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A rotary ram-in compressor for use in gas turbine engines 
and the like, having a plurality of vanes attached to discs, 
With the opposing parts of each tWo adjacent vanes de?ning 
a feeding channel in-betWeen. In operation, Working gases 
are rammed through the feeding channels, followed by 
positive displacement of the rammed-in gases to a receiver 
Wherein pressurized gases collect. The pressurized gases are 
actively sWept from the receiver by either a successive 
rotary ram-in compressor or a successive rotary ram com 

pressor. 
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ROTARY RAM-IN COMPRESSOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to a positive displace 
ment compressor and, more particularly, to a rotary positive 
displacement compressor convenient for use in gas turbine 
engines and the like. 

DESCRIPTION OF PRIOR ART 

[0002] Rotary compressors are Well knoWn devices, used 
in several ?elds to develop a pressure gradient betWeen tWo 
points across a stream of Working gases. TWo main types of 
rotary compressors are in use, dynamic compressors, i.e., 
centrifugal ?oWing, aXial ?oWing, and the combined types, 
and positive displacement compressors. In dynamic com 
pressors the Working gases are accelerated folloWed by its 
deceleration Within diverging passages, Wherein part of its 
kinetic energy is converted into static pressure rise. In 
positive displacement compressors the pressure is increased 
by reducing the speci?c volume of the gases during their 
passage through the compressor. 

[0003] Dynamic Compressors are Widely in use in gas 
turbine and steam engines as they are able to raise the 
pressure of a relatively large volume of Working gases While 
operating at relatively high rotational speeds. On the con 
trary, conventional types of positive displacement compres 
sors are not convenient for use in gas turbine engines, and 
the like, as the friction betWeen the rubbing parts Within 
them limits their practically useful range of operating rota 
tional speeds. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a rotary positive 
displacement compressor having no rubbing parts Within, 
Which alloWs its use in the applications Wherein relatively 
high operating rotational speeds are needed. 

[0005] Accordingly, the present invention provides a 
rotary ram-in compressor having a plurality of feeding 
channels, moving at high speed, through Which Working 
gases are rammed, folloWed by positive displacement of the 
rammed in gases to a receiver. In a preferred embodiment, 
the rotary ram-in compressor comprises a stationary casing 
having at least one inlet passage, for admission of Working 
gases, and a receiver; a drive shaft supported for rotation in 
a given direction inside the casing by an arrangement of 
bearings; and a rotor assembly comprising a ?rst disk 
secured for rotation With the drive shaft and lying in a ?rst 
plane transverse to the rotational aXis of the drive shaft; a 
second disk lying in a second plane transverse to the 
rotational aXis of the drive shaft, With the inner surfaces of 
the tWo disks de?ning an annular space in-betWeen; and a 
plurality of vanes arranged circumferentially Within said 
annular space, each vane attached to both disks de?ning the 
annular space, each vane has a leading edge, a trailing edge, 
a concave surface and a conveX surface, With the average 
angles of inclination of the successive portions of the vane 
With respect to a plane comprising the midpoint of the vane 
and perpendicular to a radial plane including the rotational 
aXis of the rotor and the midpoint of the vane decreases 
preferably gradually from its leading edge toWards its trail 
ing edge, Within a range from about +2 to about —18 degrees, 
the opposing parts of the surfaces of each tWo adjacent vanes 
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along With the opposing parts of the tWo disks’ surfaces 
con?ned betWeen the opposing parts of the surfaces of each 
tWo adjacent vanes de?ning a feeding channel betWeen 
them, each feeding channel has an inlet communicating With 
the inlet passage of the compressor, and an outlet commu 
nicating With the relatively inner part of the annular space 
con?ned by the vanes, With means for active sWeeping of the 
pressuriZed gases from the compressor’s receiver being 
provided. 

[0006] Unlike the rotary ram compressor disclosed in the 
inventor’s earlier International Patent Application Number: 
PCT/US00/17044, entitled “Rotary ram ?uid pressuriZing 
machine”, no deceleration of the rammed-in gases occurs 
Within the channels of the rotary ram-in compressor of the 
present invention. In a preferred embodiment of the rotary 
ram-in compressor of the present invention, each tWo oppos 
ing surfaces, of those de?ning each of the feeding channels 
betWeen them, are parallel to one another, With the cross 
sectional area of the inlet of each of the channels being equal 
to the cross sectional area of its outlet. In another preferred 
embodiment, in order to increase the level of pressure rise 
provided by the rotary ram-in compressor of the present 
invention, each of the feeding channels is slightly converg 
ing from its inlet toWards its outlet. The convergence of the 
feeding channel is provided by designing the boundaries 
con?ning the channel betWeen them so that the aXial Width 
of the channel and/or the Width betWeen the opposing parts 
of the surfaces of the tWo adjacent vanes con?ning the 
channel betWeen them decrease preferably gradually from 
the inlet of the channel toWards its outlet, and hence, the 
cross-sectional area of the channel decreases preferably 
gradually from its inlet toWards its outlet. 

[0007] The gradual decrease in the aXial Width of the 
feeding channel is provided by designing the part(s) of the 
surface(s) of one (or both) of the disks related to the channel 
and con?ned betWeen the opposing parts of the surfaces of 
the tWo adjacent vanes so that it is sloping preferably 
gradually from the inlet of the channel toWards its outlet. 
The gradual decrease in the Width betWeen the opposing 
parts of the surfaces of the tWo adjacent vanes is provided by 
designing the vanes With suitable angles of inclination at 
their different parts, according to the desired rate of conver 
gence of the channel. 

[0008] In operation, gases are rammed through the feeding 
channels of the compressor, Which direct it to the relatively 
inner part of the annular space con?ned by the vanes. The 
rammed in gases are ?rst compressed by both the pressur 
iZed gases collecting Within the compressor’s receiver and 
by the reaction force developed on the free parts of the 
concave surfaces of the vanes neXt to the outlets of the 
feeding channels, then, the pressuriZed freshly introduced 
gases are displaced in a generally radial inWard direction to 
the receiver, by the relatively inner free parts of the concave 
surfaces of the vanes. As used herein, the free part of the 
concave surface of a vane refers to the part of the concave 
surface of the vane that is not opposed by any part of the 
surfaces of its adjacent vanes. 

[0009] In a preferred embodiment, a rotary ram compres 
sor is used for active sWeeping of gases from the compres 
sor’s receiver, as the static pressure rise developed Within its 
diverging channels prevents eXcess How of pressuriZed 
gases from the receiver through its channels, regardless of 
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the pressure level developed Within the receiver, With the 
density and the pressure level of the gases Within the 
receiver being dependant on the ratio betWeen the volumet 
ric rate With Which gases are fed to the receiver by the 
compressor (Which depends on the number of its feeding 
channels, and their dimensions and velocity) and the volu 
metric rate With Which gases are sWept from the receiver by 
the rotary ram compressor (Which depends on the number of 
its channels, the dimensions of its channels’ inlets, and their 
velocity). 
[0010] In another preferred embodiment, a successive 
rotary ram-in compressor is used for active sWeeping of 
gases from the compressor’s receiver, as the static pressure 
rise developed Within the receiver of the second rotary 
ram-in compressor prevents excess How of gases from the 
receiver of the ?rst rotary ram-in compressor through the 
feeding channels of the second rotary ram-in compressor, 
With the density and the pressure level of the gases Within 
the receiver of the ?rst rotary ram-in compressor being 
dependant on the ratio betWeen the volumetric rate With 
Which gases are fed to the receiver and the volumetric rate 
With Which gases are sWept from it. 

[0011] If the volumetric rate With Which gases are fed to 
the compressor’s receiver equals the volumetric rate With 
Which it is being sWept from it, no pressure rise occurs 
Within the receiver, With the pressure inside it being equiva 
lent to that of the gases at the compressor’s inlet. If the 
volumetric rate With Which gases are fed to the receiver is 
greater than its sWeeping volumetric rate, the density of 
gases Within the receiver, and hence its pressure, Will 
gradually increase till an equilibrium point is reached, at 
Which the mass ?oW rates of gas feeding and gas sWeeping 
from the receiver are equal to one another. 

[0012] The maximum alloWable pressure level of the 
gases Within the receiver, at a given operating rotational 
speed, depends on the velocity With Which the feeding 
channels moves, Which should exceed the velocity of the 
back How of the pressuriZed gases from the receiver to the 
feeding channels, due to the pressure gradient betWeen them. 

[0013] The velocity of the feeding channels of the ram-in 
compressor is kept beloW the speed of sound, to avoid the 
formation of shock Waves, Which if formed Will interfere 
With the free ingestion of gases by the feeding channels, and 
thus, the maximum alloWable pressure level Within the 
receiver Will be around double that of the pressure of gases 
at the compressor’s inlet (at Which the speed of back How of 
the pressuriZed gases from the receiver to the feeding 
channels Will be almost equivalent to the speed of sound), 
With most of the provided pressure rise Within the receiver 
being due to increased density of the Working gases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The description of the objects, features and advan 
tages of the present invention, Will be more fully appreciated 
by reference to the folloWing detailed description of the 
exemplary embodiments in accordance With the accompa 
nying draWings, Wherein: 

[0015] FIG. 1 is a sectional vieW in a schematic repre 
sentation of an exemplary embodiment of a rotary ram-in 
compressor, in accordance With the present invention. 

[0016] FIG. 2 is a cross sectional vieW, taken at the plane 
of line 2-2 in FIG. 1. 
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[0017] FIG. 3 is a cross sectional vieW, taken at the plane 
of line 3-3 in FIG. 1. 

[0018] FIG. 4 is a sectional vieW in a schematic repre 
sentation of another exemplary embodiment of a rotary 
ram-in compressor, in accordance With the present inven 
tion. 

[0019] FIGS. 5-10 are schematic representations of alter 
native Ways in Which the feeding channels con?ned betWeen 
the opposing parts of the surfaces of the adjacent vanes of a 
rotary ram-in compressor in accordance With the present 
invention, may be designed. 

DETAILED DESCRIPTION 

[0020] FIG. 1 is a sectional vieW in a schematic repre 
sentation of an exemplary embodiment of a rotary ram-in 
compressor, in accordance With the present invention. 

[0021] The main components of the rotary ram-in com 
pressor in this embodiment are a stationary casing (21) 
having an inlet passage (22) for admission of Working gases 
(23), and a receiver (24) Wherein pressuriZed gases (25) 
collect; a drive shaft (26) supported for rotation in a given 
direction inside the casing by an arrangement of bearings 
(27), and extending to a drive receiving end located outside 
the casing; and a rotor assembly housed inside the casing 
and secured for rotation With the drive shaft (26). The rotor 
assembly comprises a ?rst disk (29) secured for rotation 
With the drive shaft (26) and lying in a ?rst plane transverse 
to the rotational axis of the drive shaft; a second disk (30) 
having a large open center and a Widened rim, and lying in 
a second plane transverse to the rotational axis of the drive 
shaft, With the inner surfaces of the tWo disks de?ning an 
annular space in-betWeen; and a plurality of vanes (31) 
arranged circumferentially Within said annular space, each 
vane attached to both disks de?ning the annular space. As 
shoWn in FIG. 2 Which is a cross sectional vieW, taken at the 
plane of line 2-2 in FIG. 1, each vane has a leading edge 
(32), a trailing edge (33), a concave surface (34) and a 
convex surface (35), With the average angles of inclination 
of the successive portions of the vane With respect to a plane 
comprising the midpoint of the vane and perpendicular to a 
radial plane including the rotational axis of the rotor and the 
midpoint of the vane decreases preferably gradually from its 
leading edge toWards its trailing edge, Within a range from 
about +2 to about —18 degrees, the opposing parts of the 
surfaces of each tWo adjacent vanes along With the opposing 
parts of the tWo disks’ surfaces con?ned betWeen the oppos 
ing parts of the surfaces of each tWo adjacent vanes de?ning 
a feeding channel (36) betWeen them, each feeding channel 
(36) having an inlet (37) communicating With the inlet 
passage of the compressor (22), and an outlet (38) commu 
nicating With the relatively inner part of the annular space 
con?ned by the vanes (39). The embodiment also includes a 
rotary ram compressor (28) for active sWeeping of the 
pressuriZed gases (25) from the rotary ram-in compressor’s 
receiver (24). 

[0022] In operation, Working gases (23) are rammed 
through the feeding channels (36) of the compressor, Which 
direct it to the relatively inner part of the annular space 
con?ned by the vanes (39). The rammed in gases are ?rst 
compressed by both the pressuriZed gases (25) collecting 
Within the compressor’s receiver (24) and the reaction force 
developed on the free parts of the concave surfaces of the 
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vanes next to the outlets of the feeding channels (36), then, 
the pressurized freshly introduced gases are displaced in a 
generally radial inWard direction to the receiver (24), by the 
relatively inner free parts of the concave surfaces of the 
vanes (34). The pressurized gases (25) are actively sWept 
from the receiver (24) by the rotary ram compressor (28) 
Which is driven by another driving shaft (40). 

[0023] As also shoWn in FIG. 3 is a cross sectional vieW, 
taken at the plane of line 3-3 in FIG. 1, the compressor’s 
receiver (24) forms the inlet passage (41) of the rotary ram 
compressor (28) used for active sWeeping of the pressuriZed 
gases (25). The static pressure rise developed Within the 
diverging channels (42) of the rotary ram compressor (28) 
prevents excess How of gases from the receiver (24) through 
them, regardless of the pressure level developed Within the 
receiver (24), With the density and the pressure level of the 
gases Within the receiver (24) being dependant on the ratio 
betWeen the volumetric rate With Which gases are fed to the 
receiver (24) by the rotary ram-in compressor and the 
volumetric rate With Which gases are sWept from the receiver 
(24) by the rotary ram compressor (28). The maximum 
alloWable pressure level Within the receiver (24), at a given 
operating rotational speed, Will depend on the velocity With 
Which the feeding channels (36) of the ram-in compressor 
moves, Which should exceed the velocity of the back How of 
the pressuriZed gases (25) from the receiver (24) to the 
feeding channels (36), due to the pressure gradient betWeen 
them. 

[0024] FIG. 4 is a sectional vieW in a schematic repre 
sentation of another exemplary embodiment of a rotary 
ram-in compressor, in accordance With the present inven 
tion. 

[0025] The main components of the rotary ram-in com 
pressor in this embodiment are a stationary casing (51) 
having an inlet passage (52) for admission of Working gases 
(53), and a receiver (54) Wherein pressuriZed gases (55) 
collect; a drive shaft (56) supported for rotation in a given 
direction inside the casing by an arrangement of bearings 
(57), and extending to a drive receiving end located outside 
the casing; and a rotor assembly (58) housed inside the 
casing and secured for rotation With the drive shaft (56). The 
embodiment also includes a successive rotary ram-in com 
pressor (59) for active sWeeping of the pressuriZed gases 
(55) from the ?rst ram-in compressor’s receiver (54). The 
design of the rotor assemblies of the ?rst and second rotary 
ram-in compressors in this embodiment are quite similar to 
those of the rotary ram-in compressor of the embodiment of 
FIGS. 1,2. 

[0026] In operation, the pressuriZed gases (55) provided 
by the ?rst rotary ram-in compressor (58) collect Within its 
receiver (54), from Which it is actively sWept by the feeding 
channels of the second rotary ram-in compressor (59). The 
pressuriZed gases (60) provided by the second rotary ram-in 
compressor (59) collect Within its receiver (61), from Which 
it is actively sWept by either a successive rotary ram-in 
compressor or a successive rotary ram compressor (not 
included in the draWing for simplicity). 

[0027] The density and the pressure level of the gases (55) 
Within the receiver (54) of the ?rst rotary ram-in compressor 
depends on the ratio betWeen the volumetric rate With Which 
gases are fed to receiver (54) by the ?rst rotary ram-in 
compressor (58) and the volumetric rate With Which gases 
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are sWept from the receiver (54) by the second rotary ram-in 
compressor (59). As the ?rst and second rotary ram-in 
compressors are driven by the same shaft (56), ie Will have 
the same operating rotational speed, so, the ratio betWeen 
their volumetric delivery and sWeeping rates, and hence the 
pressure level of gases (55) Within the receiver (54), Will 
depend on the ratio betWeen the total cross sectional area of 
the inlets of the feeding channels of the ?rst rotary ram-in 
compressor (58) and the total cross sectional area of the 
inlets of the feeding channels of the second rotary ram-in 
compressor (59). 

[0028] FIGS. 5-10 are schematic representations of alter 
natives in Which the feeding channels con?ned betWeen the 
opposing parts of the surfaces of the adjacent vanes of a 
rotary ram-in compressor in accordance With the present 
invention, may be designed. 

[0029] As discussed herein before, the boundaries of each 
of the feeding channels are formed of the opposing parts of 
the surfaces of the tWo adjacent vanes con?ning the channel 
betWeen them (right front and left rear surfaces of the 
draWings), and of the opposing parts of the disks’ surfaces 
related to the channel and con?ned betWeen the opposing 
parts of the surfaces of the tWo adjacent vanes. 

[0030] In FIG. 5 each tWo opposing surfaces (71,72 & 
73,74), of those de?ning the feeding channel betWeen them, 
are parallel to one another, With the cross-sectional area of 
the inlet of the channel being equal to the cross sectional 
area of its outlet. 

[0031] In FIG. 6 the feeding channel is slightly converg 
ing from its inlet toWards its outlet. The convergence of the 
feeding channel is provided by designing the boundaries 
con?ning the channel betWeen them so that the axial Width 
of the channel decreases gradually from the inlet of the 
channel toWards its outlet, With the gradual decrease in the 
axial Width of the channel provided by designing one (75) of 
the opposing parts of the disks’ surfaces related to the 
channel and con?ned betWeen the opposing parts of the 
surfaces of the tWo adjacent vanes so that it is gradually 
sloping from the inlet of the channel toWards its outlet. 

[0032] In FIG. 7 the feeding channel is slightly converg 
ing from its inlet toWards its outlet. The convergence of the 
feeding channel is provided by designing the boundaries 
con?ning the channel betWeen them so that the axial Width 
of the channel decreases gradually from the inlet of the 
channel toWards its outlet, With the gradual decrease in the 
axial Width of the channel provided by designing both 
(76,77) of the opposing parts of the disks’ surfaces related 
to the channel and con?ned betWeen the opposing parts of 
the surfaces of the tWo adjacent vanes so that they are 
gradually sloping from the inlet of the channel toWards its 
outlet. 

[0033] In FIG. 8 the feeding channel is slightly converg 
ing from its inlet toWards its outlet. The convergence of the 
feeding channel is provided by designing the boundaries 
con?ning the channel betWeen them so that the axial Width 
of the channel and the Width betWeen the opposing parts of 
the surfaces of the tWo adjacent vanes (79,80) con?ning the 
channel betWeen them decrease gradually from the inlet of 
the channel toWards its outlet, With the gradual decrease in 
the axial Width of the channel provided by designing one 
(78) of the opposing parts of the disks’ surfaces related to the 
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channel and con?ned between the opposing parts of the 
surfaces of the tWo adjacent vanes so that it is gradually 
sloping from the inlet of the channel toWards its outlet, and 
With the gradual decrease in the Width betWeen the opposing 
parts of the surfaces of the tWo adjacent vanes (79,80) 
provided by designing the vanes With suitable angles of 
inclination at their different parts, according to the desired 
angle of convergence of the channel. 

[0034] In FIG. 9 the feeding channel is slightly converg 
ing from its inlet toWards its outlet. The convergence of the 
feeding channel is provided by designing the boundaries 
con?ning the channel between them so that the aXial Width 
of the channel and the Width betWeen the opposing parts of 
the surfaces of the tWo adjacent vanes (83,84) con?ning the 
channel between them decrease gradually from the inlet of 
the channel toWards its outlet, With the gradual decrease in 
the aXial Width of the channel provided by designing both 
(81,82) of the opposing parts of the disks’ surfaces related 
to the channel and con?ned betWeen the opposing parts of 
the surfaces of the tWo adjacent vanes (83,84) so that they 
are gradually sloping from the inlet of the channel toWards 
its outlet, and With the gradual decrease in the Width betWeen 
the opposing parts of the surfaces of the tWo adjacent vanes 
provided by designing the vanes With suitable angles of 
inclination at their different parts, according to the desired 
angle of convergence of the channel. 

[0035] In FIG. 10 the feeding channel is slightly converg 
ing from its inlet toWards its outlet. The convergence of the 
feeding channel is provided by designing the boundaries 
con?ning the channel between them so that the Width 
betWeen the opposing parts of the surfaces of the tWo 
adjacent vanes (85,86) con?ning the channel between them 
decreases gradually from the inlet of the channel toWards its 
outlet, With the gradual decrease in the Width betWeen the 
opposing parts of the surfaces of the tWo adjacent vanes 
(85,86) provided by designing the vanes With suitable angles 
of inclination at their different parts, according to the desired 
angle of convergence of the channel. 

That Which is claimed: 
1. A rotary rarn-in cornpressor comprising: 

a stationary casing having at least one inlet passage for 
admission of Working gases, and a receiver Wherein 
pressuriZed gases collect; 

a drive shaft supported for rotation in a given direction 
inside the casing by an arrangement of bearings; and 

a rotor assembly comprising a ?rst disk secured for 
rotation With the drive shaft and lying in a ?rst plane 
transverse to the rotational aXis of the drive shaft; a 
second disk lying in a second plane transverse to the 
rotational aXis of the drive shaft, With the inner surfaces 
of the tWo disks de?ning an annular space in-betWeen; 
and a plurality of vanes arranged circurnferentially 
Within said annular space, each vane attached to both 
disks de?ning the annular space, each vane has a 
leading edge, a trailing edge, a concave surface and a 
conveX surface, With the average angles of inclination 
of the successive portions of the vane With respect to a 
plane comprising the midpoint of the vane and perpen 
dicular to a radial plane including the rotational aXis of 
the rotor and the midpoint of the vane decreases 
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preferably gradually from its leading edge toWards its 
trailing edge, Within a range from about +2 to about 
—18 degrees, the opposing parts of the surfaces of each 
tWo adjacent vanes along With the opposing parts of the 
tWo disks’ surfaces con?ned betWeen the opposing 
parts of the surfaces of each tWo adjacent vanes de?n 
ing a feeding channel between them, each feeding 
channel has an inlet and an outlet, the cross sectional 
area of the inlet of each of the feeding channels being 
equal to the cross sectional area of its outlet, with 
means for active sWeeping of the pressuriZed gases 
from the cornpressor’s receiver being provided. 

2. The rotary rarn-in compressor of claim 1 Wherein the 
means provided for active sWeeping of the pressuriZed gases 
from the cornpressor’s receiver comprises a successive 
rotary rarn-in compressor. 

3. The rotary rarn-in compressor of claim 1 Wherein the 
means provided for active sWeeping of the pressuriZed gases 
from the cornpressor’s receiver comprises a successive 
rotary rarn compressor. 

4. A rotary rarn-in cornpressor comprising: 

a stationary casing having at least one inlet passage for 
admission of Working gases, and a receiver Wherein 
pressuriZed gases collect; 

a drive shaft supported for rotation in a given direction 
inside the casing by an arrangement of bearings; and 

and a rotor assembly comprising a ?rst disk secured for 
rotation With the drive shaft and lying in a ?rst plane 
transverse to the rotational aXis of the drive shaft; a 
second disk lying in a second plane transverse to the 
rotational aXis of the drive shaft, With the inner surfaces 
of the tWo disks de?ning an annular space in-betWeen; 
and a plurality of vanes arranged circurnferentially 
Within said annular space, each vane attached to both 
disks de?ning the annular space, each vane has a 
leading edge, a trailing edge, a concave surface and a 
conveX surface, With the average angles of inclination 
of the successive portions of the vane With respect to a 
plane comprising the midpoint of the vane and perpen 
dicular to a radial plane including the rotational aXis of 
the rotor and the midpoint of the vane decreases 
preferably gradually from its leading edge toWards its 
trailing edge, Within a range from about +2 to about 
—18 degrees, the opposing parts of the surfaces of each 
tWo adjacent vanes along With the opposing parts of the 
tWo disks’ surfaces con?ned betWeen the opposing 
parts of the surfaces of each tWo adjacent vanes de?n 
ing a feeding channel between them, each feeding 
channel has an inlet and an outlet, each of the feeding 
channels converges from its inlet toWards its outlet, 
with means for active sWeeping of the pressuriZed 
gases from the cornpressor’s receiver being provided. 

5. The rotary rarn-in compressor of claim 4 Wherein the 
means provided for active sWeeping of the pressuriZed gases 
from the cornpressor’s receiver comprises a successive 
rotary rarn-in compressor. 

6. The rotary rarn-in compressor of claim 4 Wherein the 
means provided for active sWeeping of the pressuriZed gases 
from the cornpressor’s receiver comprises a successive 
rotary rarn cornpressor. 

* * * * * 


