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INCLUDING AN OIL-INJECTION-TYPE ROTARY COMPRESSOR HAVING A CENTRIFUGAL
WATER SEPARATOR (71)   We, HOKUETSU KOGYO CO.  are agitated  and combined
into mineral LTD, a Japanese Corporation of No. 113-1  particles mixing
with each other, in the com- Ohtakeshinden, Oaza, Bunsui-cho, Nishikan-
pression chamber of the compressor and in  50 bara-gun, Niigata-ken,
Japan, do  hereby  the oil pump for the compressor, until the 5  declare
the invention for which we:: pray  mixed oil water particles are entirely
con- that a patent may be granted to us and  vertetd to a colloidal phase,
so as to form the method by which it is to be performed,  a kind of
petroleum emulsion, thus result- to be particularly described in and  by
the  ing in that the oiliness 'is lost and failure  55 following
statement:-                    of the compressor is possibly caused
thereby. 10    The present invention relates to a com-  In addition, a
phenol resin vane used in pressor arrangement including an oil-injec-
slide-vane type compressor and phenol resin tion-type rotary  compressor.
Widely  em-  pinion used in worm type compressor absorb ployed at present
are compressors of the  the water particles contained in lubricating   60
slide vane type, the screw type, and the  oil and expand, resulting in the
compressing 15  worm type, in which cooling and lubricating  function of
the vane being impaired, or oil is directly injected into the compressed
otherwise, the vane and pinion may fail. gas in order to enhance the
cooling effect   Heretofore, a generally adopted method and to obtain a
higher compression efficiency  to prevent emulsification as described above
65 of the compressor. Moreover, the machinery  was to maintain the
temperature of the cool- 20  of these types, as compared with any con-  ing
and lubricating oil supplied to the com- ventional one of the reciprocating
type, has pressor above a definite temperature while the advantage that it
will cause less public  the compressor  was operated, the water nuisance
and produces less vibration, noise  vapour contained  in the sucked air
being   70 and the like, and therefore it is outstand-  discharged, in
vapour form, out of a dis- 25  ingly superior thereto.
charge port of the compressor. However, the oil - injection - type rotary
Therefore, the temperature of the cooling compressor in which cooling and
lubricating  and lubricating oil could not be lowered oil is directly
injected into the compressed  below a definite temperature and was kept  75
gas has one defect. During its operation with  at  a high temperature at
which the lubricat- 30  highly humid suction gas, the sucked water  ing oil
was quickly oxidized, thereby acceler- vapour contained therein  reaches
its dew  ating die deterioration of the lubricating oil, point in relation
to  the temperature, and  resulting in a short effective life of the oil
thus condensed water particles are mixed  such as 1,000 hours at  the
most. Further-  80 with the cooling and lubricating oil   causing more, the
suction efficiency of the compressor 35  the oil to become emulsified.
was also impaired due to the high tempera- In the case where the  ambient
air is ture of the air sucked into the compressor, sucked into the oil-
injection - type rotary  caused by a higher level of the temperature
compressor, if the  ambient  air is highly  of the cooling and lubricating
supplied  to  85 heated and humid, the dew point of the  the compressor. 40
vapour is  raised as  the  compression pressure    Moreover, for the
purpose of maintaining is increased, and  even though both the  the
operating temperature of the cooling and temperatures of the cooling and
lubricating  lubricating oil above the definite temperature oil itself and
of the air contained in  the  level, even if the temperature of the oil is
90 compressed air circulating system  are very  regulated by means of a
temperature regulate 45  high, the water vapour is condensed to form  ing
device, for example an element such as a lot of water drops suspended in
the cooling  a thermostat, in such a case  where the and  lubricating oil
The oil and water drops  amount of the discharged compressed. air-   



2                                           1,457,435 being put to use is
limited, the heat energy  used under such a high pressure, However,
generated by the compression is substantially  according to the present
invention, this prob- decreased so that it is difficult to keep both
lemis also solved so that therange of the the  temperature of the
discharged  air and   available pressures of  heoil injection type the
temperature of the. lubricating oil, to  rotary compressor can be  further
extended.   70 respective appropriate levels, Consequently,    It is
generally considered that it is difficult condensed  water particles are
increasingly   to mix water and oil with each other, but contained in and
mixed with the cooling   actually, water and oil mix easily and well, and
lubricating oil within its circulating sys-  to make up a mixture thereof.
When water 10   tem. Therefore, it was a customary practice  is merely
added into oil, the water  is kept   75 to discharge, at least once a day,
the gathered  completely separated from the oil. However, water in a
lubricating oil reservoir in the  if they are either agitated violently or
broken circulating system  by opening a drain cock  into  mineral
-particles  by  passing  them at the  bottom  of the reservoir when the
through a gear pump, the oil and water are 15  temperature of the. cooling
and lubricating  fully mixed together and, in mixing, produce   80 oil in
the reservoir had fallen, i.e. when the   a turbid white emulsion. Once
this state of operation of the compressor was interrupted  emulsion is
produced, any attempt to separ- or terminated.
ate the oil from the water by any means will However, this method.. cannot
be  put into  never succeed therein, under the ambient 20   practical  use
where the compressor is  oper  temperature.
85 ated  through 24 hours continuously for many   Now, it was found by
experiments that days, and therefore the cooling and lubricat-  even .the
oil and water mixed to form  an ing oil would inevitably soon deteriorate.
emulsified phase can be separated gradually Recently, 24 hour continuous
operation  in response to raising its temperature above 25  lasting, a
great many weeks, working with  the normal temperature. In the passage of
90 a high pressure and  with continuous non-  the cooling and lubricating,
oil having  a attendant operation are frequently called for.  high
temperature, before the cooling and Therefore if the contaminated  water
particles  lubricating oil  was cooled by a cooler, a in  the cooling and
lubricating oil  are not  centrifugal water separator was inserted, by 30
automatically separated and  discharged there-   means of which it has
become possible to  95 from during the operation, the performance
completely separate oil from the mixed water. of the oil. injection type
rotary, compressor    As a result of various experiments, in will
deteriorate, becoming a public nuisance  separating emulsified water in
cooling and and producing trouble such as vibration, noise  lubricating oil
by means of a centrifugal 35  and the like. It will also  not be reliable
and   separator, it is found that oil and water are  100 its use may be
discontinued in some cases.     different in the rate of variation of
viscosity The object of the present invention is to  to that of temperature
and in the rate of provide a compressor arrangement including   variation
of surface  tension  to  that of an oil-injection -type rotary compressor
in. temperature,, so that it is difficult to separate 40  which the suction
efficiency of the compressor  them from each other. It is found however,
105 is  improved and: die deterioration of  the  that it is possible to
separate them by raising cooling and lubricating oil due to oxidation
die. temperature of the oil, and if a suitable thereof is prevented by
lowering the tempera-  peripheral speed is given to  the  centrifugal ture
of the cooling and lubricating oil which  separator corresponding to the
temperature 45  is  being  supplied  to  the compressor. In  of oil  and
water, it is possible to separate  110 addition, the water particles mixed
with the  oil  from water with  ease.  Namely, it is found cooling and
lubricating oil  are automatically  that if the peripheral  speed N m/sec
of the removed   from  the compressor, either  con-  centrifugal  separator
and  oil temperature tinuously or intermittently and. discharged to
T[err]C are defined within  the range  where the 50  the exterior thereof
by means of .a centri-  upper limit is expressed by                   115
fugal water separator inserted in the path of the cooling and lubricating
oil. This pro-                      T[err] cess extends the efective life
of the cooling and  lubricating oil by over 10,000 hours and          .
150   155        , 55  it also makes continuous operation of  the
compressor possible over a period of many   and the lower limit is
expressed by weeks. In an oil-injection-type  rotary compressor       0.049
N +0.605 N+T=55 working at a high pressure, as the dew   point 60  under
the high pressure becomes  higher than   oil and  water can be perfectly
and easily 



the oxidation temperature for the cooling  separated from each  other under
any condi- 120 and lubricating oil, . emulsification  of the  cool-  tion.
- ing and lubricating oil is rapidly accelerated.    According to  the
present invention, there Theref ore, it has  been found that the oil  is
provided a compressor arrangement com- 65  injection type rotary
compressor cannot be  prising an oil  injection type rotary com-    3
1,457,435                                                             3
pressor, a cooling and lubricating oil system   of cooling and lubricating
oil in a compressor  60 for said rotary compressor, and a centrifugal
arrangement including an oil injection type water  separator disposed in
said oil  system,  rotary compressor in accordance with a third said water
separator being operable such that  embodiment of the present invention, 5
water  particles contained in the cooling and    Figure 6 is a sectional
elevation view show- lubricating  oil: are automatically separated  ing a
water separator' for use in either of  65 either continuously  or
intermittently  from  the embodiments of Figure 4 and Figure 5, the  oil
and are discharged from  the oil     Fire 7 is a side view showing
modifica- system  to the exterior thereof.            tion of the water
separator in the compressor 10     Preferably, the cooling and lubricating
oil  arrangement of Figures 1, 2 and 3, itself is used in the centrifugal
water separa-    Figure .8 is a sectional elevation  view   70 tor as the
power source thereof and  the  showing a modified form of water separator
centrifugal water separator is disposed with-  for use in either of the
embodiments of- in the cooling and lubricating oil system in  Figure 4 and
Figure 5,-and 15   such  a  way that the pressure difference    Figure 9 is
a graph showing the relation between the inlet and the outlet thereof is
between peripheral speed N  of the centri-  75 higher than I kg/cm[err],
whereby the centri-  fugal water separator and temperature T fugal water
separator is driven by the flow   of lubricating oil in an embodiment of
the of the cooling and lubricating oil itself.  present invention. 20
Conveniently, the centrifugal water separa-    Describing now the present
invention with tor is driven by the flow of a pressurised gas  reference to
the drawings, Figure 1 is  a  80 leaving said roary compressor on its way
to  circulating system  diagram  of the cooling a point of use.
and lubricating oil in a compressor arrange- Advantageously,   the
centrifugal water  ment including an oil injection type rotary 25
separator is driven by making use of a part  compressor in accordance with
an embodi- of the pressurised gas discharged from said  ment  of the
present invention, said com-  85 rotary compressor, said part being
discharged  pressor being  an air compressor in this case. to the
atmosphere after driving the separator.  An oil injection type rotary
compressor of Preferably, the centrifugal water. separator  the slide vane
type will be hereinafter des- 30  is operated under the  condition where
peri-  cribed, but the description can be similarly pheral speed  N  m/sec
of the centrifugal  adapted to the screw type and worm type,  90 separator
and temperature T[err]C of the cool-  which is therefore to be included in
the pre- ing  and lubricating oil  are defined within  sent invention. the
range where the upper limit is expressed  Referring  to  Figure  I, the
reference 35   by                                          numeral 1
denotes a rotary compressor in section, the compressor 1 being provided  95
N[err]      T[err]                    with an air suction port 3 and an air
dis- charge port  4. A  pressure vessel and oil 150[err]   .155[err]
.     separator 2 is connected at its one side por- tion with the discharge
port 4 via an outlet and the lower limit is expressed by         pipe 5,
and a service header 6 is connected  100 to the  top portion of the oil
separator 2. 0.049 N[err]+0.605 N+T=55                  Connected in
sequence to a conduit 7 which communicates with  the bottom of the Several
embodiments of the present inven-  oil separator  2 are a temperature
regulating 40  tion will be described hereinbelow by: way  device 8, a
conduit 9, a cooler 10, and a  105 of example with reference to the
accompany-  conduit  11, which is in  turn connected to ing  drawings.
the compression chamber in the compressor Figure 1 is a circulating system
diagram   l. The temperatures regulating device 8 is cooling and
lubricating oil in a compressor  directly interconnected with the conduit
11 45  arrangement including an oil injection type  through a by-pass
conduit 12.               110 rotary  compressor in accordance with. one
Moreover, connected in sequence to a con- embodiment of the present
invention, i      duit 13 which also communicates with the 



Figure 2 is a sectional elevation . view   bottom of the oil separator 2
are a centrifugal . showing a water separator of the compressor  water
separator  14, a conduit 15, a pump 50  arrangement of Figure 1,
.        16, and a conduit 17, which is in turn  115 Figure 3 is  a
fragmentary enlarged view  interconnected with the conduit 7. in section
taken  along  the line  A-A  in   Referring next to Figure 2 in which is
Figure 2,                                   shown  a sectional elevation
view  of the Figure 4 is a circulating, system diagram   centrifugal water
separator 14. The centri- 55  of cooling and lubricating oil in a
compressor  fugal water separator 14,' comprises a hollow  120 arrangement
including an oil injection type  body 14' and a cover 14" sealed to the top
rotary  compressor in  accordance  with  a  periphery of the body 14'. The
interior of second embodiment of the present invention,  the body  14'
constitutes a low  pressure Figure 5 is a circulating system diagram
chamber 32, and an entrance chamber 18    1,457,435
4 which is located  underneath the low pressure  ment through  the service
header 6 for any chamber  32, The entrance chamber 18 is  services
required.                             - connected to the conduit 13,
whereas, the      The cooling and lubricating oil stored in low  pressure
chamber 32  is connected to  the  bottom of the  pressure vessel a    oil 5
the conduit l5. A shaft  19 is disposed along  separator 2 is, by the
pressure of the presur-  70 the vertical centre  axis of the body 14',
ized gas, ejected into the compression cham- and the  upper and lower
ends of the. shaft  ber in the compressor 1 through the conduit 19 are
respectively secured  to the cover 14"   7, the temperature regulating
device 8, the and the body 14'. The shaft 19  is provided   conduit 9, the
cooler 10  and the conduit 10   at its lower half section with  an
elongated   11.                                           75 axial passage
20 which  communicates with       So long as the temperature  of the
cooling the exterior of the shaft 19 through a radia  and lubricating oil
passing through the con- bore 21  disposed at the upper end of the  duit 7
is prettylowsomeofthe cooling and axial passage 20. The lower end of the
axial  lubricating  oil is directly  sent  from  the 15   passage 20
communicates with the entrance  temperature regulating device 8 to the con-
80 chamber 18.                                   duit 11 via the by-pass
conduit 12 without A rotary unit 22 is journalled at its hub   passing
through the cooler 10. This quickly 22'  by beaings  26 and 27 which are
pro-  brings, the temperature of the cooling and vided at the upper and
lower ends of the  lubricating oil  ejected into the  compression 20
shaft 19 so as to be rotatable about the   chamber of the compressor 1  to
a  definite  85 shaft 19. Between the hub 22  of the rotary   value which
is to be maintained at all times. unit 22 and the shaft 19 is a space  23,
said   On the other hand,  when the compressor space.. 23  communicating
with . the  axial  1 is continuously operated for a long time, passage 20
communicates with the entrance  the water vapour contained in the atmo- 25
bore 21.                                      sphere is condensed to become
water particles  90 *     The rotary unit 22 comprises a   drum-like  in
the pressure  vessel and oil separator 2. outer wall 28 which is integrally
connected   The water  particles mix with the  cooling to the  lower part
of the hub 22' and  ex-  and lubricating oil in the bottom  part of tended
outward  therefrom  to constitute a  the pressure vessel   and  oil
separator  2, 30  rotary  chamber 25 between the outer wall 28   resulting
in the emulsification of the oil. The   95 and the peripheral surface of
the hub  22'.  cooling  and lubricating oil thus  emulified Disposed
within  the rotary chamber 25 is a   flows into the conduit 7 through the
conduit drum-shaped filter 29 by means of which   13, the centrifugal water
separator 14, the the  rotary chamber 25   is   divided   into  the
conduit  15,   the pump  16, and the conduit 35  chambers, an outer chamber
25' and  an   17.                                                 100 inner
chamber  25"  Provided at  the  pper      The pump 16 is provided to create
a pres- part of the hub 22': of the rotary unit 22  sure difference between
the inlet and the are several holes 24 through which the afore-  outlet of
the cooling and lubricating oil flow- said space 23 communicates with the
outer  ing into  and  from  the centrifugal water 40   chamber 25'.
-                 separator 14, that is, the function of the  105 A  number
of dependent  chambers 30,  pump 16 is  to set up  a   pressure, difference
which  project  downwardly    from  the   bottom   between the pressure in
the conduit 13 and of the outer wall 28 of the rotary unit- 22   that in
the  conduit 15. Therefore,  this pump into the low pressure chamber 32,
communi-  may alternatively be disposed in the con- 45  cate  with the..
inner   chamber 25"    through   duit 13. Where an appropriate pressure
differ-  110 top  openings  thereof,   and  each dependent  ence  is
created between the inlet and the 



chamber 30,   s provided at its side  wall  with   outlet o f the  cooling
and  lubricating  oil an ejection nozzle 31 from which  the  ejected
flowing through the centrifugal water separa- fluid  is tangentially
directed with respect to  tor 14,  it is not normally required to pro- 50
the rotary unit 22. (Refer to Figure 3.)      vide the pump 16, as shown in
the drawing. 115 The outer wall 28 is provided at one lower  It is
necessary for the pressure difference - side portion thereof with, an
aperture  28'  between  the inlet and  the outlet  to be higher which,
when  the rotary unit 22 is in a  pre-  than 1 kg/cm[err] if,as hereinafter
explained, determined angular position, coincides with  the centrifugal
separator  is to be successfully 55  an aperture 28"  which is provided in
the   driven by the flow of cooling and lubricating  120 body 14' and which
is connected to  a con-   oil. duit 63 having  a valve 34 fitted thereinto.
In the centrifugal water separator  4, as With the rotary compressor so far
consti-  shown in Figure 2, the cooling and lubricat- tuted, air at
atmospheric pressure is sucked   ing oil in the state of the turbid white
60  through the. suction port 3 into  the com-   emulsion first enters the
axial passage 20  in  125 pressor  1, the compressed gas being dis-   the
shaft  19 from  the  conduit 13  via the charged from  the discharge  port.
4, and fed   entrance chamber  18. It then flows into the through the
outlet pipe 5  into  the  pressure  space 23 between the peripheral
surface -of vessel  and oil separator 2. The pressurized  the shaft 19 and
the inner  surface  of the 65  gas is sent  out from the compressor
arrange-  hub 22' of the rotary unit 22 via the radial  130    1,457,435.
bore 21  in  the shaft 19,  and finally into  is led into the centrigal
water separator 14 the rotary chamber 25 of the rotary unit 22  and the
same oil is then  returned to the through the holes 24 thereof. since the
rotary  bottom of the pressure vessel and oil  separa- unit 22 is  being
rotated, at a high speed,  tor 2. These modifications of the arrangement
about the axes of bearings 26 and 27, the  would be included as  a matter
of course   70 cooling and lubricating oil in the state of  in the scope of
the present invention the turbid white emulsion in the rotary  cham-
Figure 4 shows another embodiment of ber 25 rotates at a high   speed at a
tempera-  the present invention, in which the flow of ture much  higher
than  'the  atmospheric  compressed gas leaving a compressor on its 10
temperature, so that the water particles in  way to a point  of use is used
as the power  75 the emulsion are collected  on the 'outer  wll  source for
its centrifugal water separator. 28 of the rotational chamber 25. Only the
The essential components of the arrange- oil passes through the drum like
filter 29 dis-  ment shown in Figure 4 are identical with posed in the
rotary chamber 25 and is then  those shown in Figure 1, but, in Figure 4,
15  ejected from  the  ejection nozzles 31 in the  connected to the  bottom
of the pressure   80 dependent chambers 30 at the bottom of the  vessel and
oil separator 2, is a conduit 34 rotary  chamber 25, into the' low pressure
to which are connected a centrifugal water chamber 32. The coolig and
lubricating oil  separator  35 and a conduit 36, the conduit which is
ejected into  the low pressure  cham-  36 being further interconnected with
the con- 20  ber 32, having been  fully  sepaarated 'from   duit 7 which
allows the bottom of the pres-  85 water particles, is collected in the
bottom  sure vessel and oil  separator 2 to communi- chamber 33 and flows
into the conduit 15.    cate with the temperature regulating device Owing
to the action of the cooling and   8. lubricating  oil ejected  from  the
ejection    The outlet pipe 5 is provided therein with 25  nozzles 31 into
the low pressure chamber 32,  an orifice 5', and the respective one end
90 the rotary unit 22 is automatically rotated at  of an introducing pipe
37 and a discharg- a- high speed merely by making use of the  ing pipe  38
are connected to the outlet pipe flow of fluid through the nozzles 31 with-
5  respectively  at the upstream- and  the out being assisted by any
external power  downstream sides of the orifice 5', whereas, 30  source.
the  respective other ends of  the introducing  95 One of the ejection
nozzles 31 is shown in  pipe 37 and the discharging 'pipe  38 are detail in
Figure 3, and the configuration  and  connected with  the centrifugal water
separa- the dimensions thereof can be modified as  tor 35. desired so as to
obtain any desirable number    The essential components of the arrange- 35
of rotations of the rotary unit 22, as well  ment shown in Figure 5 are
identical with  100 as desirably to regulate 'the  amount of the  those in
Figure 4, but, in Figure 5 the intro- cooling and lubricating oil flowing
through  ducing pipe 37 is connected to an outlet pipe the centrifugal
water separator 14. As seen  39 which allows the pressure vessel and oil in
Figure 2, the water particles separated' separator 2 to communicate with
the service 



40   out of the emulsion and collected on the  header  6, and the
discharging  pipe 38 is  105 outer wall 28 of the rotary chamber 25  are
opened to the atmosphere. - discharged to  the exterior thereof through
Air is sucked  from  the suction port 3 the valve 34 which is automatically
operated  into the compressor  1,  and  the gas com- by detecting the
amount of water gathered  pressed therein is discharged from the outlet 45
thereonto. The valve 34  may be  substituted   port 4, then it flows into
the pressure vessel 110 by a valve of the  manual type or by an   and oil
separator 2  through the outlet pipe automatic  valve,  which  is
automatically  5. The pressurized gas flows to the exterior opened on the
basis of a predetermined inter-   thereof  through the service header 6.
val The cooling and  lubricating  oil is stored 50     Referring again to
Figure 1, it is  possible  in the bottom  part of the pressure vessel 115
that the arrangement shown in Figure l  can  and oil separator 2, and the
stored oil is be  modified such that 'the conduit 17 on the   thereafter
ejected  on account of the pressure outlet side  of the centrifugal water
separator  of the pressurized 'gas into the compression 14  is 'connected
to  the bottom  of  the pres-  chamber of the compressor 1 through a con-
55  sure vessel and   oil  separator 2, and that  duit 7, a temperature
regulating device 8, 120 the   conduit 13 on the inlet side of  the   a
conduit 9, a cooler 10, and a 'conduit 11. centrifugal water separator 14
is connected  However, in such a case where the tempera- to the conduit 7.
In a furter modification   ture of  the cooling and lubricating oil in the
centrifugal  water separator 14 is  dis   the conduit 7  is low, some of
the cooling 60  posed in the 'circulating system  of the cool-  and
lubricating oil  is directly sent from the 125 ing and lubricating oil
flowing from the pres-  temperature regulating device 8 to the  con- sure
vessel and  oil separator 2 to  the com-  duit 11 through a by-pass conduit
12, with- pression chamber in the compressor 1, and   out passing through
the cooler 10. Accord- the cooling and lubricating oil in the bottom
ingly, the temperature of  the cooling and 65   of the pressure vessel and
oil separator 2   lubricating oil ejected into the  compression  130    6
1,457,435 chamber of  the compressor 1is quickly  cating oil flowing from
the pressure vessel brought to a definite  value which is  to be  and oil
separator 2  to  the compression  cham- When, the compresor 1 is
continously that the,  cooling and  lubricating  oil  in the operated for a
long time, the  water vapour  bottom part of the pressure vessel  and  oil
70 contained in the atmosphere is  condensed.  separator 2 is  introduced
into the centri- to become water  particles,  and the- water  fugal   water
separator 35 and the cooling particles  are  mixed  with  the cooling and
and  lubricating oil   discharged  therefrom  is lubricating oil so  as to
emulsify them. The  returned into the bottom part of the pressure 10
cooling and lubricating  oil  in  the state of   vessel and oil separator
2.                          75 an  emulsion  is  separated from the water
Figure 6 shows the  centrifugal water particles by, means of a centrifugal
water. The separator35 separator 35 which is rotated at a high sped
comprises a vane chamber 40  and a  hollow. by the fluid pressurized by the
compressor    body 47 disposed underneath the vane  cham- 15   and
supplied thereto; thereafter, the clean  ber  40, the introducing pipe 37
being con-  80 oil flows into the conduit7  via the conduit  nected to one
side of the vane chamber 40 36.          and  the discharging  pipe   38
being  connected In the embodiment  shown, in Figure 4 the    to the other
side thereof A   vertical shaft flow of the pressurized gas from  the com-
43 is provided on the vertical centre axis of 20    presor 1 is used  as .
the  power  source of  the  vane chamber 40 and the hollow body   85 the
centrifugal water separator 35. The pres- 47,  and the vertical shaft  43
is rotatably sure of the gas introduced into the introduc-  journalled  in
the separator 35 in   two bear- ing pipe 37 from the upstream side of the
ings 45  and 46. outlet pipe 5  is made  higher by 1 kg/cm[err]
Within  the  vane chamber 40, a hub  42 25  or  more, than  the same
discharged from   carying vanes  41   is fixed  onto the upper  90 the
dicharging pipe 38 into the  downstream   end  of the shaft 43 by a nut 44.
Within the side of the  outlet pipe 5 on account of the orifice 5' or   a
venturi  tube  or like  pressure its lower part with an elongated axial
passage difference-producing device disposed in the  48 which communicates
with a condit 34 at 30 outlet pipe 5. The centrifugal water  separator  its
lower end and with a centrifugal chamber   95. 35is accordingly rotated by
virtue of this   52 through  a radial bore 49   which com- pressure
difference higher than 1kg/cm[err].        municates with, the upper end
of the axial In the embodiment shown in  Figure 5 the       passage   48.
Further  within the  hollow 



comprssed gas supplied from the compressor   body  47, a rotor  50 and a
cover 51 thereof 35  1 to the   exterior of the compressor arrange-   are
rigidly fixed onto the shaft 43, and the  100 ment is used as the power
source to force   centrifugal chamber 52 is constituted by the the
centrifugal water separator  35 to rotate   enclosure defined by  both the
rotor  50 and The compressed gas flowing towards the out-  the cover 51
thereof. An oil  chamber 53 is 40   pie 37.  After driving  the water
separator, within  the  hollow body  47. The  bottom  105 the used  gas is
discharged to the atmosphere                            plate of the rotor
50 is provided with a tubular through  the  discharging  pipe 38. Thus the
passage   62  which is upwardly projected pressurized gas delivered  by the
oil  injecton   therefrom  into the  centrifugal chamber 52 type rotary
compressor is introuced   into  and through which the centrifugal chamber
45 the centrifugal, water  separator 35 for the                   the 52
communicates with the oil chamber 53. 110 purpose of  forcing   the latter
to rotate  at a The rotor 50   is provided on one side high speed.     with
an   aperture  50' which, when the rotor This embodiment  can be  further
modified    50 is in   a predetermined angular position, in such  a way
that the air flow into or the   coincides with  an  aperture 50" provided
on 50   gas  flow  discharged from  the internal com-    one  side of the
body 47. A pipe 63' is  con- 115 bustion engine driving the  compressor, is
nected to   the aperture 50" of the body 47 introduced into the centrifugal
water separa-    and is provided therein with a valve 54. tor 35 as the
power source thereof, the air             The pressurized fluid  which is
to function or gas  leaving the water separator being dis-  as the power
source of the  centrifugal water 55   charged  into the  atmosphere.
separator   35  while the compressor is oper-  120 In addition, the
centrifugal water  separa-    ated, is  introduced through in introducing
tor 35 in Figure and Figure 5 is arranged pipe 37 into  the vane chamber 40
so as to so  as  to be connected to the bottom part of  force the vanes 41
to  rotate at a high speed. the   pressure vessel  and  oil separator 2
and  hereafter  it is discharged from  the  vane 60   to be interposed
within the circulating  system   chamber  40 through the  discharging pipe
38    1 of the  cooling  and lubricating oil. However   The vanes 41 are
constructed integrally with the arrangement can be modified in a similar
the hub 42 and fixed onto the  shaft  43 by way to that of Figure 1, such
that the centri-   means  of the nut  44. The  shaft 43, rotatably fugal
water separator 35 is disposed in  the    supported  in  the bearings   45
and  46, is 65  circulating system of the cooling and lubri-   therefore
rotated together  with the  vanes 41. 130    7
1,457,435                                          7 The  cooling  and
lubricating  oil flows  are separated therefrom,  both valves 55 and
through the conduit 34 into the axial passage  56 are first closed. After
several seconds have 48 within  the shaft  43 via the central hole  passed
the valve 58 is opened to release the at the bottom of the body 47 of the
centri-  internal pressure  within the centrifugal water 5   fugal water
separator  35 and then flows  separator 14  and thereafter, the valve 34
.70 through the radial bore 49 into the centri-  is opened to discharge
water gathered in the fugal chamber  52   which is formed by the
centrifugal water separator 14. The valves 34 enclosure defined by both the
rotor 50 and  and 58 are immediately  closed, and after the cover 51
thereof.                       several seconds the valve 55 and 56 are 10
The rotor 50 and  the rotor cover 51 are  opened so as again to introduce
the cooling   75 constructed integrally  with the shaft 43 so  and
lubricating oil into the centrifugal water as to  be rotated together
therewith. There-  separator 14 and to allow the water particles fore, the
cooling and lubricating oil, in the  therein tobe separated therefrom. When
the state of the turbid white emulsion which water particles are separated,
the operation 15  entered  the centrifugal chamber 52, is rotated  of the
valves, as described above, is re-  80 at  a high speed under a
temperature   much  petedly carried out so as  to allow the water higher
than  the. atmospheric  temperature.  particles in the cooling and
lubricating oils Consequently, water  particles collected on the  to be
entirely and surely removed there- inner peripheral surface of the  outer
wall of  from. 20 the centrifugal chamber   52, and  the clean The
aforesaid operations of such valves 85 particles, which  have been
separated out therefrom,  is expelled into  the conduit 36   mannually,
or all  of the valves can be auto- through the tubular passage 62 and the
oil  matically operated by the detecting the water 25  chamber 53. In
addition, the water particles  collected in the centrifugal water
separator. collected  on the inner peripheral surface of By making  use of
an  appropriate time 90 the outer wall of the centrigugal chamber 52
interval, and otherwise, the operations can be are discharged therefrom  to
the exteror  of  automatically carried into effect by the use 



the separator through the valve 54 which  of any prepared programme in
which any 30  is automatically operated when the gathered  appropriate time
interval is set up between water particles are detected thereby.  This
respective operations of the individual valves.  95 valve 54 may be
replaced by any one of the    Furthermore, as shown in Figure 8, the manual
types or such a device which is auto-  introducing  pipe  37  for
introducing  the matically opened for a predetermined inter-  pressurized
fluid  which causes the centrifugal water separator 35 to rotate, is
provided with a valve 60,  and if necessary, the  discharging  100 The
vanes 41 are illustrated in Figure 6 as    a 38 is provided with a valve
61, whereby the drive means of the centrifugal water  pipe 38 is pro
with a valve 61 separator 35.  However, other drive means the centrifugal
water separator 35 can be may be  used  so  long  as  it is rotatable by
way Moreover, if it is necessary to provide a  matically opened  to allow
the centrifugal  105 power source to rotate the centrigual water ter
separator 35 to be operated separator  35 at high speed; a DC  or AC
'matically detecting the collected water only electric motor is used,
although such a power  at the time when the cooling and lubricating 45
source is not shown  in the drawings. Alterna-  oil in the bottom of the
pressure vessel and tively an air motor  or another electrical or  oil
separator 2 is emulsified by the water  110 mechanical means may be used.
particles. The valves 60 and 61 are  manually Furthermore, as shown in
Figure 7, the  opened to allow the centrigugal water separa- present
invention can  be  applied so, that  an tor 35 to be operated, and by
making use 50 introducing conduit of any the    centrifugal any  prepared
program according   to which water separator 14  for the  cooling  and  the
valves 60 and 61 are automaticcally oper-  115 lubricating oil is provided
with a valve 55. ated intermittently  in response to the degree A
discharging conduit 15 for the cooling and    of the emulsification within
the compressor in order to be able to able to communicate with          for
the communicate with    intrifugal water separator 35   power4 lubricatin
oil    is also  provided with a valve  1, the centrifugal water separator
35  is oper- 120 56, a  further conduit 57 being provided and
ated so as to. have the water particles separ- in order to be able water to
communicate with  ated completely  and to  minimize the power container the
cooling and lubricating oil within the loss in dependence on the separator
opera- centrifugal water separator 14, one side of     tion. a valve 58 is
connected to the conduit 57.    Where the  centrifugal water separator 35
60   The other side thereof is  connected to  is rotated by electrical or
mechanical means, conduit 59 which is in turn connected to   it is
possible, as in the aforementioned cases,  125 the suction port 3 (refer to
Figure 1) of the  to have the separator 35 intermittently oper- compressor
1. When  the  water particles  ated under manual control or to have it
inter- contained in the cooling and lubricating oil mittently operated
automatically by the de- 65   within the centrifugal water., separator  14
tection of the emulsified state of the oil and    8
1457,5                                              8 water, or  to have it
intermittently  operated      WHAT WE  CLAIM  IS.-                     55
in accordance with the   prepared program.    1. A compressor arrangement
comprising As described hereinabove, according to  the  an oil il injection
type rotary  compressor, a present  invention   it becomes  possible for
cooling and lubricating oil system for  said 5    the water particles,
contained in the cooling   rotary compressor, and  a centrifugal water and
lubricating oil in the state of the turbid.  separator disposed in said oil
system said.  60 white emulsion, to be easily separated there-  water
separator being operable such  that from  and discharged to the exterior
of the  water particles contained in  the  cooling and compressor while it,
is being operated, by  lubricating  oil are automatically  separated 10
means of the centrifugal water separator  eithe  continuously or
intermittenty  from which is disposed in  the  flow path of the the oil and
are discharged from the oil system 65 cooling and lubricating oil under a
tempera-   to  the exterior thereof. ture  much higher   than  the
atmospheric    2. temperature. Therefore, the temperature of  in claim
compressor arrangement as claimed 15 the cooling and lubricating oil
supplied to ing oil itself is used in the cooling and lubricat- die
compressor can be lowered  so  as itself is  used in the  centrifugal water
the  compressor can be lowered so as  to separator as the  power   source
thereof and   70 enable  the suction and the cooling efficiencies   the
centrifugal water separator is  disposed to be remarkably improved.
within the cooling  and lubricating oil system In all of the above
embodiments, if the in such a way that the pressure diference 



20 perioheral speed N m/sec of the centrifugal between the inlet and the
outlet thereof is water separator and  the temperature T[err]C range of the
shaded portion in Figure 9 fugal water separator is driven, by the flow of
[err]          ised gas  leaving said rotary  compressor on and the lower
limit is expressed, by       its way to a point of use. 4. A  compressor
rrangement as claimed 0.049  N[err].+0.605 [err] N+T=55          in claim
1, wherein  the centrifugal water separator is driven by making use of a
part  85 then oil  and  water  can be  perfectly and  of the pressurised
gas discharged from  said easily separated  from  each other under any
rotary compressor, saide part being discharged 30   condition and the water
can thus  be removed.  to the  atmosphere after driving the separator. As a
result, the pressure of  the  compressor    5. A compressor arrangement as
claimed in can be further raised so  as to enable the  claim 1, wherein the
centrifugal water separa-  90 range of the working pressure of  the oil
tor  is   operated under  the condition where injection type rotary
compressor to be ex-  peripheral speed N  m/sec  of the centrifual 35
tended.  In  addition, the compressor can be  water separator and
temperature T[err]C of the continuously  operated  without trouble for   a
cooling and lubricating oil are defined with- long time.
in the range where theupper limit is ex-                  95 Moreover, due
to  the process in which   pressed by the  cooling  and lubricating oil is
centrifugally 40  rotated,  not only are the  water particles in
N the  cooling  and  lubricating oil removed  but                [err] also
the minimal dusts, carbons, and the like.            [err] contained in
the oil together  with  the water particles.  Accordingly,  the  compressor
is  and the lower  limit is expressed  by 45    operated  at low
temperatures without any      . worry about the emulsification and  there-
0.049 N[err]+0.605  N+T= 55 fore, it becomes unnecessary  to  worry about
[err] the  oxidadation  of the  oil. In addition, the     6. A  compressor
arrangement substantially 100 working life of the oil is extended as much
as hereinbefore described  with  reference to 50  as ten times in
comparison with that used   and as shown in Figures 1,2 and 3 or Figures in
any conventional compressor. Therefore,  1, 2 and 3 as modified  by Figure
7 of the it is noted  that great improvements are  accompanying drawings.
brought into the,rotary  compressor  by the   7. A compressor arrangement
substantially  105 present invenon                               as hereinb
efore described with reference to [err]    8
1,457,435                                         8 water, or to have it
intermittently operated    WHAT WE CLAIM IS: -                     55 in
accordance with the prepared program.     1. A compressor arrangement
comprising As described hereinabove, according to the  an oil injection
type rotary compressor, a present invention it becomes possible for
cooling and lubricating oil system for said 5   the water particles,
contained in the cooling  rotary compressor, and a centrifugal water and
lubricating oil in the state of the turbid  separator disposed in said oil
system, said   60 white emulsion, to be easily separated there-  water
separator being operable such that from  and discharged to the exterior of
the  water particles conained in the cooling and compressor while it is
being operated, by  lubricating oil are automatically separated 10   means
of the centrifugal water separator  either continuously or intermittently
from which is disposed in the flow path of the  the oil and are discharged
from the oil system    65 cooling and lubricating oil under a tempera-  to
the exterior thereof. ture  much  higher than  the  atmospheric    2. A
compressor arrangement as claimed temperature. Therefore, the temperature
of  in claim 1, wherein the cooling and lubricat- 1 the cooling and
lubricating oil supplied to  ing oil itself is used in the centrifugal
water enable the suction  and the lowered so as to  separator as the power
source thereof and   70 to able remarkably improved. the cooling
efficiencies the centrifugal water separator is disposed to be remarkably
improved.                 within the cooling and lubricating oil system In
all of the above embodiments, if the  in such a way that the pressure
difference 20   perioheral speed N m/sec of the centrifugal  between the
inlet and the outlet thereof is water separator and the temperature T[err]C
higher than 1 kg/cm[err], whereby the centri-  75 of the lubricating oil
are defined within the fugal water separator is driven by the flow of 



range of the shaded portion in Figure 9  the cooling and lubricating oil
itself. where the upper limit is expressed by 3. A compressor arrangement
as claimed N[err]      T[err]                    in claim  1, wherein the
centrifugal water 25                     +         1              separator
is driven by the flow of a pressur-  80 [err]                ised gas
leaving said rotary compressor on its way to a point of use. and the lower
limit is expressed by        its way to a point of use. 4. A compressor
arrangement as claimed 0.049 N2+0.605 N+T=55              in claim  1,
wherein the centrifugal water separator is driven by making use of a part
85 then oil and water can be perfectly and  of the pressurised gas
discharged from said 3 easily separated from each other under any  rotary
compressor, said part being discharged 30   condition and the water can
thus be removed.  to the atmosphere after driving the separator. As a
result, the pressure of the compressor    5. A compressor arrangement as
claimed in can be further raised so as to enable the  claim 1, wherein the
centrifugal water separa-  go range of the working pressure of the oil tor
is operated under the condition where injection type rotary compressor to
be ex-  peripheral speed N m/sec of the centrifugal 35  tended. In
addition, the compressor can be  water separator and temperature T[err]C of
the continuously operated without trouble for a  cooling and lubricating
oil are defined with- long time.            .      -             in the
range where the upper limit is ex-  95 Moreover, due to the process in
which  pressed by the cooling and lubricating oil is centrifugally 40
rotated, not only are the water particles in              N[err]
T[err] the cooling and lubricating oil removed but                   +
-1 also the minimal dusts, carbons, and the like           150[err]
155[err] contained in the oil together with the water particles.
Accordingly, the  compressor is  and the lower limit is expressed by 45
operated at low  temperatures without any worry about the emulsification,
and there-         0.049 N[err]+0.605 N+T=55 fore, it becomes unnecessary
to worry about the oxidation of the oil. In addition, the    6. A
compressor arrangement substantially  100 working life of the oil is
extended as much  as hereinbefore described with reference to 50  as ten
times in comparison with that used  and as shown in Figures 1, 2 and 3 or
Figures in any conventional compressor. Therefore,  1, 2 and 3 as modified
by Figure 7 of the it is noted that great improvements are  accompanying
drawings. brought into the rotary compressor by the    7. A compressor
arrangement substantially  105 present invention.
as hereinbefore described with reference to    9
1,457,435                                          9 and as shown in
Figures 4 and 6 or Figures               MARKS & CLERK, 4 and 8 of the
accompanying drawings.                       Alpha Tower, 8. A compressor
arrangement substantially                  ATV Centre, as hereinbefore
described with reference to             Birmingham, B1 ITT. 5    and as
shown in Figures 5 and 6 or Figures            Agents for the Applicants. 5
and 8 of the accompanying drawings. Printed for Her Majesty's Stationery
Office, by the Courier Press, Leamington Spa, 1976. Published by The Patent
Office, 25 Southampton Buildings, London, WC2A , from which copies may be
obtained.    


