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2. Cairns, (C. 230-22) 

The invention relates to axial flow compressors, and 
more particularly to an axial flow compressor of improved 
efficiency, lower peripheral speed and reduced dimensions 
for equal compression per stage and flow rate as com 
pared to conventional compressors. 
The term compressor as employed in this specification 

and the appended claims will be understood to include 
blowers, fans, and like devices having alternating rows or 
stages of rotary and stationary blades, and means for 
actuating rotation of the rotary blades whereby movement 
cr flow of a fluid substantially parallel to the axis of rota 
tion is generated. 

Axial compressors are commonly employed in gas tur 
bines, and find a wide field of application in the chemical 
processing and other industries. Axial compressors have 
generally higher efficiency, iower weight, and smaller 
overal dimensions than centrifugal compressors of com 
parable capacity. 
The kinetic energy spent in actuating rotation of the 

compressor rotor is stored in the flowing gas as it is being 
compressed. During compression, the gas particles flow 
along substantially cylindrical surfaces. The flow path of 
the gas particles along these surfaces is determined by the 
shape and arrangement of the blades. 

It is customary to arrange the blades of an axial corn 
pressor in such a manner that the blade reaction is ap 
proximately 50 percent. The flow coefficient p which 
expresses the ratio of the axial flow velocity wa of the 
compressed gas to the peripheral velocity u of the blades 
has an approximate value of 0.5 in Such an arrangement. 
The biades of an axial compressor have also previously 
been arranged for a higher reaction, even exceeding 100 
percent, and the efficiency of the compressor may be raised 
to a limited extent by a higher reaction percentage. 
The object of this invention is an improvement in the 

efficiency of the known axial flow compressors and/or 
reduction of power input, compressor size and rotor speed 
as compared to known axial flow compressors of compara 
ble capacity substantially beyond the improvement avail 
able by adjustinent of the blade reaction. 

Other objects and many of the attendant advantages of 
this invention will be readily appreciated as the Same be 
cornes better understood as the disclosure proceeds. 

For a better understanding of this invention, the at 
tached drawing illustrates operational characteristics and 
structural features of known axial fioW compreSSOIS as 
well as corresponding characteristics and features of a 
compressor according to the instant invention. 
The several portions of FIG. 1 relate to a conventional 

compressor having a blade reaction of 50 percent, FIG. 
1a being a diagram of velocity relations, FIG. 1b being 
a fragmentary radial view of the blades of the compressor, 
and FIG 1c being a fragmentary developed diagram of 
the cylindrical surface in which a gas particle moves. 
The several portions of FiG. 2 relate to a conventional 

compressor having a blade reaction of 100 percent. FIGS. 
2a, 2b, and 2c respectively illustrate velocity relations, the 
structural arrangement of the blades, and the flow path of 
a gas particle in such a compressor in a manner analogous 
to FIGS. 1a, 1b, and 1c. 
FIG.3 relates to a compressor of the invention, and the 

constituent parts of FIG. 3, namely, FIGS. 3a, 3b, 3c, cor 
respond to the parts of FIGS. 1 and 2 identified by the 
same suffixeS. 
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Referring initially to FIG. 1a there is seen the vector 

diagram correlating the peripheral speed it of the rotor 
blades in a compressor stage with the velocities of the 
gas particles. The vectors w1 and 42 represent the ve 
locities of the gas relative to the rotor resulting from the 
vectorial combination of the absolute air stream velocities 
wg and 4 with the rotor velocity it. The deviation of 
the velocities w to wa from an axial velocity we are indi 
cated by angles oil to C4 respectively. 

FIG. 1b shows two rotor blades R and two stator blades 
S in two axially successive rows of compressor blades 
separated by a clearance space in in the axial direction indi 
cated by the arrow A. The blades are airfoils as is cus 
tomary. The rotor blades R move relative to the stator 
lades S in the direction of the arrow u during operation 

of the compressor. It will be appreciated that FIG. b 
merely shows a small fragment of a conventional com 
pressor in which the blades S are mounted fixedly in a 
housing of substantially circular cross section, and the 
blades Rare mounted on a corresponding rotor body con 
nected by a shaft to a source of driving power for rotation 
in the housing. The number of alternating rows of rotor 
and stator blades may be selected at will as is well known, 
and each circular row of blades includes a plurality of 
blades circumferentially spaced from each other in the 
manner evident from FIG. 1b. 
The path of a gas particle in a Substantially cylindri 

cal surface about the compressor axis is illustrated in 
FIG. ic in a developed view of the surface which inter 
sects stator blade rows So, S1 and rotor blade rows R1 
and R. The biades So constitute the intake stator blades 
of a cascade, the blades R1 and S. jointly constitute the 
first compressor stage, and the blades R2 together with 
stator blades S. not shown in FIG. 1c constitute a second 
compressCr stage. The path of a gas particle relative to 
the moving rotor is indicated by the broken line d12, and 
its path relative to the stationary elements of the corn 
pressor by the fully drawn line dia. The lines d2 and 
da diverge in the axial flow direction. 

Under the conditions of 50 percent blade reaction illus 
trated in FiG. 1, the path d4 of each gas particle deviates 
substantially from the direction of the rotor axis. The 
inclination of the several portions of the path varies be 
tween limits defined by the angles c.3 and c4 in FIG. 1 a. 
Relative to the stationary compressor parts, the gas par 
ticles flow in a generally helical path about the com 
pressor axis. The path deviates laterally from a true helix 
by undulations where the gas particles are deflected 
by the rotor and stator blades. The path d12 of each in 
dividual gas particle relative to the moving rotor also con 
stitutes a helix but of opposite lead angle varying between 
extreme values represented by the angies of and C2 in fiG. 
1a. In the compressor having a blade reaction of 50 per 
cent to which FIG. 1 relates, the lead angles or inclina 
tions of paths dig and d4 are opposite and equal in magni 
tude on the substantially cylindrical Surface considered. 

F.G. 2 illustrates features and characteristics of an 
axial flow compressor differing from the compressor of 
F.G. 1 only by its blades R' and S which are arranged 
for 100 percent reaction. The helical path of each gas 
particle relative to the stator of the compressor is re 
presented in FIG. 2c by the solid line d4 which may be 
termed a helix having a lead angle of 90 with Such 
eviations as are inherent in the interaction between the 

gas particles and the blades So, Ri', S', R2', etc. The 
inclination of the line d' relative to a line parallel to the 
rotor axis may vary between the angles Ca' and c4 in 
FIG.2a which are respectively defined by the Vectors vs', 
w" and we in a manner evident from the preceding de 
scription of FIG. 1. The path dis' of the gas particles 
relative to the rotor of the compressors to which FIG. 2 
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relates is inclined relative to an axial line by an angle 
which varies between the values g1' and or defined in 
FIG. 2a by the vectors w1, we and wa- The path of each 
gas particle relative to the rotor is thus much longer than 
in the compressor of FIG. 1 and the path relative to the 
Stator is shorter. i he smaller the lead angle, the ionger 
the flow path, and the greater the energy losses. 

it is evident from the preceding discussion of FIGS. 
1 and 2, that an attempt at lowering energy losses in a 
compressor by shortening the path of the flowing fluid 
relative to the stator necessarily causes a lengthing of the 
path relative to the rotor. Only an insignificant gain in 
efficiency is thus available by adjustment of the blade 
reaction. 
We have found that it is possible to modify the basically 

known structure of an axial flow compressor in such a 
manner that the lengths of the flow paths relative to the 
stator and to the rotor are simultaneously shortened. The 
Televant features and characteristics of a compressor of 
the invention are illustrated in FIG. 3 in which elements 
designated by double primed reference characters corre 
spond to elements indicated by unprimed reference char 
acters in FIG. 1 and by primed reference characters in 
FG. 2. 
One factor important for simultaneously shortening 

the flow paths of the gas particles in the compressor of 
our invention resides in control of the direction of gas 
flow in each space in between axially successive rows of 
rotor and stator blades. It will be assumed for the pur 
pose of the disclosure that these spaces are uniform be 
tween the several rows, but the assumption is not relevant 
to this invention. The direction of flow in each space in 
Inust not be inclined more than 45 with respect to a 
corresponding axial plane. 

In an otherwise conventional compressor, such an ar 
rangement would result in excessive shortening of the 
blade length. Shortening of the path along the blades 
would be achieved in such a manner, and the friction losses 
due to relative movement of the flowing medium and 
the blade surfaces would be decreased, Losses due to 
secondary effects of the blade shortening, however, would 
practically balance any gain in efficiency which might be 
achieved by merely controlling the flow path in the space 
m. Two additional conditions must be simultaneously 
Inlet. 
A second necessary condition for improved efficiency 

in the axial flow compressor of our invention is proper 
relationship between the compressor dimensions which 
permits the compressor to be operated in such a manner 
that the conditions of the following Equation I are met: 

Di 3. 
V is 50 (i) 

in this equation, D'' is the effective rotor diameter in 
meters as measured between the radially outermost tips 
of diametrically opposite rotor blades, n is the rotor speed 
in revolutions per minute, and V is the flow volume in 
cubic meters per second. The product of the cube of 
the effective compressor diameter in meters and of the 
rotary speed in reciprocal minutes should not be more 
than fifty times greater than the flow volume in cubic 
meters per second. 
When the conditions of the above equation are met, 

the blades have a reasonable length, and the secondary 
losses are held to reasonably low values. Fully to achieve 
the objects of this invention, we have found it necessary to 
meet a third condition. The stator blades and the rotor 
blades must be airfoils having a maximum thickness of 
not more than twelve percent of the length of the chord. 
When the above three conditions are met, it is possible 

to substantially reduce the overall dimensions of an axial 
flow compressor as compared to the dimensions of a 
-conventional compressor of equal capacity. The efficiency 
of the apparatus is increased. The peripheral speed of 
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the rotor blades necessary for a predeteriained compres 
sion ratio in a stage is lower in our compressor than in 
a conventional compressor. of equal compression ratio. 
The energy input for a given compression effect is lower 
with a corresponding decrease in operating cost. The 
smaller compressor of our invention is inherently lower 
in first cost than a compressor of customary design, and 
occupies less space. It is driven by a Smaller, and iess 
bulky motor under otherwise comparable conditions. 

Certain important features of our invention will be best 
understood by reference to the several portions of FIG. 3. 
F.G. 3a shows the vector diagram correlating the pe 
ripheral speed u of the rotor blades R' in a compressor 
stage with the velocities of the gas particles in a finanner 
analogous to FiC. a. FG. 3b shows rotor blades R' 
and stator blades S' of axially successive rows separated 
by a space na, and FIG. 3c is a developed view of the 
cylindrical plaine in which a gas particle travels through 
two compressor stages respectively represented by co 
operating roÉ9r and stator blades R1, S1 and R2, S3. 
The paths of the particles relative to the rotor and to 
the stator are respectively indicated by lines d' and 
de4. 

FiG. 3b also shows the angle g defined by a tangent 
drawn on the mean line of the airfoil constituting a rotor 
lade at the trailing edge thereof, and by a line parailel 

to the axis drawn through the point of intersection of 
the tangent with the trailing edge. This angie B will 
hereinafter be referred to as the outlet angle of the airfoil 
We have found that the outlet angle of each airfoil. 
constituting a rotor blade should not exceed 40°, and does 
not exceed 40° if the afore-mentioned three conditions are 

et. 
The flow paths of the gas particles relative to the 

rotor and stator of our compressor are very short as 
compared to otherwise similar conventionai axial flow 
coin;ressors. The losses resulting from frictional con 
tact between the gas particles and the airfoil surfaces 
are correspondingly reduced. It is evident from FIG. 3a 
that the peripheral rotor velocity u necessary to produce 
a given rate wa of axial flow is low. High flow rates 
can this be achieved with a coin pressor of relatively 
Smail effective rotor diameter, and at relatively low rotary 
speed. Since the flow coefficient p is high, the energy 
transmitted to the flowing fluid by the rotor is great even 
at relatively low peripheral rotor speed, and the com 
pression ratio obtained in each stage is high, and higher 
than available in otherwise comparable compressors of 
usual design. 
The vector diagram of FIG. 3a, of course, is merely 

typical of a compressor of this invention, and modifica 
tions of the compressor represented by modified diagrams 
will readily suggest themselves to those skilled in the art. 
The compression ratio in each stage may be altered and 
the shape of the characteristic ines d12' and dis' may 
be correspondingly changed by varying the percentage 
reaction of the blades. - 
Whatever secondary changes may be introduced, it is 

essential that the three principal features of the invention 
enumerated above be adhered to, namely: 

(1) The direction of flow in the space axially inter 
posed between successive rows of stator and rotor blades 
shotiid not be inclined by an angie of more... than 45 
to the direction of the rotor axis; 

(2) The conditions of Equation i must be inet; and 
(3) The airfoils constituting the rotor blades must 

not have a thickness greater than 12 percent of the chord 
length. 

Within these initations, many modifications and varia 
tions of the present invention are possible in the light 
of the above teachings. It is therefore to be understood 
that within the Scope of the appended claims, the inven 
tion lay be racticed otherwise than as specifically de 
Scribed. 
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What we claim is: 
1. An axial flow compressor comprising, in combina 

tion: 
(a) stator means having an axis; 
(b) rotor means rotatable about said axis; 
(c) Said stator means and rotor means each including 

a plurality of airfoil blades arranged in axially alter 
nating rows on said stator means and on said rotor 
means for guiding a stream of gas in an axially ex 
tending path, the spacing of the radially outerinost 
portions of diametrically opposite blades on said 
rotor means defining the effective diameter of Said 
rotor neans; 

(d) each row of said airfoil blades on said rotor 
means defining with two axially adjacent rows of 
said airfoil blades on said stator means respective 
spaces therebetween, said path having respective por 
tions in Said spaces, each of Said portions being in 
clined relative to said axis at an angle not greater 
than 45 degrees; 

(e) the thickness of each of said airfoil blades being 
not greater than twelve percent of the chord length 
thereof; and 

(f) actuating means for actuating rotation of said rotor 

21,52? 

5 

6 
means about Said axis at a speed sufficient to cause 
flow of said gas in said stream at a predetermined 
rate, the product of the cube of said effective diam 
eter in meters times said speed in revolutions per 
minute not being greater than fifty times said rate 
in cubic meters per second. 

2. A compressor as set forth in claim 1, wherein each 
airfoil blade has a profile mean line and a trailing edge, 
said mean line intersecting said trailing edge in a point, 

10 a tangent drawn on said mean line at Said point and a 
line drawn parallel to said axis through said point de 
fining an output angle not greater than 40 degrees. 
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