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This invention relates to centrifugai compres 
Sors and is particularly directed to a diffuser 
construction for Such compressors and to a novel 
method of compressing a fluid. 
The conventional centrifugal compressor Com 

prises an impeller having a plurality of blades 
which, upon rotation, impart kinetic energy to 
the air or other fluid being compressed. At the 
discharge or peripheral end of the impeller blades 
the compressor is provided with a diffuser con 
struction for converting the kinetic energy of 
the compressor fluid into preSSure head. Thus 
the pressure rise produced by a given centrifugal 
compressor increases with increase in the kinetic 
energy imparted to the compressor fluid, that is 
with increase in the rotational speed of theim 
peller. The conventional diffuser construction of 
a centrifugal compressor comprises a plurality 
of fixed guide vanes disposed about and adja 
cent to the periphery of the impeller blades, the 
Compressor fluid discharging between said guide 
Vanes as it leaves the impeller blades. Because 
of the turbulence Created by the impact and con 
tact of the compressor fluid with the diffuser 
vanes and with the walls of the diffuser and be 
cause of the friction between said compressor 
fluid and the Surfaces of the diffuser over which 
Said fluid flows, there necessarily is some loss of 
energy in the diffuser. This loss of energy obvi 
ously increases with increase in the velocity of 
the compressor fluid relative to the parts over 
which said fluid flows and if said relative velocity 
exceeds the Velocity of sound this loss of energy 
becomes excessive. 
An object of this invention comprises the pro 

vision of a diffuser construction for a centrifugal 
compressor in which the aforementioned loss of 
energy in the diffuser is minimized. A further 
object of the invention comprises a diffuser con 
struction in which the compressor fluid has a 
high absolute velocity as it leaves the impeller 
blades but the velocity of said fluid relative to 
any portion of the compressor over which said 
fluid flows is substantially less than said high 
velocity. With such a diffuser construction, the 
velocity of the compressor fluid over any part 
of the compressor can be kept below the velocity 
of Sound even though the impeller is rotated at 
a speed sufficiently high to impart a super-sonic 
velocity to the compressor fluid as Said fiuid leaves 
the impellerblades. 

Specifically the invention comprises a vaneless 
diffuser rotatable with the impeller of a cen 
trifugal compressor. In accordance With the 
present invention the compressor impeller com 
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prises a pair of annular walls acroSS which the 
impellier blades are disposed and said annular 
walls both extend a substantial distance radially 
beyond the outer periphery of the impeller blades 
to form a vaneless diffuser chanaber for the corn 
pressor fluid. The compressor stator structure 
and its diffuser guide vanes are disposed at and 
about the outer periphery of the vaneless dif 
fusel chamber whereby the absolute Velocity of 
the compressor fluid decreases, from its Velocity 
at the discharge end of the impeller blades, be 
fore said fluid enters between and contacts the 
diffuser vanes or any other portion of the stator 
Structure. 
Other objects of the invention will become ap 

parent upon reading the annexed detailed de 
Scription in connection with the drawing in 
Which: 

Figure 1 is an axial Sectional view of a con 
pressor embodying the invention; 

Figure 2 is a view taken along line 2-2 of 
Figure 1; 

Figure 3 is a view similar to Figure 2 but ii 
lustrating a modified construction; and 

Figure 4 is a view similar to Figure 1 but illus 
trating a further modification. 
Referring first to Figures 1 and 2 of the draw 

ing, a centrifugal compressor comprises 3, 
rotor or impeller 2 having a hub 3 splined to a, 
shaft 4 for driving said impeller. The impeller 
has a back wall 6 extending radially froin its 
hub 3 and a plurality of circumferentially 
spaced blades 8 are formed integral with an 
extend from Said back wall, and hub. An an 

5 nular should or forward Wall 23 is Secured to and 
disposed acroSS the forward of tip ends of the 
impeller blades. This shroud or forward wall 2 
may be formed integral With the impeller blades 
or it may be Suitably secured to said blades, as 
for example by Welding. The Shroud or forward 
Wall 2) is axially Spaced from the back wall 3 
and is radially spaced from the impeller hub 3 
to form an annular passage for the compressor 
fluid, the impeller blades 8 extending across said 
paSSage. 
The structure of the centrifugal connpressor 

So far described is conventional. The conven 
tional centrifugal compressor also generally in 
cludes a stator having a plurality of diffuse 
Vanes circuinferentially Spaced about and dis 
posed adjacent to the periphery of the impeller 
blades. In accordance With the present inven 
tion, however, the forward and back walls 6 
and 20 of the impeller both extend radially be 
yond the discharge ends of the impeller blades 
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8 to form an annular circumferentially con 
tinuous or vaneless diffuser chamber 22 about 
Said blades and into which the compreSSO fluid 
discharges from Said blades. A stator structure 
24 is disposed about the outer periphery of the 
impeller walls 6 and 20 and their chamber 22 
to form an annular passage 26 into which the 
compressor fluid discharges from the radially 
outer periphery of the annular chamber 22. A 
plurality of diffuser wanes 23 extend across the 
stator passages 26, Said wanes being circuinferen 
tially spaced about the outer periphery of the 
annular vaneless diffuser charnber 23. 
With this construction, the absolute velocity of 

the compressor fiuid at the entrance to the stator 
passage 26 is substantially less than the absolute 
velocity of the compressor fluid at the periphery 
of the impeller blades 8. In fact the ratio of the 
absolute velocity of the compressor fluid at the 
periphery of the diffuser chamber 22 to its abso 
iute velocity at the radially inner or entrance end 
of said charaber is approximately equal to the 
ratio of the radius of the periphery of Said chain 
per to the radius at its inne; or entrance end. 
his relationship can be established as follows: 

Coinsider a Small maSS m of compreSSOr fitlid. With 
in the diffuser chamber 22. From the principle 
of the conservation of angular momenturin, as this 
iina,Ss of fiuid moves through the chamber 22 its 
alingular in Omentum is constant. Therefore, if Wt 
is the taingential component of the absoiute ve 
locity of this mass of fluid and r is its radius at 
any point aliong its path as said mass moves 
through the chamber 22, then the expression 
tirVt is a constant. From this it follows that the 
absolute tangential velocity Vi of the compressor 
iuid varies inversely as its radius r as said fluid 
in loves through the chamber 22. Neglecting ve 
iocity changes resulting from changes in the den 
sity of the compressor fiuid, if the walls of the 
chanber 22 are parallel the radial component of 
the absolute Velocity of the Coimpressor fiuid Will 
also very inversely as the radius. Since both the 
a dial and tangential cornponentS of the absolute 
velocity of the compressor fluid will vary in 
Wel'Sely as its radius, as said fluid travels thirough 
the diffuser chamber 22, the absolute velocity of 
Said fluid Willi also vary inversely as its radius. 
therefore, if W1 and 11 are respectively the abso 
iute velocity and radius of the compressor fluid 54 
at tile inner end of the annular diffusel chamber 
32 as said fluid leaves the impeller blades and V2 
and r2 are respectively the absolute velocity and 
'3dius of the compressor fluid at the outer end of 
Said chanber then 

V=V 72 

Fror the above relation it follows that since 
the walls 6 and 29 extend a substantial distance 
radially outwardly beyond the periphery of the 
impeller blades, there is a substantial reduction in 
the absolute velocity of the compressor fluid, from 
its value at the periphery at the impeller blades, 
before said fluid enters the stator 24 and its vanes 
28. Therefore, aithough the absolute velocity of 
the compressor fluid as it leaves the impeller 
blades is quite high, this absolute velocity is re 
duced before any portion of said fluid contacts 
he stator. With the proportions illustrated in 
the drawing, the radius r2 to the outer end of the 
iiffuser chamber is approximately 40% greater 
than the radius r1 to the inner end of said cham 
ber whereby the absolute velocity V1 of the com 
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pressor fluid as it leaves the impeller blades and 
enters the chamber 22 is approximately 40% 
greater than its absolute velocity W2 at the dis 
charge end or Outer periphery of Said chanber. 
One of the prime advantages of the above de 

scribed centrifugal compressor construction is 
that this construction makes it possible to keep 
the velocity of the compressor fiuid over any por 
tion of the compressor below the velocity of Sound 
even though sufficient kinetic energy is imparted 
to the compressor fluid to raise its absolute ve 
locity above the velocity of sound. In this Way, a 
high degree of compression can be obtained with 
a centrifugal compressor Without the high energy 
loss which would result if the velocity of the Com 
pressor fluid over, for example, the diffuser vanes 
exceeded the velocity of sound. In the case where 
the centrifugal impeller is operated at a Speed 
sufficiently high to raise the velocity of the Com 
pressor fiuid above the velocity of Sound, the an 
nular walls 6 and 29 of the vaneless diffuser 
chamber are extended a sufficient distance radial 
ly beyond the periphery of the impeller blades So 
that the absolute velocity of the compressor fluid 
is reduced below the velocity of sound before said 
fluid enters the stator 23 and its diffuser vanes 28. 
With the proportions illustrated in the drawing, 
the absolute velocity W1 of the air at the periph 
ery of the impeller blades may correspond to a 
“Atach' number equal to 1.52. Whereas the abSO 
lute velocity W2 at the outer periphery of tine vane 
less diffuser chamber 22 may correspond to 
Aach number equal to 0.96. It should be clear 

therefore that the extent to which r2 is greater 
than r1 is in no way limited to the specific magni 
tides or ratio of r1 and r2 illustrated in the dra W 
ing. - - 

In the modifications of Figures 1 and 2, the 
radially outer periphery of the discharge ends of 
the inilpeller blades are curved forwardly in the 
direction of rotation of the impeller as indicated 
at 3G. With this construction the tangential coin 
gonent of the absolute velocity of the compreSSOr 
filid as it leaves the impeller blades is increased 
above the peripheral velocity of said blades. 
Therefore this forward curvature of the impeller 
blades makes it possible to obtain a desired abso 
lute velocity of the compressor fluid with a 
Sinailer rotative speed of the impeller. This fea 
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ture is particularly important in a compressor in 
Which Super-Sonic velocities are inaparted to the 
compressor fluid since it is a simple way of ob 
taining such high velocities without, having the 
Speed of rotation of the impeller become exces 
Sive. As illustrated, the forwardly curved por 
tion 33 of the blades is limited to the discharge 
ends of said blades. Obviously, however, all or at 
least a major portion of the blades may be so 
curved. - - 

If higher rotative speeds of the impeller are 
possible or feasible, the impeller blades is of 
Figures 1 and 2 may be replaced by fiat impeller 
blades 8a as illustrated in Figure 3. The remain 
ing portion of the compressor of Figure 3 is iden 
tical to that of Figures 1 and 2 so that like parts 
have been indicated by like reference numerals. 
In Figure 3 the compressor fuid is indicated as 
having an absolute velocity V1 of the same mag 
Initude as the absolute velocity Vi in Figure 2. It 
is evident however that, in obtaining this same 
£nagnitude of absolute velocity of the compres 
Soir fluid at the periphery of the impeller blades 
8 and 8d, the peripheral velocity Vi of theim 

peller blades 18 of Figures 1 and 2 is substantially 
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less than the peripheral velocity Wi’ of the impel 
ler blades 8a of Figure 3. Thus in Figures 1 and 
2, the peripheral velocity Vi of the impeller blades 
is less than the absolute tangential velocity Wii 
of the compressor fluid at the periphery of said 
blades by an amount equal to the tangential com 
ponent of the velocity of the compressor fluid at 
and relative to the periphery of said blades. In 
Figure 3, however, the absolute tangential ve 
locity Wt1' of the compressor fluid at the periph 
ery of the impeller and the peripheral velocity Wi’ 
of the impeller blades are equal. 
The tangential speed of any point on the in 

peller is proportional to the radius of Said point 
from the impeller axis so that the tangential 
velocity Wiz of the impeller at the outer periphery 
of the impeller walls 6 and 2 is greater than 
the tangential velocity Wii of the impeller at the 
periphery of the impelle blades in the ratio of 
r2 to r1. Nevertheless, ai; illustrated in the draw 
ing, the velocity of the compressor fluid at and 
relative to the outer periphery of the impeller 
Walls 6 and 23 is not excessive. This relative 
velocity is represented by Wr2 on Figure 2 and by 
Wr'2' on Figure 3. 
The provision of the vaneless diffuser cham 

ber 22 increases the overall diameter of the com 
pressor above that of a conventional compreSSOr 
in which there is no such chamber and in which 
the diffuser vanes are disposed adjacent to the 
periphery of the impeller blades. If desired, 
however, the overal diameter of the compressor 
may be reduced from that of the compressors 
illustrated in Figures 1 to 3 by eliminating the 
radially extending portion of the stator. 
a construction is illustrated in Figure 4. 
In Figure 4 a stator 24d has an annular dis 

charge passage 26a with a plurality of Stator 
vanes 28a disposed across and adjacent to the 
periphery of the vaneless diffuser chamber 22. 
Instead of being disposed in a radial portion of 
the passage 26a as in Figures 1 to 3, the diffuser 
vanes 28a are disposed in a bend in Said pas 
sage thereby reducing the overall diameter of 
the compressor from that illustrated in Figures 
1 to 3. The compressor of Figure 4 is otherwise 
similar to that of Figures 1 and 2 or to that of 
Figure 3 and like parts have been indicated by 
like reference numerals. 
While I have described my invention in detail 

in its present preferred embodiment, it will be 
obvious to those skilled in the art, after under 
standing my invention, that various changes and 
modifications may be made therein without de 
parting from the spirit or scope thereof. I aim 
in the appended claim to cover all such modi 
fications. 
I claim as my invention: 
A centrifugal compressor comprising a rotat 

able impeller and a stator structure, said im- 80 
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6 
peller having a pair of spaced annular walls 
forming an annular open-ended space there 
between for the fluid to be compressed, one end 
of Said annular space comprising an inlet for 
the compressor fluid and both said annular Walls 
extending radially outwardly in axially spaced 
relation from their inlet ends, said impeller also 
having a plurality of circumferentially spaced 
impeller blades extending between and being Se 
cured to both said annular walls to partition said 
Space into a plurality of passageways for the 
compressor fluid, the discharge end of each in 
paller blade being curved about the impeller axis 
Such that when viewed in the direction of fluid 
flow between the impeller blades said discharge 
end bends in the direction of rotation of the 
impeller, said annular impeller walls extending 
a substantial distance radially Outwardly beyond 
the discharge ends of said impeller blades to form 
an annular chamber about said discharge ends 
into which said compressor fluid discharges as 
it leaves said impeller passages, the radial di 
mension of said chamber being Sufficiently large 
that there is a substantial reduction in the ab 
solute velocity of compressor fluid as said fluid 
flows through said chamber from its radially 
inner to its radially outer end, said stator struc 
ture having a pair of spaced Walls forming a con 
tinuation of said impeller walls beyond said 
chamber, said stator structure also including a 
plurality of circumferentially-spaced stationary 
diffuser vanes extending between said stator walls 
about the radially outer periphery of said cham 
ber so that the compressor fluid discharges be 
tween said vanes from the radially Outer pe 
riphery of said chamber, each said diffuser vane 
having one end disposed adjacent to the Outer 
periphery of said annular chamber and extend 
ing from said one end in a direction inclined to 
the radial direction through said one end so that 
the other end of said vane is spaced both radially 
outwardly and circumferentially in the direc 
tion of impeller rotation from its said one end. 
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