PUBLISHED L. A. HERMITTE Serial No.
JUNE 1, 1943. DEVICES FOR STARTING GAS TURBINE MOTOR PLanTs 428,305
BY 4. P. C. Filed Jan; 26, 1942

Hoid "




Published June 1, 1943

Serial No 428,305

ALIEN PROPERTY CUSTODIAN

DEVICES FOR STARTING GAS TURBINE
MOTOR PLANTS

Louis Armand Hermitte, La Courneuve, France;
vested in the Allen Property Custodlan

Applieation filed January 26, 1942

The present invention refers to the starting
of thermal gas turbine motors. Starting devices
are already known in which a power supplement
is supplied to these motors by means of an aux-
illary motor driving directly, or by means of n
clutch, or by gearing, one of the shafis of the
motor to start. But in these devices it is gen-
crally necessary to have recourse to an important
installed power suppiement.

According to the present invention, the power
supplement necessary for starting is supplied in
the form of pneumatic energy by a fan operat-
ing in series or in parallel, or successively and
automatically ac¢cording to both of these cou-
pling possibilities, with the compression stages
of the thermal gas turbine motor. The fan can
be driven directly by this auxiliary motor or by
a small gas turbine receiving its power from a
second fan, less powerful, driven by the auxiliary
motor with amplification of this power by com-
bustion in the midst of the air supplied, or again
by an auxiliary thermal gas turbine motor set off
in advance by any auxiliary motor whatever;
thus, in these two latter methods of driving the

starting fan a sort of relay of the power involved :

is obtained.

The description which follows, with reference
to the appended drawlng, given by way of non-
limitative example, will allow a thorough under-
standing of how the inventlon may be embodled,
those peculiarities which appear both in the
drawing and In the deseriptlon constituting of
course a part of the inventlon.

Fig. 1 represents curves the obiect of which

is to render the principle on which the Inven-

tion is based intelligible.

Figs. 2 to T illusirate in a sketch-form vari-
ous embodiments of a starting device according
to the invention.

When the speed of a thermal gas turbine mo-
tor inecreeses from zero, the power taken by the
alr compressor, and, possibly, by the driven unit
‘when the latter cannot be thrown out of gear or
unleaded, increases with the rotation speed ac-
cording to a law such as the one represented by
curve ¢ of Pigure 1. The power output of the
turbine depends on the speed and on the tem-
perature of the motive gases and for each speed
of the motive unit there s, for the turbine, a
corresponding temperature limit for the mechani-
cal organ most exposed. The maximum power
which the turbine can safely deliver is then rep-
resented with relation to the speed by a curve
such as b,

For low speeds, the curve is always located be-
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low the curve ¢ which it cuts at A which point
corresponds to a rotation speed number. Beyond
speed number, the set is capable of operating
alone and of supplying useful power. From a
speed equal to zero to one number, that is while
the motor comes up to speed, it 15 necessary to
supply it with a power subplement represented
by curve ¢ In relation to the rotation speed.

The devices which will be described with ref-
erence to Figures 2 to T allow this result to be
obtained in a rational manner.

In all of these figures, nothing is taken for
granted as concerns the conirol means for the
compressor of the thermal motor at rated load.
In particular, the present invention applieg just
as well to thermal gas turbine motors with one
or more lines of shafting, whether the compressor
be operated or not by a turbine distinct from
the motive turbine properly speaking and what-
ever be the grouping of the turbines connected
in series or in parallel.

On Fig. 2 can be seen at C an air compres-
sor which sucks In atmospheric¢ air through con-
duit @ and drives it towards the auxiliary tur-
bine ta which is used to drive this compressor C.
During this course, between the compressor C
and the turbine tg, the air is heated in the com-
bustion chamber Ch by the combustion of a
liquid fuel fed by the burner b; the gases hav-
ing performed work in the turbine ¢z then pass
into the motive turbine tm the object of which
is to supply useful power and drive an electric
generator for example. The Invention refers to
the device which is used to start the gas turbine
motor composed of the auxlliary turbine ta, of
the compressor C and of the motive turbine tm.
This starting device comprises a fan V which
may be driven while the motor is coming up to
speed by an auxiliary motor & (electric motor
for instance). The dellvery piping of this fan
is connected to the delivery piping of the com-
pressor C between this compressor and the com-
bustion chamber ch. The suctlon end of com-
pressor C is provided with a draught check valve
rt the object of which is to prevent any return
flow of the compressor current.

During the starting period, this check valve
automatically opens when the compressor, hav-
ing reached a high enough speed, the latter sup-
plies a difference of pressure equal to that of
the starting fen. ra is & draught check valve
the object of which is to prevent the passage
of the compressor current through the starting
fan conduets. This check valve automatically
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closes when the compressor supplies a pressure
greater than that of the starting fan,

Let W be the maximum power supplement to
be supblied during the starting perlod of the
thermal motor; let Wv be the power subplied to
the fan having a yleld py, the avallable power
of the air driven by the fan Is pvWv. In the com-
bustion chamber of the thermsal motor, the use
in the temperature of the alr multiplies the avalil-
gble power by an amplifying factor K. At the
inlet end of the gas turbine of the motive set
8 power KpvWy is consequently available and if
the yleld of the latter ls pi, the avallable sup-
plementary power on the shaft of the turbine
is KptpvWy, which must be at least equal to W.
By this means and by burning only a small sup-
plementary quantity of fuel the starting of the
thermal motor can be ensured.

Moreover, and since the product Kppv 18 In
general greater than unity, the power of the mo-
tor which drivcs the starting fan will be equal to

W
Kpipy

that is to say inferior to W. By an appropriate
construction, the product of the ylelds ptpv can,
even durlng the low speed starting perlods, be
equal to 0.5; the factor K can be very substan-
tially greater than 2 so that the factor Kapv can
be substantially greater than unity.

According to the embodiment shown In fig. 3,
the starting fan V Is mounted In series with the
compressor. A draught check valve is branched
onto the connecting piping between the dellvery
end of the fan and the suctlon end of the com-
pressor; it closes when the fan ensures an over-
pressure at the suction end of the compressor and
opens when the fan Is stopped or when It does
not supply driving pressure.

At the beginning of the starting perlod, the
compressor resists, to a certain extent, the pas-
sage of the air current driven by the fan, so that
during this starting period this emhbodiment is
not as good as the preceding one. When the
speed of the compressor increases, the point rep-
resenting the operation of the fan located on its
supply-pressure curve moves towards the In-
creasing-supply zone and so it happens that at
the end of the starting period the driving pres-
sure of the fan becomes nil. At that moment,
the check valve r3 automaticaliy opens; the com-
pressor directly sucks in free air and the motor
controlling the starting fan can be stopped.

In the embodiment of fig. 2, at the beginning
of the starting period, the discharge of the com-
pressor s nil, then increases progresisvely so that
it can be brought to operate momentarily in a
pumping zone. ‘The embodiment of fig. 2 Is con-
sequently, from this point of vlew, not as good
as that of flgure 3 In which the compressor
reaches Its point of normal operation within the
low pressure zone.

The embodiment of fig. 4 offers the advantage
of the two preceding embodiments without hav-
ing any of thelr inconvenlences. The starting
fan is siimultaneously connected above and below
the compressor. At the beginning of the start-
ing period, as a result of the resistance which
the compressor offers, the discharge of the fan
nearly entirely takes place through the pipe t
by-passed with regards to the compressor and
the condltions of fig. 2 then prevail.

The compressor accelerates and the fraction of
the air discharged by the fan and passing
through the compressor increases. From & cer-
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tain time on, the pressure at the delivery end of
the compressor is greater than that generated
at the delivery end of the fan. The check valve
r+ then automatically closes, the discharge Into
condult { becomes nll and operating condltions
are those of flg. 3. A check valve rs is mounted
on a branch pipe of the connecting plping be-
tween the delivery end of the fan and the suc-
tion end of the compressor. This check valve
stays closed as long as the fan ensures an over-
pressurc; and opens to allow the compressor to
suck in free alr directly, as soon as the motor
controlling the starting fan can be stopped.

As the operating conditlons of figure 2 occur
only at the beginning of the starting perlod dur-
ing which the compressor is functioning at a
iow speed only, pumping risks which depend to a
large extent on the compressibility of the air and
on the mechanical powecr Involved are non-ex-
istent.

Fig. 5 concerns & way of putting Into practice
the embodiment of fig. 4 in the case where two
compressors C1 Ca are operated In serles. The
way in which thc gas turbines controlling these
compressors are grouped Is immaterial. At the
beginning of the starting period, nearly all of the
discharge of the fan passes through the by-pass
condult ¢, the passage of the alr through the
compressors at rest meeting with a substantial
resistance. The high pressure compressor Ca be-
ing the smaller, starts off flrst; In accelerating,
its resistance diminishes and a moment is reached
when, thanks to the pressure it generates, the
eheck valve rg closes, thereby suppressing any
alr discharge through the by-pass condult .
The speed of the low pressure compressor Ci also
increasing, a moment Is reached when the check
valve r1 closes thereby suppressing any elr dis-
charge in the by-pass condult #1; the entire dis-
charge of the starting fan then passes through
both compressors. A check valve rs Is mounted
on a branch pipe of the connecting piping be-
tween the delivery end of the fan and the suction
end of the compressor Ci. This valve remalns
closed as long as the fan ensures an overpressure
and opens to allow the compressor Ci1 to suck in
free air directly as soon as the motor controlling
the starting fan can be stopped.

The applcation of the same lay-out may be
extended to a group of any number whatever of
air compressors mounted In series. .

According to another embodiment of the In-
vention, the power to be Installed for starting
purposes {s reduced by having recourse to the fol-
lowing system.

With reference to flg. 6, the starting fan Vi,
operating in conjunction with the compressor or
compressors (not shown) of the gas turbine mo-
tor, in any one of the ways which have just been
described, for example as shown in fig. 4, Is con-
trolled by a small auxiliary gas turbine T. A fan
Va supplies the necessary compressed air for this
turbing which air passes into a combustion cham-
ber R where a certaln quantity of fuel Is burnt
by a burner b1, This fan VaIs driven by an aux-
iliary motor (electric, for Instance). In the case
of a motor, driving Vs, the power of which is P,
the power obtalned from the compressed alr in
the auxiliary cycle is 0.8 P if the yleld of the fan
V2 is supposed to be 0.8. This power 1s multi-
plled in the combustion chamber R by a certain
factor; if the value of this factor i1s estimated as
belng 2, the power avallable fed Into the turbine
T is 1.6 P and for an efficlency value of 0.8 for
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this turbine, the power output of same for driv-
ing the starting fan Viis 1,3 P.

This increase in the power supplied initially
by the auxiliary motor is obtained at the cost of
a certain consumption in fuel; however it Is of
no importance since it occurs only during the
starting period.

The device which has been described can, of
course, be utilized in operating fans set accord-
ing to one of the several starting embodiments of
Pigs, 2, 3, 4, 5. The turbine T can also be cou-
pled directly, or hy means of a clutch, or by means
of a speed reducer to the shaft of the main mo-
tive set.

Finally, the device may be used as a relay and
each step may be multiplied In series with the
preceding one thus furnishing an amplification
of the starting power avallable. For example, the
fan Vi1 would discharge into a seeond combustion
chamber simtlar to R: the gases produced driving
& second turbine similar to T, but more power-
ful, which would In turn drive a fan more power-
ful than Vi and so on up to the last fan of suffi-
clent power to be coupled to the compressor or
compressors ih one of the ways described in con-
nection with Figs. 2 to 5.

This manher of putting the Invention into
practice can itzelf be embodied in a particular
way whereby the starting of the set is obtained
by a thermal auxiliary gas turbine motive unit
which supplies the power necessary for the driv-
ing of the starting fan V of the main set.
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On Fig. 7, € 1s the compressor of this auxil-
iary unit, T its turbine and R its combustion
chamber, The starting of the auxillary unit is
itself obtained either by the well known method
consisting in utilizing a motor furnishing a power
supplement, or by one of the devices constituting
the object of the present Invention. (This last
case Is that of Fig. 7 in which 15 shown a fan
Vi operating in conjunction with the compressor
C In the manner described Fig. 4}.

If the power necessary for starting a thermal
gas turbine motor of 10,000 HP is, for instance,
500 HP the auxiliary gas turbine unit for starting
purposes will have a power of 500 HP and in order
to start sald unit, approximately 25 HP for the
fan Va will suffice. This auxiliary thermal mo-
tor can, once the main set has been started, he
utllized for example for driving the auxiliary ap-
paratus of the main set.

Finally, 1f a power installation comprises, side
by side, several thermal gas turbine motors, one
and only one auxiliary set will sufice to ensure
the starting, one after another, of each of the
main thermal motors by means of an appropriate
distributing piping.

It is obvious that changes could be brought to
the embodiment just described without, by so
doing, going beyond the scope of the present in-
vention.

LOUIS ARMAND HERMITTE.





