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It is a well known fact that centrifugal pumps 
and compressors include chie?y in their more 
recent form: a distributor which directs the ?uid 
stream in the desired direction providing a smooth 
inlet into the wheel, the centrifugal wheel proper 
wherein the mechanical energy provided appears 
simultaneously under its potential and its kinetic 
form and lastly a diffusing member generally 
followed by a delivery pipe inside which the ma 
jor part of the kinetic energy available at the 
output of the wheel is transformed into potential 
energy. 
Numerous improvements have been already 

proposed for reducing to a minimum the losses 
affecting separately the different transforma 
tions of energy of which the centrifugal pumps 
and compressors are the seat. However the 
quantitative examination of the different losses 
proves in particular that the diffuser inside which 
the ?ow of ?uid is produced with a damping of 
the speed shows comparatively high losses. 
The object of my invention consists in reduc 

ing to a minimum the internal losses of the cen 
trifugal pumps and compressors and more par 
ticularly those occurring in the diffuser. It con- _~ 
sists chie?y in designing means for removing the 
boundary layers having a reduced energy, and 
which are formed on the stationary walls of the 
diffuser, preferably in combination with means 
adapted to regularize the ?ow inside the wheel 
itself and inside the intake thereof. 
A further improvement in the efficiency may 

be obtained by recovering the energy contained 
in the ?uid removed from said boundary layers. 
This recovery may be obtained either by using 
the energy as it is or by increasing it so as to 
bring it to a higher level, according to the point 
at which it is desired to reintroduce into the 
circuit of the pump or compressor the ?uid that 
is removed from the boundary layers. 
In the following description and correspond 

ing accompanying drawings there are illustrated 
by way of example forms of execution of the 
invention. In said drawings: 

Fig. 1 shows in partial cross-sectional view a 
diffuser for a compressor and the boundary lay 
ers that form in contact with the stationary walls 
of the diffuser. 

Figs. 1a and 1b are illustrative curves of the 
speed and pressure of ?uid ?owing through the 
diffuser. 

Fig. 2 shows a form of execution of the inven 
tion with a partial exhaust of the boundary layer 
as applied to a diffuser with parallel side walls. 

Figs. 3 and 4 show further forms of execution 
of my invention as applied to a diffuser with 
diverging walls. 
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2 
Fig. 5 is an axial half cross-section of a pump 

or compressor and shows recovering means for 
part of the residual energy contained in the ?uid 
removed from the boundary layer and returned 
through injection into the intake of the pump or 
compressor. ' 

Fig. 6 illustrates a modi?cation wherein the 
recovery is obtained by admitting the amount of 
?uid removed into an intermediary point of the 
compression stage in a movable wheel. 

Fig. '7 is a cross-sectional view of a modifi 
cation. 

Fig. 7a is a similar view of another embodi 
ment. 

Fig. 8 illustrates diagrammatically an arrange 
ment for increasing‘ the energy contained in the 
?uid removed for ensuring its introduction at the 
delivery end of the pump or compressor. 

Lastly Fig. 9 shows the manner of using the 
removed ?uid with a view to applying it to aux 
iliary purposes such as the cooling of ‘a gas tur 
bine when the compressor forms part of a motor 
group including such a gas turbine. 
Returning to Fig. 1 it shows the cross section 

(by a plane passing through the axis of the pump 
or compressor) of a ?at diffuser without any 
blades located at the output of a centrifugal 
wheel; a designates the periphery of a remov 
able wheel, I) and c the side walls of the diffuser 
which are supposed to be parallel and d the de 
livery pipe. By reason of the friction of the ?uid 
stream over the walls b and c of the diffuser and 
of the viscosity of the ?uid, there is established 
perpendicularly to the walls a distribution of 
speeds illustrated in Fig. 1a which is a cross 
section through XX’. The speed is zero in the 
immediate vicinity of the wall and reaches sub- ' 
stantially the speed 1) of the sound ?ow only at 
a pertain distance from the wall. The layers of 
?uid which are slowed down in the vicinity of 
the wall show therefore only a reduced kinetic 
energy which is not su?icient for producing the 
increase in pressure which is sought for in the 
diffuser. Experience shows that the thickness 
of these boundary layers increases along the wall 
together with the damping of the ?ow as occurs 
in a diffuser. Fig, 1 shows the boundary layers 
e and f as illustrated by cross-hatched zones and 
it is found that the presence of these layers fills 
up more and more the cross sectional area avail 
able for the ?ow inside the diffuser which hinders 
thus the desired damping. Fig. 1b illustrates the 
increase in pressure Ap which would be obtained 
if the distribution of speeds were uniform 
throughout each cross-section of the diffuser in 
the absence of any boundary limit as shown by 
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the curve m, l, 12. while the increase of pressure 
Api actually obtained in practice is given out by 
m. D. q. Thus the boundary layers initiate a 
reduced damping in the diffuser and moreover 
through a non-reversible exchange of moment 
between the ?uid streamlets advancing at di?'er- - 
ent speeds, they produce frictional losses which 
reduce the ei?ciency of the di?user and conse 
quently that .of the pump or compressor. Their 
importance may become such that the ?ow may 
break away from the diffuser walls and increase 
thereby the losses of e?lciency. 

According to my invention the above disclosed 
drawbacks are removed by providing in the side 
walls of the diffuser at suitable locations exhaust 
ports or openings for the ?uid contained inside 
the boundary layers. Fig. 2 shows by way of 
example and by no means in a limitative sense 
a form of execution of the invention as applied 
to a diffuser with parallel side walls. The ar 
rangement includes then annular slots i, 2 and 
3, 4 located at one or more pressure levels. The 
slots open into collecting chambers 71., i, 7', k. The 
output of the boundary layers reaches altogether 
only a few hundredths of the total output of the 
pump or compressor and it is important that the 
output of these slots may be limited to the value 
strictly required for this purpose. The dis 
charges of the collecting chambers h, i, a‘, k which 
may be interconnected when the corresponding 
slots lie on the same pressure level are adjusted 
either through diaphragms or valves or through 
any other members playing the same part, so 
that the output ?owing through said chambers 
is not higher than the output of the boundary 
layers. 
Of course the ports for taking off the ?uid 

from the boundary layers may be constituted by 
slots, bores or slots of any suitable shape and 
kind. In practice it is possible to obtain a satis 
factory result by providing a partial removal of 
the boundary layer from a single pressure level, 
which latter is located preferably at a point cor 
responding to an increase between the ?rst third 
and one half of the theoretical increase in pres 
sure inside the diifuser. 
By reason of the compression already pro 

duced inside the wheel and inside the fraction 
of the diffuser preceding the exhaust slots for 
the boundary layer it is always possible to ?nd 
inside the apparatus a point at a lower pressure 
allowing the exhaust towards said point of the 
?uid which it is desired to remove. In the case 
of an air compressor, the adjusted exhaust of 
the boundary layer may be performed directly 
into the outer air (Fig. 2); when the ?uid cir 
culating is a gas, a vapour or a liquid, the ex 
haust may be provided into the suction pipe or 
intake of the apparatus to which are connected 
the collecting chambers so that the ?uid of the 
boundary layers is automatically sucked out from 
the diffuser. In particular in the case of an air 
compressor forming part of an arrangement in 
cluding gas turbines, the flow of air produced by 
the exhaust of the boundary layers may be used 
directly for cooling the stationary and movable 
blades and wheels of the gas turbine or‘ turbines. 
Of course, rm; invention is applicable to dif 

fusers of any type or shape. In the case of dif 
fusers with blades or blade carrying grids, the 
blades may be hollow and include intakes for the 
boundary layers at one or more suitable pres 
sure levels. Fig. 3 ShOWs how the invention is 
applicable by way of example to the hollow blades 
of a di?‘user made of sheet metal, the removal 
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of ?uid being performed at a single pressure level. 
Each blade ki, k2, k3 etc., is hollow and is mm 
vided at 1-2, i’—-2’ with exhaust slots through 
which the ?uid from the boundary layers ma? 
enter said blades. At the same time the blades 
show a transversal bore SS’, communicating with 
the slots t provided in the lateral walls of the 
di?user. The exhaust arrangement includes 
then as above one or more collecting chambers 
into which open the bores S and the slots 1.‘ while 
means are provided for adjusting the output of 
the ?uid and channel for the final exhaust into 
a point at a lower pressure level. 

Lastly, as the invention disclosed prevents any 
premature breaking away of the ?uid, it is pos 
sible, as shown in Fig. 4, to give a larger diver 
gency to the side walls of the di?user in a merid 
ian plane, which allows increasing the damping 
without increasing to an exaggerated extent the 
transversal bulk of the device. The removal of 
the boundary layer of the di?‘user is executed at 
y, z with a return of the exhausted ?ow into the 
suction end, with an adjustment obtained for 
instance through a valve or. 
The e?iciency of the arrangement described 

requires that the ?uid stream at the output of 
the wheel may be as homogeneous as possible; 
the invention is therefore applied preferably in 
combination with the known means satisfying 
said condition such as for instance a movable 
wheel with a su?lciently large number of blades. 
movable or stationary distributors providing 'or 
an inlet into the intake of the movable wheel 
without any shock or breaking away. The in 
vention is also applicable to all diil‘users what 
ever may be the rate of ?ow, either underneath 
or above the speed of sound. > 

Lastly, when the pump or compressor is of th 
multistage type, it is possible to apply the in 
vention to any of the stages considered sep 
arately, the exhaust of the boundary limit of a 
diffuser stage being performed for instance into 
the suction intake of said stage. 
The comparatively low amount of ?uid cir 

culating and removed from the boundary limits 
along a wall of the diffuser in accordance with 
the above described features incorporates still a 
certain amount of potential energy which is of 
the same magnitude as that contained therein at 
the rutput of the movable wheel, while it is lower 
than that of the ?uid in the sound ?ow at the 
output of the diffuser by reason of the internal 
friction a?‘ecting it in the diifuser. This residual 
energy is lost when the ?uid taken oil the bound 
ary layer is exhausted either into the free air 
or in the absence of any particular contrivances, 
into the suction end of the pump or compressor. 
In accordance with the invention, it is pos 

sible to recover a fraction of the ?uid energy re 
moved from the boundary layers of the diffuser 
and to communicate said energy either to the 
?uid to be compressed under its aerodynamic or 
hydrodynamic form or else mechanically to the 
movable member of the pump or compressor. 

Fig. 5 shows by way of example and by no 
means in a limitative manner a ?rst form of exe 
cution of such energy recovering means; it shows 
cross-sectionally a fan constituted by a suction 
pipe III, a movable wheel ll provided with blades 
a and a diffuser d with its collecting volute d’. 
The diffuser d is provided with two annular slots 
I and 2 through which it is possible to remove 
the boundary layers formed against the wall of 
the di?’user. The ?uid thus collected in the two 
chambers h, i into which open the annular slots 
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is then removed by the pipes l2 and 13; thus the 
?uid output is adjustable for instance by a valve 
H and is ?nally led under pressure into an an 

' nular chamber l5 surrounding the suction pipe 
of the fan. The residual energy is then partly 
recovered and transmitted to the ?uid circulating 
in the fan through an annular nozzle IS with an 
exchange of momenta as in the case of a water 
blast. The annular nozzle'may moreover be pro 
vided with directing blades H, which gives the 
?uid returning towards the suction end the cor 
rect direction for ensuring a smooth inlet into 
the movable wheel. ' 
When the fan wheel includes no ?ange on at 

least one of its sides, the preceding arrangement 
may be improved by feeding the ?uid removed 
from the boundary layers of the diffuser into 
an intermediary point of the movable wheel as 
illustrated in Fig. 6. As a matter of fact, the 
pressure in the wheel increases when the circu 
lating ?uid is considered further away from the 
axis of rotation. It is then su?lcient to return 
the ?uid removed from the boundary layers into 
the wheel through an annular slot located at a dis 
tance such from the axis of rotation that the pres 
sure inside the chamber preceding the annular 
slot may be sufficient for allowing the reintro 
duction of the removed ?ow into the pump or fan 
wheel along a suitable direction, ensuring an in 
put without any shock on the wheel blades. 

Fig. 6 illustrates by way of example a form of 
application of the invention to a blowing engine 
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with two symmetrical ?uxes; the engine includes ‘ 2 
two suction pipes l0’, III", a wheel ll carrying 
the blades (1', a" without any lateral ?anges, a 
di?iuser d with parallel or even diverging walls 
and lastly a delivery pipe d’. The arrangement 
for removing ?uid from the boundary layers of 
the diffuser may be executed as precedingly 
through two annular slots I, 2 and two collect 
ing chambers h, i. Each collecting chamber is 
connected through a pipe with a distributing 
chamber l5’, l5" which allows the reintroduc 
tion of the exhaust ?ow into an intermediary 
point of the movable wheel through the annular 
slots 16', I6" provided with directing blades giv 
ing the ?uid the desired direction for a smooth 
entrance into the wheel. The exhaust output is 
adjusted to its optimum value through the valves 
I‘I' I‘II. 
Obviously, the method for executing the in 

vention may include ?uid tappings from the 
boundary layers of the diffuser at different pres 
sure levels or stages, the preceding arrangements 
being applied individually to each tapping. 
According to a further form of application of 

the invention. the residuary energy of the ?uid 
taken off the boundary layers of the diffuser may 
be recovered mechanically, the power thus ob 
tained being restored to the shaft or the movable 
wheel of the centrifugal pump or compressor. 
Fig. 7 illustrates such a form of execution wherein 
the ?uid removed from the boundary layers of 
the diffuser is caused to expand down to the sue-1 
tion pressure of the pump or compressor on an 
annular arrangement of turbine blades rigid with 
the wheel of the apparatus. 
The ?uid removed from the boundary layers 

in the diffuser is collected in the chambers i, 1 
and the pipes l2 and I3 and is then led into the 
distributing torus 20 of a turbine including an 
nular nozzles 2|, the cross-sectional area of which 
corresponds to the optimum output of removed 
?uid while an annular arrangement of movable 
receiving blades 22 is carried by the movable wheel 
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ll of the pump or fan rotor. ‘It is always pos 
sible to give the nozzles and movable blades of 
the turbine an outline such that the pressure 
and direction of the ?uid streamlets at the out 
put of ~ the annular arrangement of movable 
blades 22 may be those which are to prevail at 
the inlet of the blades of the pump or fan wheel. 
This embodiment is given by way of example 
but it is also possible to imagine a separate re 
covering turbine connected with a movable mem 
ber of the pump or compressor through any 
known or suitable coupling means while the ex 
haust is fed for instance into the suction pipe 
of the pump or compressor for instance. . 

Fig. 7a illustrates an embodiment of this kind 
wherein the pipes l2 and I3 feed the ?uid re 
moved from the boundary layers into the admis 
sion torus 20a of turbine of which the wheel 22a 
is keyed to a shaft 22b forming an extension of 
the shaft carrying the wheel ll of the fan. 

According to a different embodiment of the 
invention, it is possible to incorporate to the 
amount of ?uid removed from the boundary layer 
the additional energy which it is lacking for al 
lowing said amount of ?uid to be brought into the 
delivery pipe of the pump or compressor. Fig. 8 
illustrates diagrammatically the corresponding 
arrangement. The ?uid removed at l or 2 from 
the boundary layers of the diffuser d of the com 
pressor is urged through a small auxiliary com 
pressor 23 into the delivery pipe 11' at the outlet 
of the diffuser. The auxiliary compressor may 
be of any type whatever whether of the piston, 
centrifugal or any other type and its output will 
be only a few hundredths of that of the main 
compressor. It may be driven by an auxiliary 
motor the speed of which is variable or otherwise 
or else by a mechanism connected with the con 
trol mechanism of the main compressor so as to 
ensure a predetermined correspondency between 
the rotary speeds of the main and auxiliary com 
pressors. 

Lastly, andaccording to a further form of exe 
cution of the invention, the amount of ?uid re 
moved from the boundary layers of the diffuser 
may be used directly for auxiliary purposes such 
as the feeding of the ?uidtight packings located 
along the compressor or pump shaft, the lubrica 
tion of the bearing through emulsions etc. A 
particularly interesting application consists, in 
the case where the air compressor forms part 
of a motor group incorporating a gas turbine, in 
making use of the ?uid removed from the bound 
ary layers of the centrifugal compressor orcom 

_ pressors for the cooling of the bearings, shafts, 
wheels or blades of the gas turbine or turbines. 
Fig. 9 shows diagrammatically such an embodi 
ment. The gas turbine engine in its simplest 
form is constituted by a centrifugal air compres 
sor H, one or more combustion chambers 24 and 
an expansion turbine 25. The air removed from 
the annular slots I and 2 on the walls of the 
diffuser or of the compressor is fed through the 
pipes 26 provided with valves 21 for adjusting its 

, output into the wall of the wheel 28 of the tur 
bine for taking a part in the cooling of said wheel. 

In the preceding application, only one com 
pression stage in the centrifugal pump or com 
pressor has been considered; however the fea 
tures described are applicable separately or to 
gether to the different stages of a multicellular 
centrifugal pump or fan. 
What I claim is: 
1. A centrifugal machine of the type disclosed, 

comprising an impeller, a diffuser at the discharge 



end of said impeller, including two opposed sub 
stantially planar walls, slot-like passages through 
both of said opposed walls, the passages through 
one of said walls being in register with corre 
sponding passages through the otherof said walls, 
connecting means between corresponding pas‘ 
sages, piping means between said connecting 
means and a zone upstream of said discharge end, 
and means for adjusting the cross-section of said 
piping means. , 

2. A centrifugal machine according to claim 1 
in which the connecting means are ?uid-tight 
chambers located exteriorly of said di?user. 

3. A centrifugal machine according to claim 1 
in which the walls of the diffuser are formed of 
two opposed annular ?anges around the periph 
ery of the impeller, and each passage extends over 
at least part of a circumference coaxial with said 
impeller. 

4. A centrifugal machine of the type disclosed, 
comprising an impeller, a diffuser at the discharge 
end of said impeller, including two opposed sub 
stantially planar walls, slot-like passages through 
both of said opposed walls, piping means for con 

5. 
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necting said passages to a zone upstream of said 25 

impeller, nozzles at the outlet of said piping 
means into said zone, said nozzles being annu 
larly distributed around the rotation axis of said 
impeller and being directed parallel to said axis 
and a turbine wheel coaxial and fast with said 
impeller, said wheel including blades located op 
posite said nozzles. 

5. A centrifugal machine according to claim d, 
in which the turbine blades are integrally formed 
with the impeller. 

MARCEL G. SCHWARZ. 
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