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4 Claims. (C. 230-127) 

The present invention relates to a radial flow super 
Sonic compressor, to a method of compressing a fluid, and 
more particularly to a compressor conveying a com 
pressible fluid, such as a gaseous medium or steam, in a 
direction of flow which has a radially and outwardly di 
rected component. 

Compressors have the purpose to transport a medium 
through the machine and at the same time to increase 
the static pressure of the medium. Generally, the amount 
of energy required for increasing the pressure of the 
medium is considerably greater than the energy required 
for transporting the medium. The energy produced in 
the compressor can be transferred in two manners from 
the rotor to the fluid medium: 

(1) The energy may be transferred as centrifugal 
energy which produces a direct increase of the static pres 
sure and thereby of the enthalpy of the conveyed medium. 

(2) The energy may be transferred as kinetic energy 
which produces at first only an acceleration of the con 
veyed fluid medium. 

Compressor rotors in which the fluid moves in axial 
direction transfer the energy predominantly in the form 
of kinetic energy, whereas rotors conveying the fluid in 
a stream having a radial component, utilize both kinds 
of energy transfer. 

With the exception of the amount of energy required 
for transporting the fluid medium, the kinetic energy is 
also transformed into pressure. Consequently, a reducing 
of the kinetic energy results in an increase of the enthalpy. 
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In accordance with the construction of the machine, this 40 
is done by delaying the stream between the rotor vanes 
and a downstream arranged stator. Frequently, the rotor 
and the stator are used for obtaining this result. 
An increase of the efficiency of the compressors ac 

cording to the known art is limited by the following facts 
which are characteristic for the compressors according 
to the known art. 

(1) The speed of of the flowing fluid approaches the 
speed of sound, resulting in local compression shocks 
and other disturbances causing losses. 

(2) Limits of channel cross sections, or as vane angles 
are reached at which the flowing stream is interrupted. 

(3) The gap losses increase between rotor inlet and 
rotor outlet. 

It has been proposed to exceed the above mentioned 
limits at least partly in such manner that the conveyed 
medium is accelerated to a speed above the speed of 
sound for producing a considerable part of the total pres 
Sure increase by compression shocks. Compression 
shocks result in losses of useful energy, because they are 
connected with a more or less pronounced increase of 
the entropy, but they permit a reducing of the length 
of the friction faces of the walls, and the friction iosses 
are under certain circumstances reduced as compared with 
compressors operating at speeds below the speed of sound. 

Supersonic compressors are mainly used in connection 
with airplane engines and consequently have been built 
as axial compressors. However, axial compressors are 
not able to produce a useful centrifugal energy in the 
conveyed medium. 

It is one object of the present invention to overcome 
the disadvantages of the compressors according to the 
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known art, and to provide a compressor capable of trans 
ferring to a conveyed fluid much greater amounts of 
energy as has been possible with compressors according 
to the known art of the same size. 

It is another object of the present invention to use 
energy produced in a fluid by centrifugal action for ac 
celerating the fluid to supersonic speed. - 

it is another object of the present invention to use 
energy produced in a fluid by centrifugal action for ac 
celerating the fluid to a supersonic speed of such magni 
tude that the meridian component of the flowing fluid 
exceeds the speed of sound. 

It is another object of the present invention to use 
static pressure produced in a fluid by centrifugal action 
for accelerating the fluid to supersonic speed. 

It is another object of the present invention to use 
energy produced in a fluid by centrifugal action during 
passage through a rotor for accelerating the fluid within 
the rotor to supersonic speed. 

It is also an object of the present invention to obtain 
the last mentioned objects without accelerating the fluid 
in the rotor by external means such as a vacuum pump 
arranged downstream of the rotor. 

It is a further object of the present invention to produce 
by a meridian supersonic component of the flowing fluid 
a stable annular compression shock in an annular space 
surrounding the rotor. 

It is a further object of the present invention to elimi 
nate the necessity of providing downstream arranged 
Stato wanes. 

It is a further object of the present invention to pro 
duce a stable compression shock by continuously ac 
celerating a fluid in a converging passage to superSonic 
Speed. - 

It is a further object of the present invention to con 
tinuously increase the supersonic speed of a fluid flowing 
from a rotor to a stator of a compressor without any 
Sudden changes in pressure or Mach number. 
With these objects in view, one aspect of the present 

invention consists in a rotor means for a rotary com 
pressor for a compressible fluid, the rotor means being 
formed with passages extending from an inner portion of 
the rotor means to an outer portion of the rotor means, 
the passages having cross sections gradually decreasing 
from the inner portion to the outer portion of the rotor 
means for increasing in the passages the relative speed of 
the fluid with respect to the rotor means to supersonic 
speed during rotation of the rotor means. 
The present invention also consists in a method of 

producing a stable compression shock in a compressible 
fluid, the method comprising the steps of guiding the fluid 
through passages of gradually decreasing cross section, 
and continuously increasing by centrifugal acceleration 
the speed of the fluid to supersonic speed. 
According to another aspect of the present invention, 

a rotary compressor comprises stator means including 
a pair of annular walls having opposite faces defining an 
annular channel, and the fluid discharged from the rotor 
means passes into the annular channel of the stator means. 
The pressure of the fluid moving through the annular 
channel in the stator means is gradually decreased. Ac 
cording to the present invention, the pressure of the fluid 
is slightly decreased in the rotor means before entering 
the channel of the stator means so that the pressure grad 
ually and continuously changes as the fluid moves out 
of the rotor and into the stator. By this arrangement, a 
smooth and continuous increase of the Mach number of 
the speed of the fluid is obtained. 

In the arrangement of the present invention, it is possi 
ble without any difficulty, to increase the speed of the 
fluid to such extent that even the meridian component 
of the flowing fluid reaches the speed of sound. Con 
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sequently, very simple compression shock arrangements 
can be obtained. 
The fluid in the compressor according to the present 

invention reaches supersonic speed within the rotor, and 
consequently no auxiliary means for starting the machine 
are required. In the event that the meridian component 
of the flowing fluid is greater than the speed of sound, 
it is possible to produce either in the rotor or in an annu 
lar channel in the stator, an annular compression shock 
which is coaxial with the axis of the rotor. Due to this 
arrangement it is possible to eliminate shock producing 
stator vanes. A change in the operating conditions pro 
duces only a displacement of the annular shock down 
stream or upstream. In the event that the annular com 
pression shock, and the pressure increase connected there 
with, takes place in the stator, the gap losses are low, and 
the gap width between rotor and stator can be made 
somewhat larger. - - - - 

In the rotor according to the present invention in which 
the fluid flows in radial direction, or at least in partly 
radial direction, the absolute speed as well as the relative 
speed of the conveyed fluid are increased within the 
rotor from speeds below the speed of sound to super 
Sonic speeds. It is necessary to increase the speed of 
the flowing fluid to such extent that the meridian com 
ponent of the fluid reaches supersonic speed if a coaxial 
annular compression shock is to be produced. 

In order to increase the relative speed of the flowing 
fluid with respect to the rotor passages, and also the 
meridian component speeds in the rotor from speeds 
below speeds of sound to supersonic speed, a particular 
shape of the rotor passages is necessary. 
The passages of a rotor according to the present inven 

tion may be compared with a Laval nozzle. However, 
it must be understood that in the rotor of the present 
invention the total energy of the conveyed fluid increases 
in the relative flow, whereas in the Laval nozzle only a 
transformation of the existent potential energy takes 
place. 
The present invention will be better understood, when 

compared with a Laval nozzle. A Laval nozzle is ar 
ranged between two spaces between which a minimum 
critical pressure differential exists. This potential en 
ergy is used for accelerating the fluids passing through 
the Laval nozzle from one space to the other space. The 
variation of the cross sections of the Laval nozzle is es 
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4 
nozzle as the fluid medium is provided with additional 
mechanic energy during its acceleration in the radial pas 
sages, or the radial passages of the rotor which are 
formed by the motor vanes. The energy thus added, is 
used for producing the supersonic speed so that the fluid 
medium need not have potential energy for reaching 
SuperSonic speed. 

This difference in the operation and function results in 
a completely different shape of the passages through 
which the fluid flows in accordance with the present in 
vention as compared with the cross sections of the Laval 
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sential, and the dimensions of the cross sections are de 
termined by two opposing factors. 

(1) The local speed of flow. An increase of the speed 
of flow at constant density necessitates a reduced cross 
Section as compared with an inlet cross section. - 

(2) The volume increase of the flowing fluid which 
is caused by a reduction of the density due to the accel 
eration and necessitates an increase of the cross section. 
As long as the speed of the expanding fluid medium 

is below the speed of sound, the first factor prevails. It 
is then necessary to reduce the cross section of the 
Laval nozzle in order to produce an increase of speed. 
However, as the speed of sound is approached, the in 
fluence of the second factor increases. In the moment 
in which the speed of sound is reached, the two factors 
have the same influence, and consequently the cross sec 
tion must be constant at this place. If it is desired to 
exceed the speed of sound, the second factor must be 
more considered than the first factor, in other words the 
cross section of the passage must widen. At the point 
at which the speed of the flowing fluid exceeds the speed 
of sound, the narrowest cross section must be located. 
The arrangement according to the Laval nozzle is the 
only way by which a flowing medium can be accelerated 
to the speed of sound by transforming its own potential 
energy. - 

The arrangement of the present invention according to 
which a rotor is provided for accelerating the fluid to 
supersonic speed, distinguishes inasmuch over the Laval 
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nozzle. 
Particularly, the constricted narrowest cross section 

which is essential in the Laval nozzle, is rather unim 
portant in the arrangement of the present invention, and 
in many cases need not or must not be provided. In 
the event that sufficient mechanic energy is provided for 
the fluid medium, an expansion of the medium does not 
necessarily take place, on the contrary during the ac 
celeration a compression may take place, and conse 
quently the reason for a narrowest constricted cross sec 
tion is obviated. 
The novel features which are considered as charac 

teristic for the invention are set forth in particular in 
the appended claims. The invention itself, however, both 
as to its construction and its method of operation, to 
gether with additional objects and advantages thereof, 
will be best understood from the following description 
of specific embodiments when read in connection with 
the accompanying drawings, in which: 

FIGS. 1-4 show schematically cross sectional views of 
passages for a flowing medium, a graph showing the in 
crease of the Mach number along the length of the pas 
sage, and another graph showing the variation of the 
pressure of the flowing medium along the length of the 
paSSage; 

F.G. 5 shows a passage for a flowing medium, and a 
graph illustrating the distribution of the pressure along 
the length of the passage under certain operational con 
ditions; 
FIG. 6 is a fragmentary meridian sectional view illus 

trating the outermost portion of a rotor passage and the 
adjacent stator channel according to the present inven 
tion; 

FIG. 6a is a diagram illustrating the variation of the 
static pressure, the variation of the Mach number of 
the speed of the flowing fluid, and the variation of the 
cross section of the passages in rotor and stator along 
the radial extension of such passages; 
FIGS. 7 and 7a are views corresponding to FIGS. 6 

and 6a respectively and illustrate an arrangement ac 
cording to a preferred embodiment of the present inven 
tion; 

FIG. 8 is an axial sectional view of an embodiment 
of the present invention; 

FIG. 9 is an end view of the rotor and the stator of 
the embodiment shown in FIG. 8: 

FIGS. 10, 11 and 12 are vector diagrams illustrating 
the distribution of the velocities of the fluid medium at 
various cross sections of the rotor passages; 

FIG. 13 is a cross-sectional view taken on line 13-13 
in FIG. 8; and 

FIG. 14 is a cross-sectional view taken on line 14-14 
in FIG. 8. 

Referring now to the drawings, FIGS. 1-4 schemati 
cally illustrate passages Ni-Na in which a fluid is acceler 
ated from a speed below the speed of sound to super 
Sonic speed. The fluid is assumed to flow from the left 
to the right as indicated by the arrows, and the rate of 
acceleration is assumed to be the same in all four exam 
ples. The amount of outer mechanical energy which is 
introduced during the acceleration of the liquid is differ 
ent in the four examples illustrated in FIGS. 1-4. 

In the arrangement of FIG. 1, it is assumed that no 
outer energy is added to the flowing medium, and that a 
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pressure differential produces the acceleration of the 
fluid. Consequently, the arrangement of FIG. 1 corre 
sponds to a conventional Laval nozzle. The entire re 
quired kinetic energy must be provided by the pressure 
differential between nozzle inlet and nozzle outlet as illus 
trated by the graph P in FIG. 1. The cross section is 
gradually reduced to a narrowest constricted portion and 
is then again increased. As shown in the graph M, the 
Mach number is increased according to linear function 
during the passage of the fluid through the Laval nozzle 
N, and exceeds in the constricted portion the value 1, 
in other words the speed of sound is reached at the con 
stricted portion indicated by a broken line. 

In the arrangement of FIG. 2, it is assumed that in 
addition to the pressure differential, the flow of fluid is 
accelerated by a small amount of mechanical energy 
which is added during passage through the passage N. 
The passage N may be provided in a rotor and arranged 
in radial or partly radial direction, and the rotor may 
be rotated at a moderate speed. Consequently centrifu 
gal force is produced, and the energy of the centrifugal 
force added to the energy of the fluid. The required 
kinetic energy can be partly covered by the added me 
chanical energy produced by centrifugal force. Con 
sequently the pressure differential between nozzle inlet 
and nozzle outlet can be smailer as compared with the 
arrangement of FIG. 1. This corresponds to a smaller 
enthalpy difference of the conveyed fluid. As shown in 
the graph P in FIG. 2, the pressure drops in the passage 
between the passage inlet and the passage outlet. How 
ever, the pressure drop is much much smaller than in 
the Laval nozzle according to FIG. 1. In the conven 
tional classification of compressor rotors, the rotor can 
be classified as a rotor having a negative reaction degree 
assuming an adiabatic flow. The decrease of the cross 
section of the first part of the passage must be more rapid 
as is the case in the arrangement of FIG. 1. It will be 
noted that the narrowest constricted cross section is now 
located in the supersonic range. The Mach number ex 
ceeds the value 1 already before the fiuid passes the 
narrowest cross section indicated by a broken line. In 
the arrangement of FIG. 2, the passage widens again 
downstream of the narrowest cross section while the 
Mach number further increases and the pressure drops. 

In the arrangement illustrated in FIG. 3, the amount 
of added mechanical energy is further increased to such 
extent, that the required kinetic energy is provided by the 
added mechanical energy. Consequently, no pressure 
differential is required for accelerating the fluid in the 
passage N3. Such increased mechanical energy is pro 
duced by the rotor rotating at a higher speed as com 
pared with the rotor speed used in the arrangement of 
FIG. 2. Since the fluid has no potential energy, the 
pressure in the passage does no drop as is the case in 
the arrangement of FIGS. 1 and 2, but is constant. The 
arrangement corresponds to a constant pressure rotor hav 
ing the reaction degree 0. In this arrangement an even 
more pronounced cross section reduction is required as 
compared with the arrangement of FIG. 2. A "nar 
rowest constricted cross section' is not provided in the 
passage, but is in theory reached at an infinite distance. 

FIG. 4 illustrates an arrangement in which a great 
amount of mechanical energy is added to the fluid during 
passage through the passage N, which corresponds to a 
very high rotary speed of the rotor in which the passage 
N is provided. The amount of added mechanical energy 
exceeds the amount required for accelerating the fluid 
passing through the passage. Consequently not only the 
Mach number is increased, but also the static pressure 
and the enthalpy are increased. The reaction degree is 
positive in the arrangement of FIG. 4 and corresponds to 
an over-pressure rotor. In this case, the passage cross 
section must be rapidly reduced and asymptotically ap 
proach 0 value. A narrowest constricted portion does 
not exist. In accordance with the present invention, cer 
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6 
tain mathematical conditions are necessary for obtaining 
in a rotor having radial or partly radial passages, the 
desired supersonic speeds of the fluids flowing through the 
passages. The cross sections of the passages must follow 
a certain law, and the equation governing such design of 
the cross section will now be developed. The following 
characters and symbols will be used in the equations: 
F-Channel cross section 
w-Relative speed of the fluid that is the speed with 

respect to the rotor 
u-Tangential speed at the respective radius 
a-Local speed of sound 
M-Mach number of the relative speed according to the 

equation M=w/a 
Mu-Mach number of the tangential speed according to 

the equation Museu/a 
T-Absolute temperature 
r-Radius of the rotor at the respective cross section S 
S-Density of the conveyed fluid medium 
g-Acceleration due to gravity 
k-Adiabatic exponent of the fluid medium, which is the 

ratio of the specific heat of the fluid at constant pressure 
with respect to the specific heat at constant volume 
according to the equation k=c/cy 

R-Gas constant 

The index e applied to the above characters indicates 
a limit, and associates the respective characters with a 
known cross section of the passage, such as the cross sec 
tion at the inlet of the passage or the cross section at the 
outlet of the passage. 
The following equations are based on the continuity 

equation written as follows: 

(1) 

As pointed out above Fe indicates a given cross section 
which may be assumed, and we is the relative speed of the 
fluid at the cross section Fe. The quotient of the relative 
Speeds we and w can be assumed, for instance by assum 
ing a desired increase or decrease of the flow speed of 
the fluid in the passage. The expression 

e 

however, depends on the required relative speed w and 
on the Mach number M respectively, as well as from the 
amount of added energy which corresponds to the 
tangential speed u at the respective cross section F: 

(2) = (w-u.)-(w-w)+1." 
It would be possible to assume also the density and the 

pressure, respectively, in which event the relative speed 
w and the Mach number M respectively, could be obtained 
from an equation similar to the Equation 2. The same is 
true if a cross section of the passage F is selected. How 
ever, for constructive reasons it is advantageous to work 
with the Equation 2 since in the event a rotor operating 
under stable conditions can be designed as will be ex 
plained hereinafter. The Equation 2 is obtained by 
equating the pressure members in Euler's equation with 
the thermo dynamic adiabatic equation as follows: 

u-u w”-w' k. Yk (3) 2 *t's - RT () l 
is derived an expression for the speed of sound a: 

- 

(4) :=ce- u?)- (w?-w?)-- * 
The Equation 4 is used for substituting the Mach num 

ber M for the relative speed w since the Mach number 
can be more easily computed. 
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With the above equations the following equation is 
obtained: 
(5) 

F. Me 
F.TM 

k-1 
20k-1) (k-1) M2+2 

(-1); ()--M+2 
The Equation 5 indicates for any place in the rotor the 

necessary cross section F depending on the Mach num 
ber M which is desired at the respective cross section and 
also depending on the energy available at this place, such 
energy resulting from the tangential speed Mach number 
Mu and from the radius r at the respective cross section F. 
All other values are given limits, such as Fe, Me, Mue, 
and re. The character Me corresponds to the Mach num 
ber of the relative speed at the cross section F, which is 
given, and character Mu corresponds to the Mach number 
of tangential speed at the cross section Fe. The adiabatic 
exponent k is known and is assumed to be constant during 
the passage of the fluid through the rotor passages. 
The Equation 5 has general validity. It comprises the 

speed range below superSonic speed, the passage through 
the speed of sound, and supersonic range. The Equation 
5 makes possible the designing of a rotor for a compressor 
in which the relative speed between the flowing fluid and 
the rotor vanes is increased from speeds below the speed 
of sound to supersonic speed and does not require the 
meridian component of the speed of the fluid to exceed 
the speed of sound. 
The Equation 5 is valid also for an axial flow com 

pressor rotor. However, since the radius in the direction 
of flow is constant corresponding to r=re, the member 
corresponding to the energy becomes 0, as follows: 

M.()-1-0 
The equation for designing a Laval nozzle remains. 

An axial flow rotor consequently corresponds to the 
arrangement shown in FIG. 1. In this arrangement an 
outer pressure differential is required between rotor inlet 
and outlet. A compressor rotor in which the fluid flows 
in a radial flow and which is designed according to 
Equation 5 can be used for producing supersonic streams 
of fluid in different manners. Some constructions have 
been found particularly advantageous. 

In designing the shape of the rotor passages, construc 
tions are preferred in which the bounding walls of the 
passages have a distance from each other which decreases 
in outward direction as seen in a meridian section. In 
accordance with the present invention, a particularly high 
density of the energy in the machine is preferably obtained 
by decreasing in outward directions the cross sections of 
the passages in planes perpendicular to the flow of fluid. 

Such construction has advantages as regards the stresses 
on the rotor and the corresponding elements produced 
by the high centrifugal force. The reducing of the mass 
of the vanes in outward direction have a favorable influ 
ence on the produced stressing forces. 

Constructions which also consider possible energy 
losses have particular advantages. The Supersonic flows 
discussed above refer to isentropic flows, but it is possible 
that non-isentropic flows may occur in the motor. In 
this event a particular condition must be maintained if 
a stable operation of the rotor is to be assured. Non 
isentropic flows occur particularly in the event that within 
the stream of the fluid compression shocks occur. Such 
compression shocks may be desired, and may be for 
instance a system of shock waves rotating with the rotor 
and provided for the purpose of producing a sudden pres 
sure increase within the rotor. On the other hand the 
compression shocks may be non-stationary streams which 
enter the rotor passage in upstream direction. Such oper 
ational conditions can be covered by the additional re 
quirement that the rotor passage should be constructed in 
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8 
within the rotor passages. The constructive fulfillment 
of this condition is an essential part of the present 
invention. 
The arrangement will be best understood by explain 

ing the known conditions in the Laval nozzle as shown 
in FIG. 5. FIG. 5 shows a Laval nozzle. N. It is 
assumed in FIG. 5 that in the divergent right portion of 
the Laval nozzle, a normal compression shock has been 
produced by a corresponding counter-pressure at the out 
let of the Laval nozzle. Such compression shock is indi 
cated by a solid vertical lines. The pressure variation 
is shown below the cross section of the Laval nozzle in 
FIG. 5 in the graph T, as is clearly shown in the graph, 
a sudden pressure increase takes place due to the com 
pression shocks. The pressure increase results in a cor 
responding volume decrease. The volume decrease is 
compensated by a speed decrease which results in the re 
duction of the supersonic speed before the compression 
shock to a speed below the speed of sound downstream 
of the compression shock. The continuous flow of the 
fluid is maintained, since the cross sections are filled 
with a fluid due to the reduction of the speed. The com 
pression shock is consequently a real shock. A dis 
turbance of the flow of fluid, which may be caused by a 
compression shock running from the right in FIG. 5 
through the nozzle outlet against the stream of fluid, 
displaces the front of the normal compression shock in 
upstream direction for a short distance as indicated by 
the broken line s in FIG. 5. Thereby, the thermo 
dynamic condition of the fluid medium prevailing after 
the compression shock are changed in such manner that 
the condition of continuity of flow is again achieved. 
After the disturbance has ended, that is after the orig 
inally prevailing pressure at the nozzle outlet is again 
established, the front of the compression shock is again 
displaced and assumes its original position indicated by 
reference characters. A corresponding reaction is pro 
duced by a disturbance running in the opposite direction 
in the form of a underpressure wave as indicated by the 
dash and dot line s. The type of compression shock 
shown in FIG. 5 is considered a stable shock. Such 
stable shocks are only possible in the divergent portion 
of a Laval nozzle unless energy is added to the fluid 
during passage to the nozzle. 
By examining flow conditions without the addition 

of outer energy, it can be shown that a normal compres 
sion shock is only stable in a divergent passage in which 
the pressure and the density decrease and the superSonic 
speed increases. A shock is always unstable in a con 
vergent passage during pressure and density increase and 
during decrease of the supersonic speed. In the event 
that no energy is added, three interrelated conditions have 
to be considered for producing a stable perpendicular 
shock: 

(1) A divergent passage. 
(2) Decrease of pressure. 
(3) Increase of the Mach number. 
Extensive tests have proven that these interrelated 

conditions for a stable shock and thereby for the high 
resistance against disturbances are not true in the event 
that mechanical energy is added to the fluid flowing in 
the passage. Consequently, a normal shock can be stable 
in a convergent channel in the event that mechanical 
energy is added to a fluid. 

In contrast to the Laval nozzle it is immaterial during 
such conditions whether the static pressure is increased 
or decreased. The present invention is based on the fact 
that the only condition for the possibility of a stable 
shock is a continuous increase of the flow speed, and 
in other words of the Mach number of the isentropic 
supersonic flow. Only in this manner it is possible to 
obtain a stable shock in the rotor which produces a 
meridian component at Supersonic speed, or respectively 

such a manner that a stable compression shock is possible 75 produces a supersonic relative speed of the flowing fluid 
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in the rotor passages defined by the rotor vanes. The 
teaching of the present invention to increase the Mach 
number and thereby the speed of the fluid within the 
rotor in a continuous and "monotonous' manner (the 
rate of change of the Mach number along the path of 
the flow always has to be positive) is contrary to the 
constructions of the know compressor rotors, since in 
such known compressor rotors the fluid medium is delayed 
or retarded within the rotor in order to increase the 
pressure. 
A rotor in which the Mach numbers of the fluids in 

direction of flow are continuously increased, is capable 
of absorbing purposely produced or undesired disturb 
ances or shocks without a collapse of the supersonic flow. 
For example, if in the rotor a system of normal com 
pression shocks is maintained which rotates with the 
rotor, the shock fronts will contract or expand a little 
under the influence of disturbances from the outside 
relative to the axis of the rotor. The rotor works not 
only stable, but moreover may be regulated within a wide 
range as regards the pressure to be produced by the entire 
compressor. 

If it is desired to produce the compression shocks not 
in the rotor itself, but in a stationary stator arranged 
downstream of the rotor, for instance in the form of a 
coaxial annular compression shock within an annular 
stator channel which is free of vanes, the consequences 
of the uneven flow of the supersonic stream out of the 
rotor can be substantially reduced in the rotor according 
to the present invention. Such irregular flow out of the 
rotor cannot be entirely avoided due to the fact that the 
finite number of vanes having a minimum thickness must 
be provided. 
The requirement of a continuous increase of the speed 

of the isentropic flow, which is caused by the necessary 
stability of the flow, still permits the choice of the way 
in which the Mach number is to increase within the rotor. 
For example, the Mach number may increase according 
to a linear function along the length of the passage, or 
according to a parabolic function. 
Such liberty in choosing the constructive details in 

accordance with the desired variation of the Mach num 
ber in the rotor, may be used for fulfilling the require 
ment to diminish the unfavorable results of the uneven 
flowing out of the fluid from the rotor. A construction 
according to this requirement, is a further essential part 
of the present invention. The flow in the stator is deter 
mined by its construction, as well as by the condition 
and direction of flow of the fluid medium at the time 
the fluid medium is discharged from the rotor. Such 
a flow takes place without further addition of energy, 
for instance at a pressure decrease during further accel 
eration in the manner of a divergent part of a Laval 
nozzle. In order to reduce the disturbances at the points 
at which the fluid is discharged from the rotor, it is 
advantageous to provide for a flow within the rotor in 
the region of the fluid discharge which accomplishes a 
smooth transition of the absolute flow within the rotor 
into the absolute flow within the stator. The expression 
“smooth” is used in a certain sense to indicate that in 
the graphic illustration the variation of the absolute 
Mach number and the variation of the pressure at the 
point of discharge from the rotor is continuous or sub 
stantially continuous without any sudden changes, which 
would cause a sudden change of direction in the respec 
tive graph. For obtaining this result, it may be advan 
tageous under certain circumstances to increase the Mach 
number shortly before the discharge of the fluid from 
the rotor to such extent, that potential energy is taken 
from the fluid medium. Under such conditions, a pres 
sure drop takes place within the rotor towards the dis 
charge point of the fluid, and if the rotor and stator are 
accordingly designed, the pressure drop at the discharge 
points of the rotor continuously emerges into the pres 
sure drop within the stator. Consequently, there is no 
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10 
sudden change of pressure at the point at which the fluid 
passes from the rotor into the stator. 

FIG. 6 illustrates in the meridian section, an outwardly 
located portion of the rotor 8 and an annular channel 
10 of the stator. FIG. 6a shows in three graphs the 
static pressure, the cross sections and the Mach number 
of the absolute speed of the fluid along the radial exten 
sion of the elements shown in FIG. 6. In the construc 
tion according to the present invention shown in FIGS. 
'6 and 6a, a transition free of disturbances from rotor 
flow to stator flow is desired. Since the flow in the 
annular channel 10 of the stator takes place without any 
addition of energy, the flow conditions in channel 10 
are determined by the condition of the fluid medium at 
the time of entering the channel 10, on the angle of the 
flow, on the Mach number at the time of entry, and on 
the shape of the walls bounding the annular channel 10. 
If the meridian component of the flowing fluid exceeds 
supersonic speed in accordance with the present inven 
tion, the fluid medium expands in the annular stator 
channel 10 and is simultaneously accelerated. In accord 
ance with the present invention the region of the fluid 
discharge of the rotor is to be constructed for a desired 
pressure decrease. 
The horizontal broken line in FIG. 6a indicates the 

point at which the rotor flow changes into the stator 
flow in the channel 10. In the region of the channel 
10, the pressure decrease and the Mach number increase 
are clearly determined. However, it is possible to influ 
ence the stream of fluid within the rotor within the 
framework of the previously explained conditions, and 
such variation can be carried out by suitably choosing 
the variation of the change of the Mach number. 
As shown in FIG. 6a, the variation of the Mach num 

ber in the rotor is so chosen that the static pressure is 
continuously and gradually changed from a pressure 
increase to a pressure drop. The thus accomplished 
pressure drop has an extent corresponding to the already 
determined pressure drop in the stator, so that the graph 
showing the pressure is continuous and does not have a 
step or sudden change in the region of the broken line 
which indicates the transition from the rotor to the sta 
tor. In order to obtain such decrease of the pressure 
within the rotor directly before the discharge of the fluid, 
it is necessary to reduce the cross section reduction in 
the region of the discharge from the rotor as is indicated 
by the curvature of the graph illustrating the cross sec 
tions in FIG. 6a. - 

Referring again to FIG. 2, it will be understood that 
a pressure reduction necessitates a narrowest cross sec 
tion of the rotor passage, such narrowest cross section 
is located outside of the rotor in the arrangement shown 
in FIGS. 6 and 6a, as indicated by the broken line ex 
tension of the graph illustrating a variation of the cross 
section. In the arrangement shown in FIGS. 6 and 6a, 
the fluid is discharged from the rotor before reaching 
the “narrowest cross section of the passage,” and conse 
quently the fiuid does not reach such "narrowest cross 
section” but enters the channel 10 in which the cross 
section is increased in a linear function. The linear in 
crease of the cross section of the stator channel 10 is 
caused by the fact that the stator faces are parallel and 
circular. The arrangement illustrated in FIG. 6 and 
explained with reference to FIG. 6a, obtains a consider 
able reduction of the unavoidable losses during the tran 
sition of the fluid from the rotor to stator, and is an 
important aspect of the present invention. 
According to a further aspect of the present invention, 

the smooth transition from rotor to stator is not only 
obtained by the construction of the rotor passages as 
explained with reference to FIGS. 6 and 6a, but also by 
suitably constructing the channel of the stator. - 

In accordance with a preferred embodiment of the 
present invention illustrated in FIGS. 7 and 7a, the op 
posite faces of the channel 10 are not parallel as in 
FIG. 6, but converge in outward direction. Consequently 
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a substantially continuous variation of the cross sections 
of the passage for the fluid is obtained. It will be noted 
that the graph in FIG. 6a illustrating the cross section 
variation has a sharp bend in the region of the broken 
line where the transition from rotor to stator takes place. 
In contrast thereto the transition in the arrangement of 
FIG. 7a is smooth. However, it should be noted that 
the cross section is gradually reduced within the rotor, 
whereas it is increased within the stator channel. Such 
increase is due to the fact that the channel expands in 
circumferential direction although its faces approach 
each other in the meridian section shown in FIG. 7. 
A "constricted cross section' must be avoided in the 
stator passage, since otherwise difficulties during starting 
and unstable operation would result, particularly if it is 
desired to work in the stator with a meridian component 
of supersonic speed such as is for instance necessary for 
producing an annular compression shock. The arrange 
ment results in initially small acceleration of the fluid 
and a smaller pressure drop. 

In the above discussion, purposely no reference has 
been made to the problems caused by the boundary 
layers of the fluid. In practical constructions it is neces 
sary to make the cross sections of the passages somewhat 
greater than in accordance with theoretical conditions 
derived from the adiabatic laws and the equations derived 
therefrom, in order to consider the cross section reducing 
effect of the boundary layer of the fluid whose thickness 
increases in outward radial direction. Also, the minimum 
thickness of the vanes has to be considered. The cor 
recting factors, and the thickness of the boundary layer 
of the fluid along the walls of the passage can be com 
puted by known equations. In a similar manner, the 
"grid effect” can be compensated by introducing a cor 
responding factor into the equations. 

. In considering the effects of the boundary layers of 
the fluid, another phenomenon must be considered, 
namely, the separation of the boundary layer whose 
detrimental results are mitigated or completely overcome 
by the construction according to the present invention. 
A "peeling-off' of the boundary layer caused by a com 
pression shock, will not have the same detrimental effect 
in a radial compressor in accordance with the present 
invention as in axial compressors. Due to the fact that 
the width of the passages, considered in the meridian 
section, is not very great in the rotor and stator accord 
ing to the present invention, the particles of the boundary 
layers which may peel off will accumulate behind the 
compression shock on the channel walls and produce a 
noticeable reduction of the free cross section available 
for the fluid flow. Since the radial component of the 
flowing fluid has a speed smaller than the speed of sound 
after a shock, the narrowing of the cross section caused 
by displaced particles of the boundary layers will again 
result in a local acceleration of the flowing fluid. There 
by the particles of the boundary layer are again pressed 
against the wall surfaces and rapidly driven away in the 
direction of the flowing fluid so that they cannot have 
a detrimental influence on the flow of fluid. The dis 
placed particles of the boundary layer cannot travel in 
a direction transverse to the stream of the flowing fluid, 
as is the case in axial compressors, because in radial 
compressors there is no pressure gradient in the plane 
of the cross sections. - 

Referring now to FIGS. 8 and 9 which illustrate an 
embodiment of the present invention, a stator portion 
4 is provided for guiding the fluid in axial direction into 
the rotor passages 91. A set of stator vanes 5 is provided 
in the stator portion 4, which is capable of reducing the 
Mach number of the fluid at the points at which the fuid 
enters the rotor 3. Due to the high rotary speed of the 
rotor, otherwise the danger is present that the speed of 
sound is exceeded at an undesired place. - 
The curved fluid guiding surface of the stator has a 

first surface portion 41, and a second surface portion 42. 
The fluid guiding curved rotor surface 71 is located 
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12 
opposite the stator surface portion 42. Rotor vanes 9 
project from the rotor surface 71 toward the stator sur 
face portion 42 so that the surfaces 42, 71 and the rotor 
vanes 9 define rotor passages. The stator 4 further in 
cludes a stator portion 43 which is located in the axis 
of the machine and has another stator surface 44 which 
is a continuation of the rotor surface 71. Consequently 
the surfaces 4 and 44 cooperate to gradually deflect 
the fluid from axial flow into a partly radial flow which 
is then further deflected into a radial flow in the rotor 
passages 91. Due to the fact that in accordance with 
the present invention, the fluid is already partly deflected 
in the stator portion 4, an extreme curvature of the 
rotor passages is avoided in the region in which the fluid 
achieves the speed of sound whereby disturbances are 
prevented. 
The shaft 6 carries the rotor and drives the same. 

The stator portion 7 houses the rotor, and it will be 
noted that no cover wall is provided on the rotor oppo 
site the stator surface 42. The rotor vanes 9 extend in 
radial direction as best seen in FIG. 9 and are slightly 
bent in the region of the rotor inlet. The cross sections 
of the rotor passages 91 which are bounded by the rotor 
Surface 7, by the stator surface 42 and by the faces of 
the vanes 9 are designed according with the previously 
discussed equation. The requirements for obtaining a 
continuous increase of the Mach number and the condi 
tions explained with reference to FIGS. 7 and 7a are 
considered in the construction of the rotor passages 91. 

FIGS. 10, 11 and 12 are diagrams illustrating the 
speed conditions in the cross sections 1, 2, and 3, re 
spectively. The characters applied in FIGS. 10, 11 and 
12 have the following significance: 
u-Tangential speed, 
w-Relative speed, 
wm-Meridian component of the speed, 
c-Absolute speed, 
a-Local speed of sound. 
The indices. 1, 2 and 3 refer, respectively, to the cross 

sections 1, 2 and 3. 
FIG. 10 shows that at the inlet cross sections 1 of the 

rotor passages 91, al...speeds are below the speed of 
Sound. 

in the cross section 2, the relative speed is equal to 
the local speed of sound a. Since the stream of the 
flowing fluid has passed beyond the curved inlet portions 
92 of the rotor vanes 9, and has entered the portions of 
the passages 91 which are separated from each other by 
Wali portions located in planes passing through the rotor 
axis, the meridian speed component win is equal to the 
relative speed w. The absolute speed c has exceeded the 
speed of sound before the fluid passes through the cross 
Section 2. In the cross sections 3 of the rotor passages, 
all speeds and speed components are supersonic. An 
annular stator channel 10 surrounds the rotor 8, and it 
will be noted that the stator surface 42 merges substan 
tially into one face of the stator channel 10, whereas the 
rotor Surface 7 merges substantially into the other face 
of the stator channel 10. The results of this arrange 
ment have been described with reference to FIGS. 6 and 
7. The fluid discharged through cross sections 3 of the 
rotor passages 91 enters the stator channel it) and ex 
pands in the same under further acceleration without any 
energy being added in the stator channel 10. The pres 
sure of the fluid in the stator channel 10 is substantially 
increased due to a coaxial compression shock, and the 
pressure is further increased in the spiral shaped tubular 
guide means 11 of the stator. 

It will be understood that the equations given for the 
necessary cross sections of the rotor passages according 
to the present invention are valid for other rotors differ 
ent from the rotor illustrated in FIG.8. For instance the 
rotor vanes may be bent forwardly or rearwardly. It is 
also of no consequence for the validity of the equations 
for dimensioning the rotor passages, whether only an 
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isentropic flow passes through the entire compressor, or 
whether one or several compression shocks are provided 
in the stator or in the rotor. It is only necessary to suit 
ably choose the limits designated by the index "e' in the 
preceding discussion of the theoretical conditions. 

Under certain circumstances, it is advantageous, al 
though not absolutely necessary, to arrange other com 
pressors in series with the compressor according to the 
present invention. Such compressors may be constructed 
in accordance with the present invention, or may be dif 
ferent compressors, and arranged upstream and down 
stream of the compressor according to the present in 
vention. 
A compressor according to the present invention need 

not have a strictly radial flow of the fluid, but may be 
constructed in such a manner that the fluid flows only in 
partly radial directions. It is however necessary that the 
flowing medium has a component in radial direction 
within the rotor. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also find 
a useful application in other types of compressors differ 
ing from the types described above. 
While the invention has been illustrated and described 

as embodied in a rotary compressor including rotor means 
formed with at least partly radial passages having cross 
sections gradually decreasing in outward directions for 
increasing the relative speed of the fluid within the pas 
sages to supersonic speeds, it is not intended to be limited 
c the details shown, since various modifications and 
structural changes may be made without departing in any 
way from the spirit of the present invention. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for various 
applications without omitting features that, from the stand 
point of prior art, fairly constitute essential character 
istics of the generic or specific aspects of this invention 
and, therefore, such adaptations should and are intended 
to be comprehended within the meaning and range of 
equivalence of the following claims. 
What is claimed as new and desired to be secured by 

Letters Patent is: 
1. In a rotary compressor for a gaseous medium, in 

combination, a stator formed with an annular stator space 
having an inner restricted annular shock-creating portion 
and an outer annular collector portion, said stator having 
an inwardly facing annular opening communicating with 
said inner restricted annular shock-creating portion and 
having also discharge means communicating with said 
outer annular collector portion of said annular space; a 
rotor arranged for rotation co-axially within said stator 
and having vanes terminating radially inwardly of said in 
wardly facing annular opening of said stator so as to 
communicate with said inner restricted annular shock 
creating portion of said annular stator space, said vanes 
defining substantially radial passages having inlets ad 
jacent the axis and discharge openings at the periphery 
of the rotor, the cross-sectional areas of the passages de 
creasing in direction from said inlets to said discharge 
openings and said rotor having a predetermined speed 
of rotation at which said gaseous medium is discharged 
through said discharge openings at a velocity the radial 
component of which exceeds supersonic speed, said gas 
eous mediurn thus entering said inner restricted annular 
shock-creating portion of said annular stator space at a 
velocity having a radial supersonic speed component 
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4. 
whereby an annular shock wave is created due to said 
radial supersonic speed component in said inner restricted 
annular shock-creating portion of said annular stator 
space, said annular shock wave resulting in high com 
pression of said gaseous medium also in said outer annu 
lar collector portion of said annular stator Space from 
where the thus highly compressed gaseous medium will be 
discharged through said discharge means; and a shaft 
mounted for rotation coaxially with said rotor and Sup 
porting the same, said shaft serving as means for rotating 
said rotor at said predetermined speed of rotation. 

2. A rotary compressor as set forth in claim wherein 
said cross sectional areas of said passages between said 
vanes decrease toward said discharge openings in such a 
manner that the Mach numbers of the meridian com 
ponent of the velocity of the gaseous medium in said 
passages continuously and gradually increase toward said 
discharge openings. 

3. A rotary compressor as set forth in claim 1 wherein 
said annular shock-creating portion of said stator space is 
bounded by annular surfaces approaching each other in 
outward direction in such a manner that sections of said 
rotor passages and of said stator opening taken in radial 
planes passing through the axis of said rotor have out 
lines merging into each other. 

4. A rotary compressor as set forth in claim 1 wherein. 
the cross sectional areas of each of said passages have 
with relation to a given cross sectional area Fe of the 
respective passage a ratio in accordance with the follow 
ing equation: 

k-1. 
2(k-1) F. M. (k-1) M2-2 

- 2 

* (-1) M.,(:)-1+M)+2 
wherein F is a cross sectional area to be determined, M 
is the Mach number of the meridian component of the 
velocity of the gaseous medium flowing in said passages, 
the Mach number M for each cross sectional area 
of each passage being selected so that the Mach num 
bers M in all cross sectional areas of the respective pas 
sage continuously and gradually increase toward said 
discharge openings of said passages, wherein M is the 
Mach number of the peripheral velocity at said dis 
charge openings, said Mach numbers being based on 
the local speed of sound, wherein r is the radial distance 
between the rotor axis and the respective cross sec 
tional area F, and k is the adiabatic exponent of the gas 
eous medium, the index e indicating that the respective 
values refer to the cross sectional area F. 
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