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. This invention relates to hydraulic tur-
-bines and pumps and to the formation of the
rotary element or runner therefor, and partic-
ularly to-propeller runners having unshroud-
“#.ed -blades. The runners of turbines and
pumps of relatively high specific speed ave
subject to corvosion and pitting which usual-
1y occur more severely in the portions of high-
est relative velocity and lowest pressure of

“10 the flow.. These portions are commonly near
the entrance and discharge edges, and near
the periphery of the runner, although corro-

‘sion may and often does occur in other por-

-tions of the blade. - The corrosion is caused
by the setting up of eddy currents and dis-
turbances of the. flow, and the separation of

.the water from its guding surface. Gen-
erally the pitting takes place on the back side
of the blade and works toward the front
side or driving face, until as in some in-

.stances, holes have been made through the
blade.

The object of this invention is to provide
-a-turbine or pump structure in which the
+88 punner is formed with blades or vanes con-

_structed in a novel manner to control or re-
du e corrosion and pitting and in any event
to check or prevent the pitting action frem
working beyond a certain point.

2130, . A {further object is to provide a blade con-
struction- which is adapted not only to ac-
-complish the above results but which will be
strong, of light weight, economical in man-
ufacture and maintenance and efficient in op-
eration. Another object is to provide a 1un-

“ner of built-up -or composite construction,
composed partly of cast metal and partly
of plate, with blades of the best form for the

~ hydraulie conditions of flow.

~40 - Pig'1is a plan view of one form of my im-

“proved runner partly broken away to show
details of construction. '

TFig: 27is a side elevation of the runner

shown partly in section.

= Figs. 3,4, and 5 are developed conical sec-
~tions taken on their respective lines in Fig.
2, each of the sections being concentric to the
runner axis as shown by lines 3—3, 4—4, and

-5—5 in Figs. 1 and 2, the section line corre-

.90, sponding to line 3—38, Fig. 2, being omitted
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from Fig. 1 for clearness. In Fig. 3 is also
shown a view, normal to the blade, of the
portion near the hub to show the connection
between the blade and hub.

Fig. 6 is an enlarged sectional view taken 55
on a meridian plane 6—6 of Fig. 1.

Fig. 7is a combined fragmentary plan and
a sectional view thereof, of another construc-
tion for joining the blade and hub.

Fig. 8 1s an enlarged fragmentary section, ¢v

-taken on lines 8—8 of Fig. 3.

Fig. 9 is an enlarged fragmentary section
showing how the blade edges may be secured
together.

Fig. 10 is an enlarged fragmentary section s
taken on line 10—10 of Fig. 7. ‘ '
Fig. 111is a bottom plan view of a modified
form of runner embodying the principles of

my invention.

Figs. 12, 13 and 14 are enlarged sectional 70
views of various forms that the runner blade
might take, all of said sections being taken
on a line located similarly to the line 12—12
of Fig. 11. =

Fig. 15 is a vertical section showing a run- 75
ner, of any of the forms, in the cooperating
structure of a hydraulic turbine.

Figs. 16 and 17 are further modifications
of a blade construction which is generally
shaped like those in Figs. 4 and 5.

My invention broadly contemplates the use
of a runner having provision for supporting
a fabricated blade and so arranging the ele-
ments constituting the blade that if oper-
ating conditions are conducive to cause pit- 85
ting or corrosion, such may be effectively pre-
vented, checked or controlled. In addition,
the blade elements, a part or all of which are
preferably made of plate metal, are arranged
so that a vane shape is obtained highly con- 90
ducive to efficient operation and conforming
with the most advantageous flow conditions,
and in addition the shape is such as to impart
great strength to the blade.

In one specific aspect of the invention the 95
blade is made not only extremely strong,
considering its power capacity and the weight
of material used, but the arrangement
checks the extent of pitting action, if such

80
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‘thus formed the interior :chamber 7.

large interior chamber within the blade so
that if pitting action once penetrates some
point of the chamber wall the destructive en-
ergy of any eddy currents or corroding con-

‘ditions will be dissipated upon passing into

the chamber or space. . In this way the oppo-
site chamber wall which may form the driv-
ing face of thé blade is relatively free from
the corroding conditions that it would be sub-

jected to without the protection of the dissi-.

pating chamber or space. "
To accomplish the above results in the form
shown in Figs. 1 to 6 the four-bladed runner

R has its hub 1 preferably of cast metal, us-

ually of cast steel or in some cases cast iron,

‘provided-with fourintegrally cast lugs 2. “The.
P , g g

number of blades may be increased or:de-

-creased, but for runners of the high specific

speed propeller typé shown the number will

‘usually be from three to six or at most eight.

Secured to the-higs are blades 3, which, in
order to form -an-interior chamber or space
and -also obtain great strength by utilizing
principles of beam construction, are prefer-

55 -ably mads of plate metal, usually plate steel,

although the same can be cast as a single

‘blade unit either of cast iron or steel. .= =

** In thecase of a plate metal blade the same is
formed preferably of upper and lower plates

% 4'and 5, preferably welded at their edges as

at 6 and suitably shaped so as tobe conducive
not only-to efficient ‘operation -and flow eon-
ditions but alse to impart great strength to
the blade, and by such a formation there is
The
blade as shown in Fig. 8is, adjacent the hub,

relatively deep in its middle portion and

tapers more gradually toward the diseharge
edge a than it does toward the inlet edge 0,

‘the inlet edge bheing formed with a relatively

“blunt and roundéd contour.  As conical sec-

:;‘.-1
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tions are taken on'the blade atincreasing dis-

“tances from the runner axis, it-is seen from
- Figs. 4 and 5 that the blade not only ap-

roaches a more horizontal pesition but also
the depth of the blade diminishes while the

-width thereof increases until as partly shown

in Fig. -5, the upper and lower plates come
‘together adjacent the tip and are suitably
secured- preferably as by welding along the
peripheral edge or tip. - e

- Iq rneridian sections, the blade thus pre-
‘dénts a beam-like - construction -which more

specifically would be-of the cantilever type,
one such seetion being shown in Fig. 6. In

“order to add Further strength to the blade

without ‘materially increasing its weight, a

‘block or support 8 1s interposed between the

front and back sides and secured thereto by

“rivets or suitable means such as welding, the

_puinber of supports being varied or-entirely

omitted as is deemed hecessary inany given

“case.. The section shown in Fig. 6 is substan-
“tiglly the same section shown between: the
pair of lines 117 in Fig.-2 whereas other sec-

in
‘the i
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tions defined by the pairs of lines numbered
9’, 107, 12" and 13’ of Fig. 2 are taken on me-
vidian sections indicated in Fig. 1 with the
suine numbers unprimed. These sections also
are indicated in Figs. 3 to 5 by similar num-

bers. It will be noted in these latter figures.

that the section lines. 9-—13 converge toward

a- point-on the lower sides of the blades, this’
being due to the fact that said sections are

simply conical sections rolled out onto a plane
and necessarily the neridian planes indicat-

-ed by lines 9—13 must all pass through the

apex of the cone. In each of the meridian

-sectiensindicated by the pairs of lines 9"—13’

in Fig. 2 the dot and dash line indicates the
curvature along the lower surface or back
side of the Dblade while the dotted lines in-
dicate the curvature along the front or driv-
ing surface of the blades, it being -noted that

sidering their entire length, yet'a material or

‘major portion of each of these lines is sub-

stantially straight, this being particularly
true of the face lines which are dotted; there-

by causiag substantially the major portion'

line elements in meridian sections: S
The lugs 2 are preferably
The lugs 2 are preferably made to confor
to the contour of the inner side of the blade

of the blade surfaces tobe formed of straight

plates, adjacent the hub while a small shoul-

der 14 is provided whereby the outer blade
surface and hub will be flush.. The plates
after being shaped to the desired contour and
assembled together will be placed upon the

lugs 2 and secured thereto either by rivets 15

or by providing holes in the plates and then
welding to the lugs 2 through the holes as
shown at 16 in Figs. 7 and 10. '

- In either case lowever the inner blade ends

at 16” thereby increasing their strength and
Lig-against any open spaces,-cracks or
ifke which might be conducive to causing
pitting or corroding. It will also be under-

to conform to the entire inside contour of the
plates mav only do so partially but always of
course to.such an extent that sufficient
strength may. be had. . S

In view of the fact that pitting or corro-
sion mest generally occurs on the lower blade

surfage, 1t will be understood that the lower

plates may if desired be made of any special
material which might be more resistant to
pitting than the material forming the upper
plate or if desired both plates mav.be made
of special material. Inany event, however, it
will be noted that should pitting become. so

-severe .as to-completely penetrate. the lower.

plate 5 the relatively large chamber or space

7 will then act as' a means -of protection

against pitting of ‘the upper plate 4 by the
eonditions which exist-en the lower side of the

‘runner. ‘One ¢xplanation of this protecting’
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while certain of these lines curve when con-+
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ave preferably welded:té the shoulder 14 as” 108

“stood that the lugs 2 instead of being shaped~110
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feature is that eddy currents or other corrod-
ing conditions would be dissipated in enter-
ing or traveling. through the space 7 and
thereby would not be sufficient to attack the
upper plate. Even though the plates may be
relatively close together, yet due to the area

of the-blade the volume of such space will
‘be relatively large. It is also seen that due

to the use of the relatively thin plates the
same could readily be restored as by local
welding or replacement to their full normal

‘condition both as to strength and contour.

If pitting once occurs in the applicant’s pres-
ent type of runner blade, the pitting action

‘will be arrested due to the built up construc-
“tion permitting the use of resistant material

fabricated in plate form, together with the

hollow space or dissipating chamber, and in

that way, the hollow runner blade negatives

the destructive conditions which are set up

- by the elements forming the high specific

speed installation.

A further feature of the construction
shown is that due to the spacing of the plates
the upper and lower plates will be positioned
a material .distance from the neutral axis of
the blade as a whole, it being noted that the

- strength of the blades are controlled in ac-
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cordance with the principles of beam con-
struction. - Inasmuch as it is the outermost

fibers of any beam which must take the max-

imum stresses it is seen that the plates are

placed-at the most effective position to take

the entire load,-and inasmuch as the plates
are preferably made of steel, having high ten-
sile-and compressive strength, the same can

‘be made relatively thin thereby providing

not only a light weight runner but one which
is economical in cost and very strong in re-

‘sistance to both steady forces and shocks.

While the blades may be made of any de-

-sired shape it will be noted from Figs. 1 and

2.that in the specific embodiment herein de-
scribed the total blade area is at least equal
to the disc area bounded by circles containing
the hub and the blade tips, while in meridian
sections the blades on their upper surface
tend toward or are slightly concave while
in developed conical sections the upper sur-
faces of the plates are convex and certain of
said sections on their lower surface are at
least partially ‘concave although as shown

-inFig. 4, a considerable portion of the lower

surface is convex.

In the modified form of the invention as
shown in Fig. 11 the blades are not only
increased in number and given a somewhat
different shape than shown in Fig. 1 but the
construction is such that a greater amount of
cast metal is used either in forming the blade
surface or supporting the blade.

The runner hub 1 is cast integral with
the inner portions 17 of the blades, with suffi-
cient metal in the casting to carry the bend-
ing stresses to which the runner is subject-

3

ed in operation. These inner portions 17 of
the blade are substantially. triangular in
formation when viewed in a plane perpen-
dicular to the axis, as shown in Fig. 11. The
entrance and discharge edges of the blades
are composed of plate metal which will carry
the bending stresses to which the runner is
subjected and resist the corrosion of the
blades at the edges. The plate metal sec-
tions 18 and 19 are riveted, welded, or other-
wise secured to the inner cast sections 17.
Countersunk rivets 20 are illustrated in Fig.
12 to produce a smooth surface free from
any irregularity which would disturb the
flow, these rivets for simplicity being shown
on only one of the blades in Fig. 11. The
inner cast sections 17 are cast with or sub-
sequently formed with flanges 21, which if
not so cast are formed by cutting away the
casting to suit the thickness of
metal. The entrance section 19 of plate
metal is constructed either of one piece bent
in somewhat U-shape, forming the front and
back surfaces of the blade, or of two pieces
welded or riveted together and then secured
to the flanges 21 of the inner cast section 17.
The use of two plates will usually be prefer-
able on account of greater ease in forming
them. The discharge section 18 is formed of
two pieces of plate metal tapered to a thin
edge at discharge and either welded or se-
cured together by countersunk rivets 22,
forming the front and back surfaces of the
blade. The discharge section is riveted to
the lower flange 21 of the inner cast section.
The plate sections also may be welded to the
cast section by providing perforations or
holes to be filled by welded metal.

Asshown in Fig. 12 the arrangement of the
upper and lower plate members forming the
entrance and discharge portions of the blade
is such. that there is formed a chamber or
space similar to that shown in the preferred
form in Fig. 1. Due to securing the plates
18 and 19 at their inner edges to the central
portion 17 said plates are in the form of a
cantilever which is also generally true of
similar plates shown in Fig. 13 to be de-
scribed. '

In the form shown in Fig. 13 the member
24 corresponding broadly to the lug 17 has
reduced portions adjacent the entrance and
discharge edges, the reduction being of suf-
ficient depth that plate metal members 25
are continuous with the surfaces of the cen-
tral portion 24. The plates 25 and portion
24 will be secured together either by rivets
or welding and in any of the forms shown
the edges of the blade members will be pref-
erably welded together.

In the form shown in Fig. 14 the body of
the vane 26 is either partially or wholly en-
cased or covered by plate metal members 27,
These plates may be made in a plurality of
sections herein shown as two each for the

the plate g
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front:and back sides of the blade: - The ad-
jacent edges of each set of plates are secured
by welding while the front and back plates
‘adjacent- the entrance and discharge-edges
are. likewise secured by welding. In case it
should be deemed necessary, e‘tch of the blades
wherein a hollow interior. is used. could be

“provided with -a:small opening to allow free

circulation of fiuid therein and in that way

-there is eliminated any tendeney: for the run-

ner to become unbalanced in case watershould
.enter :only. one, or less than all, of the in-

- terior 'spaces through leakage or-the like.
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However, the means for securing the plates
including welding or riveting would ordi-
‘narilybe sufficient to pr ov1de an airtight zmd
watertight. space. ,

A runner R of this invention is slﬂown in
Fig. 15 in combination with a usual type of

hydraulic turbine :.constructien - having a -

radial inlet 80 provided svith any suitable
flow control means such as wicket gates 31,
an axial passage 32, and draft tube. 33, the
problem: in connectmn with hydraulie “tur-
bines being peculiar thereto due to Velo<31ty
conditions and other factors. :

-As shown in Fig. 16:the blade comprises-a
body: 85 having upper and lower plates, the
lower cne 36 extending heyond the upper one
as indicated at 87 thereby forming a thin dis-
charge edge portlon consisting of only a sin-

.gle plate.

In Trig.. 12‘ the blade body. 38 has its cl1s—

-charge edoe portion formed by a single plate -

39 secured. preferably to theundersi de of the
body which is suitably recessed to recéive the
plate and thereby provide smooth continunous
upper and lower surfaces. -In ‘either of the

‘above: forms the plates may be:secured by
-welding as'in any of the manners p1 eviously

consldered

It is thus seen that from the consuuctions -
.hereln deseribed the blades are so formed and

constructed that not only.is a very inexpen-
sive and effective runner blade provided but
the blade is so formed that it is particularly
resistant to corroding action and that in case

-any corrosion might occur the same will not

only be checked but may be readily repaired.
In:the event of local injury or corrosion, one
of:-the platesof Figs. 8 to'5-and 18 may:be re-
placed without replacing the other; and in
the arrangeiments of Figs: 12, 13, 14 and 17
only a pmtmn of eitlier the front or back

blade ‘surface need be replaced without re--
placing the remainder.

" Also; in the accomi-
plishment of these resulfs a very sttong ran-
ner-blade is obtained with the use of a rela-
tively small amount-of ‘metal, this being dite
to the utilization of structural beam prinei-
ples which also apply to those forms shown
m Figs. 12 to 14, ag well-as to Fig. 6.

“While the invention is 11lus19_ted, and de-

“seribed : particularly with reference to riin-
mergTor-hydraulic. turbines and:pumps it is

1,833,529

not: canfined thereto -but is intended to: cover
rotor of the type herein disclosed . would. be
useful under similat c1rcumstances

T elaimo—

1L A runner for a turbme or pump com-
pr;smg & hub carrying a hollow blade, cer-

any other uses or modifications: where a fluid

their. upper and lower surfaces curved.
2. A runner:for a turbine or pump com- :
,p_rls_l,ng a ‘hub carrying a-hollow blade; cer-

tain-meridian sections .of gaid blade having
then"upper and.: lower sulfaces 0pp0s1tely
curved.

3. A runner-for g turbme or- pump com-
‘prising a hub carrying a hollow: blade, cer-

tain meridian sections of said blade having

their uppe1 and lower surfaces both con-

cave.

4. A runner for a- turbine or- pump com-
prising a hub carrying a hollow blade, cer-
tain meridian sections of said blade: havmcr
upper: and lower surfaces one of which is
substantially straight and the other concave.

- 5. A propeller type runner for a.high spe-
cifie speed turbine or. pump comprising:a hiub
carrying hollow:blades the opposite sides of
which comprise sheet metal plates; said plates
being relatively flat in the direction:in: which
‘imd normally flows thereover, while one: of
said plates has at least the major portion of
its  surface  formed - -along. substantlally
straight line elements in merldmn sections.

G A propeller runner-for a high sspecific
speed. turbine of .puinp- comprising- a: hub

‘carrying hollow blades, the opposite faces of
“which comprise:sheet metal plates, the upper

oné of said -plates-having. straight line ele-
men‘us in meridian sectlons '

7. A propeller type runner for alngh spe- "1

clﬁc speed turbine or pump comprising a hub
carrying hollow: blades each formed of ¢ spaced
sheet- metal plates secured together at. their

veclges and being relatwely flat in meridian
section, while the. upper plate is also flat-in -~

the direction in Whlch ﬁUICl normally flovs
thereover. »

8. The combmatlon ina lllo'll specuﬁc speed
turbme .comprising:a: propeller type: runrer

“having - "blades with- a . hollow. intetriory the

70
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outer portlon of each blade being inclined:at

a small angle to the plane of runner rotation,

means forming an entrance passage. for con-
ducting fluid to said runner and having pro-

vision for whirling the inflowing fluid, and a
‘draft tube for’ decelerating the flow dis-

charged from said runner -whereby the:back
surfaces of the runner blades are. sub]ected to
pressure ‘below atmosphére.

9. The combination in a high spec1ﬁc speed 125

turbine, comprising a plopeller type runner

-having: blades with a holléw interior, the out-
_er rortlon of said blades in the direetion.of
flow-thereover being disposed more:nearly to
the horizontal than vertical, means forming ’
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an entrance passage for conducting fluid to
said runner and having provision for whirl-
ing the inflowing fluid, and a draft tube for
decelerating the flow discharged from said
runner whereby the back surfaces of the run-
ner blades are subjected to pressure below
atmosphere, said runner being formed of
plate metal on the front and back sides:

10. The combination in a high specific
speed turbine, comprising a propeller type
runner having blagles with a hollow inte-
rior, the outer portion of said blades in the di-
rection of flow thereover being disposed more
nearly to the horizontal than vertical, means
forming an entrance passage for conducting
fluid to said runner and having provision for
whirling the inflowing fluid, and a draft tube
for decelerating the flow discharged from
said runner whereby the back surfaces of the
runner blades are subjected to pressure be-
low atmosphere, said runner having blades
at least one side of which is formed of plate
metal.

11. The combination in a high specific
speed turbine, comprising a propeller type
runner having blades with a hollow inte-
rior, the outer portion of said blades in the di-
rection of flow thereover being disposed more
nearly to the horizontal than vertical, means
forming an entrance passage for conducting

fluid to said runner and having provision for

whirling the inflowing fluid, and a draft tube
for decelerating the flow discharged from said
runner whereby the back surfaces of the run-
ner blades are subjected to pressure below
atmosphere, said runner blades being formed
of plate metal on the front and back sides
which are welded together along the entrance
and discharge edges of the blade.

12. The combination in a high specific
speed turbine, comprising a propeller type
runner having blades with a hollow interior,
means forming an entrance passage for con-
ducting fluid to said runner and having provi-

sion for whirling the inflowing fluid, and a

draft tube for decelerating the flow dis-
charged from said runner whereby the back
surfaces of the runner blades are subjected
to pressure below atmosphere, said runner
blades having plate metal on the front and
back sides, the front side being relatively flat
in the direction of the fluid flow thereover.

13. The combination in a high specific
speed turbine, comprising a propeller type
runner, having blades with a substantially
hollow interior, means forming an entrance
passage for conducting fluid to said runner
and having provision for whirling the in-
flowing fluid, and & draft tube for decelerat-
ing the flow discharged from said runner
whereby the back surfaces of the runner
blades are subjected to pressure below at-
mosphere, said runner blades having plate
metal on the front and back sides, the front

side being relatively flat while the back side

5

has curvature in the direction of the fluid
flow thereover.

14. The combination in a high specific
speed hydraulic turbine comprising a pro-
peller type runner having a hub provided
with' lugs inclined with respect to the run-
per axis and extending circumferentially,
upper and lower sheet metal plates spaced
apart and secured together adjacent their

edges to form runner blades which are se-

cured to said lugs, means forming an en-
trance. passage having provision for whirl-
ing the inflowing fluid fo said runner, and a
draft tube for conducting the fluid dis-
charged from said runner whereby the back
sides of said blades are subjected fo pressure
below atmosphere.’ '

15. The combination in & high specific
speed turbine comprising a propeller type
runner having blades which, in plan view,
have substantially straioht radial entrance
and discharge "edges extending from sub-
stantially the blade tip to the hub, ‘means
forming an entrance passage for conducting
fluid to said runner and having provision
for whirling the inflowing fluid, and a draft
tube for conducting the fluid discharged from
said runmner, the front and back sides of said
blades being formed of sheet metal plates
spaced apart to form a hollow interior and
secured together adjacent their edges.

16. A runner for a hydraulic turbine or
pump comprising, a hub carrying a plurality
of hollow blades the opposite sides of which
comprise sheet metal plates and, the com-
bined peripheral edge portions thereof ex-
tending over a major extent of the runner pe-
riphery, said hub having vane-shaped bosses
integral therewith and to which the blade
plates are secured substantially throughout
their complete contour at their hub ends.

17. A propeller type runner for a high spe-
cific speed turbine or pump comprising a hub
carrying a plurality of hollow blades, the
opposite sides of which include sheet metal
plates, said blades heing relatively flat in the
direction in which fluid normally flows there-
over and the combined peripheral edge por-
tions of said blades extending over a major
portion of the runner periphery, said plates
when cut in a section taken in the direction of
flow having an entrance edge which is round-
ed from face to back in a substantially con-
tinuous curve and a discharge end which is
gradually tapered to a thin edge, the en-
trance portion of the blade being relatively
thick and the discharge portion thereof rela-
tively thin. -~

18. A runner for a hydraulic turbine or
pump comprising a hub carrying hollow
blades, the opposite sides of which include
sheet plates, said hub having its outer con-
tour formed as a surface of revolution hav-
ing substantially straight elements in
meridian section.
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119. :A runner for :a hydraulic turbine or
pump comprising a hub carrying hollow
blades: the :opposite sides of -which include

~ sheet ‘plates, said -hub having its outer con-

5 tour-formed: as a surface of revolution having

substantially:straight -elements:in meridian

section, ‘the elements :being inclined to the

_ runner axis thereby forming.a:conical hub.

-290. A :propeller type runner for = thigh

110 specific :speed turbine or ;pump comprising

a hub carrying hollow blades the opposite

sides-of which comprise sheet metal plates,

said splates being relatively. flat-in the direc-

, tion in:which fluid: normally flows thereover,

1¥6 and: said blades-also having an axially pro- -

jected :area substantially -equal ‘to the.disc

area between the hub and runner periphery.

~ 191, A runner for a:hydraulic turbine or

. pump veomprising i@ ‘hub -carrying hollow

20 blades, the ‘oppesite:sides-of vwhich include

sheet metal: plates:spaced ‘apart:adjacent the

hub. and'brought: substantially -graduallyto-

gether atithe:discharge and:peripheral edges

~ ofithe ‘blades ithereby - to provide relatively -

®5 thin sections: of ithe blade adjacent:the pe-

‘tiphenaliand discharge edges.
. S TEWISSEFERRY MOODY.

i85



