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1

The invention relates to a special embodiment
of the inlet device on impellers for single-stage or
multi-stage centrifugal pumps or blowers. Ac-
cording to this invention, at least one funnel-
shaped annular vane is arranged into the intake
throat of the impeller which guides the pressurs
medium from the axial to the radial direction,
so that said annular vane, together with the con-
fining surfaces 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
annular vane or vanes are fastened in the static
section of the inlet casing, surrounding the im-
peller inlet, and the actual 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 centrif-
ugally-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
8 radial flow direction to the entering pressure
medium, ahead of the centrifugally-acting im-
peller blades. If the embodiment is such that
the annular vanes 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 objeet of the invention can also be
s0 arranged that in case of impellers with im-
peller blade tips extended axially towards the
entrance throat for the pressure medium, the
annular vane or vanes are built at least into the
impeller section which guides the pressure me-
dium 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 pressure medium does not enter
both blade types simultaneously. The annular
vanes may also extend more or less into the cen-
trifugally-acting section of the impeller blading.
The confining walls of the impeller, and the an-
nular vane or vanes arranged at its inlet throat,
may be so dimensioned and arranged that the
velocity of the pressure medium in the passages
located between the axial inlet and the radial
section of the impeller remains constant or in-
creases. 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 deerease or increase.
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The 1mpe11er walls, as well as the built-in an-
nular vane or vanes, may on one hand be so di-
mensioned and shaped that the velocity of the
pressure medium increases from the entrance to-
wards the radial section of the impeller, and that
on the other hand, in the same section, the radii
of eurvature of the bassages which are created be-
tween the walls of the impeller and the annular
vane or vanes, vary in the direction of the pres-
sure medium ﬁow, 80, that despite the necessary
curvature of said passages into radial direction
there will be no substantial flow detachment of
the pressure medium from the walls.

The annular vane or vanes may be divided (. 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
pbrotruding impeller blade ends and with annular
vahe or vanes extending into the impeller blading,
may also be made so that the thus formed pas-
sages for the pressure medium in the impeller
have approx1mate1y square cross section, to keep
the Iosses in these passages to g minimum. A
sufficient number of annular vanes may be built
in, that the thus determined radii of curvature
of the passages between 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 passages
for the pressure medium,

The annular vanes may, however, also be made
curved and built-in so that the radii of curva-
ture, in relation to the width of the passages for
the pressure medium created betwesn the im-
peller walls and the annular vanes, are approxi-
mately equal for all passages.

At least two annular vanes may be built into
the intake means of the impeiler. In this way
the passages confined between the impeller walls
and the annular vanes can be made to have rela-
tively 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
arrangement is made preferably so that the ratio
of radius of curvature to width of passage is ap-
proximately equal for all passages. -The number
of the impeller blade ends and of the annular
vanes may be chosen so—for the sake of reduc-
txon of losses—that the thus created passages
have approx1mately square cross section.

The intake means may also contain g sufficient
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number of annular vanes so formed and dimen-
sioned that in all the inlet ducts thus created the
sum total of all losses through friction, flow de-
flection and energy transition in the various sep-
arate entrance passages up to the proper centrif-
ugally-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 guided
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 approx-
imately 180 degrees may be built in. In case of
such centrifugal pumps or blowers, whereby im-
pellers receive their pressure medium direct from
a prior stage, there may be arranged at least one
annular vane each, providing approximately 90
degrees flow deflection, in the fixed, curved in-
take passage, and/or in the corresponding im-
peller intake passage.

There may also be arranged a sufficient num-
ber of annular vanes in at least one of the two
guide- and impeller-sections equipped with such
annular vanes, and the vanes be so shaped and
located, that the velocity and pressure condi-
tions over the whole admission area for the
pressure medium leading to the centrifugally-act-
ing impeller blading will be at least approxi-
mately equal. In case of cenfrifugal pumps or
blowers with divided (two-piece) guide casings,
the built-in annular vanes may also be of di-
vided construction.

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

Special impellers with axially-acting blading
may be arranged ahead of the centrifugally-act-
ing impellers, whereby the former guide the pres-
sure medium to the latter with a minimum of
shock losses. Also, at least one axially-acting
impeller may be arranged ahead of the centrif-
ugally-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 centrifugally-acting impeller is to be
shaped accordingly. .

The object of the invention is illustrated in
the enclosed figures in several examples of cen-
trifugal blowers. Same numbers or letters mean
same or similar parts. The application of the
invention on centrifugal pumps can easily be de-
ducted therefrom, since those machines contain
‘similar parts. ]

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

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

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

Fig. 5 shows a section through an open (un-
shrouded) centrifugal blower wheel with radial
impeller vanes in which the impeller vanes ex-
tend axially in front as far as the inlet edge.

Fig. 6 is axial view upon an impeller of the type
illustrated in Fig. 5, seen from the inlet side.

Figs. 7 and 8 show a different embodiment of
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4
the invention on an impeller similar to the ofi¢
shown in Figs. 5 and 6, except that here the inner
inlet section of the impeller is made in a piece
separate from the impeller proper.

Fig. 9 illustrates a section through a still fur-
ther embodiment of the invention, and

Fig. 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.

Figs. 11 and 12 show possible forms and ar-
rangements of annular vanes built into the inlet
opening of the impeller; Fig. 11 shows an open
impeller with vanes extended as far as the inlet
opening of the impeller, and Fig. 12 shows a
shrouded impeller.

PFigs. 13 and 14 show vertical sections through
the axis of multi-stage centrifugal blowers. In
Fig. 13 the casing of this blower is divided length-
wise (in axial direction) into two parts. Fig. 14
shows a mulli-stage blower where the casing
parts and the impellers are designed to be as-
sembled axially and successively, so that the cas-
ing joints are vertical.

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

The object of the invention is the annular vane
11, which juts into the inlet section (2 of the im-
peller | and aids the flow deflection of the pres-
sure medium in this section from the predomi-
nantly axial direction to the at least approxi-
mately radial direction of the centrifugal impeller
vanes 3. In the illustrated example, the one-
piece annular vane (1 is cast into the ribs 13 of
the blower casing which connect the fixed central
section {4 with the blower volute §. The inner
diameter 16 of the annular vane {[ is just large
enough to avoid touching the inner edges 16 of
the impeller vanes 3 by said annular vane 11, and
to permit detachment of casing part 5, with the

thereto-attached annular vane 11, from casing

part 6 without blocking by the inlet edge 17 of the
impeller shroud 4. In the shown example the
annular vane (1 is arranged relatively closely to
impeller shroud 4.

In Fig. 2 the impeller | has vanes 3 but no
shroud, so that casing part 5 laterally encloses
the vanes & 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 15. An annular
vane i 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 [ may be cast into impeller
blades 3, or fixed therein in some other manner.
It is arranged, as seen from the figure, more close-
ly 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 Fig. 3, | is the impeller with shroud 4 and
impeller vanes 3. The latter terminate inwardly
at the edges 16. In this example, two annular

‘vanes || and (1’ 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 in-
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let opening of the impeller, jub freely into said
inlet opening.

As is visible from Pig. 4, an embodiment ac-
cording to Fig. 3 has backward-curved impeller
vanes 3. The annular vanes {l and !{’ are so
located that three annular passages (8, {8’ and
(87" are ereated between the confining walls of
the impeller and the two annular vanes, These
annular passages have different widths, so that

passage 18 is narrowest, and passags {8 is
widest. Thus, the mean radii of curvature of

the three passages can he made t5 have approxi-
mately eoual ratio to the widths of the ecorre-
sponding ducts. With a given angle of deflection,

the deflection losses in the three annular passages |

can therefore be kept about equal, so that ap-
broximately equal pressure and velocity condi-
tions will prevail over the whole eross section at
the exit of said annular passages towards the cen«
trifugally-acting section of the impeller.

Figs. b and 6 show an open centrifugal hlower
imneller | in which the impeller blades 3 are
radially arranged on their centrifugal part, and
axially so extended at 8’ and bent around at their
inlet edges 16 that they admit the axialiy-inrush-
ing pressure mediura approximately shock-free.
Two annular vanss {1 and 1{’ 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 impelier blading with the
axially extended inlet edges #8 and with the an-
nular vanes I and (!’ may, on the other hand,
alzc be built as a part containing the inner pas-~
sages 48, 18" and 8. The outer ends of vanes
2’ may be held in a ring 20, Such a vane part is
Nustrated in a secticn in Fig, 7 and in axisl view
in Fig. 8. In this case the inner part of the im-
peller is separated from the centrifugal impsiler
proper. This piece may be fastened at the hub
section of impeller §, e. g. by means of ring 9.
It is built in at 3’’ inside of the outwardly-located
impeller vanes 3. Between the ring 28 and casing
part B, 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 29 may be
seated, as shown on Fig, 7, directly upon the
vanes 3 of an open impeller, or it may be fastened
there. The vanes 8’ abutiing against impeller
disc | may also have axially-directed protrusicns
20" which may reach e. g. into the impeller disc
i, or they rmay be riveted or welded, ete. thereon.
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The inset blading section may also be so shaped

that it reaches up to the inclined edges 3.'’ of the
impeller vanes 3.

In Figs. 9 and 10, an embodiment similar to the
one in Fig. 1 is shown. The annular vane 11 is
also here fastened in the ribs 13 of the blower
casing 8. Aside from the annular vane {{, how-
ever, eight thin, radial vanes 22 are also fastened
in the ribs 13. These annular vanes, together with
the eight radiz] vanes 22 and with the confining

60

walls of impeller | ard shroud §, enclose sixteen

radially-curved guide passages for thz pressure
medium, The annular vane is preferakly so lccat-
ed that the ratio between the radius of eurvature
and the width of the passages is so chosen that
the inner and outer passages have approximately
equal pressure and velocity losses, Thus, the pres-
sure medium is made to enter the centrifugally-
acting impeller blade 8 under approximately egual
pressure and velccity over the whole width -of
blade edge 18. In this type of construction, a
gertain optimal inlet angle to the impeller blad«

70

5
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ing 3 can be maintained. The ribs 22, a5 well as
the annular vane (i may be cast, welded, or
soldered, etc., into the ribs 13,

Figs. 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. Fig. 11 shows an open impeller I. T
is equipped with vanes 3 which extend axially up
to edge 16. § is the casing part which encloses
or covers the impeller blading on the outside.
The annular vanes {1 and (1, located in the inlet
section of the imveller blading, show sharper
curvature at the inlet endg, and reduced curvature
towards the radial part of the impeller. Further-
more, the widthsof the ducts created between the
confining walls of the impeller and the annular
vanes {1 and {1’ are larger at the pressure medi-
um intake b1, b2, b3 than at the exit b'1, b’s, b's.
The annular vanes 44 and {{’ are unevenly placed
so that the ratio of the mean radii of curvature
r1, e, 3 of the passages to the mean passage
widths b1, D2, bs is at least approximately larger
than unity at the entrance, and increases to still
higher values toward the exit b’1, 8’2 and b’s. By
this means, the deflection losses in the three pas-
sages §8, 18’ and 18’/ are kept relatively small.
It is even possible, according to this invention, to
locate the annular vanes 11 and !i’ so, and pro~
vide them with such curvatures and such lensth
that the veloeity and pressure losses will be equal
in all the three passages 18, 18’ and i8"’. The
pressure medium enters therefore the centrifu-
gally-acting blade section 3 of the impeller t with
even velocities and under even pressure. 'This, of
course, results in optimum admission of the pres-
sure medium and, consequently, 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 Pig, 11.

In contrast to an embodiment shown in Fig. 11,
Fig. 12 shows annular vanes 50 shaped that at the
inlet ends they have relatively large, though un-
even, radii of curvature ri, rz, 73 compared to the
bassage widths by, by, b3, and have relatively small
radii of curvature r'1, #’2, 7’3, compared with the
bassage widths 0’1, b’2, b’3 at the exit ends. The
passage widths b, be, b3 and b’1, b's, '3, respec-
tively, are chosen uheven, too. They are largerat
the pressure medium inlet than at its exit, so that
an accelerated flow through the passages ‘is
achieved. The inner ends {51 and 52 of the annu-
Tar vanes 11 and i1’ are so dimensioned thai they
do not touch the impeller vanes 3 and {5, but still
provide most complete flow deflection to radial
direction. With the type of annuiar vahes shiown
inFig. 12, as-contrasted to an embodiment accord-
ing to Fig. 11, the ratio 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 {1°. ‘

Through the insertion of these annular vanes,
the ratio 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 mediym,
from axial te radial direction -can be greatly re-
duced. By proper choice of the radii of curva-
ture of the annular vanes and of the confining
walls of the impeller ut the pressure medium in-
talke, and by-suitable shaping, length and location
of the ahnular vanes, the intake ficw losses 40 the
impeller can be reduced to a minimum, and/or
the intake velocities to the centrifugal impelier
blading, measured over the whole intake cross
section, can be madée equal, abt equal pressure.
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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 im-
pellers.

Fig. 13 shows a section through the axis of a
multi-stage centrifugal blower. It contains three
impellers la, Ib, and fc arranged in series. The
pressure medium enters at A and is discharged at
B. All the three impellers s, I, and lc are keyed
upon shaft 2, which is driven through coupling
flange 2’. The casing 98’, 9°’ which encloses all
the impellers, is divided into two sections at the
horizontal plane 8’’’. The object of the inven-
tion is incorporated in impeller {a in similar man-
ner as in the embodiment shown in Fig. 3. Two
annular vanes fts and [#’s are built into the im-
peller vanes 3a. They terminate at 16a about
parallel to the blower axis, however. The annu-
lar vanes [is and 11’2 jut a little beyond the inlet
edge of impeller {a.

The impellers I. and {» 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 lat-
ter are equipped with vanes 30. and 30p which
impose a predominantly radial flow direction to
the pressure medium, particularly near the blower
shaft. The pressure medium is led axially to-
wards the inlet of the adjacent impeller Ip or le,
respectively; by means of the casing walls which
are curved, near the axis, from radial to axial di-
rection. The flow deflection from space 27 into
the impeller interior v, which amounts to nearly
180 angular degrees, can be aided greatly by an
embodiment of this invention. As seen in Fig. 13,
it consists in at least one annular vane each (21’,
27’ and 28’, respectively) built into the exits of
the transmitting pieces 27 and 28. They guide,
together with the rounded confining walls of the
guide parts 27 and 28, respectively, the pressure
medium to the inlet of the adjacent impellers Iv
and lc, respectively, with a possible minimum of
losses through deflection, friction, etc. Addi-
tional annular vanes {ib, 11’p and llc of a type
hereinabove described are built into the impeller
inlets. The annular vanes 21’, 27’ and 28’, re-
spectively, are preferably so shaped and arranged
in relation to the annular vanes (i, 11’y and (¢
in the impellers iv angd lc, that the full deflection
of the pressure medium from radially-inward di-
rection via axial to radially-outward direction is
accomplished with minimum velocity and pres-
sure losses, and/or with even veloeity and pres-
sure distribution of the pressure medium over the
whole inlet cross section of the centrifugally-act-
ing impeller blading.

Fig. 14 illustrates also a section through a three-
stage blower with impellers {a, fn, lc. The blower
casing consists here of four disc-shaped parts
9’1, 9’2, 9’3 and $’+ which may be separated from
each other along radially-extended joints 29:, 292
and 293 upon loosening 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 lefi-hand side, then
sliding the balancing piston 38 on the shaft from
the right-hand side, followed by impeller I, and
then fastening the blower casing part 9’3 on cas-
ing part 9’¢. Thereupon the impeller f», casing
part 9’2, impeller ls, and, last, the inlet casing
part 9’1 are assembled in that order.

_ According to the invention, deflecting vanes
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f1a and 11’ are built into the inlef section of the
blading 3a of impeller fs. The annular vanes ({a
and {l’s are built into impeller fa similarly as
illustrated already in Fig. 3.

Annular vanes {{p and i1’y are arranged in the
intake section of impeller lv, and an annular vane
{1c is installed in the inlet of impeller fc. In-
stallation of the annular vanes {ip and 11’y and
[ 1c, respectively, is done by insertion or by cast~
ing-in into vanes 30a and 30, respectively, which
subdivide the guide passages 2T and 28. These
annular vanes are thus rigidly connected to the
casing parts 9’2 and 9’3, and extend into the inlet
sections of the impellers Iv and Ic, close to the
inner impeller blade edges 16v and 16.. The outer
diameters 15v, 15’v and 15 of the annular vanes
{in, t1'v and flc, respectively, are chosen just
large enough that the casing parts 9’z and 9’3 can
be readily withdrawn axially from the impeller
inlet openings.

Similar as on the other shown embodiments,
the shape, radii of curvature, and position of the
annular vanes can be so chosen that minimum
velocity and pressure losses will occur in the de-
flecting passages between the guide passage sec-
tions 27 and 28, respectively, and the impeller in-
let Ip and le, respectively. The annular vanes
may also be arranged in such numbers, shapes,
and positions, that the inlet conditions will be ap-
proximately equal over the whole inlet cross sec-
tions of impeller blades 3» and 3e.

The invention provides improved inlet con-
ditions on centrifugally-acting impellers. There,
the pressure medium 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 multi-stage blowers
or pumps. This sharp deflection causes losses
through deflection, friction, and—if the passage
areas are variable—also through energy transi-
tion. These losses, or their sum total, are to be
reduced by the insertion of the proposed an-
nular 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 approxi-
mately equal velocity and pressure conditions.
Since the deflection losses, in particular, take up
a relatively large share of the total losses, it fol-
lows that the number and design of the annular
vanes should be so chosen that the ratio of curva-
ture 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 indi-
vidual guide passages so that the sum total of
all losses therein is equal and/or is a minimum.
I claim:

1, A centrifugal pump or blower having an
axial inlet eye and a blade supporting wheel, im-
peller blading on said wheel, a casing about said
wheel and said blading, said casing having an
annular portion defining the outer perimeter of
said eye, said wheel having a portion beginning
near the center of said eye, extending axially in-
wardly and curving from axial to radial direction
to define with the inner portion of said casing a
curved annular passage subdivided by said blad-
ing whereby the fluid to be pumped or blown is
admitted axially through said eye and is forced
centrifugally radially outwardly of said blower
wheel, and funnel shaped annular vane means
fiiSposed in said passage beginning at least with-
in said eye and curving with the blower wheel
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portion and inner portion of said casing defin-
ing said passage to subdivide said passage into a
plurality of smaller annular passages, said vane
means being of such progressive diameters that
the resulting ratios of the mean radii of curva-
ture to the mean widths of said last mentioned
subdivisions, measured in axial planes, are ap-
proximately equal for all said passages.

2. The pump or blower as defined in claim 1
wherein the blading on the blower wheel begins
within the radially outer area of said annular
passage and extends outwardly therefrom in a
direction having a substantial radial component,
and the annular vane means extends into said
passage only up to the beginning of said blading
and said vane means is secured to the blower
casing so as to prevent rotation thersof with the
blower wheel.

3. The pump or blower as defined in clalm 2
wherein there is additionally provided a series of
axially extending inlet blades, said blades being
fixed to the blower casing and extending from a
point outside the inlet eye into said passage up
to the beginning of the wheel blading.

4. The pump or blower as defined in claim 1
wherein the blading extends into the inlet eye
and the vane means are secured to said blading
so0 as to rotate therewith.

5. The pump or blower as defined in claim 1
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wherein the annular vane means are secured to
said blading so as to rotate therewith.
ALFRED BUCHI.
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