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Patented Sept. 23, 1947 2,427,702 

UNITED STATES PATENT OFFICE 
2,42,702 

TURBOGENERATOR, COOLNG 

René A. Baudry, Wilkinsburg, Pa., assignor to 
Westinghouse Electric Corporation, East Pitts 
burgh, Pa., a corporation of Pennsylvania, 
Application May 27, 1944, Serial No. 53,589 

(C. 71-252) 8 Claims. 
1. 

My invention primarily relates to the cooling of 
totally enclosed dynamo-electric machines, and 
it has particular reference to the cooling of large. 
horizontal-shaft hydrogen-cooled turbo-genera 
tors, which must have an explosion-resistant 
housing of considerable strength, and which must 
have a minimum possible width, With no bulgeS 
in the lateral direction, in order to facilitate the 
shipment of the machine, and to conserve fiOO 
Space When the machine is in service. 
An object of the invention is to produce a venti 

lating-System which has only a single axially ex 
tending cooler located in a single bulge above the 
stator of a turbo-generator. In order to make this 
feasible, in any practical machine, it is necessary 
to build the cooler with divided water-boxes, so 
as to constitute tWO (or more) cooler-Sections 
through which the ventilating gas of the machine 
passes serially, as distinguished from turbo-gen 
erator ventiation in Which the ventilating gas 
passes, in a plurality of separate, parallel paths, 
through a plurality Of Separate COOlers, USually 
located in as many separate bulges. The reason 
for this is that impure water is commonly utilized 
for circulation in the Coolers, and the pipes of 
the coolers rapidly become contaminated, so that 
they must be cleaned, while the machine is in 
Operation. 

If, for example, there were four parallel-coil 
nected coolers, the Water-Connections of one of 
these coolers could be shut off, so that the cooler 
could be opened up and cleaned out, While the 
machine Was in operation, resulting in a 25% 
loss of cooling during the time required to clean 
out the faulty cooler. In the case of coolers con 
nected in tWO Serially-COIalected Sections, if one 
of these Sections should be cut out of service for 
cleaning purposes, the cooling effect of the re 
maining section would not be one-half, but some 
thing of the Order of three-quarters, of the cool 
ing effect of the two sections in series, because the 
most effective part of a cooler is the first part 
thereof, Where the greatest temperature-differ 
ential eXists between the cooler-temperature and 
the temperature of the gaseous wentilating me 
diurn of the machine. 
Thus, by serially connecting the cooler-sections, 

it is possible to utilize a Smaller number of sepa 
rately controlled Water-boxes or cooler-sections, 
than in cases where the ventilating gaseous me 
dium is passed, in parallel paths, through the 
Several Cooler-Sections or units. As a result of 
the application of this idea, to a generator-frame 
designed with one cooler disposed in a single 
longitudinally extending bulge at either the top 
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2 
or the botton of the frane, preferably the iOp, 
the cost of the cooler is reduced, the COSt of the 
frame is reduced, the frame-baffling is simplified, 
and the overall width of the frame is held doWn 
to the barest minimum, because no laterally eX 
tending cooler-bulges are required. 
A further object of the invention is to provide 

a novel construction in which an eXploSion-re 
sistant machine-housing COmprises a, Ilain Cy 
indrical housing having a longitudinally extend 
ing opening in its top, and an auxiliary housing 
providing an enclosed bulge over said longitudi 
nally extending opening, the side-Walls of Said 
auxiliary housing terminating on the outside Wall 
of the main housing at a distance from Said longi 
tudinally extending opening, as well as at an 
angle to the outside wall of the main housing. 
Thus, when these Walls are joined together, they 
come together at an angle, like a T-beam, so 
that each reinforces the other against displace 
ment, as a result of internal gaSeOuS preSSures 
ithin the machine. A further advantage of this 

construction is to minimize the height of the 
bulge, by causing the cross-sectional area of the 
bulge to extend out laterally, on each side of the 
cooler which is disposed therein, as well as having 
a vertical clearance above the cooler, thus in 
creasing the cross-sectional area of the bulge 
without involving an increase in the height 
thereof. 
With the foregoing and other objects in view, 

Iny invention consists in the structures, appa 
ratus, parts Systems, and methods hereinafter 
described and claimed, and illustrated in the ac 
companying drawing, wherein Figure i is a trans 
verse sectional view of the stator-member of a 
hydrogen-cooled turbo-generator embodying my 
invention, With parts broken a Way for clarity of 
illustration, the Section-plane being indicated at 
I-I in Fig. 2, Fig. 2 is a central longitudinal Sec 
tional view of the top left-hand quarter of such 
a machine, and Fig. 3 is an end View of the 
cooler. 
The illustrated turbo-generator comprises a 

stator-member 4 having a laminated Stator-core 
5, carrying primary windings 6, and a rotor-mem 
ber which carries the exciting Windings 8 and 
which is separated from the stator-core 5 by an 
air-gap 9. The rotor-member T is carried by 
a horizontal shaft, f f which is journaied in bear 
ings 2 carried by the end-brackets 3 of the 
stator-housing. The rotor-member also carries 
a ventilating-fan f4 at each end of said rotor 
member, for maintaining an internal circulation 
of the ventilating gaseous medium, 
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The stator-member 4 of the machine is en 
closed in an explosion-resistant gas-tight housing 
which may be filled with hydrogen, or other gas 
eous ventilating medium. The housing coin 
prises a main housing 6, which is preferably 
cylindrica in shape, for maximum strength and 
minimum weight. The main housing 6 carries 
feet T or other supporting-brackets which are 
Secured along its sides, for Supporting the ma 
chine over the customary pit (not shown). 
The main housing f6 is provided with a single 

longitudinally extending opening 8, preferably 
at the top thereof, for receiving a cooler 9, which 
may be supported, for example, on angle-iron 
brackets 2, which are secured to the edges of the 
housing-opening 8. The housing-opening 8 
is closed by an auxiliary semi-cylindrical hous 
ing 22 which provides an enclosing bulge over said 
opening 8, and also over and around the cooler 
9, there being clearance between the bulge 22 
and the cooler, both above the cooler and on 
each side thereof. The side-Walls 24 of the aux 
iliary housing or bulge 22 terminate on the out 
side of the wall of the main housing 6 and at 
an angle thereto, as shown in Fig. 1, and at a 
distance from the longitudinally extending open 
ing 8, said walls being joined together, as by 
welding at A, so that, because of their angular 
relationship, each reinforces the other against 
displacement as a result of internal gaseous pres 
Sures within the machine, providing, in effect, a 
T-beam, the base of which may be regarded as the 
portion BAC of the main housing, and the flange 
of which may be regarded as the portion DA of 
the auxiliary housing or bulge. 

Suitable bracing and reinforcing members are 
employed, including a plurality of longtudinally 
Spaced rings 26 around which the main housing 
6 is secured. The rings 26 may also be joined 

by longitudinally extending bolts or other con 
necting-members 27. 
The stator-core 5 is built up of bundles of 

laminations which are separated by radial venti 
lating-Spaces 28. The bore of the laminations 5 is 
provided with axially extending slots 29 for re 
ceiving the primary winding G. The outer periph 
ery of the laminations 5 is carried by longitudi 
nally extending bolts or rods 3, to which are con 
nected a number of spaced rings 32 which are 
Suitably Supported by the stator frame or housing. 
The Stator frame also includes Suitable baf 

fling means, for co-operating with the ventilat, 
ing fan 4 of the rotor, to provide a recirculation 
of the hydrogen or other gaseous ventilating me 
dium which is enclosed within the housing. Near 
each end of the stator-core 5, but spaced from 
the end, the stator frame-member is provided 
with an annular baffle-plate 33 which co-oper 
ates with a corresponding transverse baffle-mem 
ber 34 in the cooler 9, and which also co-oper 
ates with cylindrical baffles 35-36 which are con 
nected to the inner periphery of each annular 
baffle 33, extending out from said baffle 33 to the 
end-bracket 3 at that end of the machine. The 
end of the cylindrical baffle 36 is provided with a 
plurality of slots 37, at spaced points all around 
the circumference, and the inner ends of these 
slots 37 are joined at 38 to an annular baffle 39 
which terminates in an annular pipe 4 which 
is Spaced with close clearance from the outer pe 
riphery of the fan 4 at that end of the machine. 
In accordance with my invention, it is impor 

tant that the ventilating gaseous medium, which 
is enclosed within the gas-tight housing of the 
machine, shall be recirculated in such manner 
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4 
that it passes radially outwardly through one or 
more portions of the longitudinally extending 
opening 8 in the main housing, then flowing 
aci'OSS all of the pipes at a portion of the Cooler 
9 and into the portion of the cross-section of the 
bulge 22 which is not filled by the cooler 9, thence 
passing longitudinally along the bulge, then flow 
ing back across all of the pipes at another por 
tion or portions of the cooler, and radially in 
Wardly through another portion or portions of 
the longitudinally extending opening 8 in the 
main housing, and thus circulating back through 
the machine. 
The precise details of the circulating path or 

paths inside of the machine, before the ventilat 
ing gaseous medium passes through the longi 
tudinally extending opening to be cooled by the 
cooler 9, is subject to considerable variation. A 
very simple internal ventilating circuit for the re 
circulating gaseous medium is indicated in Fig. 2, 
in which the ventilating fan 4 causes the gas to 
flow axially inwardly through the air-gap 9 to 
ward the center of the machine, which is indi 
cated by the center-line 43. From the air-gap 9. 
the air passes radially outwardly through each of 
the radial ventilating-spaces 28 of the stator core, 
and thence passes into the central portion of the 
cooler 9, that is, the portion bounded by the 
baffles 33-34 at One end or half of the machine, 
and by the corresponding baffles (not shown) on 
the other side of the center-line 43, which may be 
a duplicate of the illustrated portion in Fig. 2, 
So far as the gaseous circulation is concerned. 
The ventilating gas then passes through the cooler 
f9 and gets out into the rest of the space within 
the bulge 22, filling the Spaces 46 and 47 (Fig. 1) 
on each side of the cooler 9, as well as the space 
48 above said cooler, within Said bulge 22. 
In the simple ventilating-circuit illustrated in 

Fig. 2, the ventilating gaseous medium then 
flows longitudinally through the bulge 22, to 
ward each end thereof, returning back through 
the cooler, and through the corresponding por 
tion of the longitudinally extending slot 8 (Fig. 
1) into an annular space 49 which is bounded 
by the annular baffle 33, the cylindrical baffles 
35 and 36, and the end-bracket 3. From the 
annular space 49, the ventilating gas escapes in 
wardly through the several slots 37, and thence 
passes to the intake side of the fan 4 at that 
end of the machine, being constrained to flow 
in this path by means of the annular baffle 39. 
The cooler 9 consists of a large number of 

cooler-pipes 5 extending longitudinally through 
out the length of the machine, these pipes being 
provided with external fins 52 to facilitate the 
heat-transfer between the ventilating gas and 
the cooler-pipes. The cooler-pipes 5 termi 
nate in end-heads 53, and each end-head 53 is 
covered by a water-box 54. 
In practicing my invention it is important 

that each water-box 54 should be built in two 
Sections, one above the other, separated by a 
horizontal partition 55, and the two sections of 
the Water-box are provided with separate de 
tachable end-plates or covers 56 and 57, respec 
tively. Each section of the water-box at the 
left-hand end of the cooler is further subdivided 
by intermediate partitions 58 and 59, so that the 
Water (or other coolant) may be admitted into 
the space, say, above the partition 58, and above 
the partition 59, by inlet pipes 6 and 62, re 
Spectively, from which the Water passes longi 
tudinally through the pipes which terminate 
above the partitions 58 and 59, respectively, pass 
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ing entirely through the cooler to the other, or 
right-hand, end thereof, where the Water re 
turns through the pipes which are connected 
below the partitions 58 and 59, respectively, at 
the first end, and the water is finally discharged 
by outlet-pipes 63 and 64, respectively, at the first, 
or left-hand, end of the cooler. 

By placing separate Water-valves , 2, 73 
and 74 in the respective pipes 6, 62, 63 and 64, 
it becomes possible to close off the Water from 
either half of the cooler, such as the top half 
which is controlled by the valves 7 and 73, after 
Which it is possible to remove the corresponding 
end-plate or cover 56, at each end of the cooler, 
thus exposing the ends of the pipes of that half 
of the cooler, So that they can be cleaned. 
From the foregoing description, it will be per. 

ceived that I have achieved the objects out 
lined at the outset of this description, resulting 
in a construction which is remarkably simple, 
efficient, economical, light in weight, and of the 
Ininimum possible size. 

claim as my invention: 
1. A dynamo-electric machine having a main 

housing enclosing the same, said housing hav 
ing a longitudinally extending opening, an aux 
iliary housing providing an enclosed bulge bridg 
ing said longitudinally extending opening, a. 
cooler comprising longitudinally extending 
cooler-pipes disposed within said bulge and oc 
Cupying leSS than all of the Cross-sectional area. 
of Said bulge, and baffling and ventilating means 
arranged in Such manner as to cause a gaseous 
Ventilating medium to flow radially outwardly 
from the main housing of the machine through 
One or more portions of said longitudinally ex 
tending Opening, and thence across all of the 
pipes of one or more portions of said cooler, then 
longitudinally along the bulge, and back across 
all of the pipes at another portion or portions 
of said cooler and radially inwardly through 
another portion or portions of said longitudi. 
nally extending opening and thus back into the 
main housing of the machine. 

2. An eXplosion-resistant, totally 
dynamo-electric machine having a main housing 
enclosing the Sane, Said housing having longi 
tudinally disposed opening-means in a wall there 
of, an auxiliary housing providing an enclosed 
bulge bridging Said longitudinally disposed open 
ing-means, a Wall of Said auxiliary housing ter 
minating on the outside of the Wall of the main 
hOUSing at an angle thereto and at a distance 
from Said longitudinally disposed opening-means, 
said walls being joined together whereby, because 
of their angular relationship, each reinforces the 
other against displacement as a result of inter 
nal gaseous pressures Within the machine, a 
Cooler Comprising longitudinally extending coolier 
pipes disposed within said bulge and occupying 
less than all of the cross-sectional area of said 
bulge, said cooler fitting said opening-means in 
the housing, and baffling and Ventiating means 
arranged in Such manner as to cause a gaseous 
Ventilating medium to circulate through the ma 
chine and said cooler. 

3. An explosion-resistant, totally enclosed, dy 
namo-electric machine having a main housing 
enclosing the Same, Said housing having a longi 
tudinally extending opening in a wall thereof, 
an auxiliary housing providing an enclosed bulge 
bridging said longitudinally extending opening, a 
Wall Of Said auxiliary housing terminating on 
the OutSide of the Wall of the main housing at 
an angle thereto and at a distance from Said lon 
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6 
gitudinally extending opening, Said Walls being 
joined together whereby, because of their angul 
lar relationship, each reinforces the other against 
displacement as a result of internal gaseous pres 
Sures within the machine, a cooler comprising 
longitudinally extending cooler-pipes disposed 
Within said bulge and occupying less than all of 
the cross-sectional area of said bulge, said cooler 
fitting said Opening-means in the housing, and 
baffling and Ventilating means arranged in Such 
Inanner as to cause a gaseous ventilating medium 
to foW radially outWardly from the main hous 
ing of the machine through one or more portions 
of Said longitudinally extending opening, and 
thence across all of the pipes at one or more por 
tions of said cooler, then longitudinally along the 
bulge, and back acroSS all of the pipes at another 
portion or portions of said cooler and radially in 
Wardly through another portion or portions of 
Said longitudinally extending opening and thus 
back into the main housing of the machine. 

4. A dynamo-electric machine having a hous 
ing enclosing the Sane, a multiple-unit cooler 
Comprising cooler-pipes, means for circulating a 
COOlant through Said cooler-pipes and for sepa 
rately controlling such coolant-circulation 
through each unit of the cooler in such manner 
that One unit may be cleaned while the machine 
Continues itS Operation, and baffling and ventilat 
ing means arranged in such manner as to cause 
a gaseous ventilating medium to circulate 
through the machine and said cooler in such 
manner that Said gaseous ventilating medium 
passes. Successively, one after another, through all 
Of the Units of said cooler. 

5. A horizontal-shaft dynamo-electric machine 
of limited width, having a main housing enclos 
ing the Same, said housing having longitudinally 
disposed opening-means in a wall thereof, an aux 
iliary housing providing an enclosed bulge bridg. 
ing Said longitudinally disposed opening-means, 
a multiple-unit cooler comprising longitudinally 
extending cooler-pipes disposed within said bulge 
and Occupying less than all of the cross-sectional 
area of Said bulge, means, including sectional 
ized coolant-header-boxes at the respective ends 
of the longitudinally extending cooler-pipes, for 
circulating a coolant through said cooler-pipes 
and for Separately controlling such coolant-cir 
culation through each unit of the cooler, each 
Section of each of said coolant-header-boxes hav 
ing a Separate renovable end-cover-plate where 
by one unit may be cleaned while the machine 
Continues in Operation, and baffling and wenti 
lating means arranged in such manner as to 
CauSe a gaSeoulS Ventilating medium to circuate 
through the machine and said cooler, said gase 
OuS Ventilating medium passing successively, one 
after another, through the plurality of units of 
said cooler. 

6. A horizontal-shaft, dynamo-electric machine 
of limited Width, having a main housing enclos 
ing the Sane, Said housing having a longitudi 
nally extending Opening in a wall thereof, an 
auxiliary housing providing an enclosed bulge 
bridging said longitudinally extending opening, 
a multiple-unit cooler comprising longitudinally 
extending cooler-pipes disposed within said bulge 
and Occupying leSS than all of the cross-sectional 
area of Said bulge, means, including sectionalized 
Coolant-header-bOXes at the respective ends of 
the longitudinally extending cooler-pipes, for cir 
culating a coolant through said cooler-pipes and 
for Separately controlling such coolant-circula 
tion through each unit of the cooler, each section 
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of each Said coolant-header-boxes having a separ 
rate removable end-cover-plate whereby one unit, 
may be cleaned While the machine continues in 
Operation, and baffling and ventilating means ar'- 
ranged in such manner as to cause a gaseous ven 
tilating medium to flow radially outwardly from 
the main housing of the machine through one Ol' 
more portions of said longitudinally extending 
Opening, and thence acroSS all of the pipes at One 
or more portions of said cooler, then longitudi 
nally along the bulge, and back across all of the 
pipes at another portion or portions of said cooler 
and radially inwardly through another portion 
or portions of Said longitudinally extending open 
ing and thus back into the main housing of the 
machine, said gaseous ventilating medium pa SS 
ing successively, one after another, through the 
plurality of units of said cooler, each time it 
flows acroSS Said cooler-pipes. 

7. A horizontal-shaft, explosion-resistant, to 
tally enclosed, dynamo-electric machine of lin 
ited width, having a main housing enclosing the 
same, said housing having longitudinally disposed 
opening-means in a wall thereof, an auxiliary 
housing providing an enclosed bulge over said 
longitudinally disposed opening-means, a Wall of 
said auxiliary housing terminating on the Out 
side of the Wall of the main housing at an angle 
thereto and at a distance from Said longitudinally 
disposed opening-means, said walls being joined 
together whereby, because of their angular rela 
tionship, each reinforces the other against dis 
placement as a result of internal gaseous pres 
Sures within the machine, a multiple-unit cooler 
comprising longitudinally extending cooler-pipes 
disposed within Said bulge and occupying less 
than all of the croSS-Sectional area of Said buige, 
Said cooler fitting said opening-means in the 
housing, means, including sectionalized coolant 
header-boxes at the respective ends of the longi 
tudinally extending cooler-pipes, for circulating 
a coolant through Said Cooler-pipes and for Sepa 
rately controlling such coolant-circulation 
through each unit of the cooler, each Section of 
each of said coolant-header-boxes having a Sepa 
rate removable end-cover-plate Whereby one unit 
may be cleaned while the machine continues in 
operation, and baffling and ventilating means ar 
ranged in Such nanner as to cause a gaseous Wen 
tilating medium to circulate through the machine 
and said cooler, Said gaseous ventilating medium 
passing successively, one after another, through 
the plurality of units of said cooler. 

8. A horizontal-Shaft, explosion-resistant, to 
tally enclosed, dynamo-electric machine of lin 
ited width, having a main housing enclosing the 
Same, said housing having a longitudinally ex 
tending opening in a Wall thereof, an auxiliary 
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8 
housing providing an enclosed bulge over said 
longitudinally extending opening, a wall of Said 
auxiliary housing terminating on the OutSide of 
the wall of the main housing at an angle thereto 
and at a distance from said longitudinally extend 
ing opening, Said Walls being joined together 
whereby, because of their angular relationship, 
each reinforces the other against displacement 
as a result of internal gaSeoulS preSSures Within 
the machine, a multiple-unit cooler comprising 
longitudinally extending cooler-pipes disposed 
Within Said bulge and occupying less than all of 
the cross-sectional area of said bulge, said cooler 
fitting said opening in the housing, means, in 
cluding Sectionalized coolant-header-boxes at the 
respective ends of the longitudinally extending 
cooler-pipes, for circulating a coolant through 
Said cooler-pipes and for separately controlling 
Such coolant-circulation through each unit of the 
cooler, each Section of each of said coolant-head 
er-boxes having a separate removable end-cover 
plate whereby one unit may be cleaned while the 
machine continues in operation, and baffling and 
ventilating means arranged in Such manner as 
to cause a gaseous ventilating mediulin to flow 
radially outwardly from the main housing of the 
machine through one or more portions of Said 
longitudinally extending opening, and therica 
across all of the pipes at one or more portions 
of said cooler, then longitudinally along the bulge, 
and back across all of the pipes at another por 
tion or portions of said cooler and radially in 
Wardly through another portion or portions of 
said longitudinally extending opening and this 
back into the main housing of the machine, said 
gaseous ventilating medium passing Successively, 
One after another, through the plurality of units 
of Said cooler, each tine it foWS acroSS Said 
cooler-pipes. - 

RENE A. BAUERY. 
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