said refrigerant fluid at said reducéd
pressure, and evaporator means situated in circuit between the
outlet of said turbine expander and the inlet of said
compressor and fed with said refrigerant fluid at said reduced
pressure for evaporating the refrigerant liquid to vapor and
25 absorbing heat, and returning the resulting vapor to said
compressor inlet; and a bypass conduit connected between said
condenser means and said evaporator means, including valve
means for selectively permitting said fluid to flow in said
bypass conduit from said condenser means to said evaporator
30 means, and sensor means for detecting an accumulation of said
liquid in said condenser means to actuate said valve means.

2. Single fluid compression/expansion refrigeration
apparatus according to claim 1, wherein said valve means
includes a bypass float valve situated within said sump.



‘30 "high pressure—pert—and drives a turbine rotor with the kinetic energy

of the ex ' ' fluid. A portion of the energy inparted to the
wor Ki ngmﬁ i “gm‘ﬂmmg&pressor 11 is recovered in the expander 19. From
her e, L 5 ( carries the working fluid at |ow pressure into an
evaporator 35 21 where the working flygd- absorbs heat from an .

envi ronnental zone, and the absorbed heat converts the working fluid from

the liqui dhto the yaposi{ﬁpé ef1ufilee db%liﬁ:ft : egl‘sriqmﬁé&%a@a\éaaar é%@fi?ﬁrgﬁiién

reenters e_c ressor n an i,n e (low.,pressure) .side.

schemat i 359?59\?&% ?‘F‘ﬁ%‘b’e“‘?z%‘? Fgrﬁitnhg"t oﬁﬁ%%f&&ﬁdﬁlxs BgaPfie conpressor

11 nechabkhcindesai fikoateswitailt sidfuatiesbdn waid eumpt andﬁa sbaenbha turlgl ne
d | 4 $ ' | \éi N 1 :

expanderyd9vg AELHELLY A7 e ST Yyred Lol dnklg) SORRTERTRL 11

The turbi ne expan ; | eves, sone e conpressor |oa _
12, so tfewPlied Fersaid fioath swidiah. s operated nore efficiently than is
possible with a different type of expander, such as a throttling expansion

val ve. 4. Single fluid compression/expansion refrigeration

apparatus which comprises a fill of a fluid refrigerant that
exists in the apparatus as liqiid and as vapor; a compressor
for compressing the vapor thereby adding compression energy to
10 the refrigeraht fluid; having an input shaft, an inlet to
receive the fluid at a reduced pressure and aﬁ outlet from
which the fluid is delivered at an elevated pressure; a drive
motor having a drive shaft coupled to said input shaft to ,
rotate the same; condenser means that exhauéts heat from the
15 condensed refrigerant to convert the compressed vapor to
liquid, said condenser means including a sump for accumulating
said liquid; a main float valve in said sump for maintaining a
predetermined liquid level in said sump and regulating flow of
said refrigerant fluid through a conduit; a turbine expander
20 having an inlet supplied by said conduit with said fluid at
said elevated pressure as a combination of liquid and vapor
for expanding the refrigerant fluid to said reduced pressure,
including an output shaft coupled to said rotary compressor
input shaft, for recovering at least a part of the compression
‘25 energy of the refrigerant fluid as it is being expanded and an
outlet providing said refrigerant fluid at said reduced '
pressure, and evaporator means situated in circuit between the
outlet of said turbine expander and the inlet of said
compressor and fed with said refrigerant fluid at said reduced
30 pressure for evaporating the refrigerant liquid to vapor and
absorbing heat, and returning the resulting vapor to said
compressor inlet; a bypass conduit connected between said
condenser means and said evaporator means; bypass valve means
for selectively permitting said fluid to flow in said bypass
35 conduit from said condenser means to said evaporator means;
and sensor means for detecting an accumulation of said liquid



‘10 The liquid level at the entrance to the subcoo i ontroll ed

by a float-val ve-operated | evel control system Zml m P f the
liquid flow | eaves the sensible subcool er 15 thr ﬂ mu’maﬂmmrdral n 27,
and enters a val ve chanber 28. The level of the I'i q§i dtworkisng+luid in the
subcool er 15 15 is mai ntai ned by an OV%H ow weir 25 that allows a m nor
portion of the condensed liquid to flowinto the pilot chamber 16. In the
pi I ot chagbgg gt BSnH@thi'xﬁ@éné’aé?(eaéJué esa JﬁHeﬁg@a&x@.t he liquid
|l evel, to allow the main flow to | eave the valve chanber through the main
turbine conduit or pipe 18. 20 A drain line with a drain orifice 26
continuously bl eeds.t hginglet £ hpdbesmpbedHi drijeipansions yvere igedatdon he
system Iaf ghe Ievgl eaﬁeri ng, thg fubéool er éLS i S . Ibowat he_ e tvreance of the
weir 25, 2RBAFAFUPAFPFERANY | CRTEI LR HE pIHSTSPh Y& ¥V %t chanber
drai n or mkane 28chirflesbhchbypasgufoatitvalves amt saidotsenisarbaeanshe pil ot
chanber Lauehaws! b #5188t 80Fu406a Bith{hosiiqdyp 17 will close. This
restri cté' t%e mai n ?Fow I eg\d}l‘ng t he su{)coo ler t%&ough conduit 27, thereby
forcing the level at the entrance of the subcooler 15 to rise. If the
liquid level in the.copdRgser £ nese Eoiplessistteipitiion aufinigiraliomw t he
control %%bgr%gustggcggggnélgglg £§$S4}h§h£}é{§ said bypass valve

means includes a solenoid valve disposed in line in said

bypass conduit, and said sensor means includes a float switch

10 situated in said sump and electrically coupled to said

solenocid valve.



*chanber 16. In this case, the the pilot chanber drain orifice 26 cannot
bleed the liquid flow fast enough. The level in the pilot chanber 16
rises, so that the main float valve 17 will open; all e fe—H-ew-t

pass through the 35 subcooler drain conduit 27 and th b—hSHﬁ% HASBEEN bi ne
conduit 18 to the turbine expander 19. This causes the |i quEPLAGERI at |t he

entrance ofABSERAIICOOl €r 15 to drop. For steady state operation, The
refrigerant flow over the weir 25 and the fIOM/through t he pil ot chanber

drain 26 will becoqg gﬂﬂa*e_fqghéh@wFlgﬁgsgagﬂgbg%ém gﬁgggng§§g sgtable

position. This ke urd leve ntering the _subcool er
steady- 5 s¥R¥Cyedefin ‘Hwec?m?’é?ﬁipfb"fe’m’ﬂ??r’r%l gefeigegetian W&F@mfrom

the level omérotusysiem 2% ¥ hrmasgh ﬁdmrw N FONdiixdedl8 ipHeddteamined ne
expander _19. T}k £ t ur bi.ne eégander cou Ieda;o t he COrpr essor not.or

through 2 sPEF1EF 8°fi AR eSong 58?55 P or‘?‘?%"?‘b’f 1} h&PkiSHEaR - energy
of the wor kstaté | nbtmaibd dardlitfiens.i tA t najhe filtoadr ¥flve (2@)cgovermsof the

CONPressor +he refrigerant flow to the turbine expander (19). In order
to accoﬁmodate off-design conditioﬁs, a bypass conduit (23)
carries liquid refrigerant around the turbine expander (19)
10 directly to the evaporator (21). In this case a bypass
float valve (24) opens the bypass conduit (23) when the
ligquid level in the condenser sump reaches a predetermined
high 1level. Alternatively, a float switch and a bypass
solenoid can be employed.
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" 1 oad on the notor 12. Consequently, with the turbine expander the
refrigeration cycle is operated nore efficiently than is possible with a
different type of expander, such as a 15 throttling expansion val ve.. The

| ow pressure exhaust flow of the turbine expander 19 fl,mD(;H 1J e
conduit 20 to the evaporator or cooler 21 where the worKi b’$ﬂ apéésorgs
heat fromthe environnental zone, and the absorbed heat }jconv 4

working fluid fromliquid to vapor state. The vapor re- 20 enters the
~intake of the conpressor 11, and the cycle is repeated. Wth the efficient
use of a turbine expander, higher cooling efficiency is possible. Wth high
pressure refrigerants, such as R12, R22, and he throttling | oss 25
~through a standard expamnsi on val ve can be ag 0% and for a | ow
pressure refrigerant such as R123 or R245c¢ ing | oss can be
12% However, if heed with a turbine
expander ha\ of this
throttling 30 | 0sd ler that is
directly (|.e., ashaft of the ¢onpressor can
achi eve a ngasurabl e |npr1 - o
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“refrigeration efficiency. Typically, the turbine expander has nozzl es of
fi xed dinension and orifice size, which are 35 based on the design

st eady-state operating conditions of the system An exanple of a turbine
expander is shown in conmonly-assigned U. S. Pat. Appln. Ser. No.

08/ 222,966, filed April 5, 1994. The discl osure of ({3
i ncorporated herein by reference. Details of a |level c¢ @B%ﬁ&"ﬁ?ﬂ@] L
float val ve mechani smof this enbodi nent are shown in Eigs Sﬁfﬁﬁcggo .
Here liquid refrigerant flows fromthe condenser 14 throug
into the pilot chanber 16, and the liquid rises to a | evel that depends on
the heating/cooling load, and al so on other ~. The first or main
float valve 17 is shOMMvﬁn the left inthigview, witR the bypass fl oat

val ve 24 being 10 shown on the right. pber 28 is di sposed
in the central ) he main conduit

or pipe 18 iting the valve
chanber to
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‘this enbodi nent the bypass val ve nechanism 24 is proportional. 15 That
is, the anmount of liquid that is valved through the bypass conduit 23 is
generally proportional to the level of the liquid in the.valve chanber,
above an initial high level. The turbine expander, bej Tiflagitixegageopptiry
device, and sized for a particular steady-state condifion, RERyAdEY € toc 20
small a capacity to handle the refrigerant flow under*~some—t+rafs+ent
of f-desi gn conditions. Even though the main float valve 17 would be inits
conpl etely open position, the |level at the entrance of the subcooler 15
woul d stack up in the main condenser 14. This condition would result in
system 25 safety shut down, because of |ow evaporator pressure, to

prevent the evaporator water/brine fromfreezing. To prevent the system
fromshutting down, the second or bypass float valve 24 cones into play.

The bypass float valve 24 has its activation height set so that it remains
closed until the main 30 float valve 17 is conpletely open. During system
start up, during transient conditions or steady-state |ow head or high-

wei ght flow conditions, the bypass float valve 24 will open as needed to
allow only the necessary quantity of bypass flow through the bypass conduit
23, to the |low pressure side of the '
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35 system 20 or 21. During off-design conditions, the bypass conduit 23
comuni cates between the drain line 27 of the condense senbly 13 and the
| ow pressure conduit 20 and the 10 evaporator 21. Th&HISoGiLs it ”2§[ﬁ§ﬁ S
some of the liquid refrigerant around the turbine 19. [nder REp[AEtp
conditions, the valve 24 is shut off and the liquid re
t hr ough the mai n conduit 18 and the turbine expander 19. 5 A second
enbodi ment of this invention is shown in Fig. 2. In this enbodinent, '

el ements that are in common with the enbodinment of Fig. 1 are identified
with the sane reference nunbers, but primed. A description of the main
features need not be repeated here In &his enbodi nent, rather than the 10
float valve 24, a float switch 30 i18 actuated when the liquid level in the
pil ot chanber 16" re S a predetekn;ned_glgh | evel . The { t switch
actuates a bypass enond 31 that iJs connected in line M theNyp
conduit 23' Thifs—opens The pypass - cpndui t t hie ]
of f - desi gn

- og 24
1 —A"
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15 conditions do not permt .sufficient mass flow through the:main comnduiit
48' &nd the turbine 19'. Mny other p055|ble enbodi nent s could be enploye

to bypass liquid refrigerant around the turbine 19 or 19' dufipg off-design
condi tions. What is clainmed is: ngle fluid conpressi pnf exx@Malydass
refrigeration apparatus which conprlséa—a fill of a fluid refr|gerant that

exists in the apparatus as liquid and as vapor; a conpressor}5-for
conpressing the vapor thereby adding conpression energy to the refrigerant

fluid; having an |nput shaft, an |nlet to receive the fluid at a reduced
pressure andSBBCG LE VBl GRNTROL WEOR | A TURBINE ) B n el evat ed
pressure; ajﬂﬂ}&ﬁﬁﬁéﬁl_ﬂa&lﬁ@ﬁa dr|ve shaft coupled to said input shaft to
10 rotate the sane; condenser neans that exhausts heat fromthe condensed
refrigerant to convert the conpressed vapor to liquid, said condenser mneans.
I.ncludi ng a &BsprAQT:accunul ating said liquid; a turbine expander having an
inl et supplied by '

A single-fluid two-pnase turbine expander (19) is
employed in a compression-expansion refrigeration system.
The +turbine (19) has nozzles of fixed, predetermined

S5 orifice and is designed for optimal operation in steady-
state normal conditions. A main float wvalve (17) governs
the refrigerant flow to the turbine expander (19). In order
to accommodate off-design conditions, a bypass conduit (23)
carries liquid refrigerant around the turbine expander (19)

10" directly to the evaporator (21). In this case a bypass
float valve (24) opens the bypass conduit (23) when the
liquid level in the condenser sump reaches a predetermined
high 1level. Alternatively, a float switch and a bypass
solenoid can be employed.

Fig. 1




said sunp of said condenser means with said fluid at said 15 el evated
pressure as a conbination of liquid and vapor for expandi ng. the-fef+igerant-
fluid to said reduced pressure, including an output shaft coliplléd digHNai SEERT
rotary conpressor input shaft, for recovering at least a p ?tgot The

conpression energy of the refrigerant fluid as it is being ¥pa9@qqA@qQ3an
20 outlet providing said refrigerant flluid at said reduced pqes§ure, aﬁé
evaporator means situated in circuit between the outlet of isat }
expander and the inlet of said conpressor and fed with said refrigerant
fluid at said reduced pressure for evaporating the refrigerant TTquldto
vapor and 25 absorbi ng heat,- and returning the-fesulti™g vapor to said
conpressor inlet; and a bypass conduit connegted between said condenser
means and sai d evaporator |means, including valve neans fqr selectively
permtting said fludto ow—-n—sald bypasy condﬁik fromesaj d condenser
means to said p means for Cting an
accunul ati on jof sai¥ e said val ve
means. 2. Single flu s on appar at us
according to fclaim1, whergin said valve neans iTctudes a bypass fl oat

val ve situated w thin sajd—sump.
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12 3, Single fluid conpressi-on/ expansi on refrigeration apparatus..accocdi
t-0 cIa|n11 wherein said val ve neans includes a fl oat smﬁt,hﬁstym@ﬂeq HERT
said sunp and a sol enoid valve disposed in line in sald!ﬁi ngl

electrically 5 coupled to said float switch. 4. Single fil §id

conpr essi on/ expansi on refrigeration apparatus which congri se%aﬁduﬁ ﬂ%of a
fluid refrigerant that exists in the_@pparatus as |i qui And as_vapor. ’
conpressor for conpressing the vapor thereby adding condression energy to
10 the refrigerant fluid; having an input shaft, an in

fluid at a reduced pressure and an outlet fromwhich the fluidis dellvered
at an el evated pressure; .a drive notor i haft coupled to said
i nput shaft to rotate thé&same; condenser ny austs heat fromthe
15 condensed refrlgerant o convert the conpressed vapor\to liquid, said
condenser neans i w ped d; a main fl oat
val ve in sa
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predetermned liquid level i-n said sunp and regulating flow of said
vefrigerant fluid through a conduit; a turbine expander qg “havi: OopaT, [uJ!
supplied by said conduit with said fluid at said el evat efRBfledsiifaidss AL
conmbi nation of liquid and vapor for expanding the refrigerant fluid to shid
reduced pressure, including an output shaft coupled to sai ¢ rog #AY 1994
conpressor input shaft, for recoveringat |east a part of {he conpression
25 energy of the refrigerant fluid as it is bei ng expand¢d—ard—amnm—outtet
providing said refrigerant fluid at said reduced pressurg¢, and evaporator
means situated in circuit between the outlet of said turbine expander and
the inlet of said conpressor and fed with said refrigerant fluid at said
reduced 30 pressure for evaporating the refrigerant liquid to vapor and
absorbing heat, and returning the resulting vapor to said conpressor inlet;
a bypass conduit connected between said condenser neans and sai d evaporat or
nmeans; bypass valve neans for selectively permtting said fluid to flowin
said bypass 35 conduit fromsaid condenser neans to said evaporator neans:
and sensor neans for detecting an accunulation of said liquid
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13 in said condenseisswreans to actuate said valve neans,_5.._Singl.e-fti-g
Tonpressi on/ expansi on refrigeration apparat us accordiﬂqgg gl i d, srdkiariei n
sai d bypass val ve neans includes a bypass float val ve, | ag

~Sat-t-SeNSOT)
means 5 includes a float situated within said sunp. 6 Sigg*@ g*g@g
conpr essi on/ expansi on refrigerati on apparatus according to bﬁ , Whierlein
sai d bypass val ve nmeans includes a sqgMenoi d val ve di spdsed | ' | ayd
bypass conduit, and said sensor neans includes a float|switch 10 situatgd
in said sunp and electrically coupled to said sol enoi d lvalve:
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