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Schenectady, N.Y., and Eugene E. Stoeckly, Cincinnati,

Ohie, assignors to General Electric Company, a corps-
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13 Claims. (CL 66—32.37)

This invention relates to an improved turbo-machine
which employs a mumber of individually operative gas
generators supplying motive fluid through separate noz-
zle boxes to a single turbine rotor. More particularly,
the invention relates to an arrangement for a gas turbine
prime mover, wherein a group of quick-starting gas gen-
erators having low-inertia rotating elements supply mo-
tive fluid to separate sectors of a relatively large load
turbine wheel, which arrangement includes provisions for
cooling the hot gas generators, their supporting structure,
and the turbine wheel.

The conventional gas turbine, of a size spitable for
utility or industrial applications, generates its own mo-
tive fluid by means of a number of rotating stages of
blades compressing air in which fuel is then burned. The
hot motive fiuid is then passed through one or more
stages of turbine buckets some of which furnish power
to drive the compressor and the remainder of which
serve to drive the load. The compressor turbine stages
and load turbine stages may be on a single shaft, or the
load turbine may be on a separate rotor shaft so that its
speed need not be the same as that of the compressor.
However, one design philosophy has been to include the
hot gas generating portion, ie., a compressor and the
turbine stages driving the compressor, along with the
load turbine stages in a single casing on coaxial shafis.
Since the gas generating portion must furnish sufficient
motive fluid for driving the whole powerplant, its rotat-
ing elements and casing have heretofore besn massive,
requiring a “prewarming period” upon starting to allow
the parts to come to normal operating temperature
evenly. The foll circumferential flow annulus of mo-
tive fluid from the gas generator has commonly been dis-
charged through nozzle partitions into the full circam-
ferential flow annulus of the load turbine buckets.

Large steam tvrbines have also required slow startup
cycles due to the massive casings and rotors used, and
the necessity to prewarm or take on load slowly. Con-
trary to gas turbine practice, it is commion in stream tur-
bines to admit the steam through individual arcuate
nozzle boxes disposed around the circumference of the
enirance to the first stage bucket wheel, the flow through
each nozzle arc being controlled by separate contral
valves. This is done to reduce throttling losses due to a
partially-cpen control vaive. The steam flowing to the
conirol valve chests and the separate nozzle boxes is, how-
ever, supplied from a common steam generator, rather
than from multiple sources. Hence trouble in the steam
generator or boiler may require that the turbine be shut
down completely.

The separate nozzle box constructions employed in
steam turbine practice are generally unsuitable for the
temperatures and rapid changes of temperature found in
gas turbines. Steam turbine nozzle boxes are generally
cast with heavy wails and operate at a maximum of per-
haps 1050° F. The temperature of the gas passing
through gas turbine nozzles, on the other hand, may
reach peaks on the order of 1,600° F., and it is desirable
to employ special cooling means. This calls for thin-
walled fabricated constructions. Also provision must be
made for thermal expansion of the parts relative to each
other.

It has been previcusly suggested that two or more air-
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craft type gas turbine powerplants might be employed as
hot gas generators to drive a common load turbine, and
that the powerplant might continue to operate with one
of the gas generators out of action. This suggestion has
been made with regard to a moving vehicle, specifically
an aircraft where “ram air” will continue to flow through
the inoperative gas generator. In this previously sug-
gested comstruction, therefore, there is no substantial
probability of flow of hot motive fluid from the outlet
of an active gas generator back through the inoperative
gas generator, as may tend to occur in a stationary
powerplant,

Another concern in the operation of a large gas tur-
bine or steam turbine is the necessity for periodic rou-
tine examination of seals, buckets, shrouds and other
elements subject to deterioration. ILarge turbine prime
movers often have a horizontally split casing, and the
top half must be removed to examine and service the
critical parts. A powerplant for “peaking” service, re-
quired to operate only intermittently, must always be in
a state of instant readiness. Hence an arrangement pro-
viding for quick inspection and maintenance is highly
desirable.

It is désirable to have a quick-starting “peaking” prime
mover able fo furnish sufficient power for large indus-
trial and wutility generating plant applications which pro-
vides the utmost reliability and lends itself to unat-
tended cperation by remote control.

Accordingly, an object of the present invention is to
provide an improved high temperature turbine power-
plant which can start up and take on load on very short
notice,

Another object is to provide a turbine prime mover
with improved reliability through having a substantial
number of motive fiuid sources in parallel and capable
of operating independently of each other,

Still another object is to provide a guick-starting gas
turbine prime mover with a number of individually oper-
ative hot gas generators having low-inertia rotating ele-
ments and thin, quick-heating walls defining the motive
fluid flow path.

Anocther object is to provide an improved thin-walled
load turbine nozzle box construction, and support system
therefor,

Another object is to provide a staticnary multiple gas
generator turbine which can operate with one or more
hot gas generators inoperative, without backflow through
the inoperative gas generators.

Yet another object is to provide an improved cooling
arrangement for a multiple gas generator turbine power-
plant of the type described.

Another object of the invention is to provide an im-
proved multiple gas generator turbine which can be
¢asily and quickly inspected and serviced so as to keep
it in a constant state of readiness to assume load.

Briefly stated, the invention is practiced by providing
a frame or cage supporting a cylindrical array of parallel,
individually operative hot gas generators, for instance
of the axial flow aircraft turbine type, arranged to deliver
hot gas through separate transition ducts and nozzle
boxes to arcuate sectors of a single load turbine bucket
wheel mounted in overhung relation on the shaft of an
adjacent coaxial generator or cther load machine, Cool-
ing air is drawn over the casings of the gas generators,
in parallel, to a blower at the axis of the cylindrical array-
and is used to cool the frame and the load turbine wheel.
Bach gas generator is mounted in a separate cylindrical
container or can readily withdrawable from the frame
and arranged for quick replacement and routine mainte-
nance on a continuing basis. The nozzle boxes are of thin-
walled construction and supported for relative expansion
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by the nozzle partitiens themselves,
for the load turbine buckets is also supported by and with-
drawable with the common frame supporting the gas g getl:
erators.

The subject matter which is regarded as the inveation
is particularly pointed out and distinctly claimed in the
concluding portion of the specification.. The invention,
however; both as to organization and method of practice,
together with further objects and advantages- thereof,
may best be understood by reference to-the following
descnptlon, taken in connection with the accompanying
drawings in which:

FIG. 1 is a longitudinal sectional view of the upper
half of the complete powerplant

FIG. 2 is a simplified view, looking in an aXlal directicn,
showing the basic arrangement, and

FIG. 3 is an enlarged perspective view of one of the-
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special nozzle boxes, showing its construction: and. pre-

ferred manner of support.
General arrangement

Referring now to FIG. 1, the gas generafing portion
is shown generally at I on ithe left; while the turbine and
its exhaust hood are shown generally-at 2 on the right
There are ten. self-contained  individually-operative - gas
generators in. the present embodiment, one of these being

shown generally at 3. The gas generators are disposed in.-

a cylindrical array about a horizontal centerline. 4 and
are parallel to one another. - Gas generaters. 3 are sup-
ported in common frame or “cage” structure, shown
generally at 5, which is axially withdrawable to the
left for servicing and maintenance of the thereby exposed
load turbine wheel and nozzle boxes.

Referring briefly to the simplified end view in FIG. 2
of the drawing, it will be seen that cage 5§ is supported
at either side thereof on foundation members 6, 7 by
means of supporting brackets 3, 9 attached to the cage.
Tie rods 19 -assist in holding the cage centered.  To

withdraw cage 5§ from the load turbine wheel; it is lifted”
slightly ‘and rollers are placed beneath support brackets

8, 9, whereupon the cage can be rolled back on the
foundation 6, 7. The gas generator 3 shown in full in
FIG. 1 is indicated at 3 in FIG. 2.

Returning to FIG. 1 of the drawing, each gas gen-
erator 3 discharges into a separate transition duct 11 with
an attached arcuate nozzle box 12, From nozzle box
12, the hot gas flows through the buckets 13 of the
common load turbine wheel 24, and from there through
exhaust hood 15 to the atmosphere, Lhrougn a horizontal
outlet, not shown.

In order to provide cooling of the gas generators, the
various hot gas ducts, frame members, and the load tur-
bine wheel, a centrifugal blower 1§ is disposed on the
centerline 4-and sepzuately driven by an electric motor
17, both being supported in cage 5:

Having briefly described the basic components of the -

powerplant, the. components will now be described in
more detail.

Gas generators

' Bach gas generator 3 is a modified aircraft gas turbine
engine, of the type commonly known as a “jet engine,”
with its usual casing indicated at 18. - The modification

there consists  in supporting the aircraft gas turbine cas--

ing 18 coaxially within an outer casing or can 19 with a
substantial annular space 20 therebetween. = At its right
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end or outlet end, casing 18 is held in a substantially fixed ‘

support from outer casing 19, by means of circumferen-
tially spaced struts 21. At its left or intake end, casing
18 is supported by means of two pivotable turnbuckles.
One of these is shown in the drawing at 22 and the other
(not shown) is located 90 degrees therefrom.  Thus
casing 18 is free to expand along horizontal and vertical
diameters at the location of the turnbuckle supports 22.

70

‘control system (not shown).

: . 4 . :
Furthermore, as casing 18 gets hot, it lengthens, expand-
ing to the left from the fixed struts 21, this being allowed
by. pivoting of the turnbuckle supports 22.

A strengthening tib 23, with a hole 24 above the ap-
proximate center of gravity or “‘balance point” of the gas

. generator 3, is attached to outer casing 19 and allows

the gas generator to be supported from a hoist as it is
axially withdrawn from cage 5 for servicing or replace-
ment. Each of the gas generators-3 is self-contained and
individually-operative and is completely piped, wired, and
aligned within outer casing 19 at assembly. As explained
later, one or more of the gas generators 3 is thus allowed
to be inoperative without shutting down the éntire power-
plant. Also, by having available a “spare” gas generator,.
at least one active gas generator may always be made
available for overhauling on a continuous rotating sched-
ule.

The engine in inner casing 18 is substantially the same
as the “jet engine” used in aircraft. .One such suitable
engine is- the Type C-J-805 -commercial aircraft gas tur-
bine ‘as manufactured by ‘the General Electric Company,
assignee of the present application. It consists of an
air intake cone 25, a seventeen-stage axial-flow com-
pressor section 26, a-circumferentially spaced group -of
combustion chambers 27, and a three-stage axial-flow tur-

~bine Section 28, all co-operating to discharge hot gas

through outlet 29. Fuel is fed to -the combustion cham-
bers 27 by fuel pipes 3¢ from a central fuel supply and
An electric starting motor
31 is supported by struts 32 from the outer casing 1%.

Cage' structure

The gas generators 3 are held in the cage structure
5 now to be described in detail. Cage 5 basically com-
prises four vertical transverse plates 33, 34, 35, and 36.
These are circular in shape, split on a horizontal center-
Jine, and bolted together as indicated diagrammatically
in FIG. 2. Plates 33, 34, 35 are connected together and
spaced as shown by means of circumferentially spaced
cylindrical tubes 37 welded iato circular holes in the
three plates, there being one tube 37 for each gas gen-
erator. =~ Gas generators 3 are held within tubes 37 by

means of a radial flange 38 welded to can 19 and bolted

to the first plate 33. Plates 35 and 36 are attached to-

~gether by means of an inner drum 39 and an outer conical

drum' 40 welded between the plates 35, 36 and coaxial
with axis 4.  Cage ‘5 is detachable by unbolting it from
the walls of exhaust hood 15 at the location 41 by re-
movmg bolts 41a.

Flow dzrectmg ducts

Also supported by and withdrawable along with cage
5 are the transition ducts 11 and nozzle boxes 12. Each
nozzle box 12 contains a group of radially extending
hollow nozzle partitions, one of which is shown at 42.
Nozzle ‘partition 42 is slightly different from the other
nozzle partitions in nozzle box 12, in that its ends extend
through the box as indicated at 424, 42h and are held
in an upper bracket 43 and a lower bracket 44 attached
to plate 36. Inner end 42b of the nozzle partition is
pivotally fixed to bracket 44, while the outer end 42«
is free to expand radially in bracket 43 by means of the
connection shown at 45. The details of this nozzle box
support will be discussed more fully in connection with
FIG. 3, but it should be noted that axial movement -of -
nozzle box 12 is thereby prevented at its outlet, so that
clearances: can be maintained substantially constant be-
tween the arcuate mouth of nozzle box 12 and the close-
ly adjacent rotating blades 13.

The transition duct 11 and the nozzle box 12 are bolted
together at flange 46. The lefthand or inlet end of tran-
sition duct 11 is axially slidable to the left and is sup-
ported by brackets 47, 48 having sliding ways and at-
tached to plate 35. Sliding mountings 49, 58 support
the inlet end of transition duct 11 and slide axially on the
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ways of brackets 47, 48 respectively. A ring 51 atiached
to the transition duct 11 provides an inlet lip coaxial with
the outlet 29 of the gas generator, and is slightly larger
in diameter so as to move to the left over the fixed outlet
29 when the transition duct and nozzle box expand. The
outer walls of the transition duct ¥1 are covered with in-
sulation indicated as 52 around that portion of the duct
which is disposed inside an annular chamber 53. Cham-
ber 53 is formed between the two coaxial drums 39, 46
and the case plates 35, 3§, Insulation 52 serves to
reduce heating of the cooling air as it flows radially inward
to blower 16. )
Seals and shrouds

A gas seal is provided between the outer casing 18
of the gas generator and the transition duct 11, by means
of a bellows 54 which allows relative axial movement as
described above. An additional seal plate 55 is provided
between the flange 46 and cage plate 35. Seal 54 isolates
chamber 53 from the hot gas flowing through transition
duct 13, Seal 55 prevents flow into chamber 53 of higher
pressure cooling air in chamber 91.

Another feature of the invention is that the shroud
for the turbine buckets 13 is also attached to and with-
drawable with the cage structure, thereby completely ex-
posing turbine wheel 14, buckets 13, and nozzle boxes
12, for servicing, The shroud bracket, shown as 56, is
attached to the outer nozzle box bracket 43, so as to ex-
tend over the tips of buckets 13. Shroud 57 is held by
brackets 56, so as to form close clearances with the tips
of buckets 13.

It remains to note that an additional sealing assembly
58, which is also secured to and removable along with
the cage, forms close axial clearances with the shanks of
buckets 13 and is indicated generally at 58. This sealing
assembly meters the flow of cooling air and also distributes
a portion to the axial holes 13z in the bucket shanks.

With exception of the description of the cooling as-
sembly in the cage, the foregoing completes a detailed
description of the gas generator portion 1, which is with-
drawable as a unit from the turbine and hood assembly 2.
The dot-dash line 68 indicates the irreglar “dividing plane”
between portions % and 2 when cage 5 is rolled to the left.

Load turbine wheel

Referring now to the turbine wheel and hood assem-
bly 2, turbine wheel 14 is of the “overhung” typs, being
attached to the end of a shaft 61 by means of bolted
flanges 62. Shaft 61 may be the extending end of the
shaft of the load device, such as a generator, a portion
of the generator housing being shown at §1g. Hence the
load turbine and its driven device may employ only two
main bearings, one of which is seen at 63. The left
side of turbine wheel 14 therefore is unsupported and ac-
cessible after cage § is withdrawn. A shaft seal for pre-
venting escape of the cooling fiuid is indicated at 64, while
seals 65 help to prevent oil loss from bearing 63.

The load turbine wheel 14 is enclosed between paraliel
walls, one of which, shown at 686, is a portion of the cage
structure. The other wali, shown at 67, is supported from
the housing 61a by means of siruts 68. '

Exhaust hood

The hood 15 consists of spaced transverse vertical walls
69, 78, carrying the motive fluid to a horizontal discharge
exhaust duct (not shown). The gas path from buckets
13 is formed by an inner conical wall 71, connecting the
vertical walls 67, 78, and an outer conical wall 72 sup-
ported from the vertical hood wall 69 by means of a
cylinder 73. The conical walls 71, 72 diverge slightly to
form an annular diffusing passage 74 leading to a main
discharge chamber 75. The circumferential inner edge of
well 71 is sealed to the outer periphery of plate 67 by a
simple slip joint indicated at 67a, thus permitting dif-
ferential thermal expansion of hood 15 relative to plate
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67. Support for the exhaust hood is represented by
bracket 615 on generator housing 61a.

Cooling system

The cooling system for the hot gas ducts and the tur-
bine wheel will now be described. Generally speaking,
the cenfrifugal blower 16 draws air over the gas gen-
erator casings 18 in parallel flow relationship and then
distributes it to selected areas to be cooled. Cooling air
eniers at the inlet end of the gas generators as indicated
by arrow 76 and passes along the annular passage 20 be-
tween inner and outer casings 18, 19, This air flows past
the supporting struts 21 holding the outlet end of the gas
generator and into the annular chamber 53 defined be-
tween drums 39, 48. Cooling air flow into the motive
fluid stream is prevented by means of bellows 54, and
seal 55 prevents ingress of air from chamber 91. Cooling
air flows radially inward, as indicated by the arrows 78a,
78D, through hcles 78 in the inmer drum 39 to an inlet
chamber 79 for blower 16. The air required for cooling
the gas generators 3 is greately in excess of that needed

Isewhere and approximately 70% of this air is then dis-
charged from blower 16 in a downward direction through
a duct (not shown) into the exhaust hood.

The remainder of the cooling air is discharged radially
outward into an annular chamber 8¢ defined between the
spaced vertical walls 34, 35 of the cage. Here it divides
into three portions. The first portion, indicated by arrow
€1 continues flowing radially outward around tubes 37
to the outer portion 88a of chamber 80, where it enters
two U-shaped cooling pipes, only one of which is shown
at 82. Cooling pipe 82 passes over the hood 15 and in
toward the wheel again on the other side, as shown at 83,
80 as to discharge air against the radially inner part of
wheel 14 on the far side, as shown by arrows 84, 844.
This air flows radially outward acress the turbine wheel to
cool it, the rate of flow being controlled by means of the
circumferential seal 85 forming a restricted clearance
space with lip 852 on the wheel. From there it joins
the hot motive fluid going to the exhaust hood as shown
by arrow 86.

The second portion of cooling air 81« in chamber 80
passes axiaily through short pipe sections §7 connected be-
tween plates 35, 36 and thence radially inward again at
81b to discharge against a radially inner portion on the
near side of turbine wheel 14 as indicated by arrow 88.
From there it flows radially outward along the wheel, re-

- stricted somewhat by means of a seal 89 and by portions

of the sealing assembly 58. A part of this air bleeds into
the axial holes 13 in the bucket platforms as shown by
arrow 20, while the remainder enters an annular chamber
51 under nozzle boxes 12 through openings $1a, and flows
around the nozzle boxes, and info hood 15 through holes
73a, by way of openings defined between the ends of ad-
jacent nozzle boxes (FIG. 3) per flow arrow 91b. -

The third portion 8ic of the cooling gas from blower
16 passes into L-shaped pipes 92 which lead directly to
the nozzle box chamber 92. This air also serves to cool
the nozzle boxes and is discharged through holes 734 into
hood 15.

It remains to note that, inasmuch as the prime mover
is intended to be used intermittently as a “peaking” plant,
it may be desirable to keep the massive turbine wheel 14
at a somewhat elevated temperature, so that the only ele-
meits required to be brought up to operating temperature
wiil be the thin-walled flow ducts and gas generators 3.
For this reason, electric heaters 94 and 95 are disposed in
blower outlet chamber 86 and also in the cross-over pipes
82 so that if desired, the blower 16 and heaters 94, 25
may be operated to prewarm wheel 14 before starting
the gas generators, or to maintain wheel 14 at a suitable
elevated temperature when at “no load” operating condi-
tion. These may also serve to warm thé cooling air some-
what, when ambient temperature is very low, to avoid
“chilling” the turbine wheel with excessively cold air.
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Nozzle bax construciion .

Referring now to FIG. 3 of the drawing, the nozzie
box 12 and its associated structure will- be described: in
detail. - The juncture between the transition pieces 11 and
nozzle boxes 12 take place-at the vertical cage wall 36
inside circumferentially spaced -arcuate apertures 6.
Each aperture is large enough to accommodate the flanges
46 of the transition piece 11 and the nozzle box 12, and
to provide space around the flange for circumferential,
radial, and axial movement. To provide a gas seal be-
tween the flange and opening 96, a seal plate 55 is bolted
as shown at 98 to the flanged joint 46 and held to wall 36

by means of a slip_ joint formed by a Z-shaped strip.55a-.

welded adjacent the outer periphery of opening 86 in wall
36. " The remaining three sides of seal 55 are secured by
bolts 98 to wall 36.
walled constraction and has end walls-99, 160 which are
curved so as to cooperate with adjacent like nozzle box
end walls. to form the radial cooling air passages for the
flow 91b." To the end walls are welded upper and lower

arcuate walls 161, 182 Trespectively. . The downstream”

edges of walls 99, 106, 101, 102 define an arcuate mouth

183 which is closely spaced and aligned so as to discharge
into an arcuate sector of turbine buckets (see FIG. 1).

In the embodiment shown, there are eight airfoil-shaped

- hollow nozzle partitions extending radially between arcu-

" ate walls 183, 182.  The centrally located partition 42 is

the primary load-bearing partition, while the other parti-

tions-are designated -with numerals 184-116. The four -
center partitions 188, 167, 42, 168 form a group of thrust--

sustaining partitions and exterid through walls 103, 182:

They-are securely and sealingly welded thereto all around-

Nozzle box 12 is of relatively thin-.

10

15

. radially inner wall,

20

at top and bottom, as indicated by arrows 111, 112 re-

spectively.. The-two partitions on each end, 194, 105, 149,
1318 form a group. of “fioating” partitions and are welded
all around.but only to the top wall 161 as indicated by
arrow 113. The lower ends, as indicated on partition 189,
extend through a closely fitting hole 114 in the bottom wall
162 and provide partial support for ‘the bottom-wall by
means of a flange 115 welded to the partitions. In order
‘to prevent leakage through heles 114 along the “Hoating”
partitions, four cover boxes such as the one indicated at
116 are placed over the open ends at the botiom of the

four floating partitions and are welded to:the bottom of

arcuate wall'182. These boxes accommodate radial move-

40

ment. of the partitions in holes 114. Thus the hot gas -

cannot escape downwardly. from the nozzle boxes.
In order to carry the downstream axial thrust exerted

on nozzle box 12 by the hot gas passing through the tran-.

sition duct 11, each-of the four center partitions 10§, 167,
42, 108 are provided with thrust plates in the form of
angles welded into cutouts in the top and bottom partition
walls.. One set of these angle thrust plates for: the parti-
tion 166 are indicated.at 117 and 118 at the top and bot-
tom .of .the partition.  These
axial thrust of the entire nozzle box 12.

In case one of the gas generators becomes moperanve,
there is a possibility of reverse-axial thrust on nozzle box
12. To prevent this, reverse thrust plates are provided at
the top and bottom of intermediate partitions 186, 168.

cight thrust plates carry the’

50

55

active generator,”

60

These are formed by employing additional plates, such as’ -

119 shown at the top of partition 186, spaced from angle
thrust plate 117 by a tubular spacer 129. Other reverse
" thrust plates may be seen, such as 121 at the bottom. of
" partition 166 and 222 at the top of partition 188. The
reverse. thrust plates also keep the nozzle box -aligned and

65

prevent it from “wobblmg” about the brlmary support— »

mg partition 42. -

Upper bracket 43 and lower bracket 44 carry the thrust
at the top and bottom . of the nozzle box respectively.
Bracket 43 is welded or otherwise suitably secured to wall
36 and has two transversely spaced radially- extending

-lips, only one being shown at 124, and alsé: has other

spaced 11p portions (23 forming an opening 125. . Lip
124 carries a 'specially hardened shoe 126, whlch resists

70 -
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117.

8

wear caused by relative movement of upper:thrust plates
The nozzle box is free to move radially outward
and -tangentially toward either side within opening 125.

Bracket. 44 at the bottom is similarly constructed to
provide a channel- shap\,d opening 127 between axially
spaced vertical lip portions 128, 123. A hardened thrust
bearing shoe similar to 126 above, may be seen at 130
Blacket 44 takes the ‘axial downstream thrust of the
nozzle box while yet aliowing the individual nozzle parti-
tions to move radially or tangentially w1th1n the channel
opening 127.

The entire weight -of nozzle box 12 is carried on a
single bolt 131 which passes through the lip 129 of
bracket 44, through the enlarged lower portion 132 of
the angle member welded to the bottom of partition. 42,
through an .additional plate 133, and is attached to the
rear of bracket 44 by a nut (not shown). The position
of the nozzle:box is thus fixed at its center and at the
The weight of the nozzle box 12 is
transmitted to partition 42 through the welds between the
partitions -and the top and bottom walls 183, 102.

It will be observed that unless provision were made,
the tangential force -on the nozzle box dus to the fluid-
directing  action of the nozzle partitions, would tend to
rotate the:nozzle box 12 counterclockwise about the bolt
131. To resist this tangential reaction force, and yet
allow nozzle box 12 to expand radially outward as it is

cated; a special welded assembly 134 is- attached to the
top of partition 42. Assembly 134 has two spaced verti-
cal walls 135, 136, each carrying hardened inserts such
as 137. - Bracket 43 is provided with an axially extend-

- ing leg 138 fitting between legs 135; 136. This arrange-

ment serves to tesist the tangential reaction force exerted
by the nozzle box, while stili allowing legs 135, 136 and
partition 42 to move- radially outward as the nozzle box
exaaan
- The L.-shaped pipes 92 furnishing cooling air to the an-
nular chamber 91 may be seen at the bottom. These
open through a hole 1392 -into the annular chamber 91,
A hole 141 allows access of cooling air to the portions
of the nozzle box covered by bracket 44.

Thus it will be seen that this sp\.mal nozzle box con-
struction includes inner and outer main brackets, with a
single supporting pivot 131 carrying the inner end of a
central partition, this.and certain adjacent partitions being
seal welded at both ends to the inner and outer walls
191, 102 and carrying thrust bearm“ and guide means

" cooperating with the brackets to prevent “wobblmg” of -
- the nozzle box about the single pivot,‘the end partitions

being seal welded at their outer ends to wall 161 and
projecting -freely 1nward1y through capped openings in
wall 162,

It is to be noted that when one gas generator is inac-
tive, the high velocity flow of ot gas at the down-
stream ‘side ‘of the adjacent active nozzle boxes has a
tendency {o aspirate a flow of cooling :air through the
compressor, combustion system, and turbine of the in-
-This aspirating action is aided by the .
“pumping -action’”-of  the load turbme buckets passmg
the inactive nozzle box.: ’

"These effects -combine to prevent reverse flow of hot’

-gas from the ‘discharge side of active nozzle boxées back

into the downstream side of “the- inactive nozzle box.
Thus it becomes possible in-a stationary powerplant to
operate ‘the gas turbine with one or several gas.genéra-
tors; inactive, . without “blow-back™ of hot gas, which
Would damagn the complessor of the inactive generator

Conclusion.

The mventlon prov1des an 1mproved multiple gas gen-
erator turbine plant having a common load turbine wheel
overhung on the shaft of an adjacent coaxial load ma-
chine. - The common frame structure for the array of

- gas genbrators permiis: ready ‘access to the load turbine

wheel by simply uncoupling the frame from the exhaust
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casing and rolling back the frame to expose the load
turbine and nozzle boxes.

A separate motor-driven ventilating fan draws cooling
air over the gas generators and suppliss coolant to the
load turbine, transition ducts, and nozzle boxes, with
heaters arranged to prewarm or maintain turbine operat-
ing temperatures at the no-load condition. The separate
hot gas generators are self-contained and readily with-
drawn from the frame structure for overhauling. The
special nozzle box arrangement prevents reverse flow
through an inactive gas generator, while providing ready
means for removal of a box for servicing.

The result is an improved gas turbine power plant well
suited for intermittent operation, with short start-up time,
maximum availability and reliability, capable of operat-
ing with some of the gas generators inactive, and suitable
for unattended operation by remote control.

‘What we claim as new and desire to secure by Letters
Patent of the United States is:

1. A multiple gas generator turbine powerplant com-
prising:

a turbine wheel including a circumferential row of ra-

dially extending buckets,

a cylindrical array of individually-operaitve gas gen-
erators disposed parallel to one another, said array
being coaxial with said turbine wheel, each of said
gas generators including combustion chambers and
rotating compressor and turbine stages discharging
hot motive fluid axially from a substantiaily cylin-
drical outlet,

a plurality of flow-directing ducts each shaped to re-
ceive fluid from one of said gas generator outlets and
to discharge it from an arcuate mouth into a por-
tion of said turbine buckets,

a plurality of radially extending nozzle partitions sealed
within the arcuate mouth portion of each of said
flow-directing ducts, a selected number of said nozzle
partitions in each of said ducts being constructed to
extend through opposite arcuate walls thereof and
to support the arcuate end of the duct against axial
and tangential thrust of the fluid, the remainder of
the nozzle partitions in the duct being supported by
the arcuate walis therecf, all of said nozzle partitions
directing the motive fluid into an arcuate sector of
said turbine buckets, whereby each of said gas gen-
erators supplies an arcuate sector of buckets through
a group of both supporting and supported nozzle par-
titions separately from each of the other gas gener-
ators.

2. A multiple gas generator turbine comprising:

a turbine wheel including a circumferential row of
radially extending buckets,

a cylindrical array of individuelly operative gas gen-
erators disposed parallel with one another, said ar-
ray being arranged coaxially with said turbine wheel,
each of said gas generators having inner and outer
coaxial casings defining an annular passage there-
between for the passage of cooling air and also ar-
ranged to discharge hot motive fluid axially from an
inner casing outlet,

a plurality of flow-directing ducts each shaped to re-
ceive fluid from said inner casing outlet and to dis-
charge it from an arcuate mouth into a portion of
said turbine buckets, whereby each of said gas gen-
erators supplies an arcuate sector of buckets sepa-
rately from each of the other gas generators,

blower means disposed within said cylindrical array
of gas generators,

first conduit means interconecting the gas generator
annular passages in parallel fdow relationship to
the inlet of said blower means,

second conduit means connected to the outlet of said
blower means and conducting a portion of the cool-
ing air from the blower around portions of said
flow-directing ducts, and
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third conduit means connected to the outlet of said
blower means and conducting another portion of the
cooling air from the blower to a radially inner por-
tion of said turbine wheel.

3. A multiple gas generator turbine comprising:

a turbine wheel including a circumferential row of
radially extending buckets,

a cylindrical array of individually operative gas gener-
ators disposed parallel to one another, said array
being arranged coaxially with said turbine wheel,
each of said gas generators including a substantially
cylindrical outer casing and a coaxial inner casing
containing combustion chambers and rofating com-
pressor aad turbine stages discharging hot motive
flnid axially from a substantially cylindrical inner
casing cuilet, said casings defining an annular passage
therebetween for the flow of cooling air,

a plurality of flow-directing ducts each including a
transition portion with a cylindrical inlet shaped to
receive fluid from said gas generator inmer casing
and connected to an arcuate nozzie box with an
arcuate mouth disposed adjacent an arcuate sector
of said turbine buckets, said nozzle box having ra-
dially extending nozzle partitions sealed within said
mouth,

a blower disposed substantially coaxial with the tur-
bine wheel and within said array of gas generators,

first conduit means connecting the gas generator an-
nular passages to a common chamber at the inlet of
said blower and passing cooling gas over the transi-
tion portions of said flow-directing ducts, and

second conduit means connected to the outlet of said
blower and discharging cooling air against radially
inner portions of the turbine wheel on either side
thereof and over the nozzle boxes of said flow direct-
ing ducts.

4, A nozzle box assembly for directing hot motive fluid

into an arcuate sector of turbine blades comprising:

a thin-walled box open at either end and having side-
walls and arcuate top and boitem walls,

‘a plurality of spaced nozzle partitions extending be-
tween said top and bottom walls,

upper and lower fixed support brackets disposed above

"and below the top and bottom walls respectively,

a first group of said nozzle partitions having end por-
tions extending through the top and bottom walls
and constructed to support the nozzle box assembly
within said brackets for thermal expansion with re-
spect thereto, and

a second group of said nozzle partitions being sup-

" ported by one of said arcuate walls and arranged to
expand thermally with respect to the other of the
arcuate walls,

5. A nozzle box assembly for directing hot motive fluid

into an arcuate section of turbine blades comprising:

a thin-walled box open at either end and having side
walls and arcuate top and bottom walls,

a plurality of spaced nozzle partitions extending be-
tween said top and bottom walls,

upper and lower fixed support brackets disposed above
and below the top and bottom walls respectively and
each including a lip extending toward said arcuate
walls over a central portion thereof,

a first group of said nozzle partitions having end por-
tions extending through the top and bottom walls and
having thrust plates attached thereto bearing against
said bracket lips to resist the reaction force on the
nozzle box assembly by the hot motive fluid passing

- therethrough,

a central one of said nozzle partitions being constructed
to support the nozzle box assembly within said brack-
ets for thermal expansion in a direction normal to
said arcuate walls, and

a second group of nozzle partitions being supported by
one of said arcuate walls and arranged to expand
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thermally with respect to the other of the arcunate
walls.

6. The combination. according to claim 5 wherein saxd
central mozzle partition is pivotably attached to one of
said support brackets and wherein the other of said sup-

port brackets cooperates with the other end of said central -

nozzle partition to resist the sideways reaction force on
the nozzle box assembly caused by the motive finid pass-
ing through the nozzle box while allowing the central
nozzle partition to slide relative thereto.for thermal ex-
pansion.
7. A nozzle box assembly for directing hot motive fuid
-Into an arcuate sector of turbine blades comprising:
a thin-walled box open at either end and having side-
walls and-arcuate top and bottom walls,
a plurality of spaced hollow airfoil-shaped nozzle par-
titions extending between said top- and bottom walls,
upper and lower fixed support brackets disposed above
and below the top and bottom walis respectively,
each having a front lip portion and a spaced rear lip
portion extending toward the adjacesat arcuate wall,
a first group of said nozzle partitions extending through

o
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and sealingly attached to the top and bottom walls ~

over a ceniral portion thereof and having thrust

plates bearing against said front hp portions of the .

support brackets,

“selected ones of the first group of nozzle partitions also -

having reverse thrust plates bearing against the rear
lip portions of the support brackets,
a.central one of said first group of noczzle partitions
being attached at its-lower end to the lower bracket
by. a pivotable connection to support the weight of
the nozzle box assembly, the otherend of said central
nozzle partition having an extending portion: bearing
- transversely against a portion of the upper support
bracket to prevent sideways movement, while allow-
ing thermal expansion away from said pivotable con-
nection,
a second group of nozzle partitions: disposed on eithsr

side of said first group being sealingly attached to:

and supported by one of said arcuate walls and free
to expand through holes defined in the ot‘ler o‘c said
arcuate walls,

and a plurality: of gas—tight boxes covering said holes
and sealingly attached to said other arcuate wall so
as to accommedate the movemeénts of the second
group. ¢f nozzle partitions while preventing leakage
through said holes. - i

8. A multiple gas generator turbine comprising:

an overhung turbine wheel with an unsupported-end .

and having a plurality of radially extending buckets
adapted to discharge fluid into an exhaust hood,

a cage assembly coaxial with said turbine wheel and
constructed for axial withdrawal from the unsup-
ported end of the wheel,

a plurality of 1nd1v1dually-operauve gas ‘generators sup-

ported in a cylindrical -array within said cage as-

) %mbly and -each discharging hot motive fluid from

" an outlet,

a plura‘1ty of flow-directing ducts each shaped to re-
ceive motive fluid.at an inlet end from one of said
gas - generator- outlets and to discharge it from an

_ . arcuate mouth into a portion of said turbine buckets,
each of sald ducts having radially extending nozzle
partitions disposed within said - mouth and con-
structed to support one end of the duct from the
cage assembly, whereby the gas generators and the
flow-directing ‘ducts can be axially withdrawn to-
gether with the cage assembly to expose the turbine

- wheel. - '

9. The combination according to claim § including a

- shroud assembly forming close’ clearances with the tips
of said turbine buckets and also supported by the cage

assembly, whereby szud stroud ‘assembly is axially with- -
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~drawable -along with the cage assembly to: expose the

tirbine buckets
‘10, The combination’ accordmg to clwn 8 wherein said
arcuate mouths of the flow-directing ducts are held fixed

-against axial movement with respect to the cage assembly
by the noz

zle partitions, and wherein the inlet ends of
said flow-directing. ducts are supported by the cage to

-efiect axial movement thereof relative to the gas generator

outlets, whereby axiadl clearances between said turbine

buckets and said arcuate flow-directing duct mouths are

held substantially ‘constant.

11. A multiple gas generator turbine comprising:

an overhung turbine wheel with an unsupported end
and having a plurality of radially extending buckets
adapted to discharge fluid into an exhaust hood,

a cage assembly coaxial with said turbine wheel and
constructed for axial withdrawal from the unsup-
ported end of the wheel,

a plurality of individually-operative gas generators
supported in a cylindrical array by said cage assem-
bly, each generator including combustion chambers
and rotating compressor and turbine stages discl“rv-
ing hot moiive fiuid axially from an outlet and hav-
ing spaced coaxial casings defining an annular pas-
-sage therebetween open at- either end for passage of
cooling air,

a pluraLty of flow-directing ducts each shaped to re-
ceive motive fluid from one of said gas generator
outlets and to discharge it from an arcuate mouth |
into a portion of said turbine buckets,

_each’ of “said ducts having radially extending nozzle
partitions disposed within said mouth and constructed
to support -one end of the duct from the cage as-
sembly,

a blower supported by said cage and drawing air in
parallel flow relation through said annular passages
between ‘the gas generator casings, and

conduit means directing portions- of the cooling air

. -over portions of said flow directing ducts and against
said turbine wheel, whereby the gas generators, the
flow-directing: ducts, and the blower -and the conduit
-means. can- all be withdrawn axially with the cage
as&nmbiy to expose the turbine whesl.

12. A multiple gas gbnera or turbine powerplant com-

_prising:

buarmg means suppor‘m<7 a load turbine bucket wheel
in overhung relation to the bearing,

foundation means disposed at the side of the load
turbine wheel remote from the bearing means,
common frame means supported on said foundation
means for axial sliding movement away from the -
Ioad turbine wheel,

a. cylindrical array .of paral el individually operable
hot gas generators carried by said frame means and
disposed in circumferentially spaced relation about
the axis of the.load turbine wheel,

each hot gas generator having a first substantially cylin-
drical casing containing a- compressor, combustion
system, and turbine driving ‘the compressor, and a
second outer cylindrical casing disposed arcund the
first casing.to define an annular cooling passage,

a circumferential row of arcuate nozzle boxes carried
by said common frame means and cooperating to
discharge hot motive fluid into the buckets of the
load turbine wheel,

a plurality of separate transition duct means, each com-
municating - hot gas from the outlet of one of the
hot gas -generators. to a corresponding one of said
nozzle boxes, : :

motor-driven fan means carried by said common frame
means -adjacent the axis of said cyhndncal array of
-gas generators,

-walls defining passages supplymg air to the inlet of
said fan means from said annular cooling passages -
of the gas generators whereby the fan .draws cool-
ing air over each of the gas generator casings,
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and walls defining passages supplying air discharged
from the fan for controlling the temperature of the
load turbine wheel,
the common frame means being axially retractible
from the load turbine wheel for exposing said wheel
and nozzle boxes.

13. A gas turbine powerplant in accordance with claim
12 and including heater means for controlling the tem-
perature of the cooling air supplied to the load turbine
wheel.
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