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The present invention relates to gas turbine
motive units the object of which is to supply
power or to drive any receiving apparatus what-
soever, The motive unit may be constituted in
any manner and comprise for example, one or
several compressors connected in serles or in
parallel, with or without intermediary refrigera-
tion, one or several combustion chambers, one
or several motive or auxiliary turbines with or
without intermediary reheating, with or without
several heat exchangers; the driven apparatus
may be an electric generator or any other ap-
paratus having or not a constant speed.

The invention relates to motive sets having two
or more shafts at least one of which is used to
drive the air compressor or compressors.

In what follows, it will be supposed for the sake
of simplifying the exposition, that there are only
two shafts, one of which drives the recelving
apparatus, the other driving the alr compressor,
that there I8 no regenerator, nor any intermedi-
ately reheater between the turbines, nor any alr
refrigerator, these suppositions affecting in no
way the scobe of the inventlon which can be
applied also to more complex motive sets.

The oblect of the present Invention Is a sys-
tem for controlling the temperature in turbines,
according to which system the temperature of
the gases on leaving the first row of mobile blad-

ing is maintained constant, or between two Umits !

or inferior to a given limit, dependent or not on
the speed, the sald temperature belng, In prac-
tice, sufficlently close to the average temperature
of the mobile blades themselves and, In any case,
dependent on it.

In order to act on the said temperature, while
maintaining the power dellvered by the set at
the required value, the Invention Drovides for
an increase in the power supplied by the auxiliary
turbine, so that the compressor operating at a
higher speed dellvers more alr and the tempera-
ture of the gases falls; more¢over the fuel supply
is simultaneously adjusted to maintain the power
delivered.

From the viewpoint of yleld, it is desirable
that the operating point of the compressor re-
main as close as possible to the maximum yield
for each speed; cerfain devices which also con-
stitute the object of the present Invention obtain
this result.

The description which follows with reference
to the appended drawings given by way of non
limitative example, will allow & good understand-
ing of how the Invention can be embodied, those
peculiarities which appear in the drawings as
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well a3 In the text being of course a part thereof.

Fig. 1 {s a dlagram of curves for the under-
standing of the invention.

Figs. 2, 3, 4, 5, 6, 7T and 8 give a few non limi-
tative embodiments of the invention.

Whenever the load of a motive unit of the
type consldered varles, the temperature af the
turbines varies according 1o a law similar to the
one shown on Fig, I by curve Teu; 1t is generally
& minimum for the nominal power Wn or for a
neighbouring point; for partial loads and for
overloads, the temperature rises.

For partial loads or for overloads, this tem-
perature may attaln inadmissible values as faras
the operating security of the machine is con-
cerned; the most exposed organ of a gas tur-
bine iIs the first row of mobile blading recelving
the hottest gases. The speed of the correspond-
ing rotor may be constant or assume in relation
to the load values such as those represented by

. the curve N. Mechanical stresses can then di-

minish for partial loads and the maximum al-
lowable temperature is, In general, a curve such
88 Tmex, and In a particular case may be a hori-
zontal line.

In what follows a few embodiments of devices
allowing to put the control system according to
the invention into practice will be described. It
will be supposed, in the first place, that a con-
stant speed motor is concerned regardless of the
lord value (N is then a horizontal line),

Fig. 2 represents & turbine motive unit in
which the motive turbine T and the auxiliary
turbine Te are arranged in parallel. The unit
comprises only one combustion chamber Ch, the
load regulitor of the motive turbine, which is
in this case supposed to be & speed governor Ri
but which cotld be a regulator of any other kind,
acts on the supply of fuel furnished to burner b.
It belng supposed that the turbine the most ex-
posed to rises in temperature is the motive tur-
bine Tm, a thermostat 1 malntaing at a constant
value the temperature of the gases leaving the
first row of mobile blading of this turbine by
simultaneously acting on the obturators O1 and
O2 which affect only a fraction of the gas cur-
rent passing through each one of the turblnes
Ta and Tm.

If, for example, the temperature, after the first
row of moblle blading of the turbine T, has a
tendency to Increase, the thermostat #1 opens
02 on the feed end of the auxillary turbine and
shuts O1 on the feed end of the motive turbine;
the auxiliary turbine accelerates and the com-
pressor furnishing a greater alr supply, the tem-
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perature of the gases falls, The respectlve si-
multaneous positions of the obturators O1 and Oz
can be calculated or determined experimentally
in order to maintain the compressor C at its
maximum yleld for its new equilibrium speed.
The load governor R: maintains the power de-
livered by the unit at the required value by act-
ing on the fuel supply.

In the embodiment shown in Fig. 3, the tur-
bines Tm and Ta are set in series, it being sup-
posed that the motive turblhe Tm is the high
pressure turbine. The governor Ri acts as be-
fore on burner b, and the thermostat i1 on the
obturators O1 and Oz which affect only a por-
tion of the gas current passing through each
turbine. When the temperature of the gases
leaving the first row of moblle blading of the
turbine T has a tendency to rise, the thermo-
stat closes the obturator Oz and openg the ob-
turator G:. The thermal drop in the turbine Tm
has & tendeney to diminfsh and that in the tur-
bine Ta a tendency to ineredse; the compressor
aecelerates and thereby delivers a greatér air
supply and the temperature of the gases dimin-~
ishes. As before, the governor R: comtroels the
fuel eonsumpiion by maintaining the power de-
livered by the turbine T at the required value.
The respective simultanecus positions of the ob-
tutators O: and O: may be experimentally cal-

culated or determined In order to maintain the .

compressor C at its optimum yield for its new
eqailibrinm speed.

In the embodiment shown in Fig. 4 the con-
stitgent parts of the motlve untt have the same
layout as in the preceding figure; the control is
effected by by-passing a certain quantity of gas
to thie turbine Twm, quantity which is controlled
by the obturator O: dependent upon the thermo-
stat 2.

Of course the same devices cen be provided if
the high pressure turbine is the auxiliary turbine
and the low presstire turbine the motive turbine.

In the embodiment shown in Fig. 5 where the
turbines are, by way of example, contiected in
seriez, the comtrol ls obtained by an electric,
hydraulic oz pneumatic generator G mounted
orto the shaft of the metive turbine Tm and
by an electric, hydraulic or pneumatic motor M
mounted onto the auxiliary shaft and receiving

its power from the generator G by means of a 3

regulator (device for varying the excitation of
the generator G for example) controlled by the
thermostat 1. If the temperature reaches an
inadmissible value in the turbine Tm, the gen-

erator G, as a result of the actlon of the thermo-

stat &, supplies more power to the motor M which
condition results in an merease in the air supply
delivered by the compressor; simualtanecusly the
governor R1 reestablishes the power at the re-
quired value; of course this arrangement can also
pe used If the hilgh pressure turbine is the awndl-
tary turbine and ¥ the turbines are connected
In parallel

In all the preceding examples, it has been sup-
posed that the maximum allowable temperature
was constant {n relation to the load.

When the speed of the turbine wheel which
is the most exposed to thermal deteriorations
varies with the load (curve N, Fig. 1), the maxi-
mum allowable temperature also varles with the
latter, that is to say that the curve Tmaxi, Fig. 1,
iz no longer a horizontal line. The regulation
may then be exercised by a thermostat the regu-
lation temperature of which is readjusted by
means of a speed detector or any other organ
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sensitive to & value varying with the load of the
unit, such as for example, the quantity of fuel
fed to the burner,

Fig. 6 represents an embodiment in which the
turbines are connected in series; the thermostat
i1 and the speed detector Rz both act on the
position of the obturators O: and O: by means
of a swingle-tree p. Of course this variable tem-
perature control may be applled to all the ar-
rangements already mentioned hereabove.

In all the above examples, the motive unit has
only one combustion chamber.

In the embodiment shown in Flg. 7, two motive
and auxiliary turbines are connected in parallel
and each fed by a combustion chamber Ch: and
Chz. The burner ba Is operated by a swingle-
The load governor Ri of the main unit
acts on the burner & and on one of the branches
of this swingle-tree p2. A thermostat {1 placed
at the delivery end of the first mobile blading of
the motive turbine T'm acts on both obturators Or
and Oz. A thermostat 2 placed at the delivery
end of the first mobile blading of the auxitary
turbine and combined, for example by means of

- A swingle-tree p»’z with an organ Ra sensitive

to the speed of the auxillary group, actuates the
other branch of the swingle-tree pz.

When the load diminishes, for example, the
governor R reduces the feed of fuel to the burners
b1 and be; the auxiliary group slows down and
the temperature at both turbines varies.

If the said temperature has a tendency to rise
beyond the llmit allowable after the first expan-
sion stage of the turbine Tm, the thermostat
closes Ch and opens Oz thus causing the auxiliary
unlt to accelerate, which unit delivers more air
and causes the temperature of the gases to drop;
likewise, the thermostat Zz and the organ Ra
sensitive to the speed simultaneously act on the
fuel supply to the burner ba in order to main-
tain the temperature, after the first expapsion
stage of the turbine Ta, at a value whith is a
function of the speed. ¥ this temperature rises,
ta closes b2 and the governor R: reestablishes the
power delivered by opening bi; the temperature
at the turbine Tm thereby inereases, which con-
dition actuates the regulation controlled by the
thermostat #1. When 1 acts, it is possible to
have 1t obtain only as approximate adjustment
of b: and of O1 and O: so that R: and #1 need
only then to perfect this adjustment. .

Natursally, one of the temperature adjustments
may eXist without the other, in the case where the
latter should prove unnecessary.

The turbine Tm, If its speed varies with the
load, may also be provided with an or€an sensi-
tive to speed which organ corrects the action of
the thermostat 1.

In the embodiment shown in figure §, the two
turbines connected in parallel are fed by the same
combustion chamber and their operating tem-
peratures may be rendered different by means of
a conduit A1 feeding supplementary fresh air onto
one of them, the said conduit being provided with
a regulating valve or damper Os.

The governor Ri acts on the burner b, the ther-
mostat £ of the motive turbine acts on both the
obturators Or ang Oz; the thermostat #2 of the
auxiliary turbine the action of which 1s, for ex-
ample, corrected by the organ Ra, sensitive to
speed, by means of a swingle-tree p’az, controls
the valve Os; when the load drops, for example,
the governor Ri reduces the fuel feed to the
burner b; if the temperature at the turbines then
has a tendency to rise, the thermostat 1 opens
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Oz and closes O1 which causes the auxilfary unit
to accelerate and lowers the temperatures.

If in spite of this, the temperature at the tur-
bine Te is still too high, the thermostat {2 opens
O3, which lowers the temperature at the auxillary
turbine but simultaneously raises the tempera-
ture at the motive turbine; the thermostat £
then enters Into action to bring it back again.
This action may be limited to a small measure if
ta and Rz act on O1 and Oz In parallel with T:
in order to obtain an approximate adjustment.
The respective simultaneous positions of the three
valves O1, Oz and Oz may be calculated so that
the compressor yield be substentially a maxi-
mum for all loads; naturally the turbine Tm may
also be provided with an organ sensitive to speed
if its speed diminishes with the load; finally, only
one of the two temperature controls can exist.

In all of the above examples, as Iin all simjlar
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examples falling within the scope of the inven-
tion, one and only one position of the control
organs utilized corresponds to each load; the said
organs are controlled by the thermostats but can
be controlled by the load organ of the main unit
itself, that Is to say for example by its speed
governor when the unit is at a constant speed,
on condltion that the position of the control or-
gans which maintain the temperature considered
constant can be calculated or noted experimen-
tally; it is then possible to completely suppress
the automatic control or to keep it as a safety
measure by having it act only &s a limiting de-
vice; the load regulator of the motive turbine can
also obtain only an approximate adjustment of
the regulation organsg described (organs Oi, Oz,
0a) the thermostats then having only to perfect
this adjustment.
MARCEL HENRI LOUIS SEDILLE.



