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7 Claims.

This invention relates generally to hydraulic
power-accumulation systems of the type employ-
- Ing a pump-turbine unit and relates more par-
ficularly to an improved system whereby the
pump-turbine unit may operate efficiently at the
same speed for either m™p or turbine operation.

During off peak pericds of load demand in an

electrical generating system, the available excess
capacity of the system is utilized to pump water
Into a storage pond or reservoir, whereas during
peak load periods on the generating system the
water previously stored up is used to generate cur-
rent and supply the same to the system. Vari-
ous arrangements have heretofore been proposed
for permitting a single machine to function either
as a pump during the storing-up operation or as
a turbine during the generating operation. but the
principal difficulty with these prior arrangements
is the necessity of operating the machine at gdif-
ferent speeds for pump and for turbine operation
if best efficiency is to be obtained for each oper-
ation. When a machine operates at different
speeds for pump and turbine operations, the mo-
tor-generator unit connected to the pump-turbine
1s of costly construction to permit oreration at
two different speeds. |

It is an object of my invention to provide an
improved hydraulic power-accumulation system
and apparatus that will permit the pump-turbine

unit to operate efficiently at the same. speed for :

either pump or turbine operation and thereby al-
low the motor-generator electrical equipment to
be adapted for a single operating speed. This
will insure the lowest possible initial cost for such
equipment. |

A Turther object is to provide an improved sys-
tem and apparatus whereby the pump-turbine
unit operates under a substantially similar head
when pumping and when operating as a turbine
regardiess of the fact that for a given installation
the total head for the pumping operation is gen-
erally greater than the total head for turbine
operafion. This difference in head is partly ac-
counted for by the head created by penstock fric-
tlon being added to the static head during
pumping operation, whereas during turbine oper-
ation the penstock friction tends to retard the
flow of water to the turbine and thereby reduce
the effective head on the unit. |

In the specific aspects of my improved system
1 employ what I herein term a booster pump ar-
ranged In such a manner as to be connected in
series with the pump-turbine unit during pump-
ing operation and to be rendered inoperative when
the pump-turbine unit operates as a turbine. The
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booster pump is so functionally arranged as to
carry a portion of the total pumping head and
thereby permit the pump-turbine unit to operate
under only so much pumping head as to permit
the same operating speed as when generating, or
in other words, when acting as a turbine. 'The
novel arrangement and relation of the booster
pump to the pump-turbine unit insures the fore-
going advantages and many others as will be seen
mote fully by those skilled in the art from the fol-
lowing description of the accompanying drawings
in which: |

Fig. 1 is a diagrammadtic sectional elevation of
a hydraulic power-accumulating system embody-
ing the features of my invention:

Fig. 2 is an enlarged sectional view of the pump
and pump-turbine equipment and arrangement
thereof:

Fig. 3 is a sectional plan view taken substan-
tially on the line 3—3 of Fig. 2 with parts of the
pump-turbine removed in order to show clearly
the flow passage arrangement:

Fig. 4 is a plan view of the pump-turbine taken
substantially on the line 4—4 of Fig. 2 showing
the operating relation between the relief valve and
the guide vane control of the pump-turbine unit;

Fig. 5 is an enlarged sectional view of g relief
valve suitable for use in my improved system:

Fig. 6 is a sectional view similar to Fig. 2 but
showing a modified arrangement of the booster
pump, pump-turbine and passage arrangement
therefor: and

Fig. 7 is a sectional plan view taken substan-
tially on the line T—1 of Fig. 6, parts being
omitted to show clearly the passage arrangement.

In the particular embodiments of the invention,
such as are disclosed herein merely for the pur-
pose of illustrating certain specific forms among
possible others that the invention might take in
practice, I have diagrammatically shown in Fig. 1
a reservoir or pond for storage of head water |
which is connected, by a conduit including a pen-
stock 2, to the pumping and generating equip-
ment generally indicated at H. The tail water
level is indicated at 3.

As shown in Fig. 2 the penstock 2 has a stop
valve 4, preferably of the so-called Larner-John-
son type shown in Larner Patent 1,629,957, which
1s adjacent to a spiral casing of a suitable rotal-
able pump-turbine generally indicated at 5.

- The pump-turbine can be of any suitable type,
capaclity or specific speed. While the structure
thereof per se does not constitute a part of my -
present invention, yet for purposes of defining the
component elements of the broad combination. it




28 is pivotally

<

will be considered that the pump-turbine em-
bodies the structure of any suitable unit certain
examples of which are shown in Moody Patents
1,919,376 and 2,010,555 both of which relate to
‘pump-turbines. The pump-turbine 5 has axial
communication with a draft tube comprising a
vertical passage 6 and a horizontal outlet passage
1, each preferably gradually enlarging in down-
ward and outward directions. 'This draft tube is
broadly of the elbow type and completes the lower
end of the conduit which broadly connects the
head water with the tail water. A stop valve 9 of

any suitable form or construction is disposed in .
_draft tube for purposes

- the lower portion of the
to be described.

‘A booster pump 11 is disposed to one side of the

pump-turbine and preferably below the tail water
- level 3 thereby insuring that the pump will be
primed at all times. The inlet passage to the
pump has a horizontal portion 12 connected to
the draft tube at the lower outermost portion 13
of the elbow, this
- and shallow so as to insure minimum disturbance
to the downward fluid flow in the draft tube

during turbine operation. The vertical portion

14 of the pump inlet passage enters the central

portion of the pump casing {f in a manner that
18 usual and well-known for pumps of various
forms whether of the
- type. Certain forms of said pumps which might
~be considered as incorporated herein are shown
in Moody Patents 1,321,538 or 1,322.810. A suit-
~able stop valve diagrammatically indicated at {5
is disposed in the vertical portion of the passage.

The booster pump has a spiral casing whose

~ outlet connects with a discharge pipe 16 which
preferably curves upwardly as at 1T to join the
draft tube 6 in such a manner as to insure rela-

tively smooth flow lines. |
- matically indicated at 18 is disposed within the
‘bump discharge passage I6. o |
The booster pump has a rotor shaft 19 extend-

passage being relatively wide

A stop valve diagram- -

O

10

- 31 is continuously supplied

- 44 formed in needle valve

20

| )
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- The foregoing relief valve is
form and does not

centrifugal or axial flow

30

‘through the relief valve it is

by a
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with the penstock by a pipe 32 and discharges
into a free discharge outlet 33 whose lower end
turns into the tail water 3. To control discharge
provided with a
needle valve 34 which has an elongated stem 35
guided in a suitable bearing structure 36. A pis-
ton 37, secured to the upper end of stem 35, is
disposed in a cylinder 38 whose upper end is con-

‘tinuously supplied with fluid through a pipe 39

from any suitable source such as from penstock 2
at a point thereof above penstock valve 4 or from
pump-turbine casing. The under side of piston
- with fluid from pipe
32 through ports 4i and 42. The fluid supplied
to the upper side of piston 37T can be relieved by
a pilot valve 43 so as to discharge the fluid suc-
cessively through hollow stem 35 and an orifice
34. Pilot valve 43.
having a stem 45 extending through and guided
by the upper cylinder head, is connected by a
rod 46 to a dash pot piston 41. This piston is
disposed within g floating cylinder 48 guided
stationary bracket 49. The floating cylin-
der is also connected by a link 56 to g bell crank
ol to which the shifting ring rod 30 is connected.
of a well-known -
Per se constitute part of my
invention, except that it comprises
broadly one element of my improved combina-
tion. When guide vanes 24, Fig. 4, are closed
relatively rapidly by movement of distributing

ring 27 in a clockwise direction the rod 30 moves
to the right thereby moving Hoating cylinder 48

present

- upwardly through bell crank 5l and link 50,

40

- ports 41 and 42 to

Ing upwardly through a suitable pit to an electric.

motor 20. The pump-turbine unit also has a
- rotor shaft 21 extending upwardly through a pit

for connection to a motor-generator unit 23, this |

unit being adapted either for uni-directiona] To-
tation or reversible rotation. depending upon
whether the pump turbine is of the type requiring
uni-directional rotation for both pump and tur.

‘bine operations or has reversible rotation for

these operations. | -

To control flow of water to or from the pump-
- turbine, usual pivotal guide vanes diagrammatic-
ally indicated at 24, Fig. 4, may be employed.
As is well-known the guide vanes normally vary
the volume of water flowing to or from
~ turbine or the vanes may be

‘against each other to shut off
unit. The guide vanes are adjusted through suit-
able guide vane arms 25 and links 26 connected
to a suitable shifting ring diagrammatically in-
dicated at 27. ‘This ring is arranged concentric-
ally to rotor shaft 21 and is oscillateg by a suit-
able servo-motor (not shown) whose piston rod
connected to a suitable arm or
lug on the shifting ring. The foregoing guyide
> and operating mechanism therefor is well
known in the art and hence further detailed
- disclosure thereof is not necessary. This mecha-
nism however broadly constitutes one element of
- @ more specific aspect of my improved system.

The shifting ring 27 is connected by a2 rod 30
to a relief valve generally indicated at 3 which

completely closed

Lty |
Gt

the pump-

flow through the

L0

sage 33.

92 thereby allowing

~penstock 2 at

Fig. 5, so as to cause trapped liquid beneath pis-
ton 47 to move the latter upwardly together with
valve rod 46 and pilot valve 43. Upon opening

of pilot valve 43 fluid in the upper end of cylinder
38 discharges through free orifice 44 thereby
reducing the pressure on the upper side of piston
31. The constant pressure supplied through
| the under side of said piston
will accordingly move needle valve 34 upwardly
and allow free discharge of fluid from the pump-
turbine casing to the relief valve discharge pas-
Due to the weight of the needle valves
and associated parts acting downwardly on pis-
ton 47, the fluid trapped beneath the same will
gradually escape through suitable by-pass ports
. gradual reclosure of the
heedle valve 34 without causing excessive pres-

~ sure rises in the penstock. |

In the modification shown in Figs.' 6 and 7 g3
booster pump unit

0 94 is located at a higher ele-
vation than the pump-turbine unit, both units
being disposed above the tai] water level 3. 'The
discharge pipe 55 of the Pump is connected to-
_ 2 point above the main penstock
valve 4 while pump inlet passage 56 connects
into the penstock at a point between the pen-

- Stock valve 4 and a pump-turbine unit 57 The

communicates with the pump-turbine casing or 79

-bassages 35 and 56 of

~the draft tube 60 for

booster pump 54 ang the pump-turbine unit 57
are to be considered as the Ssame as the bump
and pump-turbine units of the preferred form.
Stop valves 58 and 59 are also disposed in the
the booster pump. In-
asmuch as the booster pump 34 of this modifi-
cation is placed in series with the pump-turbine

unit at a point above the same, it is seen that

may
type such as shown in

It will, of course, be .
bpump motor and the motor-
same as in the preferred ar-
that the pump-turbine unit may

the pump-turbine unit
be of the symmetrica]

Moody Patent 1,713,775.
understood that the
generator are the

rangement and
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be equipped with adjustable bivotal guide vanes above tail water withoyt danger of cavitation.

together with g Connection to g relief valve in This is dye to the fact that the booster provides
the same manner gs shown in the preferred form. pressure to the suction of the bump turbine, thys

However, for purposes of simplicitfy and clarity in effect, Increasing the pressure in thig passage

and thereby jncreasing correspondingly the mar-
gin against_cavitation.
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,'”and pump-tiurbine unit are now in series so that following which the turbine governor closes the

) . me time opens the
- irom passages T and 12 to booster pump 11 gnd plunger 34 of the relief valve. This prevents the

the pump-turbine unit from which the fluid is construction of the relief valve previousiy de-
further bumped through penstock 2 to the head Scribed results in the plunger gradually closing

- water _l.' Conversely, during g power generating 20 at g Permissible and controlled rate after its

‘head water 1 through penstock 2 to the pump- the adjhstable gétes of the pump-turbine close
turbine unit which discharges through draft tube 95 upon failure of current supplied to the motors

and 7 to tail water 3. by any usual or well-known governor equipment
The foregoing arrangement has many distine- such as shown in Kerr Patent 1 901,831. The
tive and unique functiongj advantages ang co- stoppage of the bumping operation results in the
opberative effects from g hydraulic standpoint,. mass of water in the penstock continuing for g

One very important é.dvantage is that the booster 30 limited length of time, dependent on the Inertia

so that the bump-turbine ig permitted to run at to return by gravity to the bump turbine. Unless
the same speeq for hoth bump and for turbine a temporarsd relief is pProvided, the returning
operation with good efficiency for both conditions. 33 column of water Causes an excessive pressure

This arrangement, therefore, obviates loss in effi- Surge due to water hammer. However, the relief
ciency during either bumping or turbine opera,- valve is openegd by the closing of the adjustable
tion, one of which cannot he avoided if the pump- gates of the Pump-turbine a5 above describegd and

turbine unit ig used alone without my Improved & portion or al} of this returning water Is per-
S€ries booster bump arrangement,. Heretofore it 40 mitted to flow through the relief valve, thus pre-
has been necessary, (a) to suffer reduced effi- venting or minimizing the effects of the pressure
clency under either turbine or Pumping operation. Surge. The relief valve after opening is permitted
or (b) to provide a two speed motor-generator to close slowly by the action of the dash pot
- unit involving Special design and large cost due hereinbefore described in connection with the re-
to the two speed requirement. Even with the two 45 lief valve shown in Fig. 5. Hence the relief valve
Speed motor-generater,. it may not be pPossible to 1S beculiarly adapteq to perform the dual func-

any desired difference In speeds that may be re- 50 my system.

qQuired to give best efficiency under both turbine The adjustable gates of the turbine in closing
and pump operation, but at certain fixed qiffer- upon the failure of current during the pumping
€nces in speed which correspond with the Proper oberation prevent the returning mass of water
number of pale pieces at the two speeds to result Irom going through the pump-turbine runner or
In the broper number of alterations per Second 99 impeller and also through the Impeller of the
(Usually 60 or 25 cycles) to suit the system fre- booster pump, thus avoiding injurioys results duye
quency into which the energy when operating to excessive reverse rotation.

other hand, ﬁkith my arrangemen't,' by . proper 60 thereby necessitating cl'osure' of the penstocé

to be pumpeqd against by the pump-turbine to Series during the bumping operation. During tur-
that utilized when acting as a turbine such that bine operation penstock valve 4 is opened ahd
the best efficiency possible can be secured under 63 valves 58 ang 59 closed thereby Temoving the pump
both conditions 0f operation. from Cperation. Thig arrangement has the same
It is, of couse, well known that cavitation may CoOperative functiona] advantages from g hy-
be a very serious matter in pump and turbine draulic standpoint ag the preferreq form in that
operations. In my improved arrangement the _ the hesad ig reduced on the pump-turbine during
booster bump is below tai] water level, thus in. 70 bumping operation thereby allowing the pump-
suring self-priming of the pump at ajl times andg turbine tg Ob€rate at the same speed as when
also making it Possible to have ample margin acting as g turbine, -
against cavitation (this margin varying with the It will of course be understood that various
depth of the bump below tail water), and at the changes in details of construction ang arrange-
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the art mthout depaltmg from the splrlt of the
invention as set forth in the appended claims.

I claim:

1. A hydraullo power- accumulatlon system
compnsmg, in combination, means provldmg
sources of head water and tail water connected

together by a conduit, a pump-turbine unit com-
. municating with said conduit and which when

functioning as a turbine operates at best turbine
efficiency at a predetermined speed under a given

operates at its best pumping efficiency at said
predetermined speed but against a lower head

o stuch as is necessary to give best pumpmg efli-

-

ciency, an electric machine permanently con-

" nected to said pump-turbine unit to function

"as a motor to drive the same or to function as

o generator to be driven thereby in accordance

with pump or turbine operation respectively, and

a separate booster pump having a motor per-

manently connected thereto for driving the same
independently of the speed of the pump-turbine
unit but the booster pump being adapted during

2 240, 412

resoectwely, o, separate booste1 pump having a.'

10

‘head and which. when functioning as a pump

motor permanently connected thereto for driving

‘the same independently of the speed of the

pump-turbine unit but the booster pump being
adapted during a pumping operation to operaie
in series with said pump-tmblne unit for over-

- coming the remaining portion of the total head

pumped against, gate means for controlhng flow
of fluid through the pump-turbine unit so as |
to shut down the same during either pump or

‘turbine operation, a valve adapted when opened

to discharge fluid from said conduit at a point~

" substantially at the elevation of said pump-tur-

bine unit on the head water side thereof, and

means operative during either pump or turbine
operation for automatically opening Sald valve
in response to shutting down of said pump- ~tur-
bine unit whereby in turbine operation said valve
is initially opened during an increase of conduit
pressure above normal accompanying  initial

. closure of the gate means whereas In pump op-

eration said valve is initially opened during an

 initial decrease in conduit pressure below normal

a pumping operation to operate in series with

said pump-turbine unit for overcoming the re-
maining portlon of the ‘{otal head pumped

against.
2. The combmatlon set forth in claim 1 fur-

“~._ther characterized in that the conduit includes a

draft tube leading from the pump-turbme to

the tail water, and the booster pump is provided

with a discharge passage which communicates
laterally with said draft tube and an inlet com-
municating with the tail water, and means for
preventing direct communication of said draft
tube with the tail water when said booster pump

is operating in serles with sald pump-turbme

unit.
3. The combmamon set, forth in claim 1 flll-

 ther characterized In that said conduit includes

a draft tube leading from the pump-turbine to
‘the tail water, and the booster pump is pro-
vided with an inlet passage communicating lat-
erally with said draft tube and a chsoharge
passage also communicating with sald draft tube,

and means for preventing direct commumoatmn |

of said draft tube with the tail water when said
booster pump is operating in series with said
pump-turbine unit. |

4. The combination set forth in claim 1 fm- |

ther characterized in that said conduit includes
o draft tube leading from said pump-turbine
tg the tail water and having vertical and hori-
zontal portions, an inlet passage for the booster
pump communicating with the draft tube adja-
cent the horizontal portion thereoi and a dis-

charge passage for the booster pump communi- .

oatlng with the vertical portion of said draft

tube ' and means for preventing direct communi-

oatlon of said draft tube with the tail water when
said booster pump is operating in series with
said pump-turbme unit.

5. A hydraulic power-acoumulatlon system
comprising, in combination, means providing
sources of head water and tail water connected

30

accompanying initial closure of the gate means

thereby to provide a discharge outlet that is

freely open prior to- the return pressure surge

that follows said initial pressure drop. |
6. A hydraulic power- acoumu]atlon system
comprising, In combmatlon means providing
sources of head water and tail water connected
together by a conduit, a pump-turbine unit com-
municating with said ‘conduit, an electric ma-

- chine permanently connected to said pump-tur-

44)

bine unit to function as a motor to drive the
same or to function as a generator to be drivei
thereby in accordance with pump or turbine
operation respectively, a separate booster pump
having a motor permanently connected thereto

for driving the same independently of the speed

of the pump-turbine unit but the booster pump
being adapted during a pumping operation {o

- operate in series with said pump—turbme unit for

a9

60

69

together by a conduif, a pump-turbine unit com-
municating with said conduit, an electric ma-
chine permanently connected to said pump-tur-
bine unit to function as a motor to drive the same
or to function as a generator to be drwen thereby
in. accordance w1th pump or turbine operation

comprising,

~ overcoming the remaining portion of the total
~head pumped against, adjustable gate mechanism

for the pump-turbine. unit, a valve communi-

‘cating with said conduit for discharging fluid

therefrom when open, and means controlled hy
the operation of said ad;;ustable gate mechanism
upon closing movement thereof to open said valve

during either pump or turbine operation of said

pump-turbine unit, whereby said valve mechan-

ism is operative upon closure of said gate mech-

anism to prevent pressure rises during turbine .

operation and is operative upon closure of said

oate mechanism to allow free dlsoho.rge of a

return pressure surge in the conduit durmg pump- - -

ing operation,

7. A hydraulic power acoumulatlon %yotem
in combination, means providing
sources of head water and tail water connected

together by a conduit, a pump- -turbine communi-
cating with said conduit at an elevation above
the tail water level, and a booster pump dis-

posed at an elevation below the tail water level
and having series communication with the pump-
turbine so as to reduce the head thereon during

a pumping operation below the net head between

" said head water and tail water but to allow said
- net head to be fully effective on the pump ~turbine

70

during a turbine operation.
ROBERT E BRUNSWICK SHARP
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