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-3, 163 118 |
STARTING UP A STORAGE PUMP OR
PUMP-TURBINE

Kurt Baumann, Ravensburg, Wurttemberg, Germany,
assignor to Escher Wyss Aktiengesellschaft, Zmneh
Swnﬁverﬁ.smd a corporation of Switzeriand

Fﬁﬂed Jume 11, 1963, Ser. No. 286,268
Claims priovity, amﬂlcamm Swntzeﬂeﬂd J dﬂy 20, 1%
8,734/62 |
11 Cﬂmms. (€L 103——-87)

In pump storage stations, it 1s known to use as nmchme
set an electrical machine, which can be operated as gen-
erator or as motor, and either a turbine and a storage
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pump adapted to be coupled or uncoupled, or a so-called

‘pump-turbine, that is to say, a hydraulic machine wiich
can be operated as a turbine or as a pump. In the latter
case, for turbine operation or pump operation, the re-
verse direction of rotation is necessary each time, because
the hydraulic machine is equipped only with a Single,
one-stage or multiple-stage runner. |
On passing from turbine operation to pump eperatmn
speeding up of the hydraulic machine from stop to syn-
chronous speed is necessary both in the case of the use of a
special storage pump and in that of the use of a pump-
turbine. In the first case, the storage pump alone must

be brought into synchronism with the speed of the elec-

trical machine running as a motor for being coupied to
the latter, and in the second case, the pump-turbine must
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‘tube 2 is here unnecessary.
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’ merely necessary to ensure tha_t the tor que necessary for

rapid acceleration is obtained.
“A constructional example of the eub]ect of the mven-,._
tion is illustrated in simplified form in the aceempanymg
drawings, wherein:
F1G. 1 shows the machine set of a pump storage sta-

| _tmn with the arrangement for starting it up.

FIG. 2 shows a portion of FIG. 1 on a larger scale
with axial 1011g1tudmeul section through the starting turbine.

FIG. 3 is a schematic diagram of a pump storage. sta-
tion incorporating the machine set of FIG. 1. |

The machine set of the pump storage station comprises
a vertical-shaft pump-turbine 1 including a drafi tube 2
leading to the lower basin, a volute casing 3 and a pressure
pipe 4 leading to the storage reservoir, and an electrical
machine 5, which is coupled to said turbine and which can
function either as a generator or as a motor. Below the
draft tube 2 is a starting turbine &, constructed as a Fran-
cis turbine, with runner 7 and housing 8. The runner 7
(FIG. 2) is connected to the runner of the pump-turbine
1 by a driving shaft 9. The driving shaft 9 is surrounded
by a water-tight tube 16 connecting the draft tube 2 hy-
draﬂliealiy to the heueinb 8 of the starting turbine 6.
Mounted in the tube 18 is a water-lubricated bearing 11
for guiding the driving shaft 2. The provision of a stuf
ing box at the passage of the pump shaft through the draft |
Between the draft tube 2 and

~ bearing 1%, the driving shaft 9 is provided with a detach-

be speeded up together with the electrical machine from

stop until the synchronous speed is reached and the electri-
“cal machine can be connected to the mains, Heretofore,
- the starting motor used has been an eleetllc motor or a

f1 ee-jet water turbine,
It must, however, be borne in mmd that, as a rule,

hydrauhe machines, espéeciaily when set with the axis
vertical, are mounted at a considerable depth below the
lowest tail-water level. The use of a free-jet turbine as
the starting turbine is then disadvantageous inasmuch as

the opemtmg water, which is necessary for starting and

which is normally taken from the main pressure pipe of
the pump storage set, is discharged info the pump sump
of the power station, whence it. must be pumped up by
special pumps into the lower basin.
could certainly be obviated by earrying the discharge pipe
of the free-jet turbine housing into the lower basin.

then be necessary to keep the free-jet turbine housing free

from the contiguous tail water by means of compressed

air. This would, however, be very troublesome and also
~ costly, due to the high compressed air consumption.

This invention avoids these disadvantages. It relates to
“an arrangement incorporating a starting turbine for start-
mg up a storage pump or pump-turbme, and it consists
in that the startrw turbme is constructed as a Francis

turbine.
The runner of the staptlng turbine is here preferably so

To
avoid the free-jet runner rotating in the water, it would -
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able coupling 2. - On the coupling part of the pump shaft
is a stoppage seal 13.

The operating water for the startinfr turbine 6 is taken
from the pressure duct. 4 of the pump- 4urbine 1 and is
led to the starting turbine 6 through a pipe 14 with buiit-in

adjustable shut-off member 5. A discharge pipe 17, pro-

vided with a shut-off member 18, is connected te the
starting turbine 6 on the exit side and. opens into the

~ draft tube 2 of the pump-turbine 1 at a point 18.

40

This disadvantage

The construction described afiords the pessibility, after
closing the shut-off members 18 and 16 and the stoppage

seal 13 at the entry of the shaft into the draft tube 2, and

after disconnecting the coupling 12, of removing the start-
ing turbine as a whole without having to empty the draft
tube 2 of the pump-turbine 1.

The runner 7 of the startmg turbine 6, constructed as
a Francis turbine, has a comparatively small inlet diameter
D. This diameter D is so dimensioned that on starting

- the pump-turbine 1 and the electrical machine 5 coupled

to it, the peripheral velocity y==.D.n/60 (with n==num-

~ ber of revolutions per minute) attains at the most a value

of about 0.5 /2¢H. The specific peripheral velocity

K, ,=u/ \/2¢H accordingly is always substantially less than
the normal specific peripheral velocity of a Francis tur-
bine operating with favourable efficiency. While dis-
regarding optimum efficiency, therefore, the runner 7 of

~ the starﬁng turbine 6 is so designed that with small di-

designed that at the operating speed of the storage

purﬂp or pump-urbine, the specific peripheral velocity

—u/\/29H of the starting turbine attains at the most
the value of about 0.5, with u=peripheral velocity of the
runner of the starting turbme referred to the blade entry
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diameter, H=net head under which the starting turbme -

operates and g=acceleration due to gravity.

stantially less than the normal specific perlphelal velocity
of a Francis turbine operating with favourable efiiciency:.
This step affords the advantage that a relatively smail ma-
chine may be used as the starting turbine, no atiempt
being made in operation to cover the range of optimum
efficiency. In dimensioning the flow cross-sections, it is

The specific peripheral velocity, therefore, is always sub- 65
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empt}f
19 is discharged through a pipe 20.

mensions, it attains the high torque development neces-

sary for rapid starting.

After the machine set 1-§ has been speeded up and
the electrical machine has been ccnnected to the mains,
the two shut-off members 15 and 16 are closed and the
housing 8 of the starting turbine 6 is emptied. A splash
ring 1¢ is mounted on the shart ¢ below the water-lubri-
cated bearing 11 for preventing the entry of leakage water
into the housing 8 during operation with the housing &
'The leakage water thrown off by the splash ring

As will be appreciated from FIG. 2, the star tmg turbine
6 has no adjustable guide blade system. Instead, for
regulating the quantity of water of the starting turbine 6,
use is made of the adjustable shut-off member 15 incor-
porated in its water path.
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ent described ca‘n' in principle be used

The arranger

age pump 18 used that is to say, a hydraulic machme
which can be used .only. as a pump, and which, on starting
up, is to be brought by the starting turbine from stoppage
to synchronous speed so that 1t can be -coupled lo an
clectrical machine.

What is claimed is:

1. In combination a pump storage station mcludmg a
water storage reservoir, a water basin at a lower elevation
than the storage reservoir, a pump located below the mini-

] |

4
attains at the most the value of about 0.5, that is to say,
it is always siubstantially less than the mormal specific
peripheral velocity of a Francis turbine operating with
favourable efliciency.

8. In combination a vertical axis storage water pump

. which, in -operation, is to be driven by a synchronous

10

mum water level in the basin and arranged to transfer

water from ‘the basin to the storage reservoir, and a syn-
chronous electrical machine adapted to drive the pump; a
starting turbine of the Francis type connected in driving
relation with the pump; and means defining a flow path
leading from ‘the storage reservoir to the basin through
the Francis turbine.

2. The combination defined in claim 1 in which the
pump is provided with a draft tube leading from its inlet
to ‘the basin; and that part of said flow path between the
Francis turbine and the basin includes a portion of the
draft tube. |

3. The combination defined in claim 1 in which the
pump is arranged with vertical axis and has a curved
draft tube on its underside; the starting turbine being dis-
posed below said draft tube and having a driving shaft
traversing said draft tube; a water-tight tube being further
arranged to surround said shaft while connecting the
starting turbine to the draft tube; and a water-lubricated
bearing for said shaft being mounted in said wmer-ught
tube. |

4, The combination defined in claim 3 m which a

splash ring is mounted on said driving shaft below the
water-lubricated bearing so as to prevent entry of leakage
water from the draft tube of the pump into the housing
of the starting turbine during operatmn with said housing
emptied.
5. The combination defined in claim 4 in which the
driving shaft has a detachable coupling between the draft
tube of the pump and the bﬂarmg

6. The combination defined in claim 12 in Wthh the
starting turbine has only fixed guide vanes; and which
includes an adjustable shut-off member for the through-
flowing water located in said flow path between the storage
reservoir and the starting turbine.

7. The combination defined in claim 1 in Wthh said
startmg turbine has a runner dimensioned in such a man-
ner that, at the operatmg speed of the puinp, the specific

perlpheral velocity Ky==u/ V2gH of the starting turbine

electric machine, comprising a housing; an impeller in
said housing; a curved draft tube for the water 10 be
pumped connected to the underside of said housing; an
outlet connection for the pumped water; and a starting
turbine of the Framncis type comprising a housing arranged
below said -draft tibe and coaxially with the pump; a

- runner in said turbine housing; a driving shaft connecting
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said turbine runher with the’ pump impeller while travers-
ing said draft tube; an ‘inlet connection for the turbine
cperating water; a discharge connection adjoining the
underside of said turbine housing; and a water<tight tubu-
lar member surrounding said ‘driving shaft and connecting
the draft tube with the turbine housing; the runner of
said starting turbine being dimensioned in such a manner
that, at the operating Speed of the pump, the specific
peripheral velocity -K,=u/\2gH of the starting turbine
attains 4t ‘the most the value of about 0.5, so that it is
always substantially less than the normal specific periph-
eral velocity of a Francis turbine operating with favour-
able efficiency.

9. The combination defined in claim 8 in which the

discharge connection of the starting turbine opens mto

the draft tube of the pump.
10. The combination défined in claim 8 in which the

tubular member which stirrounds the driving shaft con-
tains a water—lubncated guide bearing for the driving

- shaft.
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11. The comblna,tmn deﬁned in claim 8 in which ‘at
ledst one ‘of the turbine inlet and discharge -connections

has a built i in ad]ust&ble shut-off member
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