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GUIDE MEANS ON IMPELLERS FOR CENTRIFU-
GAL PUMPS OR BLOWERS
Alfred Buchi, Winterthur, Switzerland; Hermann Walder,
executor of the will of said Alfred Buchi, deceased,
assignor to Ingenieurbureau Dr.-Ing., Alfred J.
Buchi, A.G., Winterthur, Switzerland, a Swiss company
Filed Apr. 21, 1959, Ser. No. 807,876
i1 Claim. (CL 230—127)

“This application is a continuation-in-part of applica-
tion Serial No. 345,314, filed January 30, 1953, now
.abandoned, which in turn is a division of application
‘Serial No. 786,603, filed November 18, 1947, now Patent
No. 2,641,191, granted June 9, 1953.

The invention relates to a special embodiment of the
‘inlet device on impellers for single-stage or multi-stage
«<entrifugal pumps or blowers. According to this inven-
tion, at least one funnel-shaped annular vane is arranged
into the intake throat of the impeller which guides the
pressure medium from the axial to the radial direction,
so that said annular vane, together with the confining sur-
faces of the intake throat, guides the pressure medium
from the axial to the radial flow direction. The object
.of the invention may be so chosen and dimensioned that
the funnel-shaped anmular vane or vanes are fastened in
the static section of the inlet casing, surrounding the im-
peller inlet, and the actnal impeller blading starts only
beyond the approximately radial exit of the annular vane
or vanes. However, the annular vane or vanes may also
be built into the centrifugally-acting impeller blading
proper, extending inwardly towards the inlet throat for
the pressure medium. Aside from the annular vane or
vanes, additional vanes may be built into the entrance
section of the impeller, e.g. vanes which impart a radial
flow direction to the entering pressure medium, ahead
of the centrifugally-acting impeller blades.
bodiment is- such that the annular vames are to rotate
with the impeller and the additional vanes are fixed in
the static casing, then the additional vanes have to be
slotted. The object of the invention can also be so. ar-
ranged that in case of impellers with impeller blade
tips extended axially towards the entrance throat for the
pressure medjum, the annular vane or vanes are built at
least into the impeller section which guides the pressure
medium from axial to radial direction.” The annular
vanes may extend, in this case, up to the inner ends of
the impeller blades, or they may be shorter or longer
with reference to the latter. In the latter case, the pres-
sure mediam does not enter both blade types simultane-
ously. The annular vanes may also extend more or less
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into the centrifugally-acting section of the impeller blad- .

ing. The confining walls of the impeller, and the annular
vane or vanes arranged at its inlet throat, may be so
dimensioned and arranged that the velocity of the pres-
sure medium in the passages located beiween the axial
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inlet and the radial section of the impeller remains con-

stant or increases. The object of the invention may also
be so formed. that the radii of curvature of the passages
created between the impeller walls and the annular vane
or vanes, vary from the inlet in the direction of the
pressure medium flow, i.e. they decrease or increase. -

The impeller walls, as well as the built-in. annular
vane or-vanes, may on one hand be so dimensioned and
shaped that the velocity of the pressure medium increases
from the entrance towards the radial section of the im-

peller, and that on the other hand, in the same section;.

the radii of curvature of the passages which are created
between the walls of the impeller and the annular vane
or vanes, vary in the direction of the pressure medium
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_ flow, so, that despite the necessary curvature of said pas-
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sages into radial direction there will be mo substantial
flow detachment of the pressure medium from the walls.

The annular vane or vanes may be divided (i.e. made
in several parts) in at least one plane through the blower
axis. The static annular vane or vanes may be cast or
welded into the static entrance section of the pump or
blower. The rotating type of annular vane or vanes may
also be cast or welded into the impeller blading.

Furthermore, the arrangement with axially protruding
impeller blade ends and with annular vane or vanes ex-
tending into the impeller blading, may also be made so
that the thus formed passages for the pressure medium in
the impeller have approximately square cross section, to
keep the losses in these passages to a minimum. A suffi-
cient number of annular vanes may be built in, that the
thus determined radii of curvature of the passages be-
tween the confining walls of the impeller and the walls
of the built-in funnel-shaped annular vanes are at least
greater than the width of the corresponding, curved pas-
sages for the pressure medium.

- The annular vanes may, however, also be made curved
and built-in so that the radii of curvature, in relation to
the width of the passages for the pressure medium created
between the impeller walls and the annular vanes, are
approximately equal for all passages.

At least two annular vanes may be built into the intake
means of the impeller. In this way the passages confined
between the impeller walls and the annular vanes can be
made to have relatively large radii of curvature—e.g. of
twice or more times the passage width——whereby the flow
deflection losses are reduced. In these cases the arrange-
ment is made preferably so that the ratio of radius of
curvature to width of passage is approximately equal for
all passages. The number of the impeller blade ends and
of the annular vanes may be chosen so—for the sake of
reduction of losses—that the thus created passages have
approximately square cross section.

The intake means may also contain a sufficient number
of annular vanes so formed and dimensioned that in all
the inlet ducts thus created the sum total of all losses
through friction, flow deflection and energy transition in
the various separate entrance passages up to the proper
centrifugally-acting impeller blading will be about equal
and/or will be a minimum.

In case of multi-stage centrifugal pumps or blowers,
whereby the pressure medium is gnided from one impeller

-to the next impeller by means of fixed, inwardly-leading

guide ducts in radial and then axial direction, at least one
annular vane deflecting the pressure medium by approxi-
mately 180 degrees may be built in. In case of such cen-
trifugal pumps or blowers, whereby impellers receive
their pressure medium direct from a prior stage, there
may be arranged at least one annular vane each, pro-
viding approximately 90 degrees flow deflection, in the
fixed, curved intake passage, and/or in the corresponding
impeller intake passage.

There may also be arranged a sufficient number of
annular vanes in at least one of the two guide- and im-
peller-sections equipped with such annular vanes, and
the vanes be so shaped and located, that the velocity and
pressure conditions over the whole admission area for the
pressure medium leading to the centrifugally-acting im-
pelier blading will be at least approximately equal. In
case of centrifugal pumps or blowers with divided (two-
piece) guide casings, the built-in annular vanes may also
be of divided construction.

In case of multi-stage centrifugal pumps or blowers,
too, the built-in annular vanes may be arranged or con-

structed in such numbers, shapes and with such radii of

curvature that there will be minimum flow losses in_ the
thus created guide passages and/or all losses in these
guide passages being about equal.
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Special impellers with axially-acting blading may be
arranged ahead of the centrifugally-acting impellers,
whereby the former guide the pressure medium to the
Jatter with a minimum of shock losses. - Also, -at least
one axially acting impeller may be arranged ahead of
the centrifugally-acting impeller so that it transmits the
pressure medium to the latter via a guide wheel. In this
case, too, the inlet section of the blading of the centrifu-
gally-acting impeller is to be shaped accordingly.

The object of the invention is illustrated in the enclosed
figures in several examples of centrifugal blowers. Same
numbers or letters mean same or similar parts. The
application of the invention on centrifugal pumps can be
casily deducted therefrom, since those machines con-
tain similar parts,

FIGURES 1 and 2 show sections through single-stage
centrifugal blowers wherein the invention is embodied
in the simplest form. )

FIGURE 3 illustrates a section through a shrouded
impeller of a single-stage blower, whereby the object of
the invention is applied in a different form on an impeller
“with backward-curved vanes.

FIGURE 4 shows a view upon the impeller as illus-
trated in' FIGURE 3, seen from the pressure-medium in-
take side.

FIGURE 5 shows a section through an open (unshroud-
ed) centrifugal ‘blower wheel with radial impeller vanes
in which the impeller vanes extend axially in front as
far as the inlet edge.

FIGURE 6 is an axial view upon an impeller of the
type illustrated in FIGURE 35, seen from the inlet side.

FIGURES 7 and 8 show a different embodiment- of
the invention on an impeller similar to the one shown
in FIGURES 5 and 6, except that here the inner inlet
section of the impeller is made in a piece separate from
the impeller proper. ) v ]

FIGURE 9 illustrates a section through a still further
embodiment of the invention, and

FIGURE 10 is an axial view of the corresponding inlet
device after it is removed outside of the impeller, viewed
in a direction opposite to the pressure medium flow.

FIGURES 11 and 12 show possible forms and-arrange-
ments of annular vanes built into the inlet-opening- of
the impeller; FIGURE 11 shows an open impeller with
vanes extended as far as the inlet opening of the im-
peller, and FIGURE 12 shows a shrouded impeller.

FIGURES 13 and 14 show vertical sections through the
axis of multi-stage centrifugal blowers. In FIGURE 13
the casing of this blower is divided lengthwise (in axial
direction) into two parts. FIGURE 14 shows.a multi-
stage blower where the casing parts and the impellers are
designed to be assembled. axially and successively, so
that the casing joints are vertical.

In FIGURE 1, 1 is the impeller of the centrifugal
blower, keyed upon shaft 2. The impeller 1 has cen-
trifugal vanes 3 and a shroud 4. The two-piece blower
casing 5 and 6 encloses the impeller 1 and has ajoint
7. The pressure medium enters the casing 8 and is led
into the blower casing 9; from there it is fed through
pressure tube 10 to its destination. o

The object of the invention is the annular vane 11,
which juts into the inlet section 12 of the impeller 1 and
aids the flow deflection of the pressure medium in this
section from the predominantly axial direction to the at
least approximately radial direction of the centrifugal
impeller vanes 3. In the illustrated example, the one-
piece annular vane 11 is cast into the ribs 13 of the
blower casing which connect the fixed central section 14
with the blower volute 9. The inner diameter 15 of the
annular vane 11 is just large enough to avoid touching
the inner edges 16 of the unpeller vanes 3 by said annu-
_lar vane 11, and to permit detachment of casing part 5,
- with the thereto-attached annular vane 11, from casmg
part 6 without blockmg by ‘the inlet edge 17 of the im-
peller shroud 4. In the shown example the annular vane
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11 is arranged relatively closely to impeller shroud 4.

In FIGURE 2 the impelier 1 has vanes 3 but no shroud,
so that casing part 5 laterally encloses the vanes 3 with
small clearance. The impeller vanes 3 are extended
axially towards the inlet of the impeller and terminate in
the approximately radially-arranged inlet edges 16. -An
annular vane 11 is so arranged that it is set back some
distance from the impeller vane inlet edges 16, and that
it provides the flow deflection of the pressure medium

from axial to radial direction. This annular vane 11

may be cast into impeller blades 3, or fixed therein in
some other manner. It is arranged, as seen from the
figure, more closely towards the outer side of the impeller
vanes. This is done to avoid serious discrepancies in the
ratios between radius of curvature and passage width, and
the consequent discrepancies in losses.

In FIGURE 3, 1 is the impeller with shroud 4 and
impeller vanes 3. The latter terminate inwardly at the
edges 16. In this example, two annular vanes 11 and
11’ are built-in; their outer ends are cast into the impeller
vanes 3. The inner ends of the annular vanes, i.e. the
ones towards the inlet opening of the impeller, jut freely
into said inlet opening.

As is visible from FIGURE 4, an embodiment accord-
ing to FIGURE 3 has backward-curved impeller vanes
3. The annular vanes 11 and 11’ are so located that three
annular passages 18, 18’ and 18" are created between the
confining walls of the impeller and the two annular vanes.
These annular passages have different widths, so that pas-
sage 18 is narrowest, and passage 18’ is widest. Thus,
the mean radii of curvature of the three passages can be
made to have approximately equal ratio to the widths of
the corresponding ducts. With a given angle of deflec-
tion, the deflection losses in the three annular passages
can therefore be kept about equal, so that approximately
equal pressure and velocity conditions will prevail over
the whole cross section at the exit of said annular pas-
sages towards the centrifugally-acting section of the im-
peller.

FIGURES 5 and 6 show an open centrifugal blower
impeller 1 in which the impeller blades 3 are radially
arranged on their centrifugal part, and axially so extended
at 3" and bent around at their inlet edges 16 that they
admit the axially-intushing pressure medium approxi-
mately shock-free. Two annular vanes 11 and 11”7 are
also arranged here in the impeller blading section towards
the pressure medium entrance. They may be cast-in or
welded-in, for example.

The inner part of the impeller blading with the axially
extended inlet edges 16 and with the annular vanes 11
and 11’ may, on the other hand, also be built as a part
containing the inner passages 18, 18’ and 18””. The outer
ends of vanes 3’ may be held in a ring 20. Such a vane
part is illustrated in a section in FIGURE 7 and in axial
view in FIGURE 8. In this case the inner part of the
unpeller is separated from the centrifugal impeller proper.
This piece may be fastened at the hub section of impeller
1, c.g. by means of ring 19. It is built in at 3" inside of
the outwardly-located impeller vanes 3. Between the ring
20 and casing part 5, seals 21 may be arranged. By
these means, both the pressure medium delivery and the
blower efficiency are improved in comparison to the ones
on previously-known constructions where no such cover
ring nor seals are used. Ring 20 may be seated, as
shown on FIGURE 7, directly upon the vanes 3 of an

* open impeller, or it may be fastened there. The vanes 3’

f
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abutting against impeller disc 1 may also have axially-
directed protrusions 20" which may reach e.g. info the
impeller disc 1, or they may be riveted or welded, etc.
thereon. - The inset blading section may also be so shaped

~that it reaches up to- the inclined edges 3, of the im-
- -peller vanes 3.

44 -and’ the central extending axial portion at 45.

75

‘The radial extending portion of the disc 1 is shown. at
The
free outer radial edge portions 46 of the blades are spaced
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from the. innéf surface 48 of the casing part 5 by a-space
47. The inner central portion 49 of the blades extend
forwardly upstream from the free edge portions 46. The
intake edges of the blades are indicated at 50. In FIG-
URE 7 the flange upon the outer wall 5 of the casing is
indicated at 40 and the recess therein is shown at 41.
The arcuate inner surface of the ring 20 is shown at 42
and the radially outwardly extending projection on the
ring 20 is shown at 43.

In FIGURES 9 and 10 an embodiment similar to
the one in FIGURE 1 is shown. The annular vane
11 is also here fastened in the ribs 13 of the blower
casing 9. Aside from the annular vane 11, however,
eight thin, radial vanes 22 are also fastened in the ribs
13. These annular vanes, together with the eight radial
vanes 22 and with the confining walls of impeller 1 and
shroud 4, enclose sixteen radially-curved guide passages
for the pressure medium. The annular vane is prefer-
ably so located that the ratio between the radius of
curvature and the width of the passages is so chosen

that the inner and outer passages have approximately

equal pressure and velocity losses. Thus, the pressure
medium is made to enter the centrifugally-acting im-
peller blade 3 under approximately equal pressure and
velocity over the whole width of blade edge 16. In
this type of construction, a certain optimal inlet angle
to the impeller blading 3 can be maintained. The ribs
22, as well as the annular vane 11 may be cast, welded,
or soldered, etc., into the ribs 13.

FIGURES 11 and 12 illustrate, on two construction

examples, the variety of shapes that can be given to
the annular vanes and impeller walls at their inlet ends.
FIGURE 11 shows an open impeller 1. It is equipped
with vanes 3 which extend axially up to edge 16. 5 is
the casing part which encloses or covers the impeller
blading on the outside. The annular vanes 11 and 11’,
located in the inlet section of the impeller blading, show
sharper curvature at the inlet ends, and reduced curva-
ture towards the radial part of the impeller. Further-
more, the widths of the ducts created between the confin-
ing walls of the impeller and the annular vanes 11 and
11’ are larger at the pressure medium intake b1, by, b3
than at the exit b’;, b’y, b’3. -The annular vanes 11
~and 11’ are unevenly placed so that the ratio of the
mean radii of curvature ry, ry, 73 of the passages to the
mean passage widths by, by, b3 is at least approximately
larger than unity at the entrance, and increases to still
higher values toward the exit b’;, b’y and b’;. By this
means, the deflection losses in the three passages 18, 18’
and 18" are kept relatively small. It is even possible,
according to this invention, to locate the annular vanes
11 and 11’ so, and provide them with such curvatures
and such length that the velocity and pressure losses will
be equal in all the three passages 18, 18’ and 18”. The
pressure medium enters therefore the centrifugally-act-
ing blade section 3 of the impeller 1 with even veloci-
ties and ‘under even pressure. This, of course, results
in optimum admission of the pressure medium and, con-
sequently, optimum effect of ‘the impeller blading and
of the whole machine: The annular vanes 11 and 11
may be of different length on their intake or on their
exit, as visible in FIGURE 11.

In contrast to an embodiment shown in FIGURE 11,
FIGURE 12 shows annular vanes so shaped that at the
inlet ends they have relatively large, though uneven,
radii of curvature ry, 7o, r3 compared to the passage
widths by, bs,bs, and have relatively small radii of curva-
ture 'y, *'y, F'3, compared with the passage widths b'y,
b, b’y at the exit ends. The passage widths by, by,
by and b'y, b's, b's, respectively, are chosen uneven, too.
They are larger at the pressure medium inlet than at
its exit, so that an accelerated flow through the passages
is achieved. The inner ends 15; and 15, of the annular
vanes 11 and 11’ are so dimensioned that they do not
touch the impeller vanes 3 at 16, but still provide most
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-complete flow deflection to radial direction. With the

type of annular vanes shown in FIGURE 12, as contrast-
ed to an embodiment according- to FIGURE 11, the ra-
tio of radius of curvature to passage width is large at
the pressure medium intake, and smaller at the rear end
of the annular vanes 11 and 11,

Through the insertion of these annular vanes, the ra-
tio of radius of curvature to width of the guide passages
can be made much larger than in case of no such annular
vanes. Thus the losses through flow deflection of the
pressure medium from axial to radial direction can be
greatly reduced. By proper choice of the radii of curva-
ture of the annular vanes and of the confining walls of
the impeller at the pressure medium intake, and by suit-
able shaping, length and location of the annular vanes,
the intake flow losses to the impeller can be reduced

to a minimum, and/or the intake velocities to the cen-

trifugal impeller blading, measured over the whole in-
take cross section, can be made equel, at equal pressure.
This permits more perfect filling of the impeller blading
proper than would be possible without built-in annular
vanes, resulting in greater output and higher efficiency
of such centrifugal impellers.

FIGURE 13 shows a section through the axis of a
multi-stage centrifugal blower. It contains three impel-
lers 1,, 13, and 1, arranged in series. The pressure me-
dium enters at A and is discharged at B. All the three
impellers 1,, 1y, 1. are keyed upon shaft 2, which is
driven through coupling flange 2’. The casing 9, 9”
which encloses all the impellers, is divided into two
sections wat the horizontal plane 9’’. The object of the
invention is incorporated in impeller 1, in similar manner
as in the embodiment shown in FIGURE 3. Two annu-
lar vanes 11, and 11’; are built into the impeller vanes
3,. They terminate at 16, about parallel to the blower
axis, however. The annular vanes 11, and 11, just
a little beyond the inlet edge of impeller 1,.

The impellers 1, and 1, discharge the pressure medium
first to one guide device each, 23 and 24, where velocity
is converted to pressure. Then the pressure medium is
led through receivers 25 and 26, respectively, to the
passages 27 and 28 which guide it radially inward again.
The latter are equipped with vanes 30,, 30, which im-
pose a predominantly radial flow direction to the pressure
medium, particularly near the blower shaft. The pres-
sure medium is led axially towards the inlet of the ad-
jacent impeller 1, or 1., Tespectively, by means of the
casirig walls which are curved, near the axis, from radial
to axial direction. The flow deflection from space 27 into
the impeller interior 1,, which amounts to nearly 180
angular degrees, can be aided greatly by an embodiment
of this invention. As seen in FIGURE 13, it consists in
at least one annular vane each (27°, 27" and 28', re-
spectively) built into the exits of the transmitting pieces
27 and 28. They guide, together with the rounded con-
fining walls of the guide parts 27 and 28, respectively,
the pressure medium to the inlet of the adjacent impellers
1, and 1., respectively, with a possible minimum of losses
through deflection, friction, etc. Additional annular
vanes 11, 11, and 11, of a type hereinabove described
are built into the impeller inlets. The annular vanes 27,
27" and 28’, respectively, are preferably so shaped and
arranged in relation to the annular vanes 11, 11’y and
11, in the impellers 1, and 1, that the full deflection of
the pressure medium from radially-inward direction via
axial to radially-outward direction is accomplished with
minimum velocity and pressure losses, and/or with even
velocity and pressure distribution of the pressure mediom
over the whole inlet cross section of the centrifugally-
acting impeller blading.

FIGURE 14 illustrates also a section through a three-
stage blower with impellers 1,, 1p, 1. The blower cas-
ing consists here of four disc-shaped parts 9’3, 9, Y3
and 9, which may be separated from each other along:
radially-extended joints 29y, 29; and 29; upon loosening.
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of the corresponding flange connections. Assembly of
the blower is accomplished by first mounting the blower
part 9’4 on the shaft 2 from the left-hand side, then slid-

ing the balancing piston 30 on the shaft from the right- .

hand side, followed by impeller 1., and then fastening
the blower casing part' 9’; on casing part 9’,. There-
upon the impeller 1, casing part 9'5( impeller 1, and,
last, the inlet casing part 9'; are assembled in that order.

According to the invention, deflecting vanes 11, and
11’, are built into the inlet section of the blading 3, of
impeller 1,. The annular vanes 11, and 11’; are built
‘into impeller 1, similarly as illustrated already in FIG-
URE 3.

Annular vanes 11, and 11’ are arranged in the intake
section of impeller 1, and an annular vane 11, is installed
in the inlet of impeller 1,. Installation of the annular
vanes 11, and 11’y and 11,, respectively, is done by inser-
tion or by casting-in into vanes 30, and 30, respectively
which subdivide the guide passages 27 and 28. These
annular vanes are thus rigidly connected to the casing
parts 9’5 and 9’5, and extend into the inlet sections of the
impellers 1, and 1., close to the impeller blade edges
16, and 16,. The outer diameters 15, 15, and 15, of the
anpular vanes 11;, 11’y and 11,, respectively, are chosen
just large enough that the casing parts 9’ and 9’; can be
readily withdrawn axially from the impeller inlet open-
ings.

Similar as on the other shown embodiments, the shape,
radii of curvature, and position of the amnular vanes
can be so chosen that minimum velocity and pressure
Josses will occur in the deflecting passages between the
guide passage sections 27 -and 28, respectively, and the
impeller inlet 1, and 1, respectively. The annular vanes
.may also be arranged in such numbers, shapes, and posi-
tions, that the inlet conditions will be approximately
equal over the whole inlet cross sections of impeller
blades 3, and 3.

The invention provides improved inlet conditions on
centrifugally-acting impellers. There, the pressure medi-
um has to be deflected by about 90 degrees from. axial to
radial direction in case of single-stage blowers or pumps
.or on-the first stages of multi-stage blowers or pumps.
The deflection amounts to nearly 180 degrees in case
of the subsequent stages of multistage blowers or pumps.
.This sharp deflection causes losses through deflection,
friction, -and—if the -passage areas are variable—also
through energy transition. These losses, or their sum
total, are to be reduced by the insertion of the proprosed
annular vanes. The latter may be so shaped and located
that throughout the whole inlet section for the pressure
medium to the centrifugally-acting impeller blades there
will prevail approximately equal velocity and pressure
conditions. Since the deflection losses, in particular, take
up a relatively large share of the total losses, it follows
that the number and design of the annular vanes should
be so chosen that the ratio of curvature radius to width
of passage, for the passages so formed, will be as large as
possible. This ratio is to be chosen differently for the
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8 . .
individual guide passages so that the sum total of all
losses therein is equal and/or is a minimum.

I claim: )

A centrifugal pump or blower comprising a wheel disc,
said wheel disc comprising a radial extending portion and
a central axial extending portion integral therewith, blades
secured to said central and radial portions of said disc and
extending axially and radially therefrom, said blades
having free radially outer edge portions spaced axially
from said disc, said blades having an inner central por-
tion adjacent said axially extending portion of said wheel
disc and extending axially in an upstream direction for-
wardly of said free edge portions, the inner central por-
tion of said blades adjacent said axially extending por-
tion of said disc having intake edges terminating in a
plane normal to the axis of said blower, the inner central
portion of said blades having outer radial portions, a
casing enclosing said wheel disc and said blades, said
casing having a front wall with a central annular opening
defined by an axially extending flange, said front wall
having an inner surface adjacent to and spaced from the
free edge portions of said blades defining a clearance
space therebetween, the inner surface of said axially ex-
tending flange having a recess therein extending axially
and radially in said inner surface, a ring secured to said
blades at the inner central portion thereof on said outer
radial portions, said ring being defined by an outer sur-
face conforming to the inner surface of said axial flange
and a surface extending radially outwardly therefrom
and extending axially to terminate adjacent the free edges
of the blades fairingly in line with said free edges of said

‘blades, said ring having an arcuate inner surface termin-

ating fairingly in line with said free edges of said blades

‘to guide the pressure medium, said surface extending

radially outwardly and axially together with said inner

-surface defining a radially outwardly extending projection

on said ring fitting into said recess across said clearance
space preventing back flow of the pressure medium from
said clearance space whereby whirling and accompanying
entrance losses in the pressure medium are reduced, in-
creasing thereby the efficiency of the centrifugal pump
or blower.
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