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CENTRIFUGAL COMPRESSOR BLADING 
The invention described and claimed herein was 

made in the course of work under a contract with the 
Department of Defense. 
My invention relates to centrifugal compressors, and 

particularly to an improvement of the rotor blades of 
such compressors to improve flow conditions and 
therefore the ef?ciency and stability of operation of 
such compressors. 
Centrifugal compressors for air and other gases are 

very well known and widely employed and have great 
advantages, particularly in lower pressure ranges, be 
cause of the simplicity of their ‘structure as compared 
to axial-flow compressors. 
Such a compressor is described in Atkinson U.S. Pat. 

No 2,819,012 for Centrifugal Compressor, Jan. 7, 
1958. Air enters the compressor through an annular 
entrance generally parallel to the axis of rotation and 
is accelerated circumferentially of the rotor while mov 
ing radially outward under the in?uence of centrifugal 
force, the discharge of air from the impeller being pri 
marily tangential, with a substantial radial component 
and ordinarily little axial component of velocity. 
The high velocity discharge from the rotor or impel 

ler is diffused in structure providing a diverging flow 
path and the dynamic head is thus in large measure 
converted to pressure head, so that the discharge is at 
a substantial rise in pressure above atmospheric or 
other inlet pressure. Such compressors are found in gas 
turbine engines, turbochargers, air conditioning ma 
chines, and various other environments. 
Since the movement of the air is accomplished by the 

paddle-like action of the face of a generally radial blade 
pushing the air generally tangentially, the flow in the 
space between adjacent blades in not uniform, the ?ow 
tending to concentrate on the forward or advancing 
face of the blade, where the air is at higher pressure and 
the velocity is greater than adjacent the rear or retreat 
ing blade face. Thus, with the multibladed rotor, the 
discharge at any ?xed point is to some extent pulsating, 
with greater radial velocity of discharge adjacent the 
forward face of each passing blade. 

It has occurred to me that ?ow through the diffuser 
and, in general, the efficiency and resistance to surge 
of the compressor may be improved by suitable expedi 
ents to smooth out the radial velocity of flow from the 
impeller without undue energy losses. This has led me 
to the concept that, by making the tip portion of the 
blades of a porous material so that air may flow from 
the forward to the rear face of the blade through pas 
sages distributed over the area of the blade tip, the in 
equality of ?ow may be largely counteracted and the 
mixing losses in the space into which the air is dis 
charged and the ef?ciency of the diffuser can be sub— 
stantially improved. 
Having become aware of the existence of metallic 

materials having small closely distributed pores which 
have been developed for use as transpiration-cooled 
turbine blades, seals, and other hot parts of turbine en 
gines, I have concluded that a material of this general 
character will provide the requisite structural proper~ 
ties and the controllable porosity to implement my in‘ 
vention. 
Therefore, I propose to form the tips of centrifugal 

impeller blades of laminated material having an array 
of ?ne closely distributed pores over the surface to pro 
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2 
vide for ?ow of air from the forward to the rear face of 
the blade for the reasons set out above. 

I am aware of blowing slots in airfoils and of the slot 
ted centrifugal rotor blades proposed by US. Pat. No. 
2,819,838 of Warner, Jan. 14, l958. 
The principal objects of my invention are to improve 

the performance and utility of centrifugal compressors, 
to provide smoother flow in the discharge from a cen 
trifugal compressor rotor, and to provide an impeller 
structure with porous blade tips which is readily fabri 
cated and which will withstand the forces encountered 
in operation. 
The manner in which these and other objects of my 

invention are accomplished and the nature of the in~ 
vention will be apparent to those skilled in the art from 
the succeeding detailed description of preferred em 
bodiments of the invention and the accompanying 
drawings thereof. 
FIG. 1 is a partial sectional view of a centrifugal com 

pressor, taken principally on a plane containing the axis 
of rotation. 
FIG. 2 is a greatly enlarged view of a portion of FIG. 

1. 
FIG. 3 is a view similar to FIG. 2 of a modified struc 

ture. 

FIG. 4 is a partial sectional view taken on the plane 
indicated by the ?rst line 4—4 in FIG. 2. 

Referring ?rst to FIG. 1, the centrifugal compressor, 
illustrated more or less schematically, comprises a 
housing 2 having a front wall'3 and a rear wall 4. A 
rotor or impeller 6 disposed between the walls is suit 
ably fixed to a shaft 7. The shaft is rotatably supported 
in a bushing 8 mounted in a bearing support 10 suitably 
supported from the front wall and in a bushing 11 
mounted in the rear wall 4. The front wall 3 and bear 
ing support 10 de?ne an annular air entrance or eye 12. 
The front and rear walls de?ne between them a diffuser 
or diffusing space 14, which may have any suitable con 
?guration, only the inner part of which is illustrated. 
The rotor 6 comprises a hub or disk 15 ?xed on shaft 

7. The hub de?nes the inner and rear boundary of the 
gas flow path through the compressor rotor. The front 
wall 3 de?nes the outer and forward boundary of this 
?ow path. 
The air is moved by a ring of generally radially ex 

tending blades 16, the initial portions of which, as 
shown in the lower portion of FIG. 1, are curved for 
wardly to act as the inducer portion of the impeller and 
the rear or radially outer portions of which lie approxi~ 
mately or exactly in surfaces parallel to the axis of the 
shaft 7. The blades terminate at a tip 18 which may be 
at the same radius as the periphery of the disk 15. 
The structure so far described is known, and may be 

the same as that described at greater length in the 
aforementioned Atkinson patent. 
My invention is embodied in the portion of each 

blade adjacent the tip 18, which we may call the tip 
portion 19, and which may preferably involve approxi 
mately the outermost 10 percent of the radius of the 
impeller. Referring to FIGS. 2 and 4 for details of struc 
ture, FIG. 4 illustrates a blade having a slightly forward 
leaning tip, but the tip may be strictly radial or back 
ward leaning so far as the present invention is con 
cerned. However, I beleive it to be more bene?cial with 
a forward-raked blade. 
The tip portion 19 of the blade is a laminated porous 

body comprising three sheets; a from sheet 20, a mid 
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die sheet 22, and a rear sheet 23. All of these sheets 
bear a two-dimensional array of closely spaced perfora 
tions 24 with the perforations in each registering with 
those in adjacent sheets so that numerous small pores 
are provided through the tip portion. One such pore is 
indicated by the arrow 26 in FIG. 4. It will be under 
stood that the structure is greatly enlarged for clarity of 
delineation in FIGS. 2 and 4. The sheets 20, 22, and 23 
may be of the order of 0.010 inch thick and the perfo 
rations of about the same diameter. The several sheets 
may be brazed, diffusion bonded, or otherwise fixed to 
gether into a unitary structure. The perforations may 
be made in any suitable manner, including photoetch 
ing or whatever technique is suitable to the materials 
involved. Preferably, the perforations are aligned 
somewhat out of register so that the trend of the pores 
26 is radially outwardly from the forward to the rear 
face of the tip portion so that the air ?owing through 
these pores from the high pressure face of the blade to 
the lower pressure face has a radially outward compo 
nent of How 
Because of the substantial centrifugal force, a posi 

tive attachment of the tip portion to the body of the 
blade 16 is required. One mode of retention which is 
favorably regarded is shown in FIGS. 2 and 4. In this 
case, the middle sheet 22 has an inner border at 27 ra 
dially outward of the inner borders of the other sheets. 
Holes 28 are etched, punched, or otherwise provided 
in the two outer sheets. The impeller is bicast to the tip 
portion so that the metal of the impeller blade 16 ex 
tends into the gap between the front and rear sheets 
and forms bosses 30 extending into theholes 28 locking 
the tip portion onto the body of the blade. 
HO. 3 illustrates a modi?ed structure in which a tip 

portion 32 has dovetail slots 34 cut in the radially inner 
margin of the front and rear sheets, these dovetail slots 
being ?lled with dovetails 3S integral with the blade 16 
when the impeller is cast. 
Obviously, other modes of retention may be em 

ployed suited to the particular installation. For exam 
ple, with rotor structures of some materials, the tip may 
be spot~welded to the rotor or a pinned connection may 
be used. 
FIG. 2 illustrates another feature of structure which 

may be employed. In this case, a slot 36 is provided be 
tween the disk 15 and the tip portion 19 which also pro 
vides for ?ow of air from the leading to the trailing face 
of the blade. This slot in the example discussed might 
be approximately 0.010 inch in width. The provision of 
a slot at the junction of the blade tip and disk is, how 
ever, the subject matter of my patent application Ser. 
No. 186,303 filed Oct. 4, l97l. 

It may be noted that it is preferred to have the poros 
ity of the tip portion increased towards the tip, either 
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by having larger pores toward the tip or by closer spac 
ing of the pores. 

in the operation of the compressor, the air under 
higher pressure at the forward face of the blade is 
forced by the pressure differential across the blade 
through the blades so that some of this air emerges at 
the trailing face of the blade and adds to the flow at this 
point. By reducing ?ow at the forward face and increas 
ing ?ow at the rearward face, the disparity between ra 
dial flow rates across the gap between adjacent blades 
is very substantially reduced and ?ow patterns are im 
proved. 
The detailed description of preferred embodiments 

of the invention for the purpose of explaining the prin 
ciples thereof is not to be considered as limiting or re 
stricting the invention, since many modi?cations may 
be made by the exercise of skill in the art. 

I claim: 
1. A centrifugal compressor rotor mounted for rota 

tion about an axis and including fluid-impelling blades 
adapted to impel ?uid ?owing radially outward from 
the axis circumferentially with respect to the axis, the 
blades extending generally parallel to the axis and gen 
erally radially from the axis and terminating in blade 
tips generally parallel to the axis at the extremity of the 
blades remote from the axis, the portion of each blade 
adjacent the tip being a laminated structure of plural 
layers of sheet metal having an array of numerous dis 
tributed pores extending through the structure from the 
forward face to the rearward face to allow diffusion of 
air through the blade tip in response to the pressure dif 
ferential across the blade, the pores being defined by 
communicating perforations in the layers, and the per— 
forations being so overlapped that each pore extends 
radially outwardly from the forward to the rearward 
face. 

2. A centrifugal compressor rotor mounted for rota 
tion about an axis and including ?uid-impelling blades 
adapted to impel fluid ?owing radially outward from 
the axis circumferentially with respect to the axis, the 
blades extending generally parallel to the axis and gen 
erally radially from the axis and terminating in blade 
tips generally parallel to the axis at the extremity of the 
blades remote from the axis, the portion of each blade 
adjacent the tip being a laminated structure of plural 
layers of sheet metal having an array of numerous dis 
tributed pores extending through the structure from the 
forward face to the rearward face to allow diffusion of 
air through the blade tip in response to the pressure dif 
ferential across the blade, the pores being de?ned by 
communicating perforations in the layers, and the po 
rosity of the tip portion increasing in the direction to 
ward the blade tip. 
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