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10 bines, it.should be understood that it is not
hmlted thereto, for my invention ma,y be
employed in eonnectlen with blades of pro-
- pellers and the like that are sub]ected to the
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~ whereby the surface metal of sald buekets 18
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- over the runner band produces a vacuum or
- tion taken in connection w1th the aecompeny

ing erawmg, wherein :
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o MV 111%11131011 relates to llnprovemente in
Auid motors, and more particularly to hy-
~ draulic. Lmbmes and the construction of-
- rotors or runners therefor.
pheatmn is-a continuation in p*lrt of my pend-.

ng apphc‘atmn Selml Ne 439 497 ﬁled"_.

Meleh 27, 1930. .

“While, I hwe 1lluet1 ‘lt@(]_ a,nd desel 1bed my'

invention in connection with hydraulic tur-

hétI mful effects of pitting.

.In prior constructions, the buckets of the
tmbme rotor or runner- rapldly deteriorate
by pitting: of the metal at the lower portion.
of the convex: ‘surfaces . thereof Such de-.
- terioration 1s especmlly true in large units
where the speed of operation of the turbine
~and the draft head or vacuum on the dis-

charge side of the runner or rotor are mMain-
‘tained as high as is prectmable to minimize

the cost of operation.

‘The said. pitting of the Tunner buckets'

OCCUrs 1N Well deﬁned zones on the rear convex

surfaces, and results from cawtetlon or the

Jrermatlon of numerous small vacuum pockets,

~the latter being due to the pulsatmg and

swirling action of the water set up in the edge

- of the ]et as it passes through a low pressure

" zone. between
‘pockets so formed are eenveyed into a zone
'of higher pressure wherein they collapse and
their water envelopes strike the convex sur-
- face of the buckets, the impact thereof being

the. buckets The - vacuum

effected with the. extremely high Velocltles

pltted Or: WOIrn away.
I have discovered. thet in operetmg hy-
dmuhe turbines; the velocity of the water jet

a partial vacuum between the jet and the
_upper edge of the runner band; in other |
words, there is a rarefied air and/or vapor.
‘condition in a zone 1mmed1ately below the

~upper edge of the runner band and 1t is in

~ this = zone . that

- vacuum pecl{ets formed in this zone pass onﬂ ]

cawtetmn oceurs.

with the Jet and cause plttmg

'pl event plttm

The. present ap-

by
pass thereover.

barrier, the water jet is effeetlvely separated

pitting.

The

Serial Ne 509, 113

An eb]eet of the present mventlon is to
_ Whlch results from cavi-
tation, by evercomme cavitation itself or by

lpreventmﬂ' the forma,tlon of the Vaeuum -
: _55: |

pockets or the like in the jet.

A further object is to prevent plttmo' in
tne manner set forth and at the. same time
guide the flow of water over the major por-
fion of the convex surfaces of the buckets
while in contact with said surfaces.

00

My invention centemp]ates plowdme‘ a |

barrier or a sepamtmo- rib positioned upon
the rear lower convex eurfa,ce of the runner

-' buoket and extending from a point, ad-
Jacent

~the upper edge of the runner
band te the trailing - edﬂe of the bucket,

wnereby the jet 1mp1ngmc~* upon the bucket
is separated from or prevented from reach-

of pitting. The said bfmlel or separating
rib 1s dlepesed normally with respect to the
said . convex surface of the bucl{et and 1s

formed with a very abrupt surface adapted
to contact with and guide the Jet until the
same PAasses over Lh(" tr ellmﬂ' edge of the

bucket. . _ .
‘The air or vapor in the area or zone be-

tween the runner band and the barrier or rib

will, as stated above, become rarefied, there-
)1 ov:tchnn a medium for the formetmn of

vacuum poekete or vortices should the jet
- However, by means of the

from the said ravefied air or vapor area,
thereby preventing cavitation, and in turn
By means of the b.;nr:ler the jet is-
confined to the remaining or major portion
of the convex surface of the bucket until dis-

charged therefrom over its trailing edge.
Additional objects and advantages will

become: apparent from the following descrlp-

Fm 1 is a central vertleel seetmn through
the 111 draulic turbine rotor or runner of the

Franeis tvpe illustr atmcr the apphc%tmn of

my 1nve11t10n thereto;
Fig. 2 1san. enlerwed elevatlonal view of
the 10wer portmn of a runner bucket and
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1ing the zone of cmrltatmn as well as the zone
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pflrtlcularly showing the posﬂ;mn of the bar—

ier o1 I'th thereon; and

ﬁ]g 3
section taken on the line III———-III Of Fig.
Referring to the drawing, A desmnates

cenerally an hydraulic rotor or runner of a

turbine, of the well-known Francis type;
arlapted for rotation about a vertical axis,

and mounted within a suitable casing. As is

nnderstood by those gkilled in the art, the
vater jet for this type of turbine is intro-
dubed to the rotor or runner from a sur-

rounding scroll case or tube x having suit-
able. 0111(1@ vanes ¥ therein to promde a suib-
low of said jet, as dia-

wantmllv racial
ﬂmmmatlcally shown at ¢ in Fig. 1.
- The rotor or runner A comprises a hub 2

Thaving depending therefrom: a plurality of

cpudl buckets 3. The lower outer portions
T said buckets are secured to or integral

Wi h a circular runner band 4, which may
be' mounted in Smt“ble be‘tlll’lﬂ‘s W1thm the |

luar bine casing.
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of a turbine rotor or runner.

The water ]et a noztmn o being Shown i

~mmtroduced over the upper or in fow edge 5 of
the runner band 4 with considerable Veloc,lty,

but, due to the action of gravity thereon,
cnid et passes over the convex surface 6 of
the bu“kets 3in a parabolic path, as indicated
at ¢ in Fig. 1. By

Or areg ot rarefied vapor or air is produced

aid zone being free from the main body of

the jet but bemﬂ' subjected to the fringe or
spray edge ther eof. The zone just mentmned
is indicated
that pitting oceurs. The pulsating or swirl-
ing action of the said jet fringe on the rare-
1‘1@(1 zone creates a number of minute vacuum
pockets or vortices, particularly at the region
¢ of the zone b, or immediately below the up-
per runner ba 'nd edge 5 and between the

‘main body of the jet and the runner band 4.

“As the vacuum pockets so formed pass along
the bucket, they are collapsed upon approach-

mg-the tr a,llmcr edge 7 of the bucket, due to

The

the increased pressure 1n that reglon

impact of the collapsing water envelopes of

said pockets takes place at extremely hlcrh ve-
locities, whereby the surface of the bucket

is worn away. The pitting of the zone 0, re-

sulting from the foregoing action, may "be-
come SO rap1d as to materially lessen the life

of this pitting, therefore, becomes a desirable
objective in reducing the cost of operating
such turbines.

To this end, I have provided a barrier, rib,

shelf, or pro;]ectmw water guide element d _

f-‘;ecured to or formed integral with each of
the buckets 3 of the turbine rotor or runner A,
of such construction and positioned in such

a manner as to prevent the formation of cavi-

tation, vacuum pockets, or vortices in the jet,
thereby ehmmatmg the cause of pitting of the
buckets Said barrier or rib d is a plate-hke

an enlaroed detail Irawmentaly.

‘and gravity, approximates a parabola.

reason of thlS flow, a Zone

5y O, and 1t 1s 1n this zone or area

‘'The prevention

1,907,908

projecting element, and is positioned on the
lower convex surface 6 of a bucket, normally
disposed with respect to said surface and

. extending from a point adjacent the upper

edge 5 of the runner band 4 to the trailing or
discharge edge 7 of the bucket. The plane

of the barmer rib, or shelf 1s curved to con-

form with the natural curve of the jet, which,
under the combined action of 1ts momentum

Its
position on the convex surface of the bucket

1s such that it forms an efficient barrier to sep-

arate the water jet, and more specifically the
parabolic portion a” thereof, from the said
rarefied alr space or zone, and cavitation of

‘that portion of the jet is prevented

To insure the separation of the jet from said
zone and region, the barrier 4 is tapered in

‘height from a maximum at 8, adjacent the

upper edge 5 of the runner band to a mini-
mum at 9 on the trailing edge 7 of the bucket.
The inner or front face 10 of the barrier or
rib is abruptly formed and is preferably per-
pendicular to the convex surface 6 to facili-

tate the passage of the jet over the convex *

surface, and for positively separating sa,ld Jet
from the region ¢ of the zone 6."

- Hence, the jet @ is prevented from passmg
over the region ¢ or the pitting zone b, due to

the comparatwely high portion 8 of the bal-

rier or rib ¢, and the parabolic portion «
of said jet 1s clompletely separated from the
said zone by means of the barrier. Thus,
when applied in the manner stated, the bar-
rier or rib prevents the pitting heretofore en-
countered by preventing cavitation or the for-
mation of the vacuum pocketq or vortices in
the jet. In addition, the jet is confined to. the
major portion of the convex surface 6 and is
maintained in intimate contact therewith un-
til dlscharged over the tralhng edge of the
buCLBt B

While T have shown my invention as ap-
plied to the Francis type of turbine, it is to
be understood that it is not tobe limited there-

‘to, but may be applied to other turbine run-

ners ‘and altered or modlﬁed Wlthm the scope
of the followmg cla,lms -

I claim: . -

1. In a hydraulic tm:'bme a turbine rotor
including a bucket having an extensive con-
vex surface and a runner band means. for di-
recting a jet to the runner, and means for pre-
venting cavitation of said Jjet adjacent the in-

flow edge of the runner band including a pro-
jecting flow guide element, on the said convex
| c:urface extending in the direction of flow and

of sufficient helcrht to prevent the jet passing
thereover, said flow guide element extending
from adj] acent the inflow edge of the runner
band over the convex surface to- the trallmg
edoe of the bucket. -

5. In & hydraulic turbine, a turbine rotor
including a bucket having an extensive con-
vex surface smd a runner band, means for
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'direétihg"a'jet to the runner, an d means £ or

~ preventing cavitation of said jet adjacent the -

inflow edge of the runner band including a
projecting flow guide element carried by the
runner and of sufficient height to prevent the

~ Jet passing thereover, said flow guide element

- extending from adjacent the inflow edge of

- the runner band over the convex surface to

-10

greater height at its end adjacent the runner

- band than at its lower end.

3. A turbine rotor of the Francis type hav :

~ ing a bucket formed with a rear convex sur-

18

o In

 :' I

. face and a runner band, a projecting water |
guide element on the convex surface extend- |

g in the direction of flow and of sufficient -
i

ght to prevent the jet passing thereover,

sald element being

‘tapered and curved and

_:'g-ozformed with an abrupt front face.

n testimony whereof I affix my signature.
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