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This invention relates to axial flow compressors 
for compressing air or other compressible fluid. 
A single stage axial flow compressor, as dis 

tinguished from a centrifugal compressor, con 
sists essentially of a compressor casing and a 

stator blades. 

including the following: 

region can be avoided. 

d. The blades can be made much longer for a 
given diameter, thus greatly increasing the 
mass flow for a given diameter rotor. 

e. The rotational speed of the rotor is greatly 
reduced, thereby reducing the stored energy in 

At the tip the 

rotor comprising a central shaft or hub carrying the rotor and the tension forces in th 
a set of vanes or blades, the casing carrying a set material. - 
of stationary blades constituting entrance stator f. The weight and cost of the compressor can be 
blades and an additional set of blades which may reduced to a minimum because of simplifica 
be characterized as exit stator blades, the air io tion of manufacture and the fact that the 
flow being in a generally axial direction. A sin- Over-all dimensions may be reduced to a mini 
gle stage compressor includes only one set of mum for a given capacity. 
rotor blades associated with a set of entrance The design of axial flow compressors has here 
stator blades and with a set of exit stator blades. tofore been based almost entirely on airfoil 
In a multistage compressor there are several theory which involves two assumptions, i. e., that 
sets of rotor blades and corresponding sets of the fluid is incompressible, or in other words the 

density is constant throughout a stage, and that 
This invention relates to improvements in axial the axial fluid velocity is constant through the 

flow compressors, the compressor being either a various stages. 
single stage or a multistage compressor. The In the conventional type of axial flow com 
principal objects of this invention include the pressor, the energy put into the air by the rotating 
provision of rotor and stator blades forming fluid blades produces a pressure rise in the rotor and 
ducts for conducting the fluid in a generally axial also imparts whirl velocity to the air, this whirl 
direction through the compressor, and the pro- velocity being converted into a further pressure 
vision of blades of this character so formed or rise by the stator blades. The conventional type 
shaped that the compressed fluid is directed of axial flow compressor is based on airfoil the 
axially in the exit stator with the fluid pressure "..." the rotating 
substantially con from the root to the ip velocities shoptic thyeshi 
Portions of the blades, the configuatio of 30 would produce shockwaves or local sonic veloci 
compressor blades also being such that the fluid ties. At the root, stalling of the blades must be 
velocity does not have any radial component at avoided, and accordingly the lift coefficient that 
any point. Also the pressure of the fluid as it can be applied at the root is limited. Since the 
is directed axially in the exit stator may have a pressure rise at the root should be kept as nearly 
value that is substantially constant from the root is equal as possible to the pressure rise at the tip, 
to the tip portions of the exit stator blades. Our the limit of the preSSure rise available is deter 
invention makes it possible to provide an axial mined by the stalfing of the blades at the root, 
flow compressor having numerous advantages, and, for high efficiencies, by operating the blades 

at lift coefficients with low drag values. These 
40 two factors restrict the length of the blade that 

a. The compressed fluid, as it flows axially in the can be used and likewise the capacity of the 
exit stator ducts, has substantially the same machine. In the entrance stator ahead of the 
pressure at all radially spaced points between first rotor stage, the flow of air is directed with 
root and tip portions of the blades forming the the direction of motion of the rotor in order to 
exit stator ducts and accordingly the tendency 45 reduce the velocity relative to the rotor blades 
to cross current flow from a relatively high and also to approach symmetry of velocity dia 
pressure region to a relatively low pressure grams in the rotor and the stator blades; that is 

to enable the rotor to add an amount of whirl 
b. The over-all dimensions may be reduced for a velocity equal to that which can be taken out by 
given air capacity and pressure rise. 50 the succeeding stator blades. 

c. Only a few stages of compression need be en- We have found that a greatly improved axial 
ployed to produce the required increase in flow compressor can be made if the basic as 
pressure; pressure ratioS per stage may be in sumptions of the airfoil theory (i. e., that the 
the order of 1.5 to 1.6 with high efficiencies fluid is incompressible and that the axial fluid 
approaching 90% or bettes. S5 velocity is constant for the various stages) are 
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ignored and the rotor and stator blades are con 
structed or formed in the manner hereinafter 
described whereby substantially constant pressure 
is obtained at all radially spaced points between 
the root and tip portions of the blades where the 
fluid flows axially, the blades also being pref 
erably formed so that the fluid velocity does not 
have any radial component at any point. 

In general, the principal object of this inven 
tion may be attained by forming the rotor and 
stator blades so that the same amount of energy 
per unit of compressible fluid is transmitted by 
the rotor to the fluid at the root portion of the 
rotor blades as at the tip portion of the rotor 
blades, even through the circumferential speed of 
the rotor blade tips is substantially greater than 
the circumferential speed of the root portions of 
the rotor blades. The required configuration of 
the rotor and stator blades to accomplish this 
purpose may be determined with the highest 
degree of precision by first selecting appropriate 
operating conditions for the entrance to the Com 
pressor, and then ascertaining by means of the 
established thermodynamic equations the proper 
exit angle for all entrance stator ducts and for 
all rotor ducts at all concentric Zones or regions 
between the root and tip portions of the blades. 
The amount of energy imparted to the fluid by 

the rotor is a function of the circumferential 
speed of the rutor and of the velocity of the 
fluid entering the rotor, and according to this 
invention the entrance stator blades and the 
rotor blades are shaped so as to provide progres 
sively decreasing rotor entrance Velocity from 
root to tip to compensate as completely as may be 
desired for the increase in circumferential rotor 
speed between the root and tip of the rotor blades, 
whereby the root portions of the rotor blades, 
travelling at relatively low circumferential speed, 
may impart to the fluid entering the rotor at 
higher velocity than at the tip, the same amount 
of energy, the exit portions of the rotor blades 
being correspondingly shaped to insure this re 
suit at the rotor exit so that as the compressed 
fluid flows axially in the exit stator, it may have 
the same pressure at all radially spaced points 
in the exit stator. 
In a compressor embodying this invention, 

there is a pressure stage, or a multiplicity of pres 
sure stages, in which each stage is a combination 
of an entrance stator, a rotor, and exit stator. 
in succeeding stages, the entrance stator to the 
next stage becomes a part of or is contiguous 
with the exit stator of the preceding stage. The 
flow is axial between stages, i. e., the flow is purely 
axial as the fluid enters the entrance stator from 
the exit stator. The rotor blades and stator 
blades are preferably made of thin sheet metal 
and these blades are not airfoils. The spaces be 
tween the blades form channels which are either 
converging to form nozzles or diverging to form 
diffusers, as hereinafter explained. The cross 
sectional area of the channel or duct is propor 
tional to the sine o the angle the blade makes 
with a plane normal to the rotor axis. The 
solidity, i. e., the circumferential spacing of the 
blades, determines the angle of divergence or the 
angle of convergence of the duct, depending on 
whether the duct is a diffuser or a nozzle. 

In the axial flow compressor of our invention, 
the entrance stator directs the fluid against the 
direction of rotation of the rotor rather than 
with this direction of rotation as in the conven 
tional axial flow compressor, thereby increasing 
the relative velocity between the rotor blades and 

O 
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quired speed of the rotor as compared with the 
conventional compressor. 
The angle of the blades at the rotor entrance 

is adjusted to be streamlined with the flow from 
the entrance stator. The channels formed by 
the blades in the rotor are diffusers having the 
greatest area ratio at the root and the smallest at 
the tip. .. 
According to one embodiment of our invention, 

the circumferential velocity at the exit of the 
entrance stator and the circumferential velocity 
at the entrance of the exit stator can be kept 
equal. 

the age between the airflow leaving the en 
trance stator and the plane normal to the rotor 
axis is greatest at the tip and decreases toward 
the root. This progressive change in angle tends 
to increase the relative velocity between the roto, 
and the entering airflow from tip to root, corn 
pensating properly for the decreased rotor veloc 
ity toward the root of the blades. The entrance 
stator and the rotor are so formed that the rotor 
puts into the air the same amount of energy at 
the tip as it does at the root so that as the fluid 
is directed axially in the exit stator, there will be 
the same pressure and velocity from tip to root. 
To accomplish this end, the direction of the air 
flow is bent through a lesser angle of arc at the 
tip than at the root. This increases the ratio 
between exit and entrance area at each radius of 
the rotor towards the root, again properly coin 
pensating for the decreased rotor velocity at the 
root. It also increases the amount of Wair veloc 
ity delivered to the airflow at the root, further 
compensating for the decreased rotor velocity at 
the root. 
The entrance to the exit-stator is adjusted to 

be streamined with the foW from the rotor at 
each radius, and is bent through an arc to pure 
axial flow on leaving the exit stator. The angle 
between the airflow entering the exit stator and a 
plane normal to the axis of the compressor is 
largest at the tip, and decreases towards the root, 
providing the necessary difference of ratio be 
tween exit area and entrance area at each radius 
to convert the different velocities into pressure. 
The general conditions above described can be 

repeated through succeeding stages. 
In the accompanying drawings, we have illus 

trated in diagrammatic form, elements of an 
axial flow compressor embodying our invention. 
In these drawings: 

Fig. 1 represents a development of a cylindrical 
section taken at or near the tip portion of the 
stator and rotor blades; 

Fig. 2 represents a similar development of a 
cylindrical section taken at the root of the stator 
and rotor blades; 

Fig. 3 is a vector diagram showing typical fluid 
velocity conditions obtaining at several points in 
a duct formed by the tip portions of the rotor 
and stator blades of a compressor representing 
one embodinient of our invention; 

Fig. 4 is a vector diagram showing typical fluid 
velocity conditions obtaining at several points in 
a duct formed by the root portions of the rotor 
and stator blades of the embodiment of our inven 
tion to which Fig. 4 is applicable; 

Fig. 5 is a longitudinal section of a portion of 
a single stage compressor embodying Our inven 
ton; 

Fig. 6 is an elevation of a rotor blade; and 
Figs. 7 and 8 are fragmentary elevations of 

stator blades of a compressor embodying our 
the entering air thus greatly reducing the re- 75 invention. 
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nigs. 1 and 2 of the accompanying drawings, 
a pair of entrance stator blades are shown at 
and l', a pair of rotor blades at 2 and 2' and a pair 
of exit stator blades at 8 and . These Figs. 1 
and 2 thus illustrate in diagrammatic form a 
single stage of an axial flow compressor and it will 
be understood that in a multistage compressor, 
the exit stator blades are extended to form the 
entrance stator for the next succeeding set of 
rotor blades. Figs. 1 and 2 show, respectively, 
the tip and root circumferential sections of the 
same pairs of stator and rotor blades and accord 
ingly the same reference characters for the blades 
are used in both of these figures. The stator and 
rotor blades are preferably made of thin sheet 
metal stanpings, the sheet metal being of uni 
form thickness throughout. All blades in any 
entrance stator are identical in shape and size 
and would accurately fit each other if placed close 
together. This is also true for any rotor set or 
any exit stator set. 
Figs. 5-8, inclusive, show an entrance stator 

blade , a rotor blade 2 and an exit stator blade 
8. The stator blades and 3 have their tip por 
tions secured to an outer casing and their root 
portions secured to stationary members 5 and 6. 
The rotor blades 2, 2', etc., are secured to a hub 
fixed to the compressor shaft 8. 
The rotor and stator blades define ducts ex 

tending from the root to the tip and also extend 
ing in a generally axial direction through the 
rotor and stator blades. Each set of rotor blades 
and stator blades consists of blade elements bent 
to form ducts or channels and because of the fact 
that all of the blades in each set are identical in (i. 
shape, consecutive blades are "parallel' in the 
sense that they are equidistant at a points from 
each other as measured along a circumferential 
direction. The croSS Sectional flow areas of the 
ducts formed by the blades are at all points pro 
portional to the sine of the angle that the duct 
axis makes with a plane normal to the axis of 
the rotor. 
The entrance stator blades and are shaped 

to form a nozzle or in other words, So that the 
cross sectional area normal to the duct axis at 
the exit of the entrance stator is Smaller than 
the corresponding cross Sectional area at the 
entrance to the entrance stator. The duct de 
fined by each pair of rotor blades, as illustrated 
in the accompanying drawings, is a diffuser for 
the cross sectional area normal to the duct axis 
at the rotor exit is larger than the cross sectional 
area normal to the duct axis at the rotor en 
trance. Each pair of exit stator blades likewise 
defines a diffuser and these exit stator blades are 
shaped so that they direct the fluid axially. 
The thermodynamic Conditions of flow be 

tween two curved blades that are parallel in the 
sense above defined are such that the fluid ten 
perature, pressure, and velocity conditions at the 
entrance and exit portions of the duct are deter 
mined solely by the ratio of the cross sectional 
areas normal to the duct axis at the entrance 
and exit respectively, if the shape of the ducts is 
such as to maintain streamlined flow between 
the entrance and exit. The angle of divergence 
(or convergence) between any pair of consecutive 
blades of the form described above is determined 
entirely by the circumferential distance between 
these blades, this distance being constant 
throughout the length axially) of any pair of 
blades as explained above. Thus the cross sec 
tional area of the duct defined by any pair of 
blades is a function of the shape of the blades, 

f 

6 
whereas, the angle of divergence (or convergence) 
is a function of the circumferential distance be 
tween the blades and these two factors are en 
tirely independent of each other. 

In Figs. 1 and 2, the air or other compressible 
fluid is shown entering the entrance stator duct 
in a direction parallel to the axis of the rotor, the 
air at this point having a temperature T, a 
Vuelocity Win and a pressure Pin. The air leaves 
the entrance stator nozzle with a velocity v. 
which may be considered as having an axial con 
ponent Wixa and a circumferential component 
Wire. It will be understood that the rotor sec 
tion or element illustrated in Figs. 1 and 2 is nov 
ling in the direction indicated by the arrow A, with 
respect to the stationary entrance stator and 
exit stator, and in Fig. i the arrow u represents 
the reverse of the circumferential velocity or 
speed of the rotor tips. The velocity of the air 
entering the rotor, Wan, is the vectorial sum of the 
Velocity Wix and the reverse of the rotor speed . 
The air leaves the entrance stator nozzle at an 
angle with respect to a plane normal to the 
rotor axis, this angle being designated at in Fig. 
and it will be noted that the direction of the air 
entering the rotor duct at the rotor entrance, as 
indicated by the arrow Wan, is parallel to the 
rotor blades at this point, thus providing stream 
lined flow into the rotor. In other Words, as the 
air enters the rotor duct which is travelling at 
high Speed in the direction indicated by the ar 
OW A in Fig. 1, the air is not immediately sub 
jected to any impact by the rotor blades. As the 
air progresses in the rotor duct, however, its 
direction of flow is progressively changed by the 
Curved rotor blades, the air being discharged from 
the rotor duct in a direction indicated by the 
arrow W2. (relative to the rotor). The air dis 
charged from the rotating rotor ducts enters the 
stationary ducts formed by the exit stator blades 
and the direction of flow into the exit stator is 
represented by the arrow Vs which represents 
the vector sum of the Velocity Wax and the rotor 
Circumferential velocity u. It will be noted that 
the air entering the exit stator in the direction 
indicated by the arrow va flows parallel to the 
exit stator blades at this point, thus providing 
streamlined flow into the exit stator. It will also 
be noted that the air entering the exit stator may 
be said to have a circumferential Velocity com 
ponent Vinc and an axial component Wina. 
To illustrate the manner of Selecting appropri 

ate operating conditions, it may be aSSurned that 
the compressor is in an airplane traveling at 
Vot-500 feet per srcond; that the temperature of 
the air is Tos-520° R. where R. denotes Rankine 
or Fahrenheit absolute); and that the static 
pressure is Po=1 atm. ?2116 lbs. per square foot). 
It may be assumed that under these conditions, 
the air will enter the compressor at a velocity 
V1 n : 300 feet per second, and in any event the 
mouth or entrance of the compressor Inay be 
designed or adjusted so that the velocity of the 
air entering the compressor will be 300 feet per 
Second when the plane is travelling at a Speed 
in the neighborhood of 500 feet per second. An 
appropriate value is selected for the tip diameter 
of the rotor. Thus, for purposes of illustration, 
it may be assumed that the tip diameter is 
D-54'', that the root diameter is 34.7’’ and the 
R. P. M. or N is 2543 revolutions per minute. 
With the tip and root diameters determined, the 
R. P. M. of the rotor is such as to produce a 
Mach number of air flow of approximately 788 
entering the rotor tip, a satisfactory value. 
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The entrance stator blades may have their tip 

portions formed so that in this region the en 
trance stator ducts are shaped to form nozzles 
directing the air against the direction of move 
ment of the rotor. The rotor blades will have a 
circumferential velocity 

as ft. per sec. 

ta =600 ft./sec. (1) 

where N represents the rotor R. P. M. and r the 
radius of the compressor rotor at the tip portion 
of the rotor blades. 
The total temperature TT at the entrance to 

the entrance stator is 

se 500 
Tr= T+ =520-- is 540.83 R. 12,000 (2) 

This equation is derived from the conservation 
of energy equation and the constant k equals 
2.JgCp or 12,000, J being equal to 778, the me 
chanical equivalent of heat in foot pounds per 
B. t. u.; gy equals 32.2 the acceleration of gravity 
in feet per second per second, and Cp equals .24 
which is the specific heat of air at constant pres 
sure in B. t. u. per F. per lb. of air. 
The total pressure Piri is found from 

where 
t 

At being the ratio 
Cp 
C 

or 14, for air, and therefore 

Pr=1 x(E) a 1.1474 atm. 
The actual temperature of the air entering the 

{entrance stator, Tia, is 

Tas Tri- g is 540.83-7.50 
=s 533.33 R 

The actual pressure of the air entering the en 
trance stator, Pin, is 

(4) 

-- T.Y." 533.33Y. P= T) = 1 X ES) 

-(1+ "= (1+.02563). (5) 
= 1.0926 atms. 

With these values of Tin and Pin and Win, the 
airflow in pounds per second per square foot of 
entrance-stator entrance area is 

4. VP W-soil 
P. 
an 

1X300X 10926X2116 
53.3X533.33 

=24.40 lbs./sq. ft./sec. 
or known or assumed values of TT, the total 

tenperature of the entering air, and Tra, the 
total temperature of the outgoing air, the angles 
sis, an ax ahd an determine the temperatures, 
pressures and velocities (and their cornponents) 
at the corresponding points in the compressor. 

(6) 

s 
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The circumferential velocity component of the 
air leaving the entrance stator is 

(Tri-Tr) K ts 
Vi-air- (A) 

This can be proved by combining the energy 
equations 

T= T.-- (7) 
and 

sent 

Tri-T.+ (8) 
By subtraction, 

(Tri-Tr)K-V-V. 
With the geometry in Fig. 1 

(9) 

and 
Wiz cos alr=Vlae 

so that 

V- V+w' +2u V, 
substituting in (9) 

(TT2-TT) K= u--2uVizc 
solving for Wire gives 

(Tri-Tr ) K 
2. 2 (A) 

Likewise the circumferential velocity compo 
nent of the air entering the exit stator is 

(10) 

Ve= 

+ (B) 
The derivation is similar to that above proved 

but using the energy equations 

V 
K 

Tr= T+V. 
K 

Tr= T-- (11) 

(12) 
by subtraction 

(Tri-Tr)K=V-V. 
since with the geometry in Fig. 1 

(13) 

V=V+u-2uver COs at 
and 

Va., cos as V. 
so that 

V=V+,-2u V. 
By substituting in (13) 

(TT3-Tr2) K=-2u Ware 
solving for Ware gives 

(14) 

Va.-- 2u. (15) 
and as Vine-u-Ware 

(Tri- Tra) t W = 2u. ZK-- 2 (B) 

Adding the Equations A and B we find: 

uV-- v.- (Tri-r)K (C) 
O 

v.(1 + 2)-(r)K (c) 
It follows from Equation C that according to 

our invention, the sum of tiWisc and Vue is a 
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constant for any predetermined values of Trn and 
Tr, this sum being exactly commensurate with 
the difference between the total temperature of 
the outgoing air Tr and the total temperature of 
the entering air Tr1. 

If values for TT, Tra and u are assumed, as 
indicated above, it follows from Equations A 
and B that the values of Vixe and Wine depend 
upon the value of Tr2 alone. The value of TT2 
may vary from below Tri to above Tr3 and ac 
cordingly there are an infinite number of pos 
sible thermodynamic solutions. 
When Wire-sac then 

(Tr2 - Tri) Ku- - (Trg-Tr2) Ku V. = a is a 14s--V- 2u. + 
and solving for TT 

Trs Tru 

and substituting Tr2 into W1xc 

v-(Tri Tr)K- Vane (17) 
Whether or not Wic is equal to Wanc, then, as 

indicated above (see Equations A, B and C), the 
Sum of atW1xc and uW3ne must remain a constant 
and W1xe and Vanc depend upon the value of Tr2 
alone. 
As stated above, the entrance stator blades 

and rotor blades provide progressively decreas 
ing rotor entrance velocities from root to tip to 
compensate as completely as may be desired for 
the increase in the circumferential rotor speed 
(u) between root and tip of the rotor blades, 
whereby the root portions of the rotor blades 
travelling at relatively low circumferential speed 
may impart to the fluid entering the rotor at 
higher absolute velocity than at the tip, the same 
amount of energy, the exit portions of the rotor 
blades being correspondingly shaped to insure 
this result at the rotor exit, so that as the com 
pressed fluid flows axially in the exit stator, it 
may have the same pressure at all radial points 
in the exit stator. 
The energy equation 

(Tri-Tr) K (C) 
shows the energy relation above described, 
EW1xe being the energy relation at the rotor en 
trance and uWsne that at the rotor exit. 
To have the same energy imparted to the fluid 

entering the rotor from root to tip we must have 

uV--tu Ve = 

tu Vize =c 

and 

uv., FC 
This 

W -W Fcs (a constant) (D) 
Also, as stated above, the air flow in pounds 

per second per square foot of entrance stator 
entrance area is 

A1VP 
TE RT (6) 

Thus the air flow at the entrance of the en 

W 
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trance stator is independent of the radius, or in 
other words, it is the same at all radial points of 
the entrance of the entrance stator. This means 
that the flow of air is vortex free as it enters the s 

10 
compressor. It is well known that if the flow 
of air is vortex free, i. e., irrotational (assuming 
an ideal Compressible fluid), it remains vortex 
free throughout its motion. Accordingly, in the 
compressor of our invention the flow of air re 
mains vortex free as it passes through the corn 
pressor (assuming ideal conditions). It follows 
from this fact that in the compressor the product 
of the circumferential component of the fluid ve 
locity at the exit of the entrance stator (Wire) and 
the circumferential velocity of the rotor () is 
constant at all radial points between the root and 
the tip. Likewise the product of the circumfer 
ential component of the fluid velocity at the en 
trance of the exit stator (Wanc) and the circum 
ferential velocity of the rotor () is constant at 
all radial points from root to tip. Hence the 
ratio of 

is constant from root to tip. Where Vize=Wise, 
then this ratio is 1. However, when a value of 
TT2 is chosen which results in values of Wie and 
Winc that are not equal, then the ratio of Wile to 
Wanc, of course, has a value other than 1. 

It will be noted that in a typical embodiment 
of our invention (see, for example, Figs. 3 and 4), 
the ratio 

is the same at all points between the root and the 
tip. Thus in Figs. 3 and 4 this ratio at the root is 

Wee 360.97. 
VT360.97 - 

and at the tip 
We 232.4 
VT232.4 

Also, at the root (Figs. 3 and 4): 

uWire=386.3x360.97-1394.43 
and at the tip: 

tWec=600X232.4=1394-40 
The choice of the ratio 

in any specific case, at any given radius, deter 
mines the kind of compressor desired, i. e. 
whether it is of the more or less reactive type. If 

V1e 
Vane 

is large, the compressor is mostly reactive, if 
Small, it is less reactive. In any event, we prefer 
to have the blades formed so that 

Vie 
so 

is constant from root to tip, for this condition 
prevents cross flow (i. e. radial flow) at all 
points. 
The constancy of the ratio 
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aust be constant from root to tip AS is easily seen similarly we find: 
by taking the ratio of (A) to CB), giving - a T Tra- -Tr aestance 1-)-1 (B) 

as ATE (D) is where 
"re- (an- f 

r 

Or, owing 7 is the larger positive real root of 
-- O d 1.--it "(h)-(a)(-el')-(E)- ne (J) 

Thus the values of Wine, Wine and T are deters where is known from tion 
minate for any radial calculation of the required is re ratio qua D and the 
angles. 
The value of air for any radial point is given by 

KT T % ne 
a-tan- (1-2 1. (F) for the compressor. The smaller root involves 

SO supersonic flow. 
were Again similarly We find 

T K. 2" f a stan pe i(1 -)- 1} (K) 
is the larger positive root of is where 

T are ) (Ki:) TJ 2:) 1-J+V VKP, J-0 
To derive this equation, we have is the larger positive real root of 

T.Y. (TY' (TY( -(a-Wis.) WRWTY P.-Pr(s)" (for air) E)-(E)(1 (EA)+(E) s:0 
the adiabatic relation between pressure and ten- (L) 
perature (see Equation 3) We have also 

- The s stan KT 1-2s a M V-K(Tri-T)-KTr(1-t) (8) si-air (M) 
Vs where 

as shown in Pigs. and 2. d) s 
Substituting Equation 8 for 

W is the larger positive real root of 
J 

We have TY'?s ( lva WByTY 
v.-Vrt (1-1)-vir (18) 2:)-(E)(1-K)+(E)-0 (N) 

The angle is and the corresponding rotor angle 
Using the continuity equation aan producing streamlined flow into the rotor, 

AVP are seen to be related by the equation 
W-i- (see Equation 6) O V AB 

VP tan al-Watan ai. (P) 
W-sing: because from . . We see that 

us 

W- s tan ais-vi 
and 

because 7ass=Wis sin is V 
Substituting the above values of Pix Wusa in this tha an 

last equation, squaring, and rearranging, we have aps 
an no Hence dividing, 

E)-(E)(1 -X)+ WRW )-0 tan an Wise r Tr KT WKPri (G) tan au 
Also since Similarly 

s V. 
Wi-tan a (see fig. 1) tan al 

and dividing Equation 18 by Wise we have tan al 
K T o 

tan al-W(1-R)-1 TO and al r tan s Wa. 
go that as the tan tan au-We, (Q) 

T(1 - y (F) in the above quations G, J, and N, the ex 
r is ponents are simple whole numbers (6 and 5) be 
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Cause of the value used for it. The value used 
for it is ts, which is the ratio of 

C 

for air. However, if k is not equal to 14, there 
will be a similar equation. The exponent 

tl 6-iii 
and the exponent 

2 
5 

Of the two real positive roots, one is larger than 
Tis-5 
T6 

and one less than this value. The lesser One in 
Wolves a supersonic value of Ti, which is ex 
traneous to the subject matter of this invention. 
The greater root will come out to be greater than 

which is the subsonic value for T. 
The angles an=90, a 1, a2n, a2, an and 

ass=90 thus determined will insure a constant 
flow across the compressor from root to tip of the 
blade without cross flow, and that the pressure at 
the exit of the exit stator is constant from root 
to tip. 
The determination of the pressure, tempera 

ture, and velocity conditions obtaining at the 
exits X1, Xa and X3, assuming streamlined flow, 
can be made by employing the usual thermo 
dynamic relations. The ordinary method of 
making such computations is cumbersonne be 
cause it involves a trial and error procedure. The 
solution can be simplified by utilizing a "B" table 
giving the ratio of the total pressures to the pres 
asures at the exits, as 

Pri Pra Pra 
P P P. 

for various assumed values of TT, Pr and outlet 
areas Aix and Aax and Aix. 
To find the conditions at the exit of the en 

trance stator 

O or 

B-YRyT 
AVKPri 

is used. (Alr=sin air) where W is the entrance 
air flow in pounds per square foot per second, R. 
is the gas constant for 1 pound of air, i. e., 53.3, 
and K is the value of 2.JgCp=12,000. TT1 is the 
total temperature of the air in the duct and is 
the same throughout the duct; PT1 is the total 
pressure in pounds per square foot. 

Knowing 
Pr 
P 

which is the corresponding value to Bux 

== Fil-- P-PA.-P. 
and assuming an adiabatic process 

The equation of conservation of energy 

+J.T.---J. Tri 
Yields 

W=y2Jep (T-T)= WK (T-T) 
and by the geometry of the velocities the axial 

t 

50 

55 

TS 

14 
and circumferential velocity components are de 
termined 

Wes W1 sin as Vana 
Wes Wis cos a 
V. V 

and 

W. =y V- V 
The entrance angle to the rotor an is a 

gondometric function of Wana, Wan or Vasa 
O 

sin as 

We 
For the case where Wisc=0, Wanas-Wis and 

Vana Vin 
o-Fu. Tw 

The total temperature Tra of the rotor which 
is the same throughout the duct is found by using 
the equation of conservetlon of energy 

tan as 

tan aar 

W O 2g +Jep T-a+JepTra 
seem areast 

Tri-T-F-T,+ 
the thermodynamic adiabatic relation gives 

t 

P-P(E) 
With Wisc=W3c and for example Tra, Prs W 

known, an Alar-Ao sin o2=sin a 2r has to be as 
sumned that results in a known 

Ware=tu-Wine=it-Wee 
The procedure, explained above, has to be re 
peated for different a until the computation 
gives the desired Ware. 

Fro 

- WRVT, 
sin avKPT 

PT/P is found 
Pr P-PB-P. 

k 
PWE T= T(E T 

W= WK (T-T) 
We=Was sin as FVs. 

W= V cos as the desired Vase 
W= U-V 

Wes WV-V. 

tan o-W 
t 

Tr= T+ 



1. 
or the dise where Vsues0, Wes=Vss 

Wes. Therefore 
Vasa -We tan as 

V=VK (T-T) 

9,506758 

and 

To show a numerical calculation to get a con 
stant exit pressure throughout the exit of the exit 
stator, an extreme high u, say 792.1 ft/sec. was 
assumed and the computation made for the fol- 20 
lowing conditions 

Ws24.4 lbs./sq. ft./sec. 
Trus-340.83 R. 

Prsl.1474 atms. 
as-60 

sin as Alist=.8660 
This 

B-24x33XYE. .8660XV12000x1.1474x2116 
s.1332 

From the B-table, for a value of B=.13132 
Pr:- -10693 

1.144 
Pia-oo: 

of T. We have 
K 

T ser Tr(I)", where in a K-1 =286 
s530.56° R. 

To find W. We have 
VsevK (Tri- T) 

V2000X 10.27 
a351.1 ft./sec. 

The axial velocity component 
Wiss=Visixsin als 

=351.X.866 
s304.0 ft/sec. 

The circumferential velocity component, 
Wass=WeXCOs als 

=35.1X.5000 
s1755 ft/sec. 

is 1.0731 

For the rotor section for which 
Pan spe=1.0731 
T===530.58 
Wasa=Wiss=3040 

then 
Wine=Wee-- 

-1755-792.1=967.6 ft/sec. 
W. 304.0 

tan a--i-3148 
as 17° 26' 30' 

As=sin a = .2994 
cos as .954.01 

- Was 98. V cosa.050 1014.3 ft/see. 

s T-T-F 
is 530.56-85.78=616.29 R. 

Pass P.( 
r 86.29Y. 
-1.0731(E 1812 at n. 

For the simple condition 
WiessWine 

for example, then 
Vse=1553 

Accordingly 
West-ne 

92.1-15.53s.66. Wec. 

with this value of vase, we try various values 
of a so that Ware shall equal 66. 

For example, with 
de-21° 35' We=615.3 

This value is sufficiently close to the desired 
O value. The computations required for ass21' 35' 

are carried through below in detail. 

Assin 21° 35's 0.36786 
cos 21° 35' = 0.9299 

35 why Tra. Bas 2089 WKAPra 
From B-table, 

Prs 
O -1.2378 

= 14643 atm. 

45 Z)-(E) T PJ - (1.2378) 
is 10678 
86.29 

T O678 2. 579.8 R. 

T-T=36.48 

Vs K ( T- T.) 
sy2000X36.48=661.60 ft/see. 
W. VXcos as 

s651.60X9299 615.3 ft/sec. 
With the value of ar=21° 35', then 

VF WX sin as 

s1.6X.3679 s243.39 ft.sec. 

Vas 
s Wine 

23.39 
1755is-18885 

O as 54. 12' 

A=sin a .8ll 

Wass 23.39. it-it-800.1 ft/sec. 

O tan 

s W 
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W 
as T+. 

300. 579.8 too 
is 679.8-7.50=587.81 R. 

Prs P-(E)- 148430 
1.5816 atms. 

To find Pse note that as is always 90 and sin 
ass=ls.As 

Bs.O8878 

E-10292 from B-table 
15316 P-iji=14881 

Ts T(E)-582.40 R. 
W= VK ( Tri- T.) 

=V12000X4.9=242.7 ft./sec. 
These detailed calculations are sufficient to 

draw all of the points on curves representing 
a=792.1 ft/sec, and alr=60 and pressure 
Pass 1488. 

Similar calculations can be made for a from 
90° to 40° and all walles tabulated for t=792. 
ft/sec. 
The next step is to assume a different 2, say 

usé00 ft/sec. The problem is: What values of 
ai etc., will produce with this value of u the 
same values of P3, T3, W3 as als:60 produced 
for as 92.1 ft/sec. The condition Wiessne 
must still hold. 
In order to do this, we use the following two 

relations which are generally true when 
Wire= Wine 

to Tri--T" (A) Tra- + 1 a 
and 

-T") K (B) Wise (T" 4u. r) = W 

Using (B), with Tra=587.3, the value for 
=792.1, and Tri =540.83 the entrance value, we have 

Trg-Tr1=1128.14 
Trg-Tris?6.48 

The 

v.-x 12000=232.4 ft.fsec. 
= Was W-14 so that 

V=su-Wiss600-232.4=367.6 ft/sec. Using (A), 
al 

1128.14 - 600 T-1114.g. 
=564.07-30=594.07 R. 

Then 
Y.5 P-P(A)'-15316(3) 

= 1.5936 a tin. 

18 
A of these values correspond to a Value for 
lso for as 2 ft/sec. 
We now try asses 51. 

Assign 5's 905 
Oog i. 5's 390 

Knowing the values of Trn and Pri, which are 
the same from root to tip 

O 3s. 468 
and from 3-table 

E-10842 
Prs 1.1474 

Piso's 10683 atm. 
en 

Ts? E)-52846 R. 
VisvK (- -385.3 ft/sec. 

Wes WXcos a 
s385.3X.60390 
=232.4 ft/sec. 

which checks with the required value 2324 for 
Wise. 

Wa=WXsin a 
80 =385.3X.79.705s307.1 ft/sec. 

307. tan a-v. -- -- 3680 
as 20° 15' 

V--u 832.4 
V-i-S-887.2 ft/sec. 

su ?e 

Tri-T+-52846+ 
=528.46-65.61 
=594.07 R. 

This checks with the required value 594.07 for 
TT2 from Equation A. 
We now have to find the right can from which 

all the 2a values will develop. Try aga=46° 30'. 

Ass sin ass=.2537 
cos an=68835 

Knowing that Tr must be 58.31 and Prs must 
be 1.535 in order to get the same Ps, as before 

3=.2239 
From the B table 

r-in --10500 

45 

sence, 

P-P-E-1462 atm. 
PYn T-T-Tr( is 577.76° R. 

T-s394.07-577.76 as 16.3 
VisvK (T-T) 

sy12000X16.3-442.1 ft./sec. 
T-T =587.31-577.76 = 9.55 

Visvi2000X9.55-338.5 ft/sec. 
Was WXcos a 

75 s838.5X.6884s.233.0 ft/sec. 
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This value is sufficiently close to the desired 
value, 232.4 ft./sec. 

Wars Va. F WXsin da 
-338.5X.7254 =245.6 ft.fsec. 

We also have 
Warxsin o2=War=V3na 

so that 

sin a-E-G-5554 
and 

as 33° 44' 30' 
We should find that TT3=587.3 if calculations 

are correct. 
e em 

T-T+ - T.-- 
is 577.76-9.55=587.31 R. 

The above calculations illustrate our method 
of determining the entrance and exit angles for 
the rotor and stator blades to insure constant 
pressure Pax at all radially spaced points in the 
exit stator where the air flows axially and to in 
sure a circumferential velocity component at the 
exit of the inlet stator, W1xc, that is equal to the 
circumferential velocity component Wanc at the 
entrance of the exit stator. Thus, these calcu 
lations show that at a radius at which u =792.1 
ft/sec. 

Vic= Wine=175.5 ft./sec. 
P=14881 
aes-60' 
as 17° 26' 30' 
as21 35' 
an=54 12' 
a=90 

At a radius at which usé00 ft./sec. (which can 
be considered the tip, Fig. 3) 

Wes W3nc=232.4 ft./sec. 
P=14881 
a1=5251' 
aan-20 15 
a-33° 44' 30' 
a3-46 30' 
a3=90 

and at a radius at which it=386.3 ft./sec. (which 

O 

0. 

40 

can be considered the root, Fig. 4, having a di- () 
ameter of 34.77' as assumed above) 

Wes Vane-361, ft./sec. 
Ps=1.4881 
as41 2' 
als22. 59' 15' 
a=84 16' 30' 
a=35° 0' 
a 3-90' 

The same method as explained for t=600 was 
used, that is, to find values of aix etc. that produce 
with this value of u=386.3 the same values of 
Ps, Tax, V, as a1-52 51' produced for u-600 
or al=60° produced for u-792.1, while the cora 
dition 

Wisec= Winc 
must still hold in this example. 
An examination of Fig. 3 and Fig. 4 will show 

the values listed above for a tip where the radius 
and R. P. M. are such that u=600 ft./sec. and a 
root where the R. P.M. is the same but the radius 
is such that us386.3 ft/sec. These values apply 
to the case where the condition that Watc= Wine 
has been imposed, i.e., the circumferential veloc 
ity at the exit of the entrance stator equals the 

circumferential velocity at the entrance to the 
exit stator. 

In Figs. 1 and 2, the entrance stator blades are 
shown at 1 and 1’, the rotor blades at 2 and 2' 
and the exit stator blades at 3 and 3' as explained 
above, and the dotted line in each figure repre 
sents the center line or axis of the duct formed 
by the stator and rotor blades. In Figs. 3 and 4, 
the center line or axis of the duct formed by the 
blades is likewise illustrated by a dotted line. In 
each figure of the drawings, vertical dot and dash 
lines represent the entrance stator exit 1.x, the 
rotor entrance and exit 2n and 2x, respectively, 
and the exit stator entrance 3n. In Figs. 3 and 4, 
vertical lines also indicate the entrance stator 
entrance 1n and the exit stator exit 3, the latter 
denoting that portion of the exit stator at which 
the fluid is directed axially by the exit stator 
blades. At this point in the exit stator, the angle 
of the exit stator blades with respect to a plane 
normal to the axis of the compressor, a 3x, is 90. 
The blades of the entrance stator and of the 
exit stator preferably consist of thin sheet metal 
of uniform thickness and the rotor blades may 
also be formed of thin sheet metal of uniforn 
thickness throughout, although in some in 
stances, it is appropriate to have the rotor blades 
of greater thickness near the middle portion of 
the rotor than at the rotor entrance and exit. 
This latter construction is desirable where the 
solidity of the rotor blades is such that the rotor 
ducts would not constitute diffusers extending 
from the rotor inlet to the rotor outlet unless the 
blade thickness is increased near the central 
plane of the rotor. Figs, 1 and 2 illustrate a con 
struction in which the stator blades have the 
same solidity as the rotor blades but it is to be 
understood that this condition is not essential, 
for in some instances it is desirable to have one 
or more of the stator elements comprising blades 
having a solidity different from that of the rotor 
blades. In general it may be stated that a single 
stage or multistage compressor embodying our 
invention comprises entrance and exit stator ele 
ments and a rotor element interposed between 
these stator elements, the sator and rotor blades 
all forming fluid ducts extending from the root 
to the tip portions of the blades and in a gen 
erally axial direction through the stator and 
rotor blades, the entrance stator blades being 
shaped to provide axial flow of the fluid into the 
entrance stator and the exit stator blades being 
shaped to direct the fluid axially. Also, ac 
Cording to our invention, the entrance stator 

S has an exit angle aix having a value that is 

O 

Ts 

a function of the total temperature at the en 
trance of the entrance stator, Tri, the temper 
ature of the fluid as it leaves the entrance stator, 
Tix, and the circumferential component of the 
velocity of the fluid as it leaves the entrance 
stator, W1xc, as set forth in Equation F, and the 
rotor has an exit angle a2x having a value that 
is a function of the total temperature in the 
rotor, Tra, the temperature at the rotor exit, 
Tax, and the circumferential component of the 
fluid velocity at the rotor exit We as set forth in 
Equation H, with the rotor and exit stator hav 
ing entrance angles (an, 0.3n)) having values pro 
widing streamlined flow of the fluid into the rotor 
and from the rotor into the exit stator, with 

W. 

constant and Wixe determined by Equations. A 
and C. 



2 
Nor making a typical computation of the sev 

eral blade angles it may be assumed that 

is chosen to give the type of compressor desired, 
i. e., the desired degree of reaction. Thus, if 

O 

the degree of the reaction at the center of the 
rotor blade, i. e. for a 2 of 500 feet per second, 
where u at the tip is 600 feet per second and 
at the root is 386.3 feet per second, is approxi 

mately 60%. With the entering conditions as 
indicated in Figs. 3 and 4 of the drawings we 
have, for W-24.4: 

r-540.83 
r=58.31 

PT1=474 
PT-5315 

For the values at the tip portions of the blades 
we have from Equation C": 

W=77.47 
V=600-77.47=677.47 

77.47 V.- : s387.33 
V=600-387.33=212.63 

and from Equation A: 

T=578.58 
and then 

8. 
Pr= Pri 2) '-14529 (for air) 

Similarly for the root values we have from 0 
Equation C": 

W=120.32 
W=120.32-386.3=506.62 

120.32 
V- irr-601-60 
W=3863.-601.60= -215.3 

and from Equation A 
Tr=561.02 

and then 

TY. Prasa Pr( Tr 
Substituting these values in the equation for 

T. We find for the tip 

s: 1.3043 

TE)- (E) - ) -9990s(i)+.01293=0 
the solution of which is 

Tis -98520 
and for the root 

Z)- ;) -99777 
the solution of which is 

T 
Tr 

These values for 

s 2.) --.01293=0 

s98377 

T 
Tr 

s 

when substituted in the Equation F (for a) give 
for the tip 

assistan- 3.81 
=553 

and for the root 
ass=tan - 2.5052 

68.24 

Similarly when these values are substituted 
in the equation for Tax we have for the tip 

2)'-09349(2) + 00803-0 
the solution of which is 

and for the root 

T.Y." Y --- 2) .993.11( ) --. 01033s U 
the solution of which is 

These values of 

when substituted in the Equation H (for aa) 
give for the tip 

a2=tan- 1.1982 
50.15 

and for the root 
aarstan - 1.2865 

s52. 

(pointing toward the axis because Waxe is neg 
ative, -2.15.3). 

For the condition of streamlined flow of the 
fluid into the rotor and from the rotor into the 

is exit stator we have the condition that 
Vie tan a- (tan air), Wise 

which givestan an at the tip 

tan rais=44301 
a=23.89 

(P) 

and for the root 
tan an=59498 

an=30.5 

In like manner the values of an may be de 
termined from Equation Q with the following 
results: 

At the tip sa=33.34' 
At the root ass=24.72 

Corresponding values of the blade entrance and 
85 exit angles can be found in the manner set forth 

above for any other value of u along the blade. 
In the typical computation set forth above the 

angles aix and oax for the root and tip were com 
puted by the direct Equations F and H and a2n 

To and dan deduced for the root and tip by using 
the Equations P and Q which define the condi 
tion for streamlined flow of the fluid into the 
rotor and into the exit stator. It will be under 
stood, however, that the angles aan and 3n may 
be determined by the direct Formulas K and M 
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respectively. Thus, using Equations MI and N, 
the value for 

T 
T 

has for its solution at the tip 
e Tra 96950 

and 
an=tan - .6589 

o 
asse3334 

at the tip, i. e., the same angle determined from 
Equations H and Q. 
At the root 

Tae 
Tra 

has for its solution 

Tes T 93.80 
giving 

ass=tan, .45956 
O 

as24.68 

at the root i. e., the same angle determined 
above, by using Equations H and Q. 

Similarly the angles all and an may be de 
termined by the direct formulas F and M and 
then the angles an and 2x may be deduced by 
using the Equations P and Q. 
As explained above, our invention nakes it 

possible to provide an axial flow compressor in 
which the pressure of the fluid as it flows axially 
in the exit stator has substantially the same 
value from the root to the tip portion of the 
exit stator. 

Furthermore the fluid velocity does not have 
any radal component at any point in the com 
pressor. The entrance stator blades and the 
rotor blades are shaped so as to provide progres 
sively decreasing rotor entrance velocity fron 
root to tip to compensate as completely as may 
be desired for the increase in circumferential 
rotor speed between the root and the tip of the 
rotor blades, whereby the root portions of the 
rotor blades, travelling at relatively low circum 
ferential speed, may impart to fluid entering the 
rotor at higher absolute velocity than at the 
tip, the same amount of energy, the exit portions 
of the rotor blades being correspondingly shaped 
to insure this result at the rotor exit. Thus 
the rotor and stator blades are of such shape 
that the rotor and stator ducts accommodate 
the vortex free flow of the fluid through the 
compressor. A characteristic of our compressor 
is that the velocity of the fluid entering the en 
trance stator and as it is directed axially in the 
exit stator is truly axial in direction, (i. e., with 
out any circumferential velocity component and 
without any radial velocity component), the 
magnitude of the velocity of the fluid entering 
the entrance stator being constant from root 
to tip and likewise the magnitude of the fluid 
velocity as it is directed axially in the exit stator 
is constant fron root to tip. At the rotor en 
trance and exit, however, the fluid has a velocity 
varying progressively from root to tip and which 
may be regarded as the resultant of circum 
ferential and axial velocity components, at least 
One of these components varying progressively 
from root to tip. 

O 

5 

s 

40 

50 

O 

s 
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It will be understood by those skilled in the art 

that the equations set forth above and appear 
ing in the appended claims are based on the 
assumption of an ideal compressible fluid and 
that in the design of any specific compressor 
embodying our invention the usual slight modi 
fication of the theoretically correct blade shapes 
may be made to compensate as completely as 
may be desired for the fact that the compressible 
fluid does not have the precise physical prop 
erties of the assumed ideal fluid. 

It is to be understood that our invention is not 
limited to the particular illustrative embodi 
ments illustrated in the accompanying drawings 
and described in detail above, but includes such 
modifications thereof as fall within the scope of 
the appended claims. 
We ca: , 
1. An axial flow fluid compressor comprising 

entrance stator blades, rotor blades, and exit 
stator blades, all forming fluid ducts extending 
from the root to the tip portions of the blades 
and extending in a generally axial direction 
through the stator and rotor blades, the blades 
of the entrance stator being shaped to provide 
axial flow of the fluid into the entrance stator. 
the exit stator blades being shaped to direct 
the fluid axially, the entrance stator having an 
exit angle as varying progressively from root 
to tip and having the value 

ai-tan-T:(1-2)-1 Via r 
where 

T 
Tri 

is the largest real positive root of 
k- -- saac m 

()-- E)-(1 - Vise ) +(E)- Tr1 Tri KT WKP/ 
the exit stator having an entrance angle on 
varying progressively from root to tip and hav 
ing the value 

a-tan-( 1 - T ar W. T 
where 

T 
Tr 

is the largest real positive root of 
it-1 al 

Vs 
area 

()-(E)-(1-3)+(E)-0 
with 

constant from root to tip and 
(Tars-Tr)K We A 

and the rotor having an entrance angle aan 
varying progressively from root to tip and hav 
ing the value 

a-tan (Kitan al.) 
and an exit angle as varying progressively from 
root to tip and having the value 
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whereby streamlined flow of the fluid is provided with 
as the fluid enters the rotor and as it enters the Wise 
exit stator and whereby the velocity of the fluid s 
as it leaves the rotor varies progressively from 
root to tip and consists of circumferential and is constant from root to tip and 
axial components each varying progressively y (Tri-Tri) & 
from root to tip, and the pressure of the fluid lso 2u.( Vane - 1 
as it is directed axially by the exit stator is V 
constant from root to tip. and 

2. An axial flow fluid compressor comprising O (T-Tr) K at 
entrance stator blades, rotor blades, and exit V...-a is re 
stator blades, all forming fluid ducts extending 
from the root to the tip portions of the blades whereby streamlined flow of the fluid is provided 
and extending in a generally axial direction as the fluid enters the rotor and as it enters the 
through the stator and rotor blades, the blades is exit stator and whereby the velocity of the fluid 
of the entrance stator being shaped to provide as it leaves the rotor varies progressively from 
axial flow of the fluid into the entrance stator, root to tip and consists of circumferential and 
the exit stator blades being shaped to direct the axial components each varying progressively from 
fluid axially, the entrance stator having an exit root to tip, and the pressure of the fluid as it is 
angle aix varying progressively from root to tip to directed axially by the exit stator is constant from 

ha the value root to tip. 
and having 3. An axial flow fluid compressor comprising 

aestant g(1-2)-1 % (entrance stator blades, rotor blades, and exit 
7. Tr stator blades, all forming fluid ducts extending 

acc from the root to the tip portions of the blades Where and extending in a generally axial direction 
T through the stator and rotor blades, the blades of 
T the entrance stator being shaped to provide axial 

is the largest real positive root of flow of the fluid into the entrance stator, the exit 
k-- stator blades being shaped to direct the fluid O 

-- noma axially, the entrance stator having an exit angle 
2:)- 2)" (1 -X)+(Er)'-0 aix varying progressively from root to tip and Tr Trn KT WKPri having the value 

the exit stator having an entrance angle an -tan-?kri T % 
varying progressively from root to tip and having as ai-tan (1 TJ 
the value % where 2. 

Tr 7. -tan- 1- )- Tia. Waa. Tr Tr 
where is the largest real positive root of 

f k-- 2 em- a 

T ( (T.) (, -Wise )+ ESF)-0 is the largest real positive root of Tra Tr KT WKPri 
k-- -- the rotor having an exit angle a varying pro 

()-- ( T -(, -Ki) -- (E Trayo gressively from root to tip and having the value WKP 

r -tan-E( 1. -2. - re 
the rotor having an entrance angle aan varying V 
progressively from root to tip and having the so where 2ate 
value T 

ai-tan-EF(1-2 -* Tra 
V. is the largest real positive root of 

Where --1 fi sm 
T ( "-(E) ?t-Vaas Y-? WRVT.Y 

is the largest real positive root of With 
k- 2 

3:)-(3: -i. -3)+(EA)-0 CO W Tra Tr KT"ra/ 'V VKP. instant f toti. 
and an exit angle aax varying progressively from co on roo p and 
root to tip and having the value v, - (gTri) & 

s age Vane 
E. T 2u.( + 1. ) a-tan-1-7)-1 and 

where (T'ra-Tri) K u 
Vs--- - Tes O 2u. 

T with the rotor having an entrance angle aan vary 
is the largest real positive root of ing progressively from root to tip and having the 

?t-1 2 value 

2)-(2. 1-4)+ (E)-0 -tan-i?-Are Tre Tra KT WKPra S a=tan (Kitan a.) 
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and with the exit stator having an entrance angle 
a varying progressively from root to tip and hav 
ing the value 

-/ta-Wae as stan "( Wine tan a) 
whereby streamlined flow of the fluid is provided 
as the fluid enters the rotor and as it enters the 
exit stator and whereby the velocity of the fluid 
as it leaves the rotor varies progressively from 
root to tip and consists of circumferential and 
axial components each varying progressively from 
root to tip, and the pressure of the fluid as it is 
directed axially by the exit stator is constant from 
root to tip. 

4. An axial flow air compressor comprising en 
trance stator blades, rotor blades, and exit stator 
blades, all forming fluid ducts extending from 
the root to the tip portions of the blades and ex 
tending in a generally axial direction through the 
stator and rotor blades, the blades of the entrance 
stator being shaped to prvide axial flow of the 
air into the entrance stator, the exit stator blades 
being shaped to direct the air axially, the en 
trance stator having an exit angle in varying 
progressively from root to tip and having the 
value 

ri-- -( -The Y- p a stan W. 1. f) 
Where 

T 

is the larger real positive root of 
s 
Wise 4)-(E)(1-X)+(E)-0 

the exit stator having an entrance angle an vary 

O 

s 

ing progressively from root to tip and having the 40 
Wale 

a -tan-(l -)- s 

where 

This 
Tr 

is the larger real positive root of 

4)-(3)(1-4)+(AE)-0 
with 

Wies 
Was 

constant from root to tip 

and Visa y Tr) K 

2u(+1) 
and the rotor having an entrance angle can vary 
ing progressively from root to tip and having the 
value 

Wise else tan-(Y, tan a) 
and an exit angle as varying progressively from 
root to tip and having the value 

Whe ) Ws tan at 

whereby streamlined flow of the air is provided 
a=stan 

28 
ext stator and whereby the velocity of the air 
as it leaves the rotor varies progressively from 
root to tip and consists of circumferential and 
axial components each varying progressively from 
root to tip, and the pressure of the air as it is 
directed axially by the exit stator is constant from 
root to tip. 

5. An axial flow fluid compressor comprising 
entrance stator blades, rotor blades, and exit 
stator blades, all forming fluid ducts extending 
from the root to the tip portions of the blades 
and extending in a generally axial direction 
through the stator and rotor blades, the blades 
of the entrance stator being shaped to provide 
axial flow of the fluid into the entrance stator, 
the exit stator blades being shaped to direct the 
fluid axially, the entrance stator having an exit 
angle aix having the value 

a-tan-Eg(1 -)- * 
as 

Where 

Tia 
Tr 

is the largest real positive root of 
k-1 2-1 - - 

Z) s ( )(, s V. )+(Y :)-0 T T KT WKP 
the exit stator having an entrance angle an 
varying progressively from root to tip and have 
ing the value 

is the largest real positive root of 

(#)-(3)(1-3)+(;)- 
with 

WKPra 

Via 

constant from root to tip and 

and the rotor having an entrance angle a 
varying progressively from root to tip and have 
ing the value 

a. Vice aastan '(, -- We tan al.) 
and an exit angle aa varying progressively from 
root to tip and having the value 

V 
- W. tan al.) 

whereby streamlined flow of the fluid is provided 
as the fluid enters the rotor and as it enters the 
exit stator and whereby the Velocity of the fluid 

a=tan 

to as it leaves the rotor varies progressively from 
root to tip and consists of circumferential and 
axial components each varying progressively 
from root to tip, and the pressure of the fluid as 
it is directed axially by the exit stator is con 

as the air enters the rotor and as it enters the 75 stant from root to tip. 
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6. An axial flow fluid compressor comprising having an entrance angle as a varying progres 
entrance stator blades, rotor blades, and ext sively from root to tip and having the value 
stator blades, all forming fluid ducts extending KT T % 
from the root to the tip portions of the blades a-tan-Eg(1 - - 
and extending in a generally axial direction is W T 
through the stator and rotor blades, the blades Where 
of the entrance stator being shaped to provide T 
axial flow of the fluid into the entrance stator, Tra 
the exit stator blades being shaped to direct the is the largest real positive root of 
fluid axially, the entrance stator having an exit 10 
angle air varying progressively from root to tip T t T *( WRVTY s re r and having the value 2) S.) KTra YE) = 0 

-tan-(1-2)-1 where V. M T. v- (Tri Tri) K 
where 2. 

T' and the rotor having an entrance angle an vary 
T ing progressively from root to tip and having 

the value 
is the larger real positive root of O 

a=tant 
--1 -- 

T )-- ( Ts y- - Vie ) -- WRWT O and an exit angle pix varying progressively from 
Tr Tr KT WKipr.) root to tip and having the value 

the rotor having an exit angle a varying pro- a-tan-(i. tan al.) 
gressively from root to tip and having the value ti-We 

KT T whereby streamlined flow of the fluid is provided 
a-tan- ( 1-1. -* as the fluid enters the rotor and as it enters the V r to exit stator and whereby the velocity of the fluid 

Where as it leaves the rotor varies progressively from 
root to tip and consists of circumferential and 

Tia. axial components each varying progressively 
Tra from root to tip, and the pressure of the fluid as 

is the her real positive root of 85 E. ty the exit stator is con 
m or O 8. An axial flow fluid compressor comprising 

TeY (Te -( 1 - 2' ) +( WRy )'-0 entrance stator blades and rotor blades all form 
Tra T KT WKP ing fluid ducts extending from the root to the tip 

with 40 portions of the blades and extending in a gen 
V erally axial direction through the entrance stator 
V. e and rotor blades, the blades of the entrance 

se stator being shaped to provide axial flow into 
constant from root to tip and the stator, the entrance stator having 

aa an exit angle air varying progressively from root 
v.-(TT) and V.- (Tri Tr)K-; "to indivisive 2u. -- 1) 

s efian" Eg( TE) * a1 =tan R 1. T - 1 
with the rotor having an entrance angle gian Wise 
varying progresively from root to tip and hav- where 
ing the value ( Tis 

-tan-i?-A-ta r ce Wan als is the largest real positive root of 
and with the exit stator having an entrance H - - me 
angle an having the value (S)-(E)-(1 - Yise )+ WRy )-0 Tr r Kr WKP 

a-tan-(-tan e.) and se (T - ) K Vs. Alt whereby streamlined flow of the fluid is provided Oe 2a 
as the fluid enters the rotor and as it enters the and the rotor having an entrance angle aan vary 
exit stator and whereby the velocity of the fluid O i f 
as it leaves the entrance stator varies progres- Ees vely from root to tip and having 
sively from root to tip and consists of circum- W 
ferential and axial components each varying a-tan-(litan al.) 
progressively from root to tip, and the pressure se 
of the fluid as it is directed axially by the exit and an exit angle aaz varying progressively from 
stator is constant from root to tip. root to tip and having the value 

7. An axial flow fluid compressor comprising V 
rotor blades and exit stator blades, all forming O a=tani 
fluid ducts extending from the root to the tip 
portions of the blades and extending in a gen- whereby streamlined flow of the fluid is provided 
erally axial direction through the rotor and exit as the fluid enters the rotor and whereby the 
stator blades, the blades of the exit stator being velocity of the fluid as it leaves the entrance 
shaped to direct the fluid axially, the exit stator is stator varies progressively from root to tip and 
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consists of circumferential axial t REFERENCES C T ) 
each varying progressively from root to tip a The follow 
the absolute velocity of the fluid as it leaves the fle terences are of record in the 
rotor is axial. 

9. An axial flow fluid compressor according UNITED STATES PATENTS 
to claim 1 characterized by the ratio Number Name Date 

Wise 1888,808 Gill -------------- Oct. 23, 1928 
v. 1887,417 Mawson ------------ Nov. 8, 1932 

being equal to 1. ke 1958,145 Jones -------------- May 8, 1934 
10. An axial now fluid compressor according : up adre an an as as 5. 

to claim 4 characterized by the ratio 2320iss McIntyrene, is 
Via 2,378,372 Whittle ----------- June 12, 1945 

being equal to 1. s S 
CARL, DE CANAE. 
JOSEPE G. COEFN. 
EUCO F. BASCE. 


