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The present invention relates to the arrangement of
an expansion turbine for cooling a gaseous fluid in a re-
frigerating plant and of a compressor driven by the tur-
bine,

In conventional arrangements of a turbine driving a
compressor, for example, in a plant as shown in Patent
No. 2,721,456, the compressor draws air from the at-
mosphere which is eventually returned to the atmosphere.

In the system according to the invention the compres-
sor is interposed in a closed circuit which also contains
a cooler and a throttling device arranged in series with
the cooler. This closed circuit is separate from and pro-
vided in addition to the cycle of which the turbine forms
a part and the compressor serves exclusively as a brake
for controlling the speed, the expansion in, and the cool-
ing effect of the turbine. In the system according to
the invention the compressor circuit can be operated
under superpressure, i.e., in supercharged condition so
that more gas can pass through the compressor than in
the conventional arrangements. The work of the com-
pressor is therefore greater. If the pressure of the com-
pressor circuit is substantially the same as the pressure
within the turbine, the interiors of the turbine and of the
compressor can be separated by a simple seal, for ex-
ample, a labyrinth packing.

In a preferred embodiment of the invention the gas
flowing through the turbine is chemically the same as
the gas flowing in the compressor circuit. In this case
gas, for example, a refrigerating agent which may leak
from the compressor circnit into the turbine cannot do
any harm in the turbine circuit. The pressure in the
compressor circuit will automatically be the same as the
pressure in the turbine circuit, if sufficient comnections
are provided and unless special provisions are made to
separate the two circuits.

In an embodiment of the invention a bearing for a
shaft which is common to the turbine rotor and to the
compressor rotor is lubricated by gas from the compres-
sor circuit which gas is returned to the COMmpressor cir-
cuit after passing through the bearing. The rotor shaft
is preferably surrounded by an anmular chamber be-
tween the bearing and a labyrinth packing and by an
annular chamber between the turbine and the labyrinth
packing, a pressure equalizing channel being connected
with one of the chambers for supplying and withdraw-
ing the gas to and from the chamber. In this way the
pressure in the annular chamber can be made equal to
the pressure prevailing in the turbine by admitting or
relieving gas depending whether the pressure in the tur-
bine is lower or higher than that in the annular cham-
ber. Fiow of gas from the compressor circuit to the
turbine circuit cam, in any case, be prevented so that
the compressor circuit may be operated at a normal tem-
perature of, for example, approximately +20° C. where-
as the temperature in the turbine may be approximately
—90° C.

The pressure equalizing channel is preferably provided
with a conventional automatic control apparatus which
is responsive to the difference of the pressures in the
interior of the turbine and in the annular chamber which
is adjacent to the labyrinth packing.
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In another embodiment of the invention the bearing
of a shaft which is common to the turbine rotor and to
the compressor rotor is lubricated by gas which is taken
from the turbine cycle and which is returned to the tur-
bine cycle after passage through the bearing. Prefer-
ably a gas flow connection is provided through a laby-
rinth packing on the common shaft between the turbine
inlet and the compressor outlet. The labyrinth packing
may be connecied, for example, at the end which is fac-
ing the compressor with the inlet of the turbine so that
the compressor circuit will assume the pressure at the
turbine inlet. In this case a maximum amount of gas
circulates. in the compressor circuit. There is also a
maximum amount of heat energy removed and a maxi-
mumn expansion cooling obtained in the turbine, if no
special means for increasing the pressure in the compres-
sor circuit are provided. The end of the labyrinth pack-
ing which is distant of the compressor is preferably con-
nected with the outlet of the turbine.

In an embodiment of the invention the fiow area of
the throttling device in the compressor circuit is adjust-
able. In this case the speed of the turbine, the opti-
mum efficiency and the cooling effect of the expansion
can be controlled exclusively by changing the flow area
of the throttle device. If desired, the automatic con-
trol of the flow area of the throttle device may be ef-
fected in response to an operating condition of the re-
frigerating plant of which the expansion turbine forms
a part. Such an operating condition may be, for ex-
ample, the temperature which must be maintained in a
cooling chamber of the refrigerating plant which tem-
perature is sensed by a thermostat used in the conven-
tional manner for controlling the flow area of the throt-
tle device.

The novel features which are considered characteristic
of the invention are set forth with particularity in the
appended claims. The invention itself, however, and
additional objects and advantages thereof will best be
understood from the following description of embodi-
ments thereof when read in connection with the accom-
panying drawing in which:

FIG. 1 is a diagrammatic layout of an arrangement
of an expansion turbine driving a turbocompressor ac-
cording to the invention.

FIG. 2 is a diagrammatic illustration of a modified
plant according to the invention.

Referring more particularly to the drawing, numeral 1
designates the rotor of an expansion turbine 2 which
rotor is fast on a shaft 3. Also fast on the shaft 3 is
a rotor 4 of 2 blower 5. The pressure at the turbine
inlet § may be 13 atmospheres absolute and the tempera-
ture at the turbine inlet may be —90° C. The inlet 6
of the turbine is connected for gas flow with two gas
lubricated bearings 7 and 8 by means of conduits 8, 11
and 12. The turbine inlet § is also connected by a pipe
15 with the end 13 of a labyrinth packing 14 which end
faces the compressor 5. Bearing gas is accumulated in
annular chambers 16 and 17 which are connected through
conduits 18, 19 and 23 with the outlet 24 of the turbine
2 where the pressure of the gas is approximately 10
atmospheres absolute and the temperature —110° C.
An annular chamber 21 at the end of the labyrinth pack-
ing 14 which end is distant from the compressor 5 is
connected by means of a conduit 22 with the conduit
23, ie., is also connected with the outlet of the turbine
2. The expansion turbine forms part of a refrigeration
plant having a gas circuit generally indicated by an arrow
25. Refrigeration plants of this type are known, as
evidenced by Patent No. 2,721,456 in which an expansion
turbine is used in lieu of a throttle valve. The refrig-
eration plant, per se, is not part of the present invention
and is therefore not illusirated. The gas in the cooling
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circuit of the refrigeration plant may be hydrogen or
helium.

The compressor 5 having an inlet 27 and an outlet 28
is interposed in a separate closed circuit 29 in which the
same gas circulates as in the circuit 25. A throttle device
30 having an adjustable flow area is interposed in the
circuit 29 in which a cooler 31 is arranged downstream
of the throttle device 38. The cooler 3% is cooled, for
example, by water and removes the energy transferred
from the turbine to the compressor and from the latter
in the form of heat to the gas, for example, hydrogen,
by compression from, for example, 12 atmospheres ab-
solute to 13 atmospheres absolute. The gas is cooled
in the cooler 31, for example, from -20° C. to +12°
C. The cooled gas is returned to the inlet of the com-
pressor. By adjusting the flow area of the device 3¢ the
output and the speed, for example, 150,000 r.p.m., of
the turbine and the cooling effect of the expansion turbine
can be regulated. If desired, the flow area of the device
3% may be controlied automatically, for example, in re-
sponse to an operating condition of the plant of which
the turbine 2 forms a part, for example, in response to
the temperature of a freezing chamber which is cooled
by the cold resulting from the expansion of a gas in the
turbine 2. A thermostat may be provided for this pur-
pose which is connected in the conventional manner with
the device 30.

There is the same relatively great pressure, for ex-
ample, 13 atmospheres absolute at the circumference 3%
of the rotor 4 of the blower 5 as at the inlet 6 of the
turbine because the inlet pressure of the turbine is trams-
mitted to the circumference 32 of the compressor rotor
through the conduits 9, 15 and to the annular chamber
13 as well as through the clearance around the shaft 3
and between the compressor rotor and its casing. There-
fore, particularly great gas masses are circulated through
the circuit 29 so that the brake effect of the compressor
and of the circuit 2% on the turbine is particularly great.

Whereas the turbine 2 and the bearings 7 and 8 as
well as the labyrinth packing 14 which parts are within
a space defined by a dash-dot line 33 in FIG. 1 are at
the low operating temperature, for example, —90° C.
of the refrigerating plant, the blower 5 and the circuit
29 including the throttle 39 and the cooler 31 which
parts are within the space diagrammatically indicated by
a dash-dot line 34 in FIG. 1 operate at normal tempera-
ture, for example, at +20° C.

In the embodiment of the invention illustrated in FIG.
2 bearings 7’ and 8’ as well as a labyrinth packing 14’
are within an area defined by dash-dot line 34" in FIG. 2.
The compressor circuit 29 contains the same gas as the
turbine circuit 25. A conduit 42 is branched off at 41
from the compressor circuit 29 for taking gas from the
compressor circuit and compressing it in a compressor
43 and conducting it through a pipe 42’ to a point 44
from which it is conducted through conduits 45 and 46
into the bearings 7’ and 8. The gas which has passed
through the bearings 7’ and 8’ is returned through con-
duits 48 and 49 to the outlet 32 of the compressor 5.

A pipe 51 is connected at 41 with the circuit conduit
29, a pressure regulating means 52 including a valve
being interposed in the pipe 51 for admitting gas from
a supply pipe 53 to the circuit or for relieving gas from
the circuit through a relief pipe 54. The regulator 52
maintains the pressure in the circuit at 41 and conse-
quently at the inlet of the compressor 5. The pressure
desired at 41 and at the blower inlet is obtained by proper

“setting of the regulator 52. In this way the density of
gas circulating in the compressor or brake circuit and
the brake effect on the turbine 2 can be controlled.

A pipe 55 is connected with an annular chamber 21’
at the end of the labyrinth packing 14’ which faces the
turbine 2. By supplying gas to or relieving gas from the
chamber 21’, through the pipe 55 the pressure in the

- chamber may be increased or decreased to maintain a
desired pressure in the annular chambers 21’ and 6,
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the latter being adjacent the turbine rotor, and to prevent
flow of gas from the chamber 21’ towards or from the
turbine. The pipe 55 is supplied with gas from a supply
pipe 58 and is relieved of gas through a relief pipe 59.
This supply aad relief is accomplished by a regulating
device 56 including a valve which device is responsive
to the pressure difference in the chambers 23’ and 1&’
with which it is connected by pulse conduits 57 and 61,
respectively. The device 56 is conventional and may.
for example, include a piston or diaphragm one side of
which is exposed to the pressure in the chamber 21
and the other side of which is exposed to the pressure
in the chamber 16’ and whose movements are used for
actuating a valve connecting the conduit 55 either with
the supply conduit 58 or with the relief conduit 59.
The device 55 to 59 and 61 can be used for preventing
fow of warm gas through the chamber 16’ from the
packing 14 or from the conduit 58 into the cold turbine.

If the pressure of the compressor circuit is greater than
that of the turbine circuit, a certain amount of gas must
be sacrificed by relieving it from the compressor circuit
through the bearings 7', §', the labyrinth packing 14’ and
the chamber 21, through the pipes 55 and 59. The loss
is the smaller the tighter the packing 14’. The lost gas is
replaced by gas admitted to the compressor circuit through
the supply pipe 53 and the regulator 52.

If it is desired to maintain a lower pressure in the brak-
ing or compressor circuit than in the chambers 16’ and
21’, the amount of gas flowing through the packing 14’
and the conduijt 49 must be replaced from the supply pipe
58 through the regulator 56 and the pipe 55 and must be
relieved through the pipe 51 and the regulator 52 and
blown out through the pipe 54.

The throttling device 30 has an adjustable flow area
and may be automatically controlled by a conventional
device 69 which is responsive to the temperature of the
gas leaving the turbine 2 and passing through duct means
24.

In a modified arrangement according to the invention
the compressor circuit contains a gas which is different
from the gas of the turbine circuit. In plants according
to FIG. 2 in which the temperature of the bearings is
normal, liquid-lubricated bearings may be used instead of
gas-lubricated bearings for supporting the shaft 3.

I claim:

1. In combination with a cold producing plant having
an operating fluid and an expansion turbine for expand-
ing and thereby cooling said operating fluid, a gas circuit
separated from the cold producing plant and the operat-
ing fluid thereof, a compressor interposed in said gas cir-
cuit and connected to said turbine to be driven thereby
and forming a brake for controlling the speed and the ex-
pansion in and the cooling effect of said turbine, a throt-
tling device interposed in said gas circuit for controlling
the power consumption and the brake effect of said com-
pressor, and a gas cooler interposed in said gas circuit in
series relation with said throttling device for cooling the
gas in said gas circuit.

2. In the combination defined in claim 1 a shaft com-
mon to and interconnecting said turbine and said com-
pressor, a bearing for said shaft, conduit means connected
to said gas circuit for tapping gas therefrom and return-
ing the tapped gas to said igas circuit, said bearing being
interposed in said conduit means for lubrication by the
gas of said gas circuit, a labyrinth packing on said shaft
between said bearing and said turbine, an annulal cham-
ber surrounding said shaft and interposed between said
labyrinth packing and said turbine, and pressure control-
ling means connected to said annular chamber for main-
taining a predetermined pressure therein which is slightly
lower than the pressure in said turbine for preventing
passage of relatively warm gas from said gas circuit into
said turbine.

3. In the combination defined in claim 1, a shaft com-
mon to and interconnecting said turbine and said com-
pressor, a bearing for said shaft, a labyrinth packing on
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said shaft between said bearing and said turbine, an an-
nular chamber surrounding said shaft and interposed be-
tween said labyrinth packing and said turbine, pressure re-
sponsive means connected to said turbine and to said
chamber and responsive to the difference of the pressures
in said turbine and in said annular chamber, and valve
means connected to and actuated by said responsive means
for supplying gas to and relieving gas from said annular
chamber for preventing flow of relatively warm gas from
said gas circuit into said turbine,

4. In the combination defined in claim 1, including a
gas supply and relieve pipe connected to said gas circuit
for supplying gas to said circuit and for relieving gas
from said circuit, and a control means connected to said
supply and relieve pipe for controlling the supply to and
relieve of gas from said circuit to maintain a desired
pressure in said circuit.

5. In the combination according to claim 4, a device
responsive to the pressure in said gas circuit and con-
nected to said control means for actuating the latter.

6. In the combination defined in claim 1 and wherein

10

15

20

6

said throttling device has an adjustable flow area, actuat-
ing means being connected to said throttling device for
actuating said throttling device, duct means being con-
nected to and receiving expanded gas from said turbine,
and means being connected to and being responsive to the
temperature of the gas in said duct means and being con-
nected to said actuating means for adjusting the flow area
of said throttling device to maintain the temperature of
the gas leaving said turbine,
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