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This invention relates generally to a throttle structure
and more particularly to a nozzle inlet of a turbine having
means to control a variable inlet area in respomse to
operating conditions, thereby to selectively throttle inlet
fluid to a turbine impeller. ’

According to the general features of the present in-
vention, a housing is provided having a nozzle block por-
tion with a plurality of nozzle inlets arranged to expand a
fluid in the direction of a rotatable impeller carried on a
shaft journaled in said housing. An air gap is provided
between the impeller and the housing and a valve or other
area controlling device, for example, a valve having a
plurality of throttling apertures corresponding in number
and size to the nozzle inlets, is movably mounted in the
air gap so that the throttling apertures may be moved into
and out of registry with the nozzle inlets, thereby to con-
trol the flow of fluid from the inlets to the impeller.

Torque-producing means responsive to the rotation of the

impeller are connected to the rotary valve to control posi-
tioning of the valve upon rotation of the impeller, thereby
to impart a torque to the valve by means of which the
positioning of the throttle apertures may be regulated.

It is an object of the present invention to provide a
turbine construction wherein the effective throat area of
a nozzle inlet may be controlled by a throttling member
which is directly responsive to a variable condition.

Another object of the present invention is to provide a
turbine construction having a rotary valve or other area
controlling member arranged to throttle inlet air to the
turbine in response to actuation by condition sensitive
meais.

A further object of the present invention is to provide a
rotary valve for a turbine construction wherein the valve
comprises the rotor of an eddy current device by means
of which the positioning of the valve may be selectively
controlled.

Yet another object of the present invention is to provide
a rotary valve for a turbine construction adapted to have
a torque imparted thereto in response to the speed of
rotation of the turbine impeller.

A further object of the present invention is to provide
a new and improved eddy current throttle.

Many other features, advantages and additional objects
of the present invention will become manifest to those
versed in the art upon making reference to the detailed
descriptiocn which foliows and the accompanying sheets of
drawings in which a preferred embodiment of a structure
incerporating the principles of my invention is shown.

On the drawings:

Figure 1 is a cross-sectional view with parts shown in
elevation showing one structural embodiment of a turbine
construction incorperating the principles of the present
invention;

Figure 2 is an enlarged fragmentary cross-sectional
view taken substantially on line II—II of Figure 1;

Figure 3 is an enlarged fragmentary elevational view
looking through one of the nozzle inlets and showing the
rotary valve of the present invention positioned so as to
provide a fully open port; and
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Figure 4 is a view similar to Figure 3, but showing the
rotary valve of the present invention positioned to:
partially restrict the nozzle inlet port.

As shown on the drawings:

Although the principles of the present invention find a
particular applicability to a turbine construction, it will be
understood that T do not wish to be limited to the specific
environment herein described by way of illustrative ex-
ample only.

‘The improved throttling arrangement of the present in-
vention is shown in connection with a turbine coastruc-
tion indicated generally by the reference numeral 10 and
includes a housing 11 having an impeller chamber 12 and
an annular nozzle block 13 in which is formed a plurality
of spaced nozzle inlets 14 arranged to expand and direct
a fluid toward the vane elements 16 of an impeller 17
keyed as at 18 to a shaft 19 journaled for rotation in a
bearing means 20 mounted in the housing 11.

The housing %1 is formed with an internal annular
recess 21 concentrically disposed relative to a hub portion
22. The impeller chamber 12 of the housing 11 is also
constructed to provide a substantially annular air gap 23
between the impeller 17 and the inlet side of the hous-
ing 11,

A rotary valve 24 is mounted for movement in the
air gap 23 and includes an axially extending annular
flange 25 which is arranged to encircle the hub 22 in the
locale of the recess 21, an annular bearing 26 being car-
ried by the housing 11 so as to journal the valve 24 for
movement in the air gap 23. .

It will be noted that the air gap 23 extends radially to
the nozzle inlets 14 and the valve 24 is provided with
a control portion 27 having a plurality of throttling aper-
tures 28 corresponding in number with the nozzle inlets
14 and arranged to be moved into.and out of registry
with the nozzle inlets 14, thereby to selectively restrict
the effective area of opening of the nozzle inlets 14 and
thereby to control the flow of fluid from the nozzle in-
lets 14 to the vane elements 16 of the impeller 17.

It will be understood that the throttling apertures 28
by way of exemplification of the present inventive prin-
ciples are preferably of the same size as that portion of the
nozzle inlet directly adjacent the control portion 27 of the
rotary valve 24. : .

The rotary valve 24 is normally held in either an open
or closed flow position by means of an appropriate control
device which in this particular embodiment takes the form
of a torsion spring 29 having one end thereof operatively -
connected to the housing i1 and the other end thereof
operatively connected to the flange 25 of the rotary
valve 24,

It will be apparent that the flow of fluid from the nozzle
inlets i4 to the vane elements 16 of the impeller 17 will
be at a maximum when the throttling apertures 28 are
in full open registry with the nozzle inlet 14 as shown
in Figure 3. To cut down the flow of fluid, the rotary
valve 24 is rotated selectively so as to move the throttling
apertures 23 out of registry with the nozzle inlet 14 a
shown in Figure 4. .

In order to impart the necessary torque to the rotary
valve 24, the present invention contemplates the provi-
sion of a condition sensitive control device to position
the rotary disc-type valve 24, for example, by imparting
a torque tending to move the valve in response to the ro-
tational speed of the impeller 17.

Because the rotary valve 24 is generally disc-shaped
and develops a throttling function, the relationship there-
of to the inventive subject matter is sometimes identified
herein by use of the terms “disc” and “throttle member”
as well as the term “control valve.”

The torque-producing means may, by way of example,
take the form of at least a pair of bar magnets indicated
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at 30 and 31. The magnet 30 is shown with its north
pole arranged directly adjacent the air gap 23 and the
magnet 31 is shown with its south pole similarly situated
but spaced apart from the magnet 30. A washer 32 of
paramagnetic material bridges the opposite ends of the
magnets 30 and 31 and also serves to engage a nut 33
threaded on the end of the shaft 19 to hold the impeller
17 in assembly therewith.

In order to promote a full flux flow through the air gap
23 in the vicinity of the rotary valve 24, a washer 34 made
of paramagnetic material may be carried by the shaft 19
on the housing side of the rotary valve 24, thereby com-
pleting a magnetic circuit through the air gap 23.

In order to minimize flux leakage, the shaft 19 is pref-
erably made of non-magnetic material.

In operation, the magaetic lines of flux produced by the
magnets 30 and 31 pass through the -disc-type rotary
valve 24. Upon rotation of the impeller 17 changing
flux linkages result in portions of the disc-type valve 24
in proximity to the magnets 3¢ and 31 and an electromo-
tive force is generated which, in turn, causes eddy currents
to flow in the valve 24. The eddy currents, in establish-
ing their own magnetic fields which interact with the fields
of the magnets 30 and 31, impart a torque to the rotary
valve 24, thereby tending to move the control portion
27 of the valve 24 so as to control the flow of fluid
through the nozzle inlets 14 to the vane elements 16 of
the impeller 17.

It may be noted that the torque imparted to the rotary
valve 24 will, in accordance with well known physical
relationships, be related in a predetermined proportion to
the speed of rotation of the impeller 17. Thus, the rotary
valve 24 can be effectively employed to throttle the inlet
fluid flow to the turbine impeller 17.

it will be understood, of course, that flux producing
means carried by the impeller 17 is particularly charac-
terized by being capable of establishing a flux pattern in
the air gap 23 so that the torque imparted to the rotary
valve 24 could be controlled as a function of the rotational
speed of the impeller 17. =~ -

The mounting of the rotary valve 24 for rotation in-
dependent of the rotation of the impeller 17 makes it feas-

ible to apply a torque to the rotary valve 24. Accord-

ingly the speed responsive eddy current device herein
described by way of a preferred embodiment is merely
exemplary of one form of actuating mechanism responsive
to such different variable factors involved in the opera-
tion of the turbine as pressure, flow volume, temperature,
or any other measurable quantity.

Althcugh various minor structural modifications might
- be suggested by those versed in the art to the preferred
embodiment herein described in great detail for the sake
of clarity only, it should be understood that I wish to
embody within the scope of this patent all such modifica-
tions as reasonably and properly come within the scope
of my contribution to the art. . :

1 claim as my invention: :

1. In a turbine construction, a housing, a shaft jour-
naled for rotation therein, an impeller carried by said
shaft for rotation in said housing, said housing having an
annular nozzle block portion forming an annular row
of nozzle inlets arranged to expand a fluid toward said
impeller to rotatably drive said impeller, said impeller
and said housing together with one another forming an
annular air gap therebetween extending to said nozzle
inlets, a rotary valve journaled in said housing for rota-
tion in said air gap, said valve having an annular control
portion in said air gap with an annular row of openings
therein corresponding in number to said plurality of noz-
zle inlets and being so selectively moved into and out of
register with said inlets to restrict the flow of fluid from
said nozzles to said impeller upon relative movement of
said valve with respect to said housing, a control spring
operatively connected between said housing and said valve
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to load said valve in a predetermined angular direction
and magnetic eddy current torque-producing means be-
tween said valve and said impeller to impart a turning
torque to said valve in response to rotation of said impeller
to overcome said control spring for controlling the effec-
tive area of said nozzle inlets. :

2. In a turbine construction, 2 housing, a shaft journaled
for rotation therein, an impeller carried by said shaft for
rotation in said housing, said housing having an annular
nozzle block portion forming a plurality of nozzle inlets
arranged to expand a fluid toward said impeller to rota-
tably drive said impeller, said impeller and said housing
together with one another forming an- annular air gap
therebteween extending to said nozzle inlets, a disc made’
of paramagnetic material carried by.said housing for
movement in said air gap, said disc having a control
portion with an annular row of openings therein cor-
responding in number to said plurality of nozzle inlets
and being moved-into and out of register with said - inlets
to selectively- restrict the flow of fluid from said nozzles
to said impeller upon relative movement of said disc
with respect to said housing, a control spring operative-
ly connected between said housing and said disc to load
said disc in a predetermined angular direction and mag-
netic flux-producing means carried by said impeller and
arranged to induce eddy currents in said disc, thereby to
impart a turning torque to said disc in response to rota-
tion of said impeller to overcome said control spring for
controlling the effective area of said nozzle inlets.

3. In a turbine construction, a housing, a shaft journaled
for rotation therein, an impeller carried by said shaft for
rotation in said housing, said housing having an annular
nozzle block portion forming a plurality of nozzle inlets
arranged to expand a fluid toward said impeller to rota-
tably drive said impeller, said impeller and said housing
together with one another forming an annular air gap
therebetween extending to said nozzle inlets, a disc made
of paramagnetic material carried by said housing for
movement in said- air gap, said disc having a control
portion with a plurality of openings therein correspond-
ing in number to said plurality of nozzle inlets and co-
operating therewith to provide -a plurality of variably
sized flow passages through said air gap to selectively
restrict the flow of fluid from said nozzles to said im-
peller upon relative movement of said disc with re-
spect to said housing, a control spring operatively con-
nected between said housing and said disc to-load said
disc in a predetermined angular direction and magnetic
flux-producing means -carried by: said impeller -and- ar-
ranged to induce eddy currents in said disc, thereby to
impart a turning torque to said disc in response to rota-

" tion of said impeller to overcome said control spring for
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controlling the effective area of said nozzle inlets, said
magnetic flux-producing means including at least a pair
of bar magnets carried by said impeller with opposite

poles arranged adjacent said air gap.

4. In a turbine construction, a housing, a shaft

_ journaled for rotation therein, an impéller carried by
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said shaft for rotation in said housing, said housing hav-
ing an annular nozzle block portion forming a plurality
of nozzle inlets arranged to expand a fluid toward said im-
peller to rotatably drive said impeller, said impeller and
said housing together with one another forming. an an-
nular air gap therebetween extending to said nozzle in-
lets, a disc made of paramagnetic material carried by said
housing for movement in said air gap, said disc having
a control portion comprising an offset flanged rim with a
plurality of openings therein corresponding in number
to said plurality of nozzle inlets ‘and arranged to selec-
tively restrict the flow of fluid from said nozzles to said
impeller upon relative movement of said disc with re-
spect to said housing, a control spring operatively con-
nected between said housing and said disc to load said
disc in a predetermined direction and magnetic flux-pro-
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ducing means carried by said impeller and arranged to
induce eddy currents in said disc, thereby to impart a
turning torque to said disc in response to rotation of said
impeller to overcome said control spring for controlling
the effective area of said nozzle inlets, a washer of para-
magnetic material on said shaft on one side of said disc
and at least a pair of bar magnets carried by said im-
peller with opposite poles spaced apart from one another
and arranged adjacent said air gap on the other side of
said disc.

5. In a turbine construction, a housing, a shaft
journaled for rotation therein, an impeller carried by said
shaft for rotation in said housing, said housing having an
annular nozzle block portion forming a plurality of nozzle
inlets arranged to expand a fluid toward said impeller
to rotatably drive said impeller, said impeller and said
housing together with one another forming an annular air
gap therebetween extending to said nozzle inlets, a disc
made of paramagnetic material carried by said housing

for movement in said air gap, said disc having a control ¢

portion comprising a flange with a plurality of openings
therein corresponding in number to said plurality of noz-
zle inlets and arranged to selectively restrict ti.e flow of
fluid from said nozzles to said impeller upon relative

movement of said disc with respect to said housing, a :

control spring operatively connected between said housing
and said disc to load said disc in a predetermined direc-
tion and magnetic flux-producing means carried by said
impeller and arranged to induce eddy currents in said
disc, thereby to impart a turning torque to said disc in
response to rotation of said impeller to overcome said
control spring for controlling the effective area of said
nozzle inlets, a washer of paramagnetic material on said
shaft on one side of said disc and at least a pair of bar
magnets carried by said impeller with opposite poles
spaced apart from one another and arranged adjacent
said air gap on the other side of said disc, and a washer
of paramagnetic material bridging the opposite ends (_)f
said bar magnets, thereby to complete a closed magnetic
circuit through said air gap.

6. In a turbine construction, a housing, a shaft j~urnaled
for rotation therein, an impeller carried by said shaft for
rotation in said housing, said housing having an annular
nozzle block portion forming a plurality of nozzle inlets
arranged to expand a fluid toward said impeller to ro-
tatably drive said impeller, said impeller and said housing
together with one another forming an annular air gap
therebetween extending to said nozzle inlets, a disc made
of paramagnetic material carried by said housing for
movement in said air gap, said disc having a control por-
tion with a plurality of openings therein corresponding
in number to said plurality of nozzle inlets and arranged
to selectively restrict the flow of fluid from said nozzles
to said impeller upon relative movement of said disc
with respect to said housing, a control spring operatively
connected between said housing and said disc to load
said disc in a predetermined direction and magnetic flux-
producing means carried by said impeller and arranged to
induce eddy currents in said disc, thereby to impart a
turning torque to said disc in response to rotation of said
impeller to overcome said control spring for controlling
the effective area of said nozzle inlets, a washer of para-
magnetic material on said shaft on one side of said disc
and at lcast a pair of bar magnets carried by said impeller
with opposite poles spaced apart from one another and
arranged adjacent said air gap on the other side of said
disc, and a washer of paramagnetic material bridging the
opposite ends of said bar magnets, thereby to complete a
closed magnetic circuit through said air gap, said shaft
being of nonmagnetic material, thereby to minimize flux
leakage.

7. In a turbine construction, a housing, bearing means
therein, a shaft journaled for rotation in said bearing
means, an impeller carried by said shaft and rotatable in
said housing, said housing baving an annular row of
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nozzles arranged to expand a fiuid foward said impeller,
thereby to rotatably drive said impeller, a throttle mem-
ber mounted in said housing for rotation independent
of said impeller and having a control portion formed
with an annular row of apertures arranged to be moved
into and cut of register with said nozzles to selectively
control the flow of driving fluid to said impeller, control
means normally biasing said throttle member in one
angular direction with said nozzles and said apertures in
full open register, and condition-sensitive means to move
said throttle relative to said nozzles to restrict flow
through said nozzles in response to variations from a ref-
erence condition, said condition-sensitive means compris-
ing an eddy current device wherein said throttle member
comprises a rotatable valve of paramagnetic material and
magnetic flux-producing means carried by said shaft and
said impeller in inductive relationship with said throttle
member, thereby to impart a turning torque to said
throttle member, the quantitative value of said torque
being proportional to the speed of rotation of the im-
peller.

8. In a turbine construction, a housing, bearing means
therein, a shaft journaled for rotation in said bear-
ing means, an impeller carried by said shaft and rotatable
in said housing, said housing having an annular row of
nozzles arranged to expand a fluid toward said impeller,
thereby to rotatably drive said impeller, a throttle mem-
ber mounted in said housing for rotation independent of
said impeller and having a control portion formed with
an annular row of apertures complementary to said
nozzles and arranged to be moved into and out of register
with said nozzles to selectively control the flow of driving
fluid to said impeller, control means normally biasing
said throttle member in one angular direction with said
nozzles and said apertures in full open register, and
condition-sensitive means to move said throttle member
relative to said nozzles to restrict flow through said
nozzles in response to variations from a reference condi-
tion comprising an eddy current device wherein said
throttle member consists of a rotatable disc valve of
paramagnetic material and said shaft and said impeller
carry magnetic flux-producing means in inductive rela-
tionship with said throttle member to impart a turning
torque to said throttle member proportional in quanti-
tative value to the speed of rotation of the impeller, said
shaft being made of a non-magnetic material to minimize
flux leakage.

9. A turbine construction comprising in combination,
a housing, a rotor mounted for rotation in the housing
and provided with circumferentially spaced vane ele-
ments, a fixed nozzle member adjacent said vane ele-
ments and through which motive fluid is supplied to the
vane elements, an annular throttling member between
the fixed nozzle member and the vane elements and
having spaced openings therein, bearing means support-
ing the throttling member so that the throtiling member
is capable of continuous angular adjustment between a
first position in which the motive fluid can freely flow
therethrough to the vane elements and a second position
in which all of the motive fluid is deflected by the
throttling member away from the vane elements, torque-
applying means driven by the rotor and operatively con-
nected between said rotor and said throttling member to
adjust said throttling member in angular direction as a
function of the speed of rotation of the rotor so that the
throttling member is angularly displaced by the said
torque-applying means into positions of adjustment be-
tween said first and second positions for deflecting the
motive fluid away from the vane elements as a function
of the speed of the rotor, and spring means intercon-
necting the housing and the throttling member and apply-
ing a continuous biasing force urging the throttling mem-
ber into its first position, said torque-applying means
comprising an eddy current device and said throttling
member consisting of a rotatable disk valve of conductive
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‘material, and said eddy current device ‘more particularly

including magnetic flux-producing means rotatably driven

by the rotor in inductive relation to said throttling mem-
ber for the purposes set forth. )
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