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The invention relates to a gas turbine plant of
the semi-circuit type with at least one gas turbine
for generating the useful output, at least one gas
turbine for driving a compressor and a regulat-
ing device which correctly sets the quantities of
working medium for the turbines. The invention
is characterised in having a pipe which bypasses
at least one stage of the compressor turbine and
has a flow regulatile member which may bhe
opened temporarily. by the regulating device
when the useful output is raised if, and only if,

necessary.
An auxiliary machine coupled to the com-
pressor set may further be provided, which can

be temporarily put into supplementary service by !

the regulating device when the load increases.
A blow-off member may also be provided which is
temporarily opened by the regulating device
when the load falls and allows a part quantity
of working medium to flow off from' the plant. It
is expedient for the regulating device for setting
the part quantities to influence a regulating
member which is arranged-in a pipe bypassing st
least one stage of the useful output turbine.

The invention is explained in more detail be-
low with the aid of the drawings.

Fig. 1 shows in simplified form an embodiment
of a gas turbine plant according to the invention
which serves for propelling g ship.

Fig. 2 shows in diagrammatic form the regulat-
ing device used for thig plant.

In the two.figures identical parts are provided
with. identical numerals. .

The gas-turbine plant.shown in Fig. 1 works
with a circuit of a gaseous working medium, for
. Instance air, from which a partial quantity is
continuously extracted and to which in return a
make-up quantity is continuously supplied at an-
other point. The working medium compressed
by the low-pressure compressor | passes through
the intermediate cocler 2 into the high-pressure
compressor 3. After being brought to the highest
circuit pressure, the working medium Hows
through the pipe & into the heat-exchanger 5,
where it is preheated while flowing through the
tubes . Through the pipe T the working medium
flows further until it is divided up into twe parts
at the point 8. A major part passes through the
pipe 9 into the gas heater 19 and is brought up
to the highest circuit temperature while flowing
over the heat-exchange tubes i1 and is then sup-
plied through the pipe 12 to the turbine (3.

The working medium expanded in the turbine
13 passes through the pipe 14 into the heat-ex-
changer 5 and here, while flowing over the heat-
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. circuit. by the compressor 23;

2

exchange tubes 6, gives up part of its residual
heat to the working medium flowing through the
tubes. The working medium passes through the
pipe 18 with a lower heat content into the cooler
16, in which a further part of its residual heat is
given up to a cooling medium. Finally the work-
ing medium is again supplied through the pipe 171
to the low-pressure compressor i, in which the
circuit begins anew.

From the circuit: of the working medium de-
scribed a partial quantity is continually ex-
tracted at the point 8 and is supplied: as combus~
tion air through the pipe 18 to the burner 9 of
the gas heater 10. The combustion gases flow
from the combustion space 20 into the heat-ex-
change tubes I, through the walls of which the
heat is given up to the working medium of the
circuit flowing over the tubes. Afterwards the
combustion gases pass through the pipe 21 into
the turbine 22.

To. replace: the quantity of working medium
extracted from the circuit at the point 8, air from
the atmosphere is continuously supplied to the
This make-up
quantity is introduced into- the heat-exchanger
5 through the pipe 24 at a point 25 at which the
working medium flowing over the heat-exchange
tubes 6 has approximately the same temperature

~and the same pressure as the make-up quantity.

The turbine I3 is driven by the quantity of
working medium flowing in the circuit and drives
the compressors {, 3 and 28. The turbine 22 is
driven by the part quantity of working medium
extracted from the circuit and produces. a usefil
output, driving, for example, a ship’s propeller 27
through a reduction gear 26. The turbine 13 and
the compressors. 1, 3 and 23 are further coupled
to an electric motor 28 which serves as a starting
motor and as an auxiliary motor for equalising
surplus or lacking power. )

To make possible the correct setting of the
working medium quantities for the turbines {3
and 22, the useful output turbine 22 is equipped
with a bypass pipe 29 which bypasses the first
stage and in which a flow regulating member 30
is built. The servomotor 81 of this regulating
member is influenced through the impulse pipes
82 and 33 by the regulating device 34. The con-
trol of the regulating device is effected on the one
hand by the centrifugal governor 35 and on the
other hand by the pressure of the working medi-
um in the inlet pipe 12 of the turbine 13, trans-
mitted by means of the pipe 40. By means. of
the lever 36 the normal value of the useful out-
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put to be maintained by the regulating devices
can be set by hand.

A reduction of the cross-section of flow in the
bypass pipe 28 reduces the absorption capacity
of the useful output turbine 22, so that less work-
ing medium is extracted from the circuit and
supplied to the turbine. At the same time, how-
ever, the working medium is dammed as a re-
sult of this reduced extraction, and the pressure
in the circuit is therefore raised, so that the out-
put increases correspondingly. An increase in
the cross-section of flow in the bypass pipe gives
the useful output turbine 22 a greater absorption
capacity and therefore causes a greater extrac-
tion of working medium from the circuit with a
corresponding pressure drop. As a result of the
pressure drop the useful output is diminished.

In accordance with the decrease or increase
of the quantity of working medium extracted by
the useful output turbine 22, an increase or de-
crease of the quantity of working medium avail-
able for the compressor turbine {3 comes about.
The working medium is divided up by the regu-
lating device 34 in such a way that, at constant
load, stable service of the plant is ensured. With
the aid of the lever 36 the output desired af any
time for driving the propeller, and thus the speed
of travel of the ship, can be adjusted.

The compressor turbine {3 has a bypass pipe
31 which bypasses the first turbine stage. The
flow regulating member 38 in the bypass pipe can,
in order to increase the output of the useful out-
put turbine 22 more rapidly, be temporarily
opened by the regulating device 34, whereby the
absorption capacity of the turbine is increased.
For this purpose the regulating device 34 in-
fluences the servomotor 38 of the regulating mem-
ber 38 through the impulse pipe 32. As a result
of the damming of the working medium at the
useful output turbine, which is caused by means
of the regulating device 34 for increasing the use-
ful output, an increased quantity of working
medium is available for the compressor turbine.
With the absorption capacity of the compressor
turbine temporarily increased, an increased out-
put is given up. Therefore the speed of the com-
pressor turbine set rises and the pressure in the
circuit is thus raised. Through the pressure rise
in the circuit the desired increase of the useful
output is then obtained.

The auxiliary machine 28 can also be put into
temporary service by the regulating device 34
when the useful output is raised. The regulating
device 34 has for this purpose a regulating switch
not shown in Fig. 1, to which the electric lead
42 of the machine 28 is connected.

To the high-pressure compressor 3 is connected
a blow-off pipe 43 which leads into the outlet
pipe 44 of the useful output turbine 22. In this
pipe is provided a bhlow-off member 45 which is
temporarily opened by the regulating device 34
acting through the impulse pipe 46 and the servo-
motor 47 when the useful output of the turbine
22 is decreased, and which allows a quantity of
working medium to flow off from the plant.

The regulating device 34 with the regulating
members connected to if, as shown in Fig. 1, is
{llustrated diagrammatically in Fig. 2.

The regulating device is influenced by the
centrifugal governor 35 and the pressure re-
sponsive bellows 50 and 5! attached to the pres-
sure pipe 40. With the aid of the lever 36 the
normal value of the output desired for driving
the ship’s propeller can be set by hand.

The higher the pressure in the circuit of the
gas turbine plant, the more the bellows 50 ex-
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pands and raises the hinge 41 of the lever 52.
If the speed of the compressor turbine in the gas
turbine plant rises, the hinge 54 of the lever 52
moves upwards. The position of the linkage point
53 is thus a function of the magnitude of the
pressure in the cireuit of the plant and the speed
of the compressor turbine. As in stable service
pressure and speed are allocated to each other
in a definite reletionship, the position of the point
53 finally depends on the speed of the compressor
turbine alone. During changes of the useful out-
put the values of the speed and pressure are no
longer allocated to each other in the same way,
since the changes of the pressure condition in
the circuit are brought about with a certain time
lag in relation to the changes of the speed.

In order to increase the useful output the
lever 36 is displaced in the --direction of the
arrow 59, so that by means of the rod 56 and the
cam 57 the roller 58 is displaced in the +-direc-
tion of the arrow 59 and the spring 6f is com-
pressed. Thus there acts upon the hinge 62 of
the lever 63 a force directed downwards, which
forces the displacer piston 61 downwards through
the rod 66. In the process the liquid present in
the eylinder 68 below this displacer piston is
forced through the throttle pipe 69 to the upper
side of the piston. The linkage points 62 and 64
of the lever 63 and the attached rod 10 of the
control valve Ti are moved downwards. Thus the
path through the pipe 13 into the lower part of
the cylinder 15 is freed for the pressure fluid sup-
plied through the pipe 12, and the piston 76 is
raised. The fluid displaced on the upper side
then passes through the pipe T4 into the drain
pipe T1.

The rising of the piston 76 causes an increase
of the tension in the spring 18, so that the con-
trol valve 719 is also drawn upwards. Pressure
fluid then passes out of the pipe 80 info the pipe
32, in which the pressure now rises. The control
valve 19 is now forced downwards again by the
increased fluid pressure until the increased fluid
pressure acting upon it balances the previously
increased tension of the spring 18 in a position
in which the control opening 82 of the valve is
situated between the conirol openings of the sup-
ply pipe 80 and the discharge pipe 81.

The rising control pressure in the pipe 32 sets
in motion first, through the pipe 33, the piston 83
of the sermomotor 3f, then the piston 84 of the
servomotor 39 and, finally, through the pipe 85,
upon the piston 86 of the servomotor 871. First
the piston 83 is pressed downwards in opposi-
tion to the spring 88 by the increase of the con-
trol pressure, so that the cross-section of flow
freed by the member 30 is diminished, in given
cases to the point of complete closing. Second,
because spring 89 loading the piston 84 of the
servomotor 39 is so chosen, the flow member 38
is only raised from its seat when the flow mem-
ber 30 has just arrived in the closed position.
Third, when the flow member 38 is completely
open, if there is further rising of the control
pressure in the pipes 32 and 85, the piston 86 is
then raised in opposition to the spring 90 so
that the contactor 91 begins to move over the
regulating resistance 92. When the piston 88
rises a current of increasing strength is then
supplied through the lead 42 to the auxiliary elec-
tric motor of the gas turbine plant.

Under the influence of the regulating actions
described the speed of the compressor turbine and
the pressure in the circuit of the gas turbine
plant, and consequently also the speed and thus
the output of the useful output turbine, rise. The
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5
linkage points 41 and 54 of the lever 52, and thus
also the linkage points 53 and €5, are then raised.
The control valve 71 thus frees the supply of
pressure fluid through the pipe 74 to the upper
side of the servomotorpiston 76°and by unloading
the spring 78 again decreases the control pres-
sure through thecontrol valve 9. The regulating
device only comes to rest once more when pres-
sure and speed have reached their specified values.

In steady service the position of the linkage
point 62 of the lever 63 is fixed by the curved disc
57, as in the position of equilibrium the spring 61
must be unloaded. Likewise the linkage point 64

10

is fixed during steady service in the position in

which the control valve holds the two control
pipes 73 and 74 closed. From the fixed positions
in steady service of the linkage points 62 and 64
of the lever 63 there results a position of the link-
age point §5 which corresponds to the speed and
the pressure of the new level of steady service.

The regulating range of the member 38 is so
fixed that every state of steady service can be
maintained by the setting of this valve alone. It
then proves that during steady service there pre-
vails in the pipe system 32, 33, 85 a control pres-
sure which keeps the member 38 in a closed posi~
tion and the switch 81 switched out.

In order to decrease the useful output, the lever
36 is displaced in the —direction of the arrow

55, whereby the blow-off member 45 in the pipe 3

43 is temporarily opened.

This blow-off member is controlled by the
curved disc 93 and the pressure responsive bel-
lows 51 in such a way that it is opened as soon as

the pressure of the circuit in the pipe 20 ex- 3

ceeds a limiting value lying somewhat above the
normal value of the useful output set by the lever
36. If the lever 36 is displaced in the —direction
of the arrow E5, the roller $4 moves in the —diree-
tion of the arrow 95. The spring 96 is then given a
compression stress which presses the control valve
97 downwards. Thus communication is estab-
lished between the cylinder of the servomotor 471
and the drain pipe 99 through the pipe 46 and the
control opening 100. :
The control pressure falls correspondingly, so
that the spring (8{ raises the piston 102, where-
by the member 25 frees the flow through the
pipe 43. Working medium then escapes from the

circulating system of the gas turbine plant s

through the blow-off pipe 43 and the pressure of
the circuit sinks, so that the pressure respon-
sive bellows B! is shortened. The spring 96 is
then placed under tension and the control valve

97 again raised. Fluid can again flow out of the

pipe 88 through the control opening 86 and the
pipe 8 into the cylinder 47 in such quantities
that by means of the piston 102 the member 45 is
again pressed against its seat and thus the flow
is interrupted.

At the same time, with the displacement of the
lever 36 in the —direction of the arrow 55, a fur-
ther drop of pressure will take place in the pipe
system 32, 33, 85, so that the regulating member
30 frees a larger cross-section of flow. Herehy
the useful output is reduced. The bypass member
23 of the compressor turbine, which is already
closed, remains closed, and the switch 91, already
switched out, remains in the switched-out posi-
tion.

If in order to increase the output the lever 38
is displaced in the +divection of the arrew 5, the
control pressure in the pipe 48 is increased, and
the blow-off member 45, which is already closed,
remains in a closed position.
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‘Obviously the usual known means of regulation
are employed -in commen with the regulation
described. For instance, the fuel quantity sup-
plied to the air heater must be set to correspond
to the output required.

Iclaim: '

1. In a gas turbine plant having a cireuit for
working medium closed off from the atmosphere
from which circuit a quantity of working medium
is continuslly extracted and into. which a. sub-
stantially constant make-up quantity is continu-
ally introduced and which plant includes a com-
pressor for compressing the working medium
flowing round in the circuit, and at least two
turbines, one driven by the working medium
flowing round in the circuit and the other driven
by the quantity extracted from the circuit and
one delivering the plant useful output and the
other driving said circuit compressor, the com-
bination including a plurality of stages in the
turbine driving said compressor, a by-pass
around at least one of said stages, a valve con-
trolling said by-pass, a servomotor operating said
valve, a speed governor driven from said com-
pressor-driving-turbine, a manual output-setting
contrsl for said governor, and a servo-system for
regulating plant useful output controlled by said
governeor to produce equilibrium at the level set
by said control, said servo-system including said
servomoctor, means responsive to an adjustment
cf said control in the sense of increasing the use-
ful output, for initiating a primary regulating
action to reduce the quantity of working medium
extracted from said circuit and thus to increase
the quantity of working medium delivered to said
compressor-driving furbine and means for fol-
lowing said vrimary regulating action, if the ef-
fect thereof is insufficient to increase the speed
of sald compressor-driving-turbine to the new
equilibrium level within a predetermined time,
by a secondary regulating action causing said
servomotor to actuate said valve in the sense to
open said by-pass.

2. The combination of claim 1 including an
electric motor coupled to the cireuit compressor,
& source of electric power, means for adjustably
connecting said motor tc said source, and a sec-
ond servormotor in the servo-system operating
said means, said second servomotor being so ar-
ranged in said servo-system that if the effect of
the secondary regulating action is insufficient to
increase the speed of the compressor-driving tur-
bine to the new equilibrium level within a pre-
determined time, said servo-system initiates a
tertiary regulating action causing said second
servomotor to actuate said means in the sense
to connect said motor to said source. .

3. The combination of claim 1 including a pas-

y sage from the circuit to atmosphere, a second

valve controlling said passage, a second servo-
metor operating said valve, and means responsive
to the circuit pressure at a level set by the manu-
al control whereby said second servemotor opens
or closes said second valve as required to maintain
said level. ‘

4. The combination of claim 1 ineluding a plu-
rality of stages in the turbine delivering the plant
useful cutput, a second by-pass around at least
one of said useful-output-turbine stages, a sec- -
ond valve eontrolling said second by-pass, a sec-
ond servomotor operating said second valve, said
second servomotor being so arranged in the servo-
systern that when the manual control is adjusted
in the sense of increasing the useful output, said
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