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 FORREST NAGLER, OF WAUWATOSA, WISCONSIN, ASSIGNOR TO ALLIS-CHALMERS
MANUFACTURING COMPANY, OF MILWAUKEE, WISCONSIN, A CORPORATION OF

DELAWARE.

HYDRAULIC APPARATUS.

Application filed: March 27, 1922, Serial No. 546',994;

This: invention relates in. general' to im-

provements in: the art of converting hydrau--

lic energy into torque in a. rotating shaft,
and relates. more specifically to improve-
ments in the construction. and. operation of
hydraulic miachines such as hydraulic. tur-
bines o1 pumps. , ' :

‘An object of the invention is to provide
an improved’ hydraulic machine which 1is
simple in constiuction -and efficient in operas
tion, Amother object of the invention is to
provide an improved: arrangement . of hy-
draulic machines whereby a plurality of such
machines may be efficiently operated from a
common source of fluid supply. A further
object of the invention is:to provide an im-
proved hydraulie power installation in which
most efficient hydraulic flow. conditions are
attained.. Another object of the invention is
to - provide a- hydraulic installation having
maximum capacity- for the space occupied
by the unit.. Still another.object of the in-
vention is to. provide ahydraulie turbine
unit any- desired number of which may be
associated to.drive a single energy absorber.

Another object of the invention is to provide .

o turbine unit which may be readily substi-
tuted for existing units to produce increased
efficiency and -energy cOnversion. A further
object of the invention is to provide various
improvements in-the construction and opera-
tion of hydraulic turbines having high-spe-
eific ‘or characteristic speeds. These and
other objects andiadvantages of the present
invention will bé apparent- from the follow-
ing description. G L

A clear conception of an embodiment of
the invention and of the operation of de-
vices constructed in accordance; therewith,
may be had by referring to the drawing ac-
companying and’ ferming a’ part of this
specification, in which: like reference charac-
ters designate the sameor similar parts m
the several views. »

Fig. 1.is a:part sectional plan view of an

improved:hydraulic turbine: installation..
Fig. 9:is a:longitudinal vertical section

through the improved hydraulic turbine in-

stallation, - Co Co
Fig. 8.is a transverse vertical - section

through the improved hydraulic turbiné in-

stallation, the section being taken ‘directly
 in front of one of the turbine units.

The hydraulic installation- shown'*in' the

drawing, comprises in general a plurality of
turbine units cooperating to drive a single
energy absorber or dynamo-electric machine
13 through a common horizontal shaft 3.
The turbine units receive their operating
fluid from a common relatively narrow flune
or penstock 10 through a grid 11, and deliver
the fluid to a:common tailrace 12.

Toach of the turbine units comprises a
purely axial-flow high-speed impeller 2
mounted upon a section of the horizontal
shaft 8 and located within a purely axial-
flow portion of the.conduit formed by the
turbine casing.. The admission of fluid. to
‘the turbine impelier 2 is effected through a
purely axial-flow conduit portion having an
annular series of adjustable guide vanes 6
therein and having an axially extending
“vane free transition space 4 located between
the guide vanes 6 and the vanes of the in-
peller 2. The portion of the turbine shaft
3 which is located directly adjacent to and
in acvance of cach -impeller 2, is supported
in‘a bearing 16 which is rigidly associated
with:the outer turbine casing by means of
radial vibs 7 located on the side of the ad-
justable vanes 6 vemote from the impeller 2.
The guide vanes 6 are mounted upon radial
pivot shafts, the outer extremity of each of
which is provided with a vane adjusting
gear 8 meshing with.an apnular gear 9 ro-
tatably supported by the outer turbine cas-
ing. The annular vane adjusting gear 9 is
provided with ears 17 which ave connected
to a common regulating shaft 19 by means
“of connections 18 and interveming levers.
The gears 8, 9:are protected from the ac-
cumulation of débris, by means of a suitable
“cover or casing 20. The discharge of each
“impeller 2 is directed axially.ad] acent to the
“impeller and communicates with a draft tube
5 the axis of which preferably extends at an
angle less than:60° relatively to the hori-
zontaly in. order: to- avoid abrupt deflection
of the discharge flow. o

The turbine units are connected to each
“other by means:of & coupling- 15 and it will

be- obvious- that -with ‘this arrangement any:

number-of units- may. be associated 'with a
common shaft 3.  The regulating shaft 19
may-extend into-a’chamber-14 and may: be
operated either manually-or- antomatically
by means-otf a:-governor in-the ustal marner.
. During normal-operation-of the apparatus,

60

65

70 .

75

80

100

108




(=]

9w

i}

30

40

mum - hydraulic energy loss.
be noted that any number of the units may:

5

the guide vanes 6 are set in any convenient
manner to- admit ‘the desired quantity' of
fluid in the same axial direction from the

common . penstock 10-to each of the turbine:

units. It will be obvious: that the guide
vanes 6 besides serving to throttle the inlet

flow, deliver the fluid into:the- transition -

space 4 with an axially advancing whirling
motion. The axially advancing stream in
passing from the transition space 4 into the
adjacent impeller 2 proceeds without shock
since the transition space enables the fluid
to assume a degree of whirvl corresponding to
the characteristics of the impeller vanes. In
the impeller 2 a considerable portion of the
whir] energy of the fluid is transformed into
torquein the rotating shaft 3 and the fluid
is eventually delivered from the impeller 2
around the gradual bend in the discharge
tube and into the draft tube 5. where the
remaining whirl and velocity energy is con-
verted into pressure energy. By manipulat-
ing the adjusting shaft 19 either manually
or automatically, the‘degree. of whirl of:the
entering fluid and the quantity of fluid ad-
mitted, may be readily varied in accordance
with the energy demand. b R
It will be obvious that by arranging-the
turbine units as llustrated. abrupt. changes
in the direction of flow are entirely avoided
without restricting. the quantity of flow to
each of the several units.. By thus avoid-
ing abrupt changes in the direction of flow,
high-velocity of flow is-attainable with mini-
It ‘will also

be combined in parallel relation to each other
to produce any desired amount ‘of energy
conversion, the number of units, however,
depending upon the available fluid supply.
These axial flow units may also be readily
substituted for existing radial inlet units,
without altering the inlet flumes; to produce
relatively  greater: power, because the axial
flow inlet permits attainment of higher inlet

“velocities. . The extreme simplicity of the in-
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stallation also augments the efficiency at-
tainable due to' e¢limination” of obstructions
and other structure tending to create eddies
and friction losses. ‘

The specific type of impeller herein illus-
trated forms no part of the present inven-
tion being illustrated and claimed in-ap-
plication, Serial No. 197,964, filed Oct. 20,
1917. - It will also be obvious that the prin-
ciples of the present invention are applicable
to other types of hydraulic machines and
that it is not essential to have the main
shaft horizontally disposed. The guide vane
adjusting -‘mechanism may also ‘be consider-
ably -altered - without departing from the
présent invention. S ‘ ‘

It should be understood: that it is not de-

sired. to limit the invention to. the exact de-
tails of construction and of operation herein

1,671,083 B

shown and described, for various modifica-
tions within the- scope of the claims may
occur to persons skilled in the art.
. Tt is claimed and desired to secure by Let-
ters Patent: . e L

1. In combination, a plurality of impellers
through: which fiuid flows in the same axial
direction, one" of said impellers being lo-
cated at the inlet side of the other, means
forming purely axial flow conduits leading
to said impellers, said conduits-having in-
dependent: communication - with a: common
source of fluid supply, adjustable means: for
producing variable whirling' motion of fluid
admitted to at least one-of said impellers,
and a flow decelerator communicating with
the discharge of at least one of said im-
pellers. i Lk S

2. In combination, a plurality of coaxial

impellers through -which:fluid flows in the

same. axial direction, one of said:-impellers
being located at-the inlet side of the other
and- having “its discharge located between
said ‘impellers, means forming purely. axial
flow: conduits leading in the same: direction
toward said -impellers, ‘said conduit  com:
municating with a common source of fluid
supply, adjustable means for producing vari-"
able whirling ‘motion- of fluid admitted to-
at least one of said impellers, and a.flow de-
celerator communicating with the discharge
of at least one of said mmpellers. L

3. In combination, a plurality of impellers.
through which fluid flows in the same axial
direction, one of said impellers being lo-
cated at the inlet side of the other and hav-
ing its -discharge ‘located between said im-
pellers, means forming purely axial flow
conduits -leading in' the same direction to-
ward said impellers, said conduits having
independent communication with' a common
source.of fluid supply, means for producing
whirling motion of the fluid admitted to
each of said impellers, and a flow decelerator
commiunicating with the. discharge of each
of said impellers. o 2

4. In' combination, a plurality of coaxial

impellers . through which fluid flows in the
same axial dirvection, one of said impellers
being located at the inlet side of the other
and having its. discharge ‘located between
said. impellers, means: forming purely axial

flow conduits leading in the same -axial di-

rection toward said impellers; said: conduits
having direct and independent communica-
tion with a common source of fluid supply,
adjustable means for producing variable
whirling motion of ‘the. fluid admitted to
each of said impellers, and a flow decelera-
tor communicating with the discharge of
each of said 1mpellers: SRR ‘

5. In combination, a plurality of impellers
through which fluid flows in the same axial
direction, means forming purely axial flow
conduits leading from a common source of -
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fluid supply in the same direction directly
toward each of said impellers, means for
producing whirling motion of fluid admitted
to each of said impellers, and a flow de-
celerator communicating with the discharge
of each of said impellers, the decelerator of
one of said impellers being located closely
adjacent to the inlet of the other.

. In combination, a plurality of coaxial
axial flow impellers through which fluid
flows in the same axial direction, a common

shaft supporting all of said impellers,:

means forming purely axial flow conduits
communicating with the inlet of each of
said impellers. means forming a common
source of fluid supply. communicating di-

rectly with each of said conduits, adjustable

means located in each of said conduits for
producing whirling motion of the fluid de-
livered to said impellers, and a flow decel-
erator communicating with the discharge of
each of said impellers,

7. In combination, a plurality of im-

pellers the discharge of each of which has a
substantial component in the direction of
impeller axis, a common shaft supporting
all of said impellers, means for conducting
fiuid to said impellers in the same direction
in parallel and from a common supply, and
a flow decelerating tube communicating with
the discharge of each of said impellers, each
of said tubes being bent through an angle
less than 60° relatively to the axis of said
common impeller shaft.

" 8. In combination, a plurality of identical
lLydraulic machine associated with a common
shaft. each of said machines comprising an
impeller through which fluid flows in an
axial divection only, means forming a purely
axial flow conduit communicating with the
inlet of said impeller, means located within
¢aid conduit for producing whirling motion
of the fluid delivered to said impeller, and

‘a flow decelerator communicating with the

discharge of said impeller. :
9. In combination, a plurality of identi-
cal hydraulic machines associated with ' a

common shaft, means providing a common

3

source of fluid supply communicating di-
rectly with the inlet of each of said ma-
chines, and means providing a common re-
ceiver cominunicating with the discharge oi
each. of said machines, each of said ma-
chines comprising an impeller through

‘which fluid flows in an axial direction only,

means forming a purely axial flow conduit
communicating with the inlet of said im-
peller, adjustable means located in said con-
duit for producing whirling motion of the
fluid delivered to said impeller, and a flow
decelerator comprising a tube bent through
an angle less than 60° relatively to the axis
of said shaft and communicating with the
discharge of said hmpeller and with said re-
ceiver. '

10. In combination, a pair of intercon-
nected high speed turbine impellers through
which fluid flows in the same direction, one
of said impellers being located at the inlet
side of the other, means forming a vane
free transition space formed to permit free
whirl of the entering fluid directly adja-
cent to the inlet of each impeller and com-
municating with a common source of sup-
ply, means for producing whirling motion of
fluid admitted to at least one of said spaces,

‘and a draft tube communicating with the

discharge of at least one of said impellers.

11. In combination, a plurality of inter-
connected high speed turbine impellers
through which fluid flows in the same axial
direction, one of said impellers being located
at the inlet side of the other, means forming
a vane free transition space formed to per-
mit free whirl of the entering fluid directly
adjacent to the inlet of each impeller and
communicating directly with a common
source of supply, adjustable means for pro-
ducing variable whirling motion of fluid ad-
mitted to each of said spaces, and a draft
tube communicating with the discharge of
each of saic impellers.

In testimony whereof, the signature of
the inventor is affixed hereto.

FORREST NAGLER.
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