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The present invention relates to a method of and an
arrangement for reducing clearance losses in axial and
semi-axial flow machines.

With runners of axial and semi-axial flow machines of
this type, there is mecessarily provided a clearance be-
tween the outer periphery of the blades of the rotating
blade wheel and the encasement of the runner. In view

of the pressure drop between the pressure side and the
suction side of the blades, operating medium passes

through the clearance thereby causing the so-called clear-
ance flow.

This clearance flow has many drawbacks one of which
is that the energy of the operating medium passing
through said clearance cannot be converted into useful
energy and thus presents a loss in the valuable operating
medium. Moreover, the clearance flow has other im-
portant disadvantages inherent thereto. Thus, the clear-
ance flow will for instance in hydraulic machines cause
cavitation on the outer contour of the blades on the suc-
tion side thereof. Due to the pressure balance occuring
at the periphery of the blades, because of said clearance,
an unfavorable effect is obtained upon the pressure dis-
tribution on the blade surface at the pressure as well as
on the suction side. More specifically, the higher pres-
sure on the pressure side will drop, and the low pressure
on the suction side will rise, toward the periphery of the
blades. However, inasmuch as the force resulting from
the mutual effect between the runner blades and flow de-
pends on the pressure and the speed distribution on the
blade surface, the clearance flow will unfavorably affect
the output power of the runner thus causing a relatively
high drop in the overall efficiency of the machine.

It is for this reason that numerous efforts have been
made to reduce or eliminate the various disadvantageous
effects of the clearance flow. The natural thing to do
would, of course, be to reduce the clearance as far as
possible. Such efforts, however, have not brought any
satisfactory success inasmuch as for constructional rea-
sons the clearance cannot be reduced below certain limits.

Tt is, therefore, an object of the present invention to
provide a new method of and arrangement for reducing
the clearance losses inherent to the clearance fiow of axial
and semi-axial flow machines. As a result of this inven-
tion, apart from an improved mode -of operation, namely
elimination or minimising of vibration being effected, an
improvement in the -efficiency of the machine will be
achieved.

It is another object of this invention to provide axial
and semi-axial flow machines with means which will con-
siderably reduce the harmful effect caused by the clear-
ance flow upon the pressure distribution on the surface
of the blading thereby improving again the overall ef-
ficiency of the machine. ’

A further object of this invention consists in the pro-
vision of a mew medium in hydranlic machines of the
above mentioned type, which will reduce the harmful
effect of cavitation on the blading thereby allowing the
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machine to operate under more severe conditions of run-
ning, )

It is still another object of this invention to provide an
arrangement for improving the aeration method hereto-
fore known in connection with the aeration of river water
by axial turbines as the Wagner method thereby improv-
ing the aeration of river waters. ) .

These and other objects and advantages of the inven-
tion will appear more clearly from the following specifi-
cation in connection with the accompanying drawing dia-
grammatically showing the present invention in connec-
tion with a Kaplan turbine:

It has been found according to the present invention
that it is possible in an advantageous manner comnsider-
ably to reduce or practically even to avoid the drawbacks
and losses caused by the clearance flow by introducing
air or another gas or -aerated water—an air or gas water
mixture—through the runner blades into and/or below
and/or above the clearance between the runmer blade
outer periphery and the surrounding wall for the runner
and the dinner clearance between the runner blade. inner
circumference and the hub. The air or gas or air water
Or gas water mixture may be introduced directly and/or
indirectly into the said clearances, namely within the
range of the axial length of the clearances or gaps and
also in ‘the direct neighborhcod of the suction side or
pressure side of said clearances or gaps. When introduc-
ing the medium, ie. air or gas or an air water or gas
water mixture, at the pressure side of the clearance, the
introduction of the medium must always be effected un-
der pressure. When introducing the medium into the
clearance itself or into the direct neighborhood of the
suction side of the clearance, it may suffice when the
medium has atmospheric pressure. Of course, if desired,
it may also at this point be introduced under pressure.
At any rate, the medium is advantageously introduced at
a plurality of points which are possibly uniformly. dis-
tributed over the length of the individual clearances inas-
much as such an arrangement will assure a more uniform
distribution of the medium -over the entire length of the
clearance or gap and will thus assure a uniform effect on
all points of the respective clearance or gap.” ** o

"According to a preferred embodiment of the present
invention, the air or gas or air or gas water mixture is
conveyed to the clearances or gaps through a plurality of
bores, nozzles or the like distributed over the range of
the outer and inner marginal portions of the blade wheels
and arranged in the blades. These bores, nozzles or the
like are connected through distributing passages to branch
lines arranged in each blade and passing through the
blade studs. These branch lines may through the tur-
bine shaft, for instance through a bore in the latter or

* through: pipes or the like mounted therein, communicate
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with the atmosphere or may be connécted to a source - of
compressed air. If desired, the arrangement may be such
that selectively a connection may be established with the
atmospheré or with a source of compressed air. To this
end, in order to conirol the amount of the new medium
going into the clearances or gaps, a three-way valve -may
be provided. Such valve may, if desired, itself be auto-
matically controlled according to the load on the tur-
bine. Naturally, if desired, such three-way valve could
also be operated manually. . .

FIG. 1 is a side elevation, partly in section of a Kaplan
turbine embodying the invention. ]

FIG. 2 is a diagrammatic view of an alternative means

* for gas regulation applicable to the turbine of FIG. 1.
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FIG. 3 is a plan view of a runner vane according to
the present invention.

Referring now to the drawings in detail, the arrange-

ment shown in FIG. 1 comprises a Kaplan turbine with
runner blades 1 which blades are bored or cut to provide
the required passages 6 for the air or gas or. air- or gas-
water mixture to be conveyed into the clearance between
the periphery of the blades and the wall 3 surrounding
same. These passages 6 communicate with feeder pas-
sages 5 which in their turn communicate with a common
main line 4 in the main turbine shaft. The distributing
lines or passages 6 end in openings or jeis 7 at different
points around the blade contour, as clearly shown in the
drawing, in order to discharge and distribute the respec-
tive medium in and/or above and/or under the outer
clearance or gap 8 between the ruaner blades 1 and the
outer wall 3 and also the inner gap or clearance $ be-
tween the runner blades 1 and the hub 1%. The air or
gas leaving the clearances or gaps 8, 9 will then pass
in form of minute bubbles into the suction tube of turbine
2. If desired, a control valve 18 may be interposed in
line 4 which may furthermore be provided with a con-
nection 4a. In this instance, the connection 44 may be
connected to a source of compressed air or compressed
gas, while the free end of line 4 may lead into the at-
mosphere. The said control valve 19 may for instance
be a three-way valve so that selectively atmospheric air
or compressed gas may be conveyed to the clearances or
gaps 8, 9.  While the said valve 1§ may be controlled
manually, it is also possible to control valve I8 auto-
matically in conformity with various conditions of op-
eration of the fluid flow machine, for instance in con-
formity with the load, the circumferential speed on the
periphery of the blades, etc.
" FIG. 2 shows diagrammatically one of the many pos-
sible ways to automatically control valve 18 in conformity
with one factor of operation of the machine, namely the
governor. )

As FIG. 2 shows this time valve 10 is not directly
built in line 4 as previously mentioned. Here line 4 ends
in an air box 12 with a built-in non-return floating valve
14 in order to stop the water from flowing back into the
air system when this one is out of function.. The air box
is further connected to the atmosphere and/or compressed
air through a passage 13 in which the regulating valve 16
is built. This valve is being regulated as shown by a
cam and a roller 15 connected to the governor 16 of the
machine. This arrangement will regulate the amount of
the new medium flowing into the clearances -and the gaps
according to the gate openings, i.e. the load on the ma-
chine. ‘

FIG. 3 shows a possible solution for connecting the
different passages of the new medium. While the inven-
tion has been described in connection with the reduction
or elimination of the clearance losses; it should also be
noted that the present invention may also be uséd in
connection with the enrichment of water with oxygen
for biolcgical purposes and for aiding in the self-purifica-
tion of rivers and the like where axial turbines are em-
ployed. While for purposes of purifying or aerating river
water, a method has been developed which consists in
introducing air into the suction tube of a Kaplan turbine,
with this method the air is, as mentioned above, intro-
duced through the suction tube wall of the turbine and
directly under the runner. In contrast thereto, the intro-
duction of air through the blades into the clearances or
gaps in conformity with the present invention will assure
a still higher efficiency. of aeration of river waters and
the like than the above mentioned method in view of the
fact that the air or gas comes out at said clearances or
gaps between the runner blades and the surrounding walls
in form of minute air bubbles due to the turbulence and
the effect of rotation where the air or. gas comes out.
Such small air bubbles are considerably more efficient
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for aerating purposes and in addition thereto will also
cause less resistance to the flow.

As will be evident from the above, the present inven-
tion brings about a considerable improvement in the over-
all efficiency of machines of the type involved primarily
due to a considerable reduction in or a complete elimina-
tion of the leakage losses. Furthermore, the influence of
the leakage losses on the pressure distribution along the
blade profiles is considerably reduced. Also a consider-
able reduction in the cavitation and the harmful effects
thereof has been realized by the present invention.

It is, of course to be understood that the present in-
vention is, by no means, limited to the particular con-
struction shown in the drawing and method described
above but also comprises any modifications within the
scope of the appended claims. Thus, instead of air'there
could also be used nitrogen, oxygen, or any other gas or
fluid.

What I claim is:

1. A method of reducing clearance losses in axial and
semi-axial flow machines, especially Kaplan turbines,
which includes the step of at least temporarily during the
operation of the flow machine supplying at least one gas
containing medium under pressure into the blades of the
runner of the machine, distributing the medium in the
blades, and discharging the medium from the edges of
the blades into the clearance spaces of said flow machine
and in the plane of the respective blade where the. clear-
ance losses to be reduced normally occur.

2. In a method of reducing clearance losses in axial
and semi-axial flow machines, which comprise runoer
blades forming a first clearance with an encasement sur-
rounding the outer periphery of said runmer blades and
also having a second clearance between the inmer pe-
riphery of said runner blades and a hub, the step of: at
least temporarily during the operation of the flow ma-
chine supplying at least one gas containing medium under
pressure into the runner blades, distributing the medium
in the blades, and discharging the medium from points
distributed along the edges of the blades into said first
and second clearances and in the plane of the respective
blade. . '

3. A method according to claim 1, in which the medium
being blown into the clearances is atmospheric air.

4, A method according to claim 1, in which the medium

eing blown into the clearances is compressed air.

5. A method according to claim 1, in which the medium
being blown into the clearances is an air water mixture.

6. In an axial and semi-axial flow machine, a ro-
tatable hub, a plurality of blades having studs on said
blades inserted into and supported by said hub for rota-
tion therewith, said blades having an inner and outer pe-
riphery, said inner periphery forming a clearance with
said hub so as to confine therewith first gap means adapted
to allow the passage of fluid therethrough, means sur-
rounding said outer periphery of said blades with clearance
so as to confine therewith second gap means adapted to
allow the passage of fluid therethrough, main supply con-
duit means leading from the outside of said hub into the
Jatter and adapted to be connected to a supply source of
a fluid medium containing at least one gas, branch con-
duit means leading from said hub through said studs into
each of said blades, and dividing conduit means in said
blades communicating with said branch conduit means
and leading to different and spaced points on each of said
blades along the said inner and outer peripheries thereof
for the discharge of said fluid medium directly into said
first and second gap means and substantially in the plane
of the respective blade. - . v
7. An arrangement -according to claim 6, and control
valve means interposed in said main supply conduit means
and ‘adjustable for selective connection with either one of
at least two different supply sources of the medinm to be
conveyed through said main supply conduit means.

(Refercnces on following page)
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