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PATENT OFFICE

2,921, 8'78

COOLING SYSTEM FOR DYNAMOELECTRIC
MACHINES |

Carl J. Fechheimer, Milwaukee, Wis.
Application September 11, 1948, Serial No. 48,862
(CL. 171—-—-—252)

15 Claims.
1

The invention relatee to improvements in lig-
uid cooled dynamoeleciric machines, particularly
machines operating at high speed such as turbo
generators.
“an improvement of the inventions disclosed in my
prior Patents 2,285,960 of dJune 9, 1942, and

2,381,122 of August 7,1945.

The invention is in certain aspects

The present application relates partlcularly to

improved means for controlling the flow of cool-
ing liguid through the rotor of a
" machine, and particularly to meens for prevent-
ing circumferential flow of ligquid due to tangen-
tial inertia forces, and including means {or reg-
ulating the circulation of the liquid flow between
an outside storage tank for the cooling liquid and
the cooling liquid ducts in the machine.

The invention provides means for preventing

leakage of cooling liquid at the entrance to and -

discharge from the rotor, without requiring rub-
bing seals at these lecatlons -

The invention further provides primmg means
for the liquid circulating system effective to ini-
tiate the flow of liquid through the machne upon
starting.

- Means are also provided for regulating the flow
of cooling liquid from an elevated storage tank
through the rotor to g collecting sump. |

An object of the present invention is to prewde
means for automatically initiating the fiow of

cooling liquid thr ehgh the machine upon stertmg =.

~ thereof. -

Another obJect is to pI‘DVlde means for regu—
lating the flow of cooling Lqmd threugh the ma-
chine.

Another object is 1o prev1de the rotating part |

“of the machine with self contained means to com-
‘pensate for the tangential inertia forces which
normally would inhibit a regulable low of cool-
~ing liquid through the rotor of the machine.

| Another object is to obviate the necessity of
- troublesome stuffing boxes or rubbing seals, for
confining the liquid within a predetermined peth

through the machine.

Another object is to provide a snnple efﬁclent
snd self regulating system of cooling liquid cir-
culation for the retor of high_'speed dynemo-
electric machines.

Another ohject is to pmmde means which ellm—

inate the possibility ef rfee or Vepel traps mthm |

the cooling ducts. |
Another object is to pronde means fer recir-
culating and cooling of the ccoling medium.
Another object is to provide in the rotating

part of a machine coelmg dt.ets whleh are easily
ma,nufa,ctul ed. :

dynamoelectric ;
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Other ob;leets anc‘l edvanteges will heremefter
appear.
An embedlment of the mventlen is - 1llus~

trated: in the accompanying drawing, in which
Fig. 1 is a longitudinal section of the entering
end for the cooling liquid of g hlgh speed dyna--
moelectric machine’s rotor.

‘Pig. 2 is a view similar to Fig. 1, of the ex1t-
end for the liguid from the rotor. |

"Hig. 3is a transverse section along the lme 3-——-3
of Fig. 1.

Fig. 4 is a transverse seetwn eleng the line 4—4
of Fig. 2.

Fig. 5 is a bottom view ef Fig. 4

Fig. 6 is a modlﬁcatmn of the structure shewn
in Fig. 1. -

Fig. 7 is a section along the line 1—-—-—1 of Flg 6.

Fig. 8 is a diagrammatic showing of a liquid
circulating system for the rotor, and

ig. 9 is a view of a fragment of Flg 6 but on
an enlarged scale.
- Referring now to Flgs 1 and 3, the same 1llus- -
trate the end of the rotor 10, at which the cool-
ing liquid is admitted thereto. The rotor 10 is

provided with an integral shaft extension 11,
“which has a central bore {2 extending from the

outer end of the shaft to a point approximately

- coplanar with the transverse right hand end

plane 13 of the rotor 10. The shaft is supported
in a bearing 14 of suitable construction. The ro--
tor 10 is provided with radial slots 15, in which

the conductors of an energizing wmdmg are im-

bedded in the usual manner.

At its inner end the diameter of the bore (2 has
q preferably tapered enlargement to form a pock-
et 16, which connects with a number of outwardly
extending smaller bores 171, which terminate on

~ the outer perlphef'y of the shaft 11, near the part

- where it merges into the main cyhndl ical body

of the rotor (8. A stationary conduit 18 of
shghtly smaller external diameter than the bore
12 has its inner end spaced axially from the
pocket 16. The outer end of the shaft 1l has
an end-seetion 20 of reduced diameter to the end

surface of which is fastened a ring shaped pack-

small elearanr‘e

ing 19 which surrounds the tube 18 with a very
The tube 18 is supportingly at-
tached by welding or other means 1o a stetlonn
ary bracket 21i.

Fastened to the suppmt 21 is a catch- b&sm 22,
consisting of a cylindrical drum, provided at one
end with a circular flange 23, through which it
is bolted to the support 21 by means of screws
94. A gasket ring 25 is interposed between the
flange 23 and the bracket 21. At the other end
the catch-basin is provided with an inwardly ex-
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tending radial flange 26 and g similar flange 27 is
attached to the inside of the drum at some dis~
tance from the flange 26, so that the two flanges
and the inner wall of the catch-basin form a
circular internal groove, said groove being di-
vided by a concentric circular disc 28 attached
to the shaft end section 20, so as to clear the
Inner wall of the catch basin and to divide the
atorementioned groove into two sections. The
lower part of the catch-basin 22 is provided with
a drain pipe 29 to conduct away liquid which
may leak past the ring 18. The small amount
of liquid that may escape past the flange 27 is
drained off through one or more pipes 29q, the
rotating disc 28 accentuating this drainage.

At its outer end the conduit {8 is provided with
an L-bend 30. A small conduit 2i is iXedly
mounted concentric with the conduit {8. The
conduit 31 extends into the enlargement 16, while
its outer end passes through the bend 30, and is
connected to a suitable trap, an eudiometer, or
other device from which the entrapped air may
escape, or be collected. A valve 82 is indicated
in Fig. 1, which may or may not be required. A
gauge or U-tube (not shown) containing. mer-
cury may also be connected to conduit; 31, so as
to indicate the pressure in pocket 16. Conduit
31 may be supported by small lugs (not shiown)
from the interior of the conduit {8 The ¢ylin-
drical inner surface of the bore {2 may be rified
fmi::' purposes which will be explained herein-
after.

The rotor {0 is provided with gxial ducts 33
(PFligs. 1, 2 and 3), which preferably are arranged
In the teeth intermediate of the winding slots {5
and additional ducts 24 may be provided below
the bottoms of the winding slots {5 and sealed
against the latter by wedges or plates 35, which
may be placed into said slots ang welded to the
rotor before the windings are inserted into the
slots (3. Liquid connections between the hores
IT and the cooling ducts 23 is afforded by a cas-
Ing or enclosure 36, which provides a generally
toroidal coaxial space 387 around the shaft i1,
sald casing glso pProviding a plurality of radial
ducts 38, which extend from the toroidal space
outwardly between the siots 15 to the ducts 23
and 34 to form hydraulic connections between the
ducts 33 and 34 and the toroidal space 371. The

enclosure 26 is welded or otherwise attached in g

liquid tight manner to the shaft and to the rotor

respectively. As shown in Fig. 3, the torcidal:

Space 37 Is circumferentially divided by parti-
tions 39, which preferably extend from the shaft
Il to the circumferential wall of the enclosure
36, so as to divide the toroidal space Into g num-
ber of compartments to more efiectively direct
the flow of liquid from the bores 17 to the radial
ducts 38. The partitions 39 may ke curved or
may be set at an angle from the position shown
In the drawing. They may extend between the
two side walls or may be spaced therefrom. These
radial partitions prevent or Impede circumferen-
tial flow of the liquid with respect to the rotor
In the space 31, which fiow would arise from the
tangential inertia forces known as “Coriolis”
forces, and which would seriously impede radial
flow of the liquid.

The outlet end of the rotor 1s shown in Figs.
2, 4and 5. The rotor 19 is provided with a shaft
extension 42 which is journalled in a bearing of
suitable type 4f. The rotor ducts 33 and 34 com-
municate with the toroidal interior of a casing

42, which in all respects is constructed similar to
the casing 36 aforedescribed.
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Like partition plates 39 in the outlet casing
prevent the tangential flow of the liquid in the
manner just described for the inlet casing, it be-
Ing understood that the tangential force is in
the opposite direction. The shaft adjacent to
the outlet end of the rotor 10 is provided with
ducts 48 corresponding “to the ducts {7 at the
inlet end of the rotor. The ducts 45 terminate
In an axial bore 41, the outer end of which may
e closed by a disc shaped plug 48. The shalt
40 is provided with a plurality of sunstantially
radial ducts 49. The outer end of the ducts 43
are provided with screw plugs 50, which in turn
are provided with orifices 5f. The plugs 50 are
preferably made of a material which resists ero-
sion due to the high velocity of the cooling liguid
passing therethrough.

surrounding the shaft 40 about the ducts 49
1S a stationary collecting chamber 92, which is
mounted concentric with the shaft 49 on suitable
supports 83. The diameter of the shaft 40 inside
of the collecting chamber 52 is preferably some-
what enlarged as at 54 to provide axial clearances
20 between the inner circular side walls 56 of the
collecting chamber 52 and the shaft. The en-
largement of the shaft diameter also compensates
icr the weakening of the shaft due to the holes
%9 and the bores for the plugs 59. Concentrie
with the outer circumferential wall 51 of the col-
lecting chamber 52 is a cylindrical inner partition
58, which partition is provided with periforations
99. The perforations may be chamfered to
facilitate the flow of liquid therethroush. The
partition 38 is welded to the side walls 56 of the
collecting chamber 52. The enlarged diameter
of the shaft 54 has attached thereto a number
of radial rings 60 of such outer diameter that
they afford a small clearance from the nartition
98. Attached to the partition 58 are inwardly
extending rings 8! arranged intermediste of the
rings 62. An outlet pipe 62 (Figs. 4 and 5) is at-
tached to the outer collectine chamber 5? near
its bottom and preferably tangential thereto, he-
ing so directed that the discharged liguid will
tend to enter it. Each of the side walls 56 of tho
collecting chamber may be further provided with
a drain pipe 63, also preferably tangential thereto.

In the modification Figs. 6 and 7, the radial
ducts 38 of Figs. 1 and 3 are replaced by ducts
10 cut out of the end of the rotor {0. In all other
respects the arrangement is the same as afore-
described. It is of course understood that the
same modification is applicable to the other end
of the rotor shown in Fig. 2.

The entrance ends of the radial hores 1T, 45
and 49, are preferably tapered or rounded so as
to reduce the resistance to the flow of the enter-
Ing liquid. | |

Instead of constructing the casings 3% and 42 to
provide g toroidal space 31 which, as shown, is
subdivided into a plurality of circumferential
compartments, the casing may be modified to
provide a plurality of sectional compartments,
each interposed between one or more bores {7 or
49, and one or a plurality of radial duct 28.

It may be advisable to coat the interior surfaces
of the partition 58 and other parts of the liquid
passages, especlally the surfaces against which
the cooling liquid impinges with a high velocity,
with a ceramic enamel or other erosion resistant
coating.

While the invention has been described as A~
plied to g rotor which is a solid forging, it may
also be used with a rotor built up from discs or
plates. In that event the axial ducts will be
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lined with tubes of suitable cross section to pre-

vent leakage of liquid between adjacent plates,
as fully described in my Patent 2,081,122 afore~
mentioned. : |

Referring now to Fig. 8, the same illustrates a
liguid circulating system which may be empioyed
to supply cooling liquid to the machine. The
cooling liquid is stored in a sump 89 from which
it is conveyed through a pipe &! to a pump 82.
The pump forces the liquid through & pipe 63
into an elevated tank 84. A heat exchanger 85

for cooling the liquid may be interposed in the

pipe 81 or alternatively (not shown) in the pipe
3. The pump may be driven by a motor M

~ which is connected to & suitable power supply

through a float switch 88, responsive to the lig-
uid level in the tank €4. Instead of using a fioas
switch, an overflow pipe may be provided in the
tank 84 to carry surblus liquid back to the sump
80. A valve 87 in the pipe 83 may be employed
to regulate the supply of liquid to the tank 84.
A pipe 88 connects the bottom of the fank 84
~with the pipe 39 through a valve 80. - If the pump
¢9 is above the level of the liquid in the sump
g0, the pipe 88 is provided (as shown) with a
branch connection which includes a valve 89 to
offord when said valve is open, a direct connec-
tion between the bottom of the tank 84 and the
outlet of the pump 82. - | o -

The operation of the hydraulic system for the

2.527,878
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drop between the entrance pipe {8 and the bore

41 may be reduced by rounding or beveling the
entrances of the various passages such as T and

45, by shortening the conduit 18, and/or by rifling

10

| R
- |

3}

rotor is as follows: The sump 80 is first filled with

cooling liquid and the tank 24 is partially filled.
If the pump 82 is above the sump 89, the valve iR
is opened, so as to prime the pump. Tt may be
advantageous to provide a check valve (not
shown) in the pipe 81 between the pump 82 and
the sump 80. After priming, valve 89 is closed
and the motor M is started, and valve 81 is
- opened. This fills the tank g84. Thereafter valve
ag is opened, while the rotor {0 is simultaneously
rotated slowly until all of its ducts and its hollow
shafte are filled with liquid. A pressure gauge
(not shown) which may be connected to the con-

duit 31, will initially indicate a fluctuating pres-

sure, but ultimately the pressure becomes con-

stant when all of the passages are filled with

liguid.

When the rotor is stationary or is rotated slow-~

1y, the head acting on the liguid in the machine
is substantially the height of liquid In the tank 84,
- and most of the liguid passing through the ma-

50

chine is discharged into the sump 80, through the

pipe 62, while a small amount is discharged
through the pipes 29 and 63. The liguid from
the sump 80 is returned to the tank 84. There-
ofter the rotor is accelerated to its normal speed
by its prime mover. The rate of flow of liquid
increases rapidly with increasing speed of the
rotor owing to the action of the radial outlet ducts
49. As the rotor speed increases, the throttle

valve 87 is opened so as to keep the tank 84 nearly

filled. | |

It is not absolutely necessary to start the flow
of linuid through the rotor by initially turning it
over slowly, but when starting the flow of liquid
while the rotor revolves, there is & lapse of time
after full speed is attained until ‘full liguid flow
‘is established. The rate of flow at full speed of
~the rotor 18 determined mainly by the centrifugal

thead generated in the outlet ducts 49 and the
cross sectional area of the orifices 51. As the in-

1et head is small, the head in the bore 41 may be
helow atmespheric pressure, and it might drop
until it becomes the controlling factor in the rale
of flow of liquid. To overcome this, the pressure

on
W |

:3{)

the respective shaft extension.

the bore 12, the rifling 95 being such as to cause

the liquid to rotate at approximately the angular

velocity of the rotor. If the rate of flow of liquid
is limited by its entrance pressure, it may obvi~
ously be increased by raising the level of the lig-
uid in thetank 84.

In order to aveoid vapor lock which would im- -
pede the flow of cooling liquid it is important

that the liquid temperature at any point of the

cooling system does not exceed the boiling point
thereof at the pressure prevailing at said point,
or conversely that for the temperature prevail-
ing at any point of the cooling system, the pres-
sure does not fall below the boiling pressure 1or
said temperature. |

The collecting chamber 52 and the catch basin
29 are preferably split and the two halves bolted
together in a suitable manner for easy assembly.

Modifications of the structure shown which are
within the scope of the present invention will
readily suggest themselves to those skilled 1n the
art. It will furthermore be apparent that the in~
vention is applicable to rotating machine ele-

ments other than dynamoelectric machines,
through which a liquid is passed. |

What I claim as new and desire to secure by
Letters Patent is: | |

1. The combination with a dynamoelectric
machine rotor body provided with a plurality of
longitudinal ducts for passing a cooling liquid
therethrough, and an axial hollow shaft exten-
sion at each end of said body, of means to afford .
2 liquid passage between the interior of said shaft

extensions and through said ducts, said last men-
tioned means comprising, at each end of said

body, a plurality of compartments arranged
around the axis of the respective shaft extension,
each compartment being interposed between the
respective shaft interior and the respective ends
of 2 selected individual group of said rotor ducts
for -affording a separate liquid passage between
the respective group of ducts and the interior of

9 The combination with a dynamoslectric ma-
chine rotor body provided with a plurality of lon-
oitudinal ducts for passing a cooling liguid there-
through, an axial hollow shaft extension at each

“end of said body, a coaxial hollow ring for each

end of said body and arranged to affoird a cham-
ber adjacent to the respective end and with coli-
necting ducts between the respective chamber
and the interior of the respective shaft exten-
sion to afford at each end of the rotor a liguid
connection between the respeciive shaft interior
and the corresponding cocling ducts, of a plu-
rality of partiticns in each chamber for dividing
said chamber into a plurality of hydraulically
parallel compartments, each compartment coaci-
ing with a selected individual group of said rotor
ducts for affording a separate liquid passage be-
tween the respective coacting group of ducts and
the interior of the respective shaft extension.

3. The compination with a dynamoelectric ma-
chine rotor provided with a plurality of longitudi~
nal cooling ducts for the passage of a cooling lig-
wid therethrough, shaft extensions from the ends
of said rotor, each shaft extension having a con-

 centric bore for the admission of cooling liquid

o

at one and discharge thereof at the other end of

said rotor respectively, and a separate casing ar-
ranged at each end of the rotor, each providing &
toroidal liquid tight chamber for affording a lig-
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uid path between the respective bore and the re-
spective ends of said ducts, of a plurality of par-
titions in each chamber for dividing it into a plu-
rality of compartments, each compartment cooDn-
erating with a selected individual group of said
longitudinal cooling ducts for gffording a separate
llquid passage between the respective coacting
group of ducts and the respective hore.

4. The combination with a dynameocelectric
machine rotor provided with a plurality .of lon-
gitudinal cooling duects, said rotor having at
each end a shaft extension provided with a,
concentric bore, one being a liquid admission
bore and the other a liquid discharge bore, and
having further a separate casing arranged at
each end of said rotor, each of said casings pro-
viding a toroidal liquid tight chamber and af-
lording a liquid connection between the re-
spective bore and the respective ends of said
ducts, and a discharge orifice connected to said
discharge bore and arranged to convert the
static head of said liguid resulting from rota-
tion of said rotor into g velocity head, of a
plurality of partitions in each chamber for di-
viding it into g plurality of compartments, each
compartment cooperating with a selected indi-
vidual group of said cooling ducts for affording
a separate liquid passage between the respective
coacting group of ducts and the respective hore.

5. The combination with g dynameocelectric
machine rotor vrovided with a plurality of lon-
gitudinal cooling ducts, said rotor having at each
end a shaft extension provided with a concen-
tric bore, one being g liquid admission bore and
the other a liquid discharge bore, and having
turther a separate casing arranged at egch
end of said rotor, each of said casings provid-
ing a toroidal liquid tight chamber and afford-
Ing a liquid connection between the respective
bore and the respective ends of said ducts, and
a discharge orifice connected to said discharge
bore and arranged to convert the static head
of said liquid resulting from rotation of said
rotor into a velocity head, of a plurality of par-
titions in each chamber for dividing it into a
plurality of compartments, each compartment
cooperating with a selected individual giroup of
sald cooling ducts for affording a separate ligiud
passage between the respective coacting group
of ducts and the respective bore, and a sta-
tionary housing afiording a collecting chamber
concentric with the shaft extension having said
discharge bore and arranged to receive the ligquid
discharged by said discharge orifice.

0. The combination with g dynameoelectric
machine as defined in claim 5 of g stationary
Sump ccennected to said collecting chamber and
arranged to receive liquid therefirom, an ele-
vated storage tank connected to said sump,
means 1o force liquid from said sump into said
tank, and a connection between said tank and
sald admission bore for admitting cooling liquid
from the former to the latter.

7. The combination defined in clzim 6, and in-
cluding a heat exchanger interposed between
sald collecting chamber and said admission bore
and adapted to withdraw heat energy from the
ligquid passing therebetween.

8. The combination as defined in claim 5, and
including within said chamber, at either side of
sald discharge orifice, a separate circular disc
conceniric with, and fixedly attached to the
periphery of the respective shaft extension, and
cooperating stationary discs located within said

chamber adjacent to and parallel with sald first
named discs.
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9. The combination as defined in claim 5 and
including a stationary liquid catch basin sur-
rounding the oufer end of the shaft extension
having said inlet bore, a circular disc concen-
tric with and attached to said shaft extension,
a cooperating stationary disc located within said
basin and concentric with said shaft extension,
and a conduit for discharging liquid from said
basin.

10. The combination with a rotating machine
element provided with means for passing a liguid
therethrough and including a shaft having an
axXlal liquid discharge bore, a discharge orifice
In said shaft in communication with said dis-
charge bore and arransed to convert the static
head of a liquid in said bore intg a velocity
head, of an inner hollow cylinder having a per-
Torate wall surrounding said shaft and extend-
ing axially in both directions from said orifice, -
an outer solid walled stationary hollow cylinder
axlally coextensive with said inner cylinder and
provided with solid end walls arranged to afford
2 clearance for said shaft, said outer cylinder
being adapted to intercept liquid passing
through said inner cylinder, at least one circulay
disc fixed to said shaft on either side of the
pilane of rotation of said orifice, cooperating
circular discs axially alternating with said first
named discs and fixed to the inside Oof sald inner
cylinder, and a liquid discharge conduit con-
nected to the interspace between sald cylinders,

11. The combination with a rotating machine
element provided with means Ior passing a liquid
therethrough and including g shaft having an
axial liquid discharge bore, a discharge orifice in
sald shaft in communication with said discharge
bore and arranged to convert the static head of
2 liquid in said bore into g velocity head, of an
Inner hollow cylinder having g perforate wall
surrounding said shaft and extending axially in
both directions from saig orifice, an outer solid
walled stationary hollow cylinder axially coex-
tensive with said inner cylinder and provided
with solid end walls arranged to afford a clear-
ance for said shaft, said outer cylinder being
adapted to intercept liquid passing through said
inner cylinder, at least one circular dise fixed to
said shaft on either side of the plane of rotation
of said orifice, cooperating circular discs axially
alternating with said first named discs and fixed
to the inside of said inner cylinder, a liquid dis-
charge conduit connected to the Interspace be-
tween said cylinders, and a liquid discharge out-
let connected to the interspace between said shaft
and said first cylinder.

12. In g dynamoelectric machine, g rotor hav-
Ing a plurality of ducts longitudinally there-
through, shaft portions extending from the rotor
ends and severally provided with g co-axial bore
and with generally radial bores coacting for ad-
mission of cooling liquid to and for discharge of
the liquid from the rotor ducts, ang casings fixed
on the rotor and the several shaft extensions, the
casing having partitions forming compartments
severally connecting the radial shaft bores with.
groups of rotor ducts and in liquid-tigcht relation.

13. In a dynamoelectric machine, a rotor hav-
ing a plurality of ducts longitudinally there-
through, shaft portions extending from the rotor
ends and severally provided with a co-axial bore
and with radial bores coacting for admission of
cooling liquid to and for discharge of the liquid
from the rotor ducts, casings fixed on the rotor
and the shaft extensions for severally connecting
the radial shaft bores with groups of rotor ducts




9 .
and in liquid-tight relation, and collecting cham-
bers related with the ends of the shaft portions

for receiving liquid discharged irom the shaft

portion bores and for discharging liquid there-

from.
14. A rotating machine element comprising a

body having a plurality of ducts therethrough,

. 2,527,878
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shaft portions extending from the ends of the

body, each shaft portion having an axial passage
and each shaft portion having passages extend-
ing radially from the axial passage, and casings
severally fixed on the body ends and the shaft
portions and extending about the shaft portions,
the casings having partitions providing a, plural-
ity of compartments severally connecting one
radial passage with a group of ducts for the flow
of cooling liquid therethrough.

15. The combination with a rotating machine

element having a plurality of ducts longitudinally
therethrough and including shaft portions eX- 20

tending therefrom, each shaft portion having a
coaxial bore and each shaft portion having gen-

10

15

10

erally radial bores coacting for admission of cool-
ing liquid to and for discharge of the liquid from
the ducts, a portion of the wall of the shaft axial
bore serving for admission of liquid to the ma-
chine element being rifled for bringing liquid

" flowing therethrough to substantially the speed

of rotation of the machine element, and casings
fixed on the machine element and about por-
tions of the several shaft extensions and having
partitions therein forming compartments con-
necting the radial shaft bores with the ducts and
in liquid tight relation. ~ |

| CARL J. FECHHEIMER.
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