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This invention relates to blading turbo machinery, and 
particularly to an arrangement by which to obtain sweep~ 
back of the leading edge of the vane or blade with respect 
to the flow of ?uid approaching‘ the blade. 
One feature of the invention is the realization of the 

aerodynamic or hydrodynamic advantages of sweepback 
by leaning the vanes or blades in a tangential direction 
such that the leading edges of the blades extend at an 
acute angle to a radius passing through a point in the 
leading edge. Another feature is the strengthening of the 
stator assembly by positioning the vanes or blades oblique 
1y to the radius but within the radial plane at right angles 
to the axis of the row of vanes. More speci?cally, one 
feature is the leaning of the blade in a tangential direc 
tion such that the leading edge at any one point makes 
an angle with the radius at the same point which bears a 
direct and predetermined relation to the angle of ‘ap 
proach of the ?uid to the blade at that point. 
One particular feature is the leaning of stator or rotor 

blades in an axial flow compressor or turbine for the pur 
pose of obtaining an effective sweepback with respect to 
the gas approaching the blades. 

Other objects and advantages will be apparent from 
the speci?cation and claims, and from the accompanying 
drawings which illustrate an embodiment of the inven 
tion. 

Fig. 1 is an elevation of a part of a row of stator vanes 
or blades for an axial ?ow compressor. 

Fig. 2 is a sectional view along the line 2——2 of Fig. 1. 
‘Fig. 3 is a sectional view along the line 3—3 of Fig. 1. 
Fig. 4 is a diagram showing the relative angles in a 

three dimensional arrangement. 
The invention is shown as applied to a row of stator 

blades for an axial ?ow compressor. The stator vanes 
or blades 2, which form the row, extend between an outer 
shroud 4 and an inner shroud 6 forming a supporting 
structure and, as shown, these vanes extend at an angle 
which is oblique to a radial line passing through the axis 
of the row of vanes and through a point on the leading 
edge of the vane. That is to say, with reference to the 
particular vane 2a, the leading edge 8 of this vane forms 
an acute angle with a radius or radial line 10 passing 
through the axis of the row of vanes and through a point 
in the leading edge of the vanes. The inner and outer 
shrouds de?ne the inner and outer boundaries of the 
?uid path past the row of blades. The invention resides 
in obtaining effective sweepback with respect to the air 
or gas approaching the vane by leaning the vane in a 
tangential direction, thereby leaving the leading edge of 
the vanes in a substantially radial plane at right angles to 
the axis of the row of vanes, ‘as best shown in Fig. 3, 
the radial plane being represented by the dotted line 12. 
The particular advantage of obtaining the sweepback 

in this way, is that it does not increase the axial length 
of the compressor or turbine in which the invention is in 
corporated. It also permits, by providing an effective 
sweepback, operation of the device at higher critical Mach 
numbers and with a lower pressure loss through each 
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row of vanes. The arrangement of the vanes at an angle 
to the radius, as above described, will, when incorporated 
in a stator assembly, increase the strength of the stator 
with respect to the aerodynamic forces acting thereon. ‘ 
To obtain the most e?’ective sweepback, it has been 

found that the angle ¢ that the leading edge of'the 
vane makes with a radial line at any point on the vane, 
for example, the point P, bears a direct relationship to 
the angle or" the air or gas stream approaching the blade. 
That is to say, where the effective angle of sweep or the 
desired angle of sweep between the gas approach angle 
and the leading edge of the vane is established, the de 
sired angle of lean in a tangential direction can be de 
termined. As shown in Fig. 4, the radial line 10v is 
represented by the line RR passing through the point P 
lying in the leading edge of the vane. The line CD in 
Fig. 4 represents a line tangentially of the row of blades 
at the point P and lying in the radial plane de?ned by 
the leading edges of the vanes and at right angles to 
the axis of the row of vanes. Thus, the plane T of 
Fig. 4 is a plane de?ned by the intersecting lines RR 
and CD and represents the radial plane at right angles to 
the axis in which the point P is located. 

Fig. 4 also includes the line EF which represents an 
axial line, as shown in Fig. 3, passing through the point 
P and parallel to the axis of the row of stator blades. 
The plane de?ned by the lines RR and EF is the‘ plane 
S which represents the axial or longitudinal plane passing 
through the point P and also the axis ofhthe row of‘ blades. 
The third plane W iri Fig. 4 is de?ned by the inter 

section of the lines CD and EF and is a tangential plane 
passing through the point P and at right angles to a 
radial line from point P to the axis of the row of vanes. 
The direction of approach of the air or gas with re 

spect to the row of vanes is represented by the arrow V 
in the plane W in Figs. 2 and 4 and the angle of the gas 
approach with respect to the radial plane T is the angle 
5. This angle, as will be apparent, is in the tangential 
plane W and‘ is determinate for all radial points, the struc 
ture upstream of the row of vanes being'established. The 
angle (1), as above referred to, lies in the plane T. The 
effective sweep angle 0',‘ which is the angle in space be 
tween the leading edge 8 and‘the gas approach direction 
V, bears the direct relationship to the other angles which 
is expressed as follows: 

cos a:cos s sin ¢ 

or if the angle 4: is to be determined the equation would 
be expressed: ' . 

cos a 

cos B 

Theoretically, the critical Mach number and pressure 
loss are sensitive only to the component of velocity per 
pendicular to leading edge of the blade. Thus, if M00 
and APlo are the critical Mach number and pressure loss 
of the radial blade, We have 

sin 4;: 

MC” and APZ= A111, (sin? 0‘) 
S111 0' 

Me: 

From the above, it will be apparent that by knowing 
the critical Mach number and pressure loss in a blade 
having a radial leading edge, it is possible, by knowing 
the desired critical Mach number and pressure loss, to'de 
termine the necessary eifective angle of sweep and there 
by the necessary angle that the blade must lean in a 
tangential direction‘in order to obtain vthe desired results. 
It will be understood that the leading edge of the blade 
is not necessarily located in'a radial plane and that an 
e?‘ective sweep angle will be obtained by leaning the blade 
tangentially‘ even. if the leading edge of the blade has, a 
longitudinal component. 
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It will be apparent that if the leading edge is a straight 
line, the effective angle of sweep will vary between the 
root and tip of each blade since the angle ¢ between the 
leading edge and a radius through a point on the lead 
ing edge will be greater where the radius intersects the 
blade at a point adjacent the root than where the radius 
intersects the blade at a point adjacent the tip. Accord 
ingly, the leading edge of the blade may be curved so 
that the angle ¢ and, accordingly, the angle 0' provide the 
optimum bene?ts at all selected points along the leading 
edge. 
Although the description above given has been directed 

to a stator assembly for an axial ?ow compressor, it will 
be understood that the same bene?ts are obtainable in a 
rotating row of blading providing that the centrifugal 
e?ect on leaned rotor blades can be overcome. 
For a selected angle of lean qb, the effect is maximum 

for small angles of the gas approach velocity, that is, 
where the angle is is small. Accordingly, as the angle 
of approach of the gas becomes more nearly axial, the 
effective sweep becomes less and where the gas approach 
is entirely axial, there is no effective sweep. The inven 
tion accordingly, has no pratical application except where 
the gas approaching the row of blades has a tangential 
component or in other words, where there is a swirl 
in the gas approaching the row of blades. This will most 
frequently occurin multistage compressors and turbines 
and in other than the ?rst stage. It is well known that 
a ?uid being compressed in a multistage compressor or 
being expanded through a turbine has a swirl imparted 
to it by each row of stationary vanes or rotating blades 
and accordingly after passing the ?rst turning vanes in 
a compressor the swirl existing in the ?uid causes the 
?uid to approach the plane of the leading edges of a row 
of blades or vanes at an acute angle which has been 
commonly referred to as the angle of approach. 

It is to be understood that the invention is not limited 
to the speci?c embodiment herein illustrated and de 
scribed, but may be used in other ways without depar 
ture from its spirit as de?ned by the following claims. 

I claim: 
1. In a turbo machine or like device, a row of blades 

arranged in a ring and having their leading edges located 
substantially in a radial plane at right angles to the axis 
of the ring and in the ?uid path through the devices 
and supporting structure for said blades located at one 
end at least of each of the blades in the row, each of said 
leading edges extending at an oblique angle ¢ to a radius 
through said leading edge to produce an effective sweep 
back with respect to the angle of approach of the ?uid 
in said ?uid path to said blade, the relationship of the 
oblique angle ¢ with respect to the ‘angle of approach of 
the ?uid ,9 and the angle of sweepback 0' being approxi 
mately 

cos a=cos [3 sin 45 

2. In a turbo machine or like device, an annular row of 
blades which extend between the inner and outer 
boundaries of an annular ?uid path, and supporting struc 
ture for said row of blades located substantially in one of 
the boundaries of said ?uid path, the leading edge of 
each of said blades at any point therein extending at an 
oblique angle 45 to a radius through said point to provide 
an effective sweepback with respect to the angle of ap 
proach of the ?uid in said path at said point, the 
relationship of the oblique angle 45 with respect to the 
angle of approach of the ?uid ,9 and the angle of sweep 
back a' being approximately 

cos a=oos ,8 sin ¢ 

3. In an axial ?ow compressor or turbine, a row of 
blades arranged in a ring and inner and outer supporting 
shrouds at opposite ends of the blades of the row, said 
shrouds de?ning an annular path for the ?ow of gas 
through the device, each of said blades in the row having 
its leading edge located substantially in a radial plane, 

“ 2,962,260 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4 
the gas ?ow in said path having a swirl about the axis 
of the gas path, and supporting structure for said blades 
located at one end at least of each of the blades in the 
row, each of said leading edges extending at an oblique 
angle q& to a radius through said leading edge to produce 
an e?ective sweepback with respect to the angle of ap 
proach of the ?uid in said ?uid path to said blade, the 
relationship of the oblique angle ¢ with respect to the 
angle of approach of the ?uid 13 and the angle of sweep 
back if being approximately 

cos 6:608 (3 sin 4!» 

4. In an axial ?ow compressor or turbine, a row of 
blades arranged in a ring and de?ning an annular path 
for the ?ow of gas through the device, each of said blades 
in the row having its leading edge located substantially 
in a radial plane at right angles to the axis of the ring, 
the gas ?ow in said path having a swirl about the axis 
of the gas path, and supporting structure for said row 
of blades located substantially in one of the boundaries 
of said ?uid path, the leading edge of each of said blades 
at any point therein extending at an oblique angle ¢ to 
a radius through said point to provide an effective sweep 
back with respect to the angle of approach of the ?uid 
in said path at said point, the relationship of the oblique 
angle as with respect to the angle of approach of the ?uid 
l8 and the angle of sweepback a- being approximately 

5. In a turbo machine or like device, a row of blades 
arranged in a ring and having the leading edges of the 
blades located substantially in a radial plane at right 
angles to the axis of the ring and in the ?uid path through 
the device, the ?uid path being an annulus de?ned by 
said blades and in which the ?uid has a swirl such that 
the ?uid approaches each blade of the ring at an acute 
angle with respect to the plane of the ring, the angle of 
approach of the ?uid with respect to the plane being 
determinate at all radial points on each of the blades, 
the velocity of the ?uid past the blades being such that 
a predetermined angle of sweep back of the leading edges 
of the blades is desirable, supporting structure for the 
blades in said row, said structure being located at one 
end at least of each of the blades in the row, each of 
said leading edges extending at an oblique angle to a 
radius through said leading edge such that at any point 
in the leading edge of the blade the product of the-sine 
of said oblique angle and the cosine of the angle of 
approach of the ?uid at that point is approximately equal 
to the cosine of the predetermined angle of sweep back. 

6. In a turbo machine or like device, an annular row 
of blades which extend between the inner and outer 
boundaries of an annular ?uid path and supporting struc 
ture for the blades in said row, said structure being 
located substantially in one of the ‘boundaries of said 
?uid path, the device being so arranged that the ?uid in 
the path has a swirl, with the ?uid approaching each 
blade of the row at an acute angle with respect to the 
plane of the row of blades, the angle of approach of 
the ?uid with respect to the plane being determinate at 
all radial points on each of the blades and the velocity 
of the ?uid past the blades being such that a predeter 
mined angle of sweep back of the leading edges of the 
blades is desirable, each of said leading edges at any 
point thereon extending at a selected oblique angle to a 
radius passing through said leading edge at that point 
such that the sine of the oblique angle is substantially 
equal to the cosine of the predetermined angle of sweep 
back divided by the cosine of the angle of approach of 
the ?uid. 

7. In an axial ?ow compressor or turbine device, a 
row of blades arranged in a ring and having their leading 
edges located substantially in a radial plane at right 
angles to the axis of the ring and in the ?uid path 
through the device, inner and outer supporting shrouds 



2,962,260 
5 

at opposite ends of the blades of the row, said shrouds 
de?ning, with said blades, the annular path for the ?ow 
of ?uid through the device, the ?uid in said path having 
a swirl such that the ?uid approaches each blade of the 
ring at an acute angle with respect to the plane of the 
ring, the angle of approach of the ?uid with respect to 
the plane being determinate at all radial points on each 
of the blades, and the velocity of the ?uid past the blades 
being such that a predetermined angle of sweep back of 
the leading edges of the blades is desirable, each of said 
leading edges at that point extending at an oblique angle 
to a radius through said leading edge at the point such 
that the product of the sine of said oblique angle and 
the cosine of the angle of approach of the ?uid at that 
point is approximately equal to the cosine of the pre 
determined angle of sweep back. 
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