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1. 
This invention relates to turbo-jet engines and 

more specifically to axial flow compressors for 
Such power plants which provide high compres 
Sion ratioS and high mass flow per unit frontal 
area. With relatively low exit velocity. 

It is an object of this invention to provide an 
improved compressor having a plurality of ro 
tors and in which the medium to be compressed 
is subjected to a compression shock while travel 
ling at Supersonic Speeds relative to the moving 
rotor blades With the shocks occurring in the 
passages formed by the blades. 

It is another object of this invention to provide 
an improved compressor for turbo-jet engines. 
whereby high compression ratios are produced 
With a minimum of compression stages and a 
minimum of Space. 
Another object of this invention resides in the 

provision of a compressor which exhausts high 
pressure fluid of Such low relative Velocity that 
the diffuser can be completely omitted or re 
duced to a minimum length. 
A further object of this invention is to provide. 

a multiple stage axial flow compressor wherein 
each Stage includes a rotor Operating On the 
shock-in-rotor principle. 
Another object of this invention resides in the 

employment of the self stabilizing inlet phenon 
enon of a supersonic rotor passage thereby elimi 
nating the necessity of stators between rotorS in 
the compressor. 
These and other objects will become readily 

apparent from the following description of the 
accompanying drawings in which, 

Fig. 1 is a partial cross sectional view of a 
turbo-jet engine including the compressor form 
ing a part of this invention; 

Fig. 2 is a partial cross sectional view illustrat 
ing a modified driving means for the compressor 
rotors; 

Fig. 3 is a partial cross sectional view taken 
along the line 3-3 of Fig. 2; 

Fig. 4 is a partially developed view illustrating 
the compressor rotor and blade arrangement a C 
Cording to this invention; - 

Fig. 5 is a schematic velocity diagram indicat 
ing the velocity relationship of the working fluid 
and the rotors shown in Fig. 4; 

Figs. 5d., 5b and 5c are partial views of the 
rotor blades illustrating various flow conditions 
through the blades. 

Fig. 5d is a detailed view of a rotor blade indi 
cating in detail the flow through a shock and ex 
pansion field; and - Fig.6 is a diagrammatic illustration of the 
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2 
Compressor pressure ratio and efficiency that may 
be expected of the fluid passing through a shock 
at various relative inlet Mach numbers. 
Although the general practice has been to 

avoid SuperSonic relative flow of compressible 
fluids in compressors due to the high loss expec 
tations, it is known that the Supersonic com 
preSSors are capable of operating at relatively 
high compression ratios without exceeding prac 
ticable loss limitations. Various types of com 
pressors have utilized the principles wherein 
SuperSonic relative flow is obtained in the com 
preSSOr and the working fluid is passed through 
a shock to increase the preSSure of the fluid and 
reduce its velocity below that of Sound. - 
Generally speaking, these supersonic compres 

sors are classified as the shock-in-stator type or 
the Shock-in-rotor type. However, in either case 
it has been the practice to utilize stators or turn 
ing Vanes to obtain proper operation and fluid 
flow in the rotors. Since the use of stators en 
tails a certain amount of flow bending, definite 
loSSes of various types usually result thereby 
causing inefficiencies which in addition affect the 
performance of the rotor blades. 
To this end, this invention provides a compres 

sor for a turbo-jet engine which compressor in 
its preferred form Operates. On the Shock-in-ro 
tor principle but eliminates the usual losses which 
accompany the use of stators. 
Where compression has been achieved by the 

shock-in-rotor principle, for example, the usual 
practice has been to utilize turning vanes in the 
compressor inlet, upstream of the rotor or rotors, 
to produce proper directional flow and obtain : 
higher relative velocities at the leading edge of 
the rotor blades. With this type of construction 
the velocity of the inlet air ahead of the rotors is 
adversely limited. In other words, depending 
upon the shape of the turning vanes and the 
amount of turning produced, local supersonic 
Velocity Will readily occur over the vanes as in 
creased SubSonic velocities are approached 
thereby causing Separation, possible shock and/- 
Or turbulent flow prior to the fluid stream en 
tering the rotor blades. These conditions ob 
viously result in high losses. Such detrimental 
effects are avoided with this invention to the ex 
tent that inlet velocities immediately approach 
ing and exceeding Sonic speed can be efficiently 
handled by the compressor. 

Referring to Fig. 1 a turbo-jet engine is gen 
erally indicated at Ohaving an outer casing 12 
and a substantially streamlined inner housing 4 
which units cooperate to form an air inlet f6 



3 
and an annular passage 8. The inner housing 
4 carries two concentric shafts 20 and 22 which 
are rotatably mounted therein by means of a 
plurality of bearings 24. An axial flow com 
preSSO) is provided and includes in its preferred 
form a pair of adjacent rotors 28 and 30 which 
are fixed respectively to the shafts 20 and 22. A 
burner Section is provided downstream of the 
COmpressor Wherein fuel may be injected and the 
fuel-air mixture ignited to produce an expand 
ing high velocity gaseous medium for rotating 
the turbine blades 34 and 36 and for further pro 
Viding a propulsive jet stream in the exit pas 
Sage 38. The blades 34 and 36 are operatively 
connected to the shafts 22 and 20 respectively 
Whereby the rear turbine rotor drives the for 
Ward Compressor rotor 28 and the forward tur 
bine rotor drives the rear compressor rotor 30. 
The blades 34 and 36 of the adjacent turbine ro 
tors are oppositely inclined relative to the axis 
of fluid flow so that the shafts 29 and 22 and their 
respective compressor rotors 28 and 39 are coun 
terrotating. For this reason the compressor ro 
tor blades 50 and 52 will also be oppositely in 
clined relative to the axis of flow. The principle 
operation of this compressor will be more fully 
described hereinafter. 

FigS. 2 and 3 indicate a modified drive mecha 
nism for interconnecting the compressor rotors 
60 and 62 to the turbine wheel 64. A drive shaft 
66 is directly connected to the turbine wheel 64 
and the forward compressor rotor 69 While the 
aft compressor rotor 62 is driven in a direction 
Opposite to that of the rotor 60 by means of a 
planetary gear System. This gear system com 
priSes an internally toothed ring gear 70 carried 
by the rotor 62, a plurality of pinion gears 72 
Which are rotatably mounted in the fixed central 
housing 76 and a Sun gear 78 integral with the 
drive shaft 66. With this construction, then, a 
Single turbine wheel may be utilized to rotate 
both compressor rotors in opposite direction. 
The various components of the planetary system 
may be varied in size as desired to obtain proper 
relative Speeds between compressor rotors 66 and 
62. 
Where the rotor blades in each rotor are sub 

stantially similar in shape as shown, the rotor 
30, for example, will be rotated at a somewhat 
lower Speed than the upstream rotor 28 in order 
to obtain approximately identical supersonic 
Velocities between the blades of both rotors. 
Although the fiuid leaving the upstream rotor 

28 has an absolute velocity which is less than 
the absolute inlet Velocity it leaves the rotor 28 
in a direction. Such that due to the rotational 
Velocity of rotor 33 it has a relative direction to 
rotor 30 which is substantially parallel to the 
chord line of the Onconing blades 52 thereof. 
Thus the velocity of the fluid entering the rotor 
3 is high relative to the moving rotor blades 32 
and it is therefore possible to rotate the rotor 
30 slower than rotor 28 and still maintain Sub 
stantially the Sanne SuperSonic relative VelocitieS 
through each. Successive rotor. 

It may further be desirable to decrease the 
pitch of the blades. On Successive rotors inasmuch 
as the relative entrance flow to the downstream 
rotor is more in line with the chord of the ap 
proaching blades. 

If for certain reasons a higher Mach number 
Were desirable between the rotor blades of the 
rear rotor 33 than that being obtained through 
the blading of rotor 28, the aft rotor 3G may be 
rotated at approximately the Same speed. Also, 
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such identical rotor velocities may be required in 
the event that the blade structure of each Succes 
sive rotor varied Sufficiently So as to create a dif 
ferent flow velocity through the blades. Thus, 
for example, should a third oppositely rotating 
rotor stage be used it would be desirable to have 
the absolute exit flow from the Second rotor to 
have a direction more in line with the blades of 
the third rotor rather than in the axial direction 
ShoWin in Fig. 5. 
The utilization of successive counter rotating 

rotors With supersonic flow between the blade 
passages also provides a self-compensating effect 
which insures that the relative flow through the 
blade passages will continue to move Substantially 
in line With the chord of the blades and thus in 
Sue Smoothness and proper directional move 
ment of the exit air. This self-compensating ef 
fect is best illustrated by referring to FigS. 5d., 5b 
and 5c which show various conditions of relative 
flow into the blades of the Second rotor. . 

Fig. 5a shows the relative air entering the 
blades of the second rotor 3G Substantially chord 
Wise of the blades and represents the Optimum 
operating condition of this rotor. Fig. 5b illus 
trates, in exaggerated form, the direction of rela 
tive inlet flow when the fluid approaching the 
blades 52 is such that the blades are at a nega 
tive angle of attack. As the flow enters the blade 
passages an expansion field is generated at the 
leading edge of the blades adjacent the face 
thereof. In moving through the expansion field 
the air flow is defiected toward the face of the 
blades as shown. So that it. Subsequently flows 
Substantially parallel to the face of the blades. 
At the same time an oblique Shock Will be pro 
duced near the leading edge on the backside of 
the blade and the fluid flowing through this 
shock will also be deflected so that the fiow will 
continue down Stream. Substantially parallel to 
the chord of the blades. The bending of flow 
through the expansion field and the shock is more 
clearly shown in detail in Fig. 5d. . . . . 

Referring to Fig. 5c a condition of flow oppo 
site to the Fig. 5b situation is shown wherein the 
relative inlet flow to the rotor is Such that the 
approaching rotor blades are relatively at a high 
positive angle of attack. Under this condition 
an expansion field will be produced near the lead 
ing edge and on the backside of each blade while 
a shock will be generated adjacent the face of 
each blade to deflect the flow. Conditions shown 
in FigS. 5b and 5C i Will teind to decederate and ac 
celerate the inlet axial flow respectively so as to 
approach condition shown in Fig. 5a. Under all 
the foregoing flow conditions the blade passages 
Will Still generate a normal Shock downstream in 
the vicinity of the diverging portion of the pas 
S3geS. 

It is to be understood that the same conditions 
may exist at the blade entrance of the first rotor. 
It is then apparent that with the self-stabilizing 
effect that the Se Of StatorS Or turning Vanes can 
be completely eliminated. 

Fig. 6 illustrates the comparsion of theoretical 
pressure ratio and efficiency at various Mach 
numbers that may Occur when a fluid passes 
through a normal shock which stabilizes in the 
blades passages of a SuperSonic compressor. A 
similar comparative chart may be used as a cri 
terion for choosing design proportions. It will 
be noted that for example a pressure ratio of 3 
is obtainable in each stage with an efficiency ap 
proximately 80 percent and this pressure ratio 
may be further increased at higher Mach num 
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bers with a corresponding decrease in efficiency. 
However, even with some loss of efficiency, at in 
Creased Mach numbers within the rotors, ex 
tremely high compression ratios are available 
thereby permitting extremely high power output 
in a turbo-jet engine and the like. It is further 
apparent that with one stage producing a com 
pression ratio of 3 the introduction of a second 
stage of similar theoretical efficiency and without 
having the normal losses usually encountered 
With Stators, an overall compression ratio of 9 
Could readily be produced. A compressor of the 
type described would normally be designed for 
Operation in a region between the lines A and B 
which are Superimposed on the chart of Fig. 6. 
In other words, the shape of the blades, the size 
of the blades, the Spacing of the rotors and the 
rotational velocity of the rotors would be of such 
value:S that most efficient operation Would be ob 
tained for example in the Mach number range 
between the lines A and B to thereby produce 
the corresponding compression ratios and effi 
ciencies. The compression ratios and efficiencies 
illustrated in Fig. 6 are by Way of example only 
and are not inting ranges of this invention. 
The axial spacing of the rotors of the com 

pressor of this invention may be increased some 
what to permit pressure bleed-off and stabiliza 
tion of flow conditions during starting and off 
design operation. Also the hub tip ratios of the 
compressor may be altered to obtain optimum 
passage flow conditions and radial equilibrium. 
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It is also apparent that as a result of this in 

vention a compressor and power plant is pro 
vided which is readily adaptable for aircraft in 
aSmuch as the counterrotating compressor and 
turbine rotors produce no gyroscopic forces dur 
ing aircraft inaneuvers. 
Although certain embodiments of this inven 

tion have been illustrated and described herein, 
it is apparent that various modifications and 
changes may be made in the arrangement and 
construction of the various parts Without depart 
ing from the scope of this novel concept. 
What it is desired to obtain by Letters Pat 

ent is: 
A compressor comprising a casing structure 

having an annular Substantially unobstructed 
airficw passage, a plurality of compressor rotors 
journalled axially in said casing structure, blad 
ing carried by each of Said rotors and extending 
across said passage, means for rotating each suc 
cessive downstream rotor at proportionally lower 
rotational Speed and in a direction opposite to 
its preceding rotor, said blades having a thickness 
which reduces toward their trailing edges for at 
least a distance from mid-chord to said trailing 
edges thereby forming diverging passages there 
between So as to imparta, normal shock to the 
gaseous medium entering said blades to provide 
an inzmediate reduction in the velocity of said 
medium relative to said rotor blades and there 
by effecting an immediate increase in pressure of 

It is therefore apparent that as a result of this 
invention it is possible to obtain a very high 
preSSure rise a CrOSS each compressor rotor there 
by providing a high pressure operating unit hav 
ing a high maSS flow capacity with minimum 
Space and Weight requirements. Such high pres 
Sure and high maSS foW capacities permit a 
turbo-jet engine or the like to operate at un 
usually high power output with the possible ex 
pense of some losses. Which are, however, with 
in a practicable limit. 

Further, as a result of this invention it is 
apparent that a high capacity compressor has 
been provided which is readily adaptable to a 
greater number of stages than that illustrated. 
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