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This invention relates to a pumped storage system in 
which two reservoirs or the like are provided at different 
levels. 
Embodiments of the invention will be described by 

way of example with reference to the accompanying draw 
ings, of which: 

FIG. 1 shows diagrammatically a pumped storage 
system in accordance with the invention, 

FIG. 2 is a detail of part of FIG. 1, drawn in section, 
and with parts broken away, 

FIG. 3 is a view in the direction of the arrow III in 
FIG. 2, and 

FIG. 4 shows a modification of part of the pumped 
storage system. 

Referring to the drawings, a reversible pump-turbine 
11 is connected through a shaft 12 to the rotor of gen 
erator/motor 13. The reversible pump-turbine has a 
blade rotor 14 (FIGS. 2 and 3) mounted in a casing 15, 
water flowing inward adjacent the periphery 16 of the 
bladed rotor and axially out of the eye 17 during turbine 
operation, when power is transmitted to the machine 13 
causing it to act as a generator, and in the reverse di 
rection during pump operation when the machine 13 acts 
as a motor and drives the bladed rotor. Rotation of the 
bladed rotor 14 during pump operation is in the 
reverse sense to rotation during turbine operation. 
The reversible pump-turbine 11 is provided with a spiral 
casing 18 surrounding the periphery 16 of the bladed 
rotor, and there is provided a ring of adjustable guide 
vanes 19 immediately surrounding the periphery 16 of 
the bladed rotor, the inclination of the guide vanes being 
adjusted in known fashion for pump and turbine opera 
tion through a control ring 20 by means of a mechanism 
diagrammatically shown at 21. 

Also connected to the rotor of the generator/motor 13 
through a shaft 22 in a turbine 23, of similar construction 
to the reversible pump-turbine 11. The turbine 23 thus 
has a runner 34, a casing 35, a spiral casing 38, sur 
rounding the periphery 36 of the runner, and adjustable 
guide vanes 39 operated through a control ring 40' by 
a mechanism 41', the parts serving the same functions 
as in the reversible pump-turbine 11. The turbine 23 is 
preferably non-reversible and a suitable free-wheel device 
24 is therefore provided between the turbine and the gen 
erator/motor 13, allowing a drive from the turbine 23 to 
the generator/motor 13, but not vice versa. Reduction 
gearing may also be provided if desired between the re 
versible pump-turbine 11 and the generator/motor 13, 
and/or between the generator/motor 13 and the turbine 
23. If desired instead of a non-reversible turbine 23 
there may be a reversible pump-turbine connected to 
shaft 22, in which case the free-wheel device 24 must be 
omitted. The pumped storage system has two storage 
reservoirs 40, 4 located at different heights above the 
level of the turbine/generator unit (i.e., the unit com 
prising a reversible pump-turbine 1, a generator/motor 
13, and a turbine, or reversible pump-turbine 23) or 
units; for example, the upper reservoir 40 may be 2,500 
ft. above the level of the units, and the lower reservoir 
41 may be 1,250 ft. above the level of the unit or units. 

Leading from the upper reservoir 40 to the reversible 
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pump-turbine 11 is a pipe-line 42 off which is branched 
a pipe-line 43 leading to the spiral casing 18 and provided 
with a valve 44. There may also be a discharge line (not 
shown) branching from pipe-line 42. 
A further pipe-line 45 is connected to the eye of the 

reversible pump-turbine 11 and divides into two pipe 
lines 46, 47, of which pipe-line 46 includes a valve 48 
and is connected to the lower reservoir 41, and pipe-line 
47 includes a valve 49 and is connected to the spiral 
casing 38 of turbine 23. A further pipe-line 50 contain 
ing a valve 51 interconnects pipe-line 46 and pipe-line 47 
between valve 49 and turbine 23. A further pipe-line 52 
is connected to the eye 37 of the turbine 23 and leads 
to waste or to a reservoir or the like 53. 

There may be a second identical turbine/generator 
unit, or any convenient number of such units, connected 
to the two reservoirs 40, 41. The second turbine/ 
generator unit has a reversible pump-turbine 11 con 
nected to a generator/motor 13, and is designated by the 
dashed reference numerals. 

In operation as a turbine, each turbine/generator unit 
may be supplied either from the higher reservoir 40 or 
the lower reservoir 41. If it is supplied from the higher 
reservoir 40 the water flows through pipe-lines 42 and 
43 to spiral casing 18, the valve 44 being open, to drive 
the reversible pump-turbine 11, which transmits power 
to the generator/motor 13. The adjustable guide vanes 
19 are adjusted by control mechanism 25 to the position 
appropriate to turbine operation. The water flows away 
from the reversible pump-turbine 11 through pipe-line 
45. By suitable adjustment of valves 48 and 49 the water 
may be caused to flow wholly through pipe-line 46 to the 
lower reservoir 41, or wholly through pipe-line 47 to tur 
bine 23, or partly through pipe-line 46 and partly through 
pipe-line 47. Where part or the whole of the water flows 
through pipe-line 47 to turbine 23, the latter constitutes 
the low-pressure part of the unit, the reversible pump 
turbine 11 constituting the high-pressure part, and the 
machines are designed accordingly. Thus the total avail 
able head may be employed in two stages to drive the 
machine 13 as a generator. The water leaves the turbine 
23 through pipe-line 52 and flows to waste. 
Where the turbine/generator unit is to be supplied 

from the lower reservoir 41, the water flows through 
pipe-lines 46 and 50 to the spiral casing 38 of turbine 23, 
and the generator/motor 13 is driven solely by turbine 
23. 

During this mode of operation the reversible pump 
turbine 11 may be emptied of water by the introduction 
through a conduit 18' of compressed air, in known fash 
ion, so as to reduce losses due to its rotation. The 
water from turbine 23 flows through pipe-line 52 to waste. 

During pumping operation, water is supplied from the 
lower reservoir 4 through pipe-lines 46 and 45 to the 
reversible pump-turbine 11 which is driven by the 
generator/motor 13 acting as a motor. The adjustable 
guide vanes 19 are adjusted by the control mechanism 
21 to the position appropriate for operation as a pump, 
and the water is delivered to spiral casing 18 and from 
there through pipe-lines 43 and 42 to the higher reser 
voir 40. Valves 44 and 48 will be open during this 
operation. 
The operation of the second turbine/generator unit 1', 

13', 23' is of course identical with that above described. 
Where water is supplied through the reversible pump 

turbine 1 and the turbine 23 in series, the adjustable 
guide vanes 19, 39 will be adjusted so that the pressure 
drop through the two machines bears the desired rela 
tionship, for example, so that the overall efficiency has 
the optimum value. 
Where the turbine 23 alone is supplied from the lower 

reservoir 41, the adjustable guide wanes 39 will be suitably 
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adjusted; similarly during pumping operation the guide 
vanes 19 will be suitably adjusted. The adjustable guide 
vanes may be regulated automatically or manually. 

In a modification of the arrangement described above, 
the turbine 23 is constructed as a reversible pump-turbine, 
in which case a suitable reservoir 53 must be provided 
from which water may be drawn through pipe-line 52. 
This water is delivered by the reversible pump-turbine 
23, acting as a pump, either through pipe-line 47 to the 
eye 17 of reversible pump turbine 11, which in turn 
operates as a pump to deliver it through pipe-lines 43 
and 42 to the upper reservoir 40 (the valves 44, 49 being 
open), or it may be delivered through pipe-lines 50 and 
46 to the lower reservoir 41, valve 5 being open. 

Instead of the reversible pump-turbine and low 
pressure turbine 23 being connected direct to the rotor 
of the generator/motor 13, one or both may be connected 
through suitable gearing 25. 
What I claim as my invention and desire to secure by 

Letters Patent is: 
1. In or for a pumped storage system in which is pro 

vided a higher and a lower reservoir at different levels, 
a reversible pump-turbine having an eye and a periphery, 
a turbine having a periphery, a generator/motor, driving 
connections between said generator/motor and said re 
versible pump-turbine and said turbine, first pipe means 
interconnecting the higher reservoir and the periphery of 
said reversible pump-turbine, second pipe means intercon 
necting the periphery of said turbine and said lower res 
ervoir, third pipe means interconnecting the eye of said 
reversible pump-turbine and the periphery of said turbine, 
and fourth pipe means interconnecting the eye of said re 
versible pump-turbine and said lower reservoir, where 
by water may flow alternatively, first from the higher 
reservoir through the reversible pump-turbine to drive it 
and then to the lower reservoir, secondly, from the higher 
reservoir through the reversible pump-turbine and the 
turbine in series to drive them, thirdly from the lower 
reservoir to the turbine to drive it, and fourthly, from the 
lower reservoir to the reversible pump-tubine to be pumped 
up to the higher reservoir. 

2. Apparatus as claimed in claim 1, wherein said 
turbine is non-reversible, and a free-wheel device is pro 
vided in the driving connection between the generator/ 
motor and the turbine, so that a drive can be transmitted 
from the turbine to the generator/motor but not vice 
WeS 

3. Apparatus as claimed in claim 1, wherein said re 
versible pump-turbine and said turbine are connected di 
rect to said generator/motor to rotate at the same speed 
as said generator/motor. 

4. Apparatus as claimed in claim 1, wherein said re 
yersible pump-turbine and said turbine are connected 
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through gearing to said generator/motor to rotate at 
speeds different from that of said generator/motor. 

5. In or for a pumped storage system in which is pro 
vided a highest, an intermediate and a lowest reservoir at 
different levels, a first reversible pump-turbine having 
an eye and a periphery, a second reversible pump-turbine 
having an eye and a periphery, a generator/motor, driv 
ing connections between said generator/motor and said 
first and second reversible pump-turbines, first pipe means 
interconnecting the highest reservoir and the periphery 
of said first reversible pump-turbine, second pipe means 
interconnecting the periphery of said second reversible 
pump-turbine and the intermediate reservoir, third pipe 
means interconnecting the eye of said first reversible 
pump-turbine and the periphery of said second reversible 
pump-turbine, fourth pipe means interconnecting the eye 
of said first reversible pump-turbine and said intermedi 
ate reservoir, and fifth pipe means interconnecting the 
eye of said second reversible pump-turbine and the lowest 
reservoir, whereby water may flow alternatively, first from 
the highest reservoir through the first reversible pump 
turbine to drive it and then to the intermediate reservoir, 
secondly, from the highest reservoir through the first re 
versible pump-turbine and the second reversible pump 
turbine in series to drive them and then to the lowest reser 
voir, thirdly, from the intermediate reservoir to the second 
reversible pump-turbine to drive it and then to the lowest 
reservoir, fourthly from the intermediate reservoir to the 
first reversible pump-turbine to be pumped up to the 
highest reservoir, fifthly, from the lowest reservoir 
through the second reversible pump-turbine and then 
through the first reversible pump-turbine to be pumped 
up to the highest reservoir, and sixthly, from the lowest 
reservoir through the second reversible pump-turbine to 
be pumped up to the intermediate reservoir. 

6. Apparatus as claimed in claim 5, wherein said first 
and second reversible pump-turbines are connected direct 
to said generator/motor to rotate at the same speed as 
said generator/motor. 

7. Apparatus as claimed in claim 6, wherein said first 
and second reversible pump - turbines are connected 
through gearing to said generator/motor to rotate at 
speeds different from that of said generator/motor. 
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