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The present invention relates to improvements in the 
wheels of axial-?ow compressors, and more particularly 
of such compressors which operate at ultrasonic and 
supersonic speeds and comprise a wheel or wheels 
equipped with blades the camber-line of which is curved 
in opposite directions at the tip and at the root thereof, 
such as described in the applicant’s US. Patent No. 
2,915,238. Such axial-?ow compressors operate with ac 
ceptable ef?ciencies when the Mach number of their ?ow 
speed at the tip of the blades is high. 
The present invention has for main object to provide 

means for increasing such ef?ciencies for equal Mach 
numbers with respect to those of said axial-?ow com 
pressors while permitting the obtention of acceptable 
e?iciencies for higher Mach numbers. 

For this purpose, according to the invention, at least 
one cross-section of the blade and more particularly the 
cross-section at the tip of the blade has a pro?le with 
two successive opposed curvatures while the cross-section 
at the root has a pro?le with a single curvature. It is 
thus possible to obtain an increasing in ef?ciency rang 
ing from 3% to 4% with respect to the compressors de 
scribed in the aforementioned US. patent. 
A further object of the invention is to provide jet 

engines, gas turbine engines and other similar machines, 
more particularly aviation machines, with compressors 
having rotor wheels of the type speci?ed above. 

Conveniently, an axial-?ow wheel such as speci?ed 
above is used as the single wheel of a compressor or as 
the ?rst stage wheel of a multi-stage compressor, or as 
the single or ?rst stage Wheel of the low-pressure com 
pressor of a jet engine, a double-?ow jet engine or other 
similar machines having more than one compressor. 
The invention will be better understood and other fea 

tures thereof will appear by means of the following de 
scription of a practical embodiment of the invention, 
reference being made to the accompanying drawings, in 
which: 
FIG. 1 is a perspective view of an axial-?ow compres 

snr wheel constructed according to the invention. 
FIG. 2 is a radial view of a blade. 
FIG. 3 is a partial developed view of a cylindrical sec 

tion of the wheel adjacent the blade roots along the line 
III—III shown in FIG. 1. 
FIG. 4 is a partial developed view of a cylindrical sec 

tion of the wheel adjacent the blade tips along the line 
IV——IV shown in FIG. 1. 

FIG. 5 is a view similar to that of FIG. 2 for a modi 
?cation of the blade shown in said FIG. 2. 

Referring to FIG. 1, a compressor Wheel 2 is provided 
with a plurality of blades 1. The centers c3 and c4 of 
the cross-section 3 and 4 of each blade (FIGS. 3 and 4) 
through planes parallel to the plane tangent to the rotor 
at the blade root and passing through the lines III-III 
and IV——IV of FIG. 1 are substantially aligned from the 
blade root to the blade tip along the radius passing 
through the center c3 of the blade foot. 
Each blade 1 has a trailing edge 6 and a leading edge 

5 which curve in opposite directions, the trailing edge 6 
having a spanwise curvature from the radial inner end 
of the blade to its radial outer end in a counter rotating 
direction with respect to the direction of rotation F of 
the wheel while the leading edge 5 has a spanwise curva 
ture in said direction of rotation. Such curvatures are 
so determined that the blade is ?ared at its tip. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

3,128,939 
Patented Apr. 14, 1964 

, 

IC€ 

2 
As illustrated in FIGS. 3 and 4, the chordal pitches 

p3 and p4 of the cross-sections 3 and 4 numerically de 
creases from a positive value p3 from the root to a posi 
tive value p4 at the tip of the blade, whereby the chord 
7—8 of the cross-section 3 at the blade root is slightly 
inclined to the axis of rotation A of the wheel 2 in the 
direction F of the wheel rotation. The chords of the 
successive cross-section from the blade root to the blade 
tip are more and more inclined to said axis so that the 
chord 9—10 of the cross-section 4 at the blade tip forms 
a substantially greater angle with said axis A than does 
the cross-section at the root. 
At the blade root the cross-section has a single curva 

ture and a concave-convex shape, the concave curve C3 
being on the pressure side of the blade and the convex 
curve on the back side thereof. Near the blade tip the 
cross-section has a con?guration with two successive op 
posed curvatures. The curve C, on the pressure side of 
the blade comprises, close to the leading edge 5, a convex 
curve portion C4, and close to the trailing edge 6 a 
concave curve portion C41,. The curve on the back side 
of the blade near the blade tip has a concave portion 
close to the leading edge and a convex portion close to 
the trailing edge. The center of curvature 03 of the 
concave curve C3 is located with respect to the blade 
sections in the direction F of the wheel rotation as well 
as the center of curvature 04b of the concave curve por 
tion C41, close to the trailing edge of the blade. On the 
contrary the center of curvature 04,, of the convex curve 
portion C4,, close to the leading edge of the blade is 
directed in the direction opposite to said direction F. 
The intermediate cross-sections of the blade change pro 
gressively from the single curvature cross-section C3 to 
the twin-curvature cross-section C4. The tip of the blade 
is located in a plane substantially parallel to the plane 
tangent to the body at the blade root and has an outline 
similar to that of said twin-curvature cross-section C4. 
The Wheel of an axial-?ow compressor provided with 

blades of the character described has an increasing in 
ef?ciency ranging from 3% to 4%, with respect to that 
of a compressor according to the aforesaid US. patent, 
other things being the same. 

Conveniently, the compressor wheel of the invention is 
more particularly used with advantage in double ?ow jet 
engines and in jet engines of the type described in the 
following US. patents in the name of applicant, No. 
2,397,060, No. 2,795,372 and No. 2,922,278, in the US. 
patent application in the name of applicant Ser. No. 
653,148 ?led April 16, 1957, now abandoned and cor 
responding to the French Patent No. 1,012,233 patented 
April 9, 1952 or in the following French patents in the 
name of applicant: No. 907,666 patented July 9, 1945, 
No. 908,121 patented August 13, 1945, No. 915,552 pat 
ented July 22, 1946, No. 1,046,175 patented July 8, 1953 
and No. 1,107,179 patented August 3, 1955. 
Of course modi?cations may be made to the described 

embodiment without departing from the scope of the 
invention as de?ned in the appended claims. Thus, for 
example and as illustrated in FIG. 5, the curve portions 
C46 and C4‘, forming the curve C, with a twin-curvature 
instead of being joined together tangentially may be 
united by a rectilinear portion 11 which is tangent to both 
curve portions C40 and C45. 
What I claim is: 
1. A wheel for an axial ?ow compressor adapted for 

operating at ultrasonic and supersonic speeds, said wheel 
comprising: a body adapted for rotation about an axis, 
and a plurality of blades supported on said body, said 
blades having a root at the location where said blades 
contact said body and a remote tip, said blades also 
having leading and trailing edges, each blade in cross 
sections in planes parallel to a plane tangent to the body 
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at the blade root having centers which are substantially 
aligned from the blade root to the blade tip along a radial 
line, said blades each having a chordal pitch which uni 
formly decreases from a relatively large positive value at 
the root of the blade to a relatively small positive value 
at the tip of the blade, said cross-sections of each blade 
progressively varying in outline as viewed from a pressure 
side of the blade from a concave curve at the root of 
the blade to a curve having successive convex‘and con 
cave portions at the blade tip, said convex and concave 
portions being respectively disposed adjacent the leading 
and trailing edges. 

2. A wheel as claimed in claim 1 wherein the trailing 
edge of each blade has a spanwise curvature from the 
radial inner end to the radial outer end of the blade in 
a counter rotating direction with respect to the rotary 
direction of the wheel while the leading edge of the blade 
has a spanwise curvature in said rotary direction, said 
curvatures being sut?cient to cause the blade to be ?ared 
at the tip thereof. 

3. A wheel as claimed in claim 1 wherein the cross 
sections of each blade at the root is concave on the 
pressure side of the blade and convex on the other side 
of the blade and said cross-sections vary to a shape at 
the tip respectively having on pressure and back sides 
convex-concave and concave-convex outlines. 

4. A wheel for an axial-?ow compressor adapted for 
operating at ultrasonic and supersonic speeds, said wheel 
comprising: a body, said body being adapted for rota 
tion about an axis, and a plurality of blades supported‘ at 
the roots thereof to said body and having a remote tip, 
said blades further having leading and trailing edges, 
the trailing edge of each blade having a spanwise curva 
ture from the root to the tip in a counter-rotating direc 
tion relative to the rotary direction of the wheel, while 
the leading edge has a spanwise curvature in said rotary 
direction, said curvatures being su?‘icient to cause the 
blades to be ?ared at the tips thereof, the centers of the 
cross-sections of each blade in planes parallel to a plane 
tangent to the rotor at the blade root being substantially 
aligned from the blade root to the blade tip along a radial 
line passing through the center of the blade root, said 
blades having a chordal pitch numerically decreasing 
from a relatively large positive value at the root to a 
relatively small positive value at the tip of the blade 
while the outline of said cross-sections progressively vary 
on the pressure side from a concave curve at the blade 
root to a curve having successive convex and concave 
portions at the blade tip, said convex and concave portions 
being respectively disposed close to the leading and trail 
ing edges. 

5. An axial compressor having at least one stage with 
at least one wheel and intended for operation at ultra 
sonic and supersonic speeds, at least one of the wheels of 
at least one stage of the compressor including blades sup 
ported at the roots thereof on said one Wheel, said blades 
having leading and trailing edges, the centers of the 
cross-sections of each blade in planes parallel to a plane 
tangent to the wheel at the blade root being substantially 
aligned from the blade root to the blades tip along a 
radial line passing through the center of the blade root, 
said blades each having a chordal pitch of said cross 
sections which numerically decrease from a relatively 
large positive value at the root to a relatively small 
positive value at the tip of the blade while the outline 
of said cross-sections progressively vary as viewed on the 
pressure side of the blade from a concave curve at the 
blade root to a curve having successive convex and 
concave portions at the blade tip, said convex and con 
cave portions being respectively disposed close to the 
leading and trailing edges. 
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6. A compressor comprising at least one stage operat 

ing at ultrasonic and superosnic speeds, said compressor 
constituting the inlet compressor of a jet engine, said 
compressor having at least one wheel in at least one stage 
of said compressor, said wheel having a plurality of blades 
including roots and tips and leading and trailing edges, 
the centers of the cross-sections of each blade through 
planes parallel to the plane tangent to the wheel at the 
blade root being substantially aligned from the blade 
root to the blade tip along a radial line passing through 
the center of the blade root, said blades having a chordal 
pitch at said cross~sections which numerically decreases 
from a relatively large positive value at the root to a 
relatively small positive value at the tip of the blade 
while the outline of said cross-sections progressively vary 
as viewed from the pressure side of the blade from a 
concave curve at the blade root to a curve having suc 
cessive convex and concave portions of the blade tip, said 
convex and concave portions being respectively disposed 
close to the leading and trailing edges. 

7. A compressor comprising at least one stage with at 
least one wheel operating at ultrasonic and supersonic 
speeds and acting as low pressure compressor for a 
double ?ow jet engine, at least one of said wheels or at 
least one stage of said compressor having blades includ 
ing roots and tips and leading and trailing edges, the 
centers of the cross-esctions of each blade through planes 
parallel to the plane tangent to the wheel at the blade 
root being substantially aligned from the blade root to 
the blade tip along a radial line passing through the cen— 
ter of the blade root, said blade having a chordal pitch 
at said cross-sections which numerically decreases from 
a relatively large positive value at the root to a relatively 
small positive value at the tip of the blade while the out 
line of said cross-sections progressively vary as viewed 
from the pressure side of the blade from a concave curve 
at the blade root to a curve having successive convex and 
concave portions at the blade tip, said convex and con 
cave portions being respectively disposed close to the 
leading and trailing edges. 

8. A compressor having at least one stage operating 
at ultrasonic and supersonic speeds and forming the inlet 
compressor of a gas turbine, said compressor comprising 
at least one wheel forming at least one stage of said 
compressor and having blades including roots and tips 
and leading and trailing edges, the centers of the cross 
sections of each blade through planes parallel to the 
plane tangent to the wheel at the blade root being sub 
stantially aligned from the blade root to the blade tip 
along a radial line passing through the center of the blade 
root, said blades having a chordal pitch at said cross 
sections which numerically decreases from a relatively 
large positive value at the root to a relatively small posi 
tive value at the tip of the blade while the outline of said 
cross-sections progressively vary as viewed from the 
pressure side of the blade from a concave curve at the 
blade root to a curve having successive convex and con 
cave portions at the blade tip, said convex and concave 
portions being respectively disposed close to the leading 
and trailing edges. 
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