I*I Innovation, Sciences et Innovation, Science and CA 3035802 A1 2018/03/15
Développement economique Canada Economic Development Canada
(21) 3 035 802

Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de depot PCT/PCT Filing Date: 2017/08/10 51) Cl.Int./Int.Cl. HOZK 9/797(2006.01),

. . . HOZK 7718 (2006.01), HOZK 7/32(2006.01),
(87) Date publication PCT/PCT Publication Date: 2018/03/15 HO2K 9/19(2006.01)

(85) Entree phase nationale/National Entry: 2019/03/05 . _
(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: EP 2017/070273 ANDRITZ HYDRO GMBH, AT
(87) N° publication PCT/PCT Publication No.: 2018/046219 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2016/09/06 (AT A50788/2016) NEUMAYER, FRITZ, AT
CONTRERAS ESPADA, JESUS, CH

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : PROCEDE DE REFROIDISSEMENT DU ROTOR D'UN GENERATEUR ELECTRIQUE
54) Title: METHOD FOR COOLING THE ROTOR OF AN ELECTRIC GENERATOR

e S O 3 m TIv W T nr:rwr-n axx E -.":I; 1 H

; E
< ' &%mmumm DM OO IOM. W AL A G S 3G

Fig.3

(57) Abréegée/Abstract:

The Invention relates to a liquid cooling method for a hydroelectric generator (1) which cools the winding (4) of the rotor (2) via a
primary cooling liquid circuit, said cooling liquid being maintained in the circuit by the produced centrifugal force. The dissipation of
the thermal energy takes place via a secondary cooling liquid (9) which flows once vertically through the system. According to the
Invention, said thermal exchange takes place via a co-rotating heat exchanger (6) in the center of the rotor. The Iinvention also
relates to a device for carrying out such a method.
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Abstract

The invention relates to a liquid cooling method for a
hydroelectric generator (1) which cools the winding (4)
5 of the rotor (2) via a primary cooling ligquid circult,
salid cooling ligquid being maintained i1n the circuit by

the produced centrifugal force. The dissipation of the

thermal energy takes place via a secondary cooling ligquid

(9) which flows Once vV

ertically through the system.

10 According to the invention, said thermal

oxchange takes
place via a co-rotating heat exchanger (6) 1n the center
of the rotor. The invention also relates to a device for

carrylng out such a method.
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METHOD FOR COOLING THE ROTOR OF AN ELECTRIC GENERATOR

This 1invention relates to a liguid cooling method for a
hyvdroelectric generator which 1s designed as an electric

synchronous machine with a rotor and a stator, with poles

on the rotor that are formed by the pole winding.

As a result of the participation of solar and wind energy
in the electricity grid, the reqguirements for current-
producing grid participants change. Due to the high
volatility that arises i1n the electric grid because of these
technologies, a high number of start-stop cycles and load
changes are demanded from the conventional producers, for

example hydroelectric plants having large drop heights.

The construction of very large, high-speed hydroelectric

generators 1s problematic. Since 1limits for the maximum

rotor mass are given for various reasons, the maximally

gy

achievable power depends on the efficiency of the cooling.

Rotors of this type are therefore generally provided with

liguid cooling/water cooling. A rotor with liquid cooling
1s disclosed, for example, 1n EP 0 461 905 A2.

On account of the very low ventilation losses, water-cooled

| -

“or the 1idle

hydroelectric generators are better suited

mode and for reactive power generation where  the

ventilation losses make up a large portion of the driving

power .

The number of mechanical load cycles and also wear ot
bearings and brakes can be reduced 1f the machine units

rotate continuously.
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However, conventional water cooling of the rotor winding 1s

more complicated and expensive than simple alr cooling.

Customarily, 1in known liquid cooling systems, the cooling
medium 1s conducted into a circuit between machine interior
(rotor or heat source) and machine exterior (cooler or heat
sink) which, especially when the liguid inflows and
outflows are connected to the hollow rotor shaft in complex
structures. The cooling ligquid is supplied and removed here
via the upper end of the hollow rotor shaft, with pumps
being required for cilrculating the cooling liguid. These

complex structures lead 1n turn to a high outlay on

malntenance in the running mode of the power plant.

Such water cooling of the rotor winding according to the
prior art has been used for several decades, for example,
1n the Halisling pumped storage plant in Tyrol, Austria.

Such a water supply head according to the prior art 1s

1llustrated in fig. 1 and fig. 2.
DE 10 2013 214 082 Al discloses an electric pod drive for

a ship. DE 10 2013 214 082 Al at the same time discloses a
method for cooling a rotor which has rotor windings and 1S
surrounded by a stator. A closed cooling circuit for a
primary liquid is provided 1n the rotor, wherein the primary
liguid 1s supplied to a co-rotating heat exchanger. The
primary liquid 1s conveyed here by the centrifugal forces
occurring during operation. The hollow rotor shaft 1is
passed through by a secondary'liquid to which the primary

ligquid outputs the heat absorbed from the rotor windings

with the aid of the co-rotating heat exchanger.

Furthermore, rotors cooled with refrigerants are known from

the prior art. The rotor here 1s provided with a
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refrigerant-vaporization-condensation rotor which, on the
condenser side, then outputs the waste heat to, for example,
water. By way of example, such a design 1s described 1n
GB880262. GB989698 describes a similar construction,
wherein a  stator 1S cooled here and the heat
exchanger/condenser for outputting the heat 1s arranged
here outside the electrodynamlic machine. In these two
embodiments, a refrigerant 1s vaporized and condensed. An
advantage to be mentioned of these methods 1s the higher
heat capacity of refrigerants 1in relation to coolants,

which 1s achieved by the phase transition from liguid to

gaseous. It 1s also theoretically possible in methods of
this type to operate said methods according to the

thermosyphon principle wlthout an additional

pump/compressor or to use the centrifugal force in order to

spray the refrigerant via nozzles (GB989698).

On account of the physical and chemical prerequisites in a

hydroelectric generator and the regulirements for

g
e

environmental and fire protection, the choice of

refrigerant 1s also difficult. Further disadvantages of
these methods are the susceptibility of the refrigerant
circults to malfunction 1n respect of the electrochemical
stability of the hollow winding tracks, and ensuring the
gastightness of the lines, etc. The associated outlay on
production and maintenance appears to be enormous, and

therefore systems of this type have not become established

1n practice.

The invention 1s therefore based on the object of providing

a method for cooling the rotor of a high-speed hydroelectric
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generator, which combines the efficiency of 1ligquid or

refrigerant cooling with the simplicity and low maintenance

g

of air cooling methods.

This object 1s achieved by a cooling method for the rotor
of a hydroelectric generator as claimed in patent claim 1.'
According to the invention, this method has a closed primary
ligquid circuit which absorbs thermal energy and outputs
same 1n the rotor center wvia heat exchangers to the
secondary cooling ligquid flowing once through the hollow

rotor shaft.

Said secondary liquid flow 1s preferably an unpressurized
fresh water flow which can be extracted, for example, from
a reservolr located at the power plant level or from a
reservolr located only slightly thereabove, or else simply

from the water supply network.

The secondary cooling liguid is preferably removed from the

generator via the vertically arranged hollow rotor shaft at

F
e

the lower end thereof

(turbine end) directly 1into the
outflowing plant water which at the same time forms the

heat sink 1n said cooling system.

By means of said “throughflow” arrangement of the secondary
cooling liquid flow, the structural outlay 1s significantly
reduced 1n comparison to currently used systems, 1n
particular 1n respect of the fluid-conducting connection

between the hollow rotor shaft and the heat sink positioned

outside the electrodynamic machine.

A hydroelectric generator of this type despite 1ts high

power can therefore Dbe operated at relatively high
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rotational speeds for hydroelectric generators, for example

wlithin the range of 400 to 1200 rpm, and can be cooled with

g

ligquid without the structural disadvantages of the sealing

of the hollow rotor shaft having to be accepted.

-

The rotor body which 1s preferably formed from steel rings

has feed ducts for the primary cooling liguid, which feed

ducts lead 1n the radial direction from a tubular heat
exchanger, which 1s arranged axially 1n the center of the
hollow rotor shaft, to cooling ducts in the rotor winding.
Furthermore, radial return ducts conduct the heated primary
cooling liquid back to the rotor center, and therefore the
primary cooling 1liquld describes a closed <circuilt.
Ssurprisingly, simulations and tests have shown that such a

circult in such high-speed hydroelectric generators can be

set 1nto motion and maintained by means of the change in

density, which occurs upon heating, of the primary cooling

liquid and the centrifugal force field of the rotor. An

external pump for separating the primary cooling liguid 1is

therefore not required. This can also be supported 1f the

hydraulic system 1s formed 1in a plurality of parallel
branches. Further optimizations of said circulation are
achieved, for example, by thermal insulation of the feed
ducts for the primary cooling liguid until the latter enters

the cooling ducts of the rotor winding.

Via the heat exchanger arranged 1n the interior of the
hollow rotor shaft, the primary cooling ligquid finally
outputs the absorbed thermal energy to the secondary
cooling liqguaid, preferably water, which flows through the

hollow rotor shaft from the top downward in the direction
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of the turbine end and 1s removed via the outflowing plant
water.
The secondary cooling ligquid, on 1its path once through the

rotor, therefore absorbs the heat loss and removes same

from the system.

Good cooling of the rotor winding thereby occurs.

The 1nvention also relates to the apparatus of a

hydroelectric generator as claimed in one of claims 7 to 9,

wherein the hydroelectric generator has two coolant flows,
wherein the primary cooling liguid forms a circuilt which 1s
closed per se, while the secondary cooling liquid flows
“once” through the hollow rotor shaft, which 1s designed as

a hollow sharft.

The prior art and an exemplary embodiment of the invention
will Dbe described below with reference to drawings. The
same reference signs 1n the individual figures each denote

1dentical plant parts.

In the drawings:

Fig. 1 shows a schematic longitudinal section through a

water-cooled hydroelectric generator 1la known from the

prior art; the water supply head 5 with inflow and outflow

at the upper end of the hollow rotor shaft can be seen here.

Fig. 2 shows a water supply head 5 according to the prior
art as a detail from fig. 1. Cooling water 1ntake 13 and
cooling water return 14, and also the design of the rotary

feedthrough 12 are illustrated according to the prior art.
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Fig. 3 shows a schematic section through a hydroelectric

generator 1 according to the invention, wherein the

illustration of the mounting and of other details which are
not relevant to the invention has been omitted. The primary
liguid circuit in the cooling ducts 8 for the primary
cooling liquid and the path of the secondary cooling liquid
9 from the top downward through the system are readily seen.
The vertical rotor 2 is located within the stator 3, which
rests on a base 10. The “unpressurized” secondary cooling
ligquid 9 can be guided into the rotor interior via an axial
opening in the hollow rotor shaft 7.

Said water supply can be kept very simple since no

significant pressures and no back-flowing liquid flow have

to be sealed. The secondary cooling liquid 9, preferably

water, washes in its further course around the tubular heat

il

exchanger 6 of the primary coolant circuit, said heat
exchanger being arranged in the center of the hollow rotor
shaft 7 in the direction of the axis of rotation.

Finally, the secondary cooling ligquid flow 9 emerges at the
turbine-side end of the hollow rotor shaft 7 and leaves the

system. The turbine 11 here can be, for example as 1ndicated

in figure 3, a Pelton turbine which are often used 1n power

plants having large drop heights.

Tt is furthermore indicated in figure 3 that the feed ducts

8a for the primary cooling liquid to the rotor winding can
have thermal insulation 15 in a partial region of their
length or over the entirety thereof. Thermal insulation at
this location prevents undesirable premature heating of the
primary cooling liquid on the way to the rotor winding 4.

By means of the targeted introduction of the heat into the
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primary coolling quuid only 1n the substantially vertical
rotor winding 4, the circulation direction of the primary
cooling liguid 1s additionally predetermined since the

—

reduction 1n density of the heated primary cooling liguid

at this location assists the pumping action of the rotation

of the system.

Figure 4 shows a radial section through part of a rotor

winding 4 showing the cooling ducts 8 for the primary

cooling ligquid and also the radial distances A and B between

the feed ducts 8a and return ducts 8b. The primary cooling

ligquid 1s preferably, namely as 1llustrated, supplied to

the rotor winding 4 radially further away from the rotor
center and removed agalin radially closer to the rotor

center. As a result, the reduction in density of the primary

cooling 1liquid 1s further positively 1influenced by
1ncreased heating of same i1n the upper part of the rotor

winding.
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Claims:

1. A method for cooling the rotor of a high-speed electric
hydroelectric generator (1) with a vertical rotor (2) and
a stator (3) surrounding the rotor (2), which rests on a
base (10), wherein the rotor (2) has rotor windings (4)
which are provided with cooling ducts (8) for the passage

P
p—

of a primary cooling ligquid, wherein there 1s a closed

cooling circult for the primary cooling liguid in the rotor
(2), wherein the primary cooling ligquid coming from a co-
rotating heat exchanger (6) running in the axial direction
158 supplied via substantially radially running feed ducts
(8a) located at the bottom to the cooling ducts (8) 1n the
rotor windings (4) and 1s removed via further substantially
radially running return ducts (8b) located at the top from
the cooling ducts (8) and 1s. supplied again to the co-
rotating heat exchanger (6), wherein the primary cooling

ligquid 1s conveyed by the centrifugal forces occurring

during operation through the cooling ducts (8) from the
bottom upward, and wherein the hollow rotor shaft (7) 1is
passed through by a secondary cooling ligquid to which the
primary cooling liguid outputs the heat absorbed from the
rotor windings (4) with the aid of the co-rotating heat
exchanger (6), wherein the secondary cooling ligquid (9) 1is

introduced at the upper end of the hollow rotor shaft (7)

and 1s discharged at the lower end of the hollow rotor shaft

(7).

2. The method as claimed in claim 1, characterized 1in

that the secondary cooling liguid (9) 1leaves the unit

consisting of generator (1) and turbine (11) through the
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hollow rotor shaft (7) via the outflowing plant water from

the turbine (11).

3. The method as claimed in one of the preceding claims,

5 characterized in that there are a plurality of parallel

cooling ducts (8) for cooling the rotor winding (4).

4 . The method as claimed i1n one of the preceding claims,

characterized in that the supply of the primary cooling

10 liguid to the rotor winding (4) takes place at a point

radially further away from the rotor center than the removal

e

of the primary liquid in the direction of the co-rotating

heat exchanger (6).

15 5. The method as claimed in one of the preceding claims,

characterized in that an electrically non-conductive liquid

1s used as the primary cooling liquid.
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