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needed to achieve proper turbine inlet temperatures if proper fuel injector
pressure drop, to control com- This invention relates generally to gas
turbine  bustion process, is to be maintained. If a fuel injector engines
and more particularly to a system for burning  has been designed for a high
BTU fuel, unacceptably gaseous fuels having a range of caloritic values.  5
high fuel injector pressure drops will occur at the fuel Fuel systems
capable of supplying either all   injector when running on low BTU fuel. On
the other gaseous fuel, all liquid fuel, or a mixture of the two at  hand
if a fuel injector has been designed to operate a preselected ratio have
been successfully employed  on low BTU fuel, very low fuel injector
pressure drops in gas turbine engines. In some instances it is desir-  will
occur when running on high BTU fuel; this could able to be able to burn
gaseous fuels having a range   10  cause combustion driven oscillations
resulting In of calorific values In a gas turbine engine. It can be  damage
to the gas turbine. Secondly, the art teaches appreciated that in a place
where a more economical  that the atomization and mixing of the different
fuels fuel, such as a low calorific value fuel in a gas produc-  within the
combustion chamber to provide efficient ing area, is available, it would be
more economical to  burning (fuel to air ratio and mixing) and power
arrange the turbine engine to use only the low calorific  15  requirements
require controls to provide varied value fuel to the maximum extent. In
most gas produc-  amounts of combustion air. Thirdly, starting a gas tur-
ing areas the high calorific value fuel or natural gas  bine engine on low
calorific value fuel is very difficult can be sold ata profitto awaiting
customer, however;  to accomplish. Fourthly, complexity problems are the
low calorific value fuel is a by-product with little or  encountered when
trying to proportion the combus- no market value. Therefore, it is
desirable to utilize  20  tion air needed to provide the appropriate fuel
to air such low calorific value fuel on site as a fuel. Such  ratio for
proper burning when burning the needed fuels, however, are difficult to use
in a gas turbine  mass/volume flow of the relatively low calorific value
engine. For example, it is very difficult to start a gas  fuel. turbine
engine on low calorific value fuel. Further-  These problems as mentioned
above complicate more, the low calorific value of thefuel will necessitate
25  the structures, increase cost and complicate the sys- the burning of a
greater mass/volume of fuel In order  tem design used to burn fuels having
a rangeof calori- to achieve desired turbine inlet temperature within the
fic values. turbine engine versus the mass/volume of fuel when
CH-A-319366 discloses a method of burning burning high calorific value
fuel.                 gaseous fuels having a range of calorific values in a
A dual fuel system is disclosed, for Instance In  30  combustion chamber of
a gas turbine engine and US-A-2,637,334, of N.E. Starkey. The Starkey
patent  cornprising the steps of starting the engine by inject- discloses a
dual fuel system where liquid fuel is direc-  ing only a high calorific
value gaseous fuel into the ted to a manifold and then to a passage in the
nozzle  combustion chamber through a first fuel supply pas- and a gaseous
fuel is directed to a separate manifold  sage; monitoring an operating
parameter (the engine and then to a different passage in the nozzle.   35
speed) of the engine to determine when a prees- US-A-2,826,038 of James
Forrest Shannon et al   tablished operating parameter of the engine has
been discloses a gas turbine engine which  utilizes a liquid  established;
injecting a low calorific value gaseous fuel Injected into the combustion
chamber by        fuel  uel into the combustion chamber when the prees-
pump and a low calorific value gaseous fuel supplied  tablished parameter
of the engine is established, through a separate duct into the combustion
chamber.  40  thereby decreasing the quantity of high calorific value
Shannon et al provides means for diverting a propor-  gaseous fuel and
increasing the quantity of lowcalori- tion of the pressure air from the
combustion chamber  fic value gaseous fuel; controllably throttling the
high and means for converting the energy of the diverted  calorific value
gaseous fuel through the first fuel sup- air into useful work, whereby
during the supply of low  ply passage and a second fuel supply passage; and
calorific value fuel to the combustion chamber air may   45  stopping the
flow of high calorific value gaseous fuel be diverted from the combustion
chamber in propor-  and thereafter operating the engine on only low calori-
tion corresponding in mass flow to the  additional  fic value gaseous fuel.
mass flow of fuel necessary to achieve the desired    CH-A-290098 discloses
a gas turbine engine sys- nozzle temperature.
tern comprising at least one fuel injector located in a The primary
problems encountered by the prior  50  combustion chamber of a gas turbine
engine and hav- art systems are firstly, the different fuels have been  ing
a first fuel supply passage opening at Its down- injected into the
combustion chamber through sepa-  stream end into the combustion chamber, a
first rate passages or ports each connected to the diffe-  throttle valve
controlling flow through the first fuel rent fuel source. The different
calorific value of the  supply passage; a chamber connected to the fuel and
corresponding different mass flow rate  55  upstream end of the first fuel
supply passage; a first required to provide necessary fuel quantities
require  control valve interconnecting the chamber, in use, different fuel
injector designs. For example, orifice  with a source of high calorific
value gaseous fuel; a sizes must be different to supply the quantities of
fuel  second control valve interconnecting the chamber, In 2    3
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use, with a source of low calorific value gaseous fuel;  tor 26 is arranged
in a circular pattern within the com- and, by implication, means programmed
to control the  bustion chamber 20, the fuel injected from adjacent first
throttle valve and the first and second control val-  fuel Injectors into
the combustion area in line with or ves in response to a monitoring of an
engine par-  between fuel injectors can cause hot spots. To insure ameter
so that upon Initial start up of the engine, only   5   against these hot
spots, the second group 32 of the high calorific value gaseous fuel Is
supplied to the  orifices 30 on each fuel injector 26 is made smallerto
combustion chamber, and during eventual running   reduce the fuel flow into
the area in line with or be- only low calorific value gaseous fuel is
supplied to the  tween injectors where hot spots could be created. The
combustion chamber, and according to the invention,  orifices are arranged
in an angular pattern selected such a system is characterised by a second
fuel sup-  10  to control the combustion process within the combus- ply
passage connected at Its upstream end to the  tion chamber 20. The fuel
injector 26 also includes a chamber and opening at its downstream end into
the  second fuel supply passage 33 coaxially located with combustion
chamber, by a second throttle valve con-  respect to the first passage 28.
The second fuel sup- trolling flow through the second fuel supply passage;
ply passage has a plurality of outwardly directed by the programmed means
also controlling the sec-  15  orifices 34, best shown in Fig. 2, each of
which has a ond throttle valve such that the high calorific valve
preestablished flow area opening into the combustion gaseous fuel which is
supplied alone to the combus-  chamber 20. The orifices 34 also include a
first group tion chamber during the initial start up is supplied  of
orifices 35 and a second groupof orifices 36 having through only one of the
passages, and the low calori-  a larger flow area than the first group of
orifice 35 to fic valve gaseous fuel which is supplied alone to the   20
prevent hot spots from occurring as explained above. combustion chamber
during the eventual running is    In the present application, the combined
effective supplied through both of the passages; and in that the  flow area
of the orifices of the first fuel supply pas- first fuel supply passage of
the Injector is centrally  sage 28 and the combined effective area of the
located and includes a plurality of outwardly directed  orifices of the
second fuel supply passage 33 are sub- orifices each of which has a
preestablished flow area,  25  stantially equal. In alternative
applications, the effec- and the second fuel supply passage of the injector
is  tive area of the orifices in the firstfuel supply passage coaxially
located with respect to the first passage and  28 when compared to the
effective area of the orifices has a plurality of outwardly directed
orifices each of  of the second fuel supply passage 33 may change which has
a preestablished flow area.              and may not be equal. Afirst
throttle valve 37 is con- In the accompanying drawings:             30
nected tothefirstfuel supply passage 28 by afuelline Fig. I Is a schematic
view of the system used to  38 and a second throttle valve 40 is connected
to the burn gaseous fuels having a range of calorific  second fuel supply
passage 33 by a fuel line 42. The values in the gas turbine engine;
first and second throttle valves 37,40 are connected Fig. 2 Is an enlarged
sectional view taken along  to a mixing chamber 44 by lines 46,48 shut-off
valves lines II-II of Fig. 1; and                  35  50,52 and lines
54,56, respectively. Fig. 3 is an enlarged sectional view taken along   The
mixing chamber 44 is connected to a source lines III-III of Fig. 1.
of high calorific value gaseous fuel 60 by a fuel line In reference to Fig.
1 a system 10 for burning  62, a control valve 64 and a fuel line 65. The
mixing gaseous fuels having a range of calorific values is  chamber 44 Is
also connected to a source of low shown In combination with a gas turbine
engine 12.  40  caloritic value gaseous fuel 6 by a fuel line 68, a con-
The engine 12 Is of generally conventional design and  trol valve 70 and a
fuel line 72. The control valves 64 includes a compressor 14, a power
turbine 16, an air  and 70 are conventional electrically operated pro-
supply system 18, a combustion chamber 20, and an  portional valves In
which the amount of opening is ignition system 22.
directly proportional to the magnitude of the electrical The system 10
includes a fuel injector 26 located   45  signal applied thereto. In the
combustion chamber 20 and having a first fuel  The system 10 further
includes means 74 for supply passage 28 centrally located therein. The pas-
selectively controlling the first and second throttle val- sage 28 has a
plurality of outwardly directed orifices  ves 37,40. The control means 74
includes means 76 30, bestshown In Fig. 3, each having a preestablished
for monitoring the engine 12 parameter and means 78 flow area opening Into
the combustion chamber 20.  50  for varying and monitoring the proportion
of the high The flow areaa of some of the orifices of thefirst pas-  and
low calorific value gaseous fuels. sage are different than the
preestablished flow area  The control means 74 includes a sensor 79 which
of other orifices of the first passage to prevent hot  can be a speed or
power sensor and an electronic spots on the combustion chamber 20 walls.
For      control mechanism 90 of conventional design which example, the
orifices are divided into a first group of  55  receives input signals In a
conventional manner. orifices 31 and a second group of orifices 32 having
These signals can be electrical, hydraulic or pneuma- a larger flow area
than the first group of the orifices  tic and are converted Into standard
output signals for 31. More specifically, when more than one fuel inJec-
use by the control means 74. For example, the sensor 3    5
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The mechanism 90 is also connected to the ignition  increased fuel pressure
at the injector inlet Thus we systerm 22, the first throttle valve 37,
second throttle  see that the introduction of the fuel Into the second
valve 40, shut-off valves 50,52 and control valves  fuel supply passage 33
has considerably widened the 64.70 by conventional feed lines
94,96,98,100,102,   5   operational range of the engine on low BTU fuels.
104,106, respectively.                            Simultaneous with the
opening of the second fuel sup- ply passage 33, the minimum stops of
throtte valves Industrial Applicability                          37,40 are
automatically adjusted in accordance with the BTU content of the mixed gas,
to prevent the The system 10 is used to provide the gas turbine   10
engine 12from overspeeding in case of a sudden loss engine 12 with the
ability to burn gaseous fuels having  of load. a range of calorific values.
The gas turbine engine 12  As an alternative to utilizing the relative
position is first started and brought up to rated speed on only  of the
control valves 64,70, the relative position of the the high calorific value
gaseous tuel. For example, the  throttle valve 37 and a signal from the
engine sensor control valve 64 is opened to a maximum position, the 15  79
together with the ambient temperature and press- shut-off valve 50 is
opened to a maximum position  ure of the air entering the compressor 14 may
be used and the throttle valve 37 Is slightly opened. High  as a
preestablished parameter for opening the shut calorific value gaseous fuel
flows from the source of  off valve 52 starting the supply of fuel to the
second high calorific value gaseous fuel 60 through the con-  fuel supply
passage 33. necting line 65, valve 64, line 62, mixing chamber44,  20  Thus
the method of burning gaseous fuels having line 54, shut-off valve 50, line
46, throttle valve 37,  a range of calorific values in the combustion
chamber and line 38 into the firstfuel passage 28 of the injector  20 of
the gas turbine engine 12 comprises the steps 26, through orifices 30 and
into the combustion cham-  of starting the engine 12 by Injecting only the
high ber 20. Air from the air supply system 18 is mixed with     calorific
value gaseous fuel through the fuel injector the fuel, the ignition system
22 is activated and the   25  26 into the combustion chamber 20 through the
first engine 12 is started and allowed to accelerate in a  fuel supply
passage 28, monitoring an operating par- conventional manner. Thereafter
when the engine is  ameter of the engine 12 to determine when the first
operational at a preestablished operating parameter,  preestablished
operating parameter of the engine 12 approximately 25%-30% of the rated kW
output      has been established; mixing the low calorific value power, the
low calorific value gaseous fuel Is allowed   30  gaseous fuel with the
high calorific value gaseous fuel to mix with the high calorific value
gaseous fuel by  In the mixing chamber 44 when  the preestablished opening
the control valve 70. More specifically In this  operating parameter of the
engine 12 is established embodiment asthe low calorific value gaseous fue
Is  with the mixing step including the steps of decreasing mixed with the
high calorific value gaseous fuel, the  the quantity of high calorific
value gaseous fuel and BTU content of the mixed fuel is reduced, the
throttle  35  increasing the quantity of low calorific value gaseous valve
37 opens further to pass the increased      fuel, controllably throtting
the mixture of high and low mass/volume of fuel demanded by the engine 12
and  calorific value gaseous fuel through the ffuel sup- the fuel pressure
at the injector 26 increases. Any       ply passage 26 and the second fuel
supply passage further reduction In BTU content is similarly accom-  33,
and stopping the flow of high calorific value panied by further opening of
the throttle valve 37 and   40  gaseous fuel and thereafter operating the
engine on further increase in fuel pressure atthe fuel injector26.  only
the low calorific value gaseous fuel. The mixing If this process were
allowed to continue, the fuel  of the low calorific value gaseous fuel with
the high pressure at the injector, due to the increased    calorific value
gaseous fuel In the mixing chamber mass/volume required by the decreasing
BTU content  further Includes monitoring the position of the control of the
fuel, will become unacceptably high. To avoid  45  valves 64,70 to
determine when a preestablished this, at a pre-established level of BTU
content of the  heating value of the mixed fuel has been established. mixed
fuel as determined by relative position of con-  Additionally, supplying
the fuel to the second fuel sup- trol valves 64,70, before the fuel
pressure at Injector  ply passage 33 by opening the shut off valve 52 pre-
26 becomes excessive, control valve 52 Is opened,  vents excessive fuel
pressure at the fuel Injector inlet. thus allowing the mixed fuel to flow
additionally  50  With the invention as disclosed above, the sys- through
the second fuel supply passage 33. With the  tem 10 for burning gaseous
fuels having a range of opening of the second fuel supply passage 33, there
calorific values has overcome the problem of injecting is a sudden increase
in the mass/volume of fuel flow  two different fuel through two separate
passages or to the engine 12, the fuel pressure at the injector Inlet
ports Into the combustion chamber by providing the is considerably reduced
and the throttle valves 37,40  55   mixing chamber 44 in which high and low
calorific are repositioned towards the closed position to meet  value
gaseous fuels are mixed prior to injection Into the engine fuel
requirements. Any further decrease in  the combustion chamber 20 through
the first and sec- BTU content is handled by further simultaneous    ond
fuel supply passage 28,33 In a single Injector 26 4    7
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Additionally, exces-  alone to the combustion chamber during the eventual
sive fuel pressure at the fuel injector inlet when run-  running is
supplied through both of the passages 



ning on low BTU fuel has been avoided by use of the  (28,33); and in that
the first fuel supply passage (28) second fuel supply passage 33. The
simplicity of this  of the injector (26) is centrally located and includes
a system has provided low cost and simple structural   5   plurality of
outwardly directed orifices (30) each of components. The problem of
starting a gas turbine  which has a preestablished flow area, and the
second engine 12when the main source of fuel is a low calori-  fuel supply
passage (33) of the injector (26) is coaxi- fic gaseous fuel has been
eliminated by starting on  ally located with respect to the first
passage:(28) and only high calorific value gaseous fuel, mixing the high
has a plurality of outwardly directed orifices (34) each and low calorfic
value gaseous fuel in a mixing cham-  10  of which has a preestablished
flow area. ber 44 during an interim change-over phase and sub-    2. A
system according to claim 1, wherein the sequently operating the gas
turbine engine on only  engine parameter is power and the control means
(74) low calorific value gaseous fuel after the mixing oper-  includes a
power sensor (79). ation.The subject system 10 is capable of burning two
3. A system according to claim 1 or claim 2, whe- different calorific value
gaseous fuels 60,66 in any   15  rein the control means (74) is programmed
so that, be- proportions by mixing the low and high calorific value  tween
the initial start up and eventual running, the fuels outside the combustion
chamber. Excessive fuel  proportion of high calorific value fuel is
gradually dec- injector pressure drop or combustion driven oscil-  reased
and the proportion of low calorific fuel is lations caused by insufficient
fuel Injector 26 pressure  gradually increased. drop has been overcome by
providing two separate  20  4. Asystem according to any one of the
preceding fuel passages 28,33 in the fuel injector 26; passage  claims,
wherein the control means (74) includes 33 can be switched on oroff, as
required, to maintain  means (78) for monitoring the proportion of the high
proper fuel injector pressure drop.                 and low calorific value
gaseous fuels entering the chamber (44). 25       6. Asystem according to
any one of the preceding Claims
claims, wherein the combined flow area of the orifices (30) of the first
fuel supply passage (28) and the com- 1. A gas turbine engine system (10)
comprising at  bined flow area of the orifices (34) of the second fuel
least one fuel injector located in a combustion cham-  supply passage (33)
are substantially equal. ber (20) of a gas turbine engine (12) and having a
first  so  6. A system according to any one of claims I to fuel supply
passage (28) opening at its downstream  4, wherein the combined flow area
of the orifices (30) end into the combustion chamber (20); a first throttle
of the first fuel supply passage (28) and the combined valve (37)
controlling flow through the first fuel supply     flow area of the
orifices (34) of the second fuel supply passage (28); a chamber (44).
connected to the    passages (33) are not equal. upstream end of the first
fuel supply passage (28); a   35  7. A system according to anyone of the
preceding first control valve (64) interconnecting the chamber  claims,
wherein the preestablished flow area of some (44), in use, with a source of
high calorific value  of the orifices (30) of the first passage(28) are
diffe- gaseous fuel; a second control valve (70) intercon-  rent from the
preestablished flow area of other necting the chamber (44), in use, with a
source of low  orifices (30) of the first passage (28). calorific value
gaseous fuel; and means (74) prog-  40  8.Asystem according to anyone ofthe
preceding rammed to control the first throttle valve (37) and the  claims,
wherein the preestablished flow area of some first and second control
valves (64,70) in response to  of the orifices (34) of the second passage
(33) are dif- a monitoring of an engine parameter so that upon ini-  ferent
than the preestablished flow area of other tial start up of the engine,
only high calorific value  orifices (34) of the second passage (33).
gaseous fuel is supplied to the combustion chamber,  45  9. A system
according to any one of the preceding and during eventual running only low
calorific value  claims, wherein the orifices (34) of the second pas-
gaseous fuel is supplied to the combustion chamber;  sage (33) are arranged
in an angular pattern substan- characterised by a second fuel supply
passage (33)  tially the same as an angular pattern of the orifices
connected at its upstream end to the chamber (44)  (30) of the first
passage (28). and opening at its downstream end into the combus-  50  10. A
system according to any one of the preced- tion chamber (20); by a second
throttle valve (40) con-  ing claims, further including at least one
shut-off valve trolling flow through the second fuel supply passage
(50,52) connected between each of the throttle valves (33); by the
programmed means (74) also controlling  (37,40) and the chamber (44). the
second throttle valve (40)such that the high calori- fic value gaseous fuel
which is supplied alone to the  55 combustion chamber during the initial
start up is sup-  Patentansprflche plied through only one of the passages
(28,33), and the low calorific valve gaseous fuel which is supplied  1. En
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B1                 8 into the combustion chamber 20. Additionally, exces-
alone to the combustion chamber during the eventual sive fuel pressure at
the fuel injector inlet when run-  running is supplied through both of the
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in that the first fuel supply passage (28) 



second fuel supply passage 33. The simplicity of this  of the Injector (26)
is centrally located and includes a system has provided low cost and simple
structural   5   plurality of outwardly directed orifices (30) each of
components. The problem of starting a gas turbine  which has a
preestablished flow area, and the second engine 12 when the main source of
fuel Is a low calori-  fuel supply passage (33) of the injector (26) is
coaxi- fic gaseous fuel has been eliminated by starting on  ally located
with respect to the first passage (28) and only high calorific value
gaseous fuel, mixing the high  has a plurality of outwardly directed
orifices (34) each and low calorific value gaseous fuel in a mixing cham-
10  of which has a preestablished flow area. ber44 during an interim
change-over phase and sub-     2. A system according to claim 1. wherein
the sequently operating the gas turbine engine on only  engine parameter Is
power and the control means (74) low calorific value gaseous fuel after the
mixing oper-  includes a power sensor (79). ation. The subject system 10 Is
capable of burning two  3. A system according to claim 1 or claim 2, whe-
different calorific value gaseous fuels 60,66 in any   15  rein the control
means (74)is programmed so that, be- proportions by mixing the low and high
calorific value  tween the initial start up and eventual running, the fuels
outside the combustion chamber. Excessive fuel  proportion of high
calorific value fuel is gradually dec- injector pressure drop or combustion
driven oscil-  reased and the proportion of low calorific fuel Is lations
caused by insufficientfuel Injector 26 pressure  gradually increased. drop
has been overcome by providing two separate  20   4. Asystem according to
any one of the preceding fuel passages 28,33 in the fuel injector 26;
passage  claims, wherein the control means (74) Includes 33 can be switched
on or off, as required, to maintain  means (78) for monitoring the
proportion of the high proper fuel injector pressure drop.
and low calorific value gaseous fuels entering the chamber (44). 25      6.
Asystem according to any one of the preceding Claims
claims, wherein the combined flow are a of the orifices (30) of the first
fuel supply passage (28) and the com- 1. A gas turbine engine system (10)
comprising at  bined flow area of the orifices (34) of the second fuel
least one fuel injector located in a combustion cham-  supply passage (33)
are substantially equal. ber (20) of a gas turbine engine (12) and having a
first  30  6. A system according to any one of claims 1 to fuel supply
passage (28) opening at its downstream  4, wherein the combined flow area
of the orifices (30) end Into the combustion chamber (20); a first throttle
of the first fuel supply passage (28) and the combined valve (37)
controlling flow through the first fuel supply  flow area of the orifices
(34) of the second fuel supply passage (28); a chamber (44) connected to
the      passages (33) are not equal. upstream end of the first fuel supply
passage (28); a   35  7. Asystem according to any one of the preceding
first control valve (64) interconnecting the chamber  claims, wherein the
preestablished flow area of some (44), In use, with a source of high
calorific value  of the orifices (30) of the first passage (28) are diffe-
gaseous fuel; a second control valve (70) intercon-  rent from the
preestablished flow area of other necting the chamber (44), in use, with a
source of low  orifices (30) of the first passage (28). calorific value
gaseous fuel; and means (74) prog-  40  8. Asystem according to any one of
the preceding rammed to control the first throttle valve (37) and the
claims, wherein the preestablished flow area of some first and second
control valves (64,70) in response to  of the orifices (34) of the second
passage (33) are dif- a monitoring of an engine parameter so that upon ini-
ferent than the preestablished flow area of other tial start up of the
engine, only high calorific value  orifices (34) of the second passage
(33). gaseous fuel i supplied to the combustion chamber,  45  9. Asystem
according to any one of the preceding and during eventual running only low
calorific value  claims, wherein the orif Ices (34) of the second pas-
gaseous fuel Is supplied to the combustion chamber;  sage (33) are arranged
In an angular pattern substan- characterised by a second fuel supply
passage (33)  tially the same as an angular pattern of the orifices
connected at its upstream end to the chamber (44)  (30) of the first
passage (28). and opening at its downstream end into the combus-  50  10.
Asystem according to any one of the preced- tion chamber (20); by a second
throttle valve (40) con- -  ing claims, further including at least one
shut-off valve trolling flow through the second fuel supply passage
(50,52) connected between each of the throttle valves (33); by the
programmed means (74) also controlling  (37,40) and the chamber (44). the
second throttle valve (40) such that the high calori- fic value gaseous
fuel which is supplied alone to the  55 combustion chamber during the
initial start up is sup-  Patentansprflche plied through only one of the
passages (28,33), and the low calorific valve gaseous fuel which is
supplied  1. En Gasturbinenmaschinensystem (10), wei- 5    9
EP 0 309 485SB1                 10     11  111111 HE 11111 11 1111 *   C
L   N   S hes foigendesd aufweist: mindestens sine Brenn-   Stsuermittei
(74) derart programmlert sind, dael zwl- stoffeinspritzvorrihtung
angeordnet. In eher Ver-  schen dem anfinglichen Starten und dern achlebli-
brennungskammer (20) der Gasturbinenmaschine       chen Laufen die
Proportion des einen hohen 



(12) und mit sinew ersten Brennstoffyersorgungs-   Kalorienwert beslizenden
BrennstoffsallAhlich ver- durchlag (28), der slch an seinem
stromabwgrtsgeie-   5   ringert wird und die Proportion des einen niedrigen
genen Ends in die Verbrennungskammer (20) ffnet;   Kalorienwert besitzenden
Brennstoffsnailmahlich-er- t i l e in ertes Drosselventil (37), weiches den
FluS durch  h8ht wird,.- den ersten Brennstoffversorgungsdurchial (28)
steu-   4. System nach elnem der vorhergehenden Au- srt; sine Kammer (44)
verbunden mit dem stromauf-  sprrlche, wobel die Steuermitteil (74) Mittel
(78) auf- wartsgelegenen Ends des ersten Brennstoffversor-  io  weisen, um
die Proportion der den hohen und gungs-durchiaies (28); sin erstes
Stsuerventil (64),  nedrigen Kalorienwert besikenden gasffrmigen weiches im
Gebrauch die Kammer (44) mit siner      Brennstoffe, die In die Kammer (44)
eintretenizu Ober- Quelle sines elnen hohen Kalorienwert besitzenden
wachen. gasformigen Brennstoffs verbindet; sin zwelts Steu-  6. System nach
elnem der vorhergehenden An- erventii (70), welches Im Gebrauch die Kammer
(44)  t5  sprOche, wobel die kombinierte Strfmimngsfiiche der mit einer
Quele elnes elnen nedrigen Kalorienwert  ZumeBffnungen (30) des ersten
Brennstoffversor- besitzenden gasformigen Brennstoffs verbindet; und
gungsdurchlaies (28) und die kombinlerte StrS- MIttel (74) programmiert zur
Steuerung des ersten  mungsfilche der ZumeBdffnungen (34) des zwelten
Drosselventils (37) und der ersten und zwelten Steu-
BrennstoffversorungsdurchlaBes (33) im wesenil- erventile (64, 70) InfoIge
elner Oberwachung sines   20  chen gleich sind. Maschinenparameters derart,
daB beim anflnglichen     6. System nach sinewnderAnsprkche I bis4, wobsl
V>   Starten der Maschine nur gasfarmiger Brennstoff mit  die kombinierte
Strmungsfilche derZumne8fnungen sinem hohen Kalorienwert an die
Verbrennungskam-   (30) des ersten Brennstoffeoragungsdurchlages (28) ;mer
geliefert wird, und daB wlhrend des schilenil-  und die kombinierte
Stramungaflache derZumeBoff- chen Laufens nur gaaftrmiger Brennstoff mit
einew   25  nung (34) der zweiten Brennstoffversorgungsdurch- nedrigen
Kalonienwert an die Verbrennungskammer    lge (33) niht glech sind.-...
..... gelbefert wird; gekennzedchnet durch: elnen zwelten   7. System nach
esern der vorhergehenden An- BrennstoffversorgungsdurchlaB (33) verbunden
an    sprOche, wobel die vorherfeesteiegte StrnungstiA- * . . seinem
stromaufwlrtsgelegenen Ends mt der Kam-     che siniger der ZuweBifffnungen
(30) des ersten mer (44) und slch an seinomstronabwArts gelegenen   30
DurchiaBes (28) sich unterschelden von der vorher Ends in die
Verbrennungskarnmer (20) offnend; sin  festgelegten Stromungsflache der
anderen ZumeB- zweltes Drosseiventil (40), welches den FluB durch
Offnungen (30) des ersten Durchiages (28). den zeiten
Brennstofsersorgungsdurchial (33) steu-    8. System. nach elnern der
vorhergehenden 4An- eri wobel die programmierten Mittet (74) such das
sprOche, wobei die vorherfestetegbllteSfftr uW- zwelte Drosselventi (40)
derailtsteuern, dali der ei-  35  che einiger der ZumeBoffnungen (34) Aes
zweiten nen hohen Kalorienwert besitzende. gasfbrmige      DurchiaBes (33)
unterschiedlich sindlvon dervorher Brennstoff, der attain an die
Verbrennungskawwmer  festgelegten Str#mungsfi chieqr an W Zum- wlhrend des
anfAnglichen Startens geiefert wird nur  Gffnungen (34) des zwelten Durch
tia durch sine der DurchltAe (28 33) geflefert wird, und  9. System nach
elnew der vorhergohi dn An- daefder olnen nledrigen Kalodienwert besltzende
gas-  40  sprflche, wobel die ZuweBffnungen (34) des zwei- K., ffrmige
Brennstoff, der saln zu der Verbrennungs-   ten  Durchlales (33) In sinew
-lnkdmus kammer wlhrend des schhlelgichen Laufens durch die  angeordnet
sind, waiches Im wesentlibcen das glei- beiden Durchilae (28,33) geiefert
wird; und ferner da'  che ist wie sin Winkeimuster der ZumeiSffnungen -
dutch gekennzeichnet daB der eoste Brennstoffversor-  des ersten Durchla~es
(28). gungsdurchlaB (28) der Einsprbrrichtung (26) mltig   45  10. System
nach einemdervorhergehenden An- * ~.. *angeordnet ist und sine Videzahl von
nach aullen ge-  sprriche, wobel ferner mindestens sin Abschaltwentil *;
~richten ZumeBoffnungen (30) aufweist, deren jede  (50,52) zwlschen die
Drosaelventle,(7;40) unddie- eine vorherfestgelegte Str~mungsfldche besftzt
und  Kammer (44) geschaltet Ist wobel der zweibt
Brennstoffversorgungsdurchlat (33) der Einspritzvorrichtung (26) koaxial
angeordnet  so Ist bezflglich des ersten DurchiaBes (28) und sine
Revendications Vidizahi von nach aulgen gerichteten ZumesB8ffnun- gen (34)
besitzt, deren jede sine vorher festgelegte   1. Systeme de turbomoteur. d
gaz (10) compre- Str~mungsfilche aufwelst.                          nantau
moinsun injeteurdeo ombustibeslitu6 dans 2. System nach Anspruch 1, wobei
der Maschi-  55   une chambre de combustion (20) dCun turbomoteur a
nenparameter die Leistung st, und wobei die Stuer-  gaz (12) et ayant un
premier passage dcriimentation mittel (74) eonen Leistungsfflhler (79)
aufwelsen.  en combustible (28) debouchant au niveau de son 3. System nach
Anspruch I oder 2. wobei die    extr6mit6 aval dane la chambre de
combustion (20); 6    11                 EP 0 309 485B1                 12
L         S -.une premibre soupape d'etranglement (37) r6gulant  4. Systbme
selon l'une quelconque des rvendi- I'4coulementaptravorseopredier passage
d'limenta-  cationi pr6c6dentes, dans lequel les moyens de ion on
combustible (28); une chambre (44) reli6e A  commande (74) comprennent des
moyens (78) des- l'extr6mlt6 amont du premier passage d'alkmentation  tin6s
a contrOler la proportion de combustibles 



en combustible (28); une premibre soupape de   5   gazeux a hautet Afaible
pouvoircaloriflque p6n6trant commands (64) reliant la chambre (44), en
fonction-  dans la chambre (44). 'nement, a une source de combustible
gazeux a haut    5. Systbme selon lne queiconque des revendi- .pouvoir
calorifique; une seconde soupape de      cations precbdentes, danslequel la
section d'coule- commando (70) reliant la chambre (44), on fonction-  ment
combin~e des orifices (30) du premier passage nement, A une source de
combustible gazeux A faible  10  d'alimentation en combustible (28) et la
section _   pouvoir calorifique; et des moyens (74) programm6s
d'6coulement combin6e des orifices (34) du second pour commander la
premlere. soupape d'etrangle-  passage d'allmentation en combustible (33)
sont son- ment (37) et les premlere et seconde soupapes de.  sibbement
6gales. commando (84,70) en r6ponse a un controls d'un       6. Systeme
selon l'une quelconque des revendi- parametre du moteur de sort. que, lors
de la mise en  15  cations I A 4, dans loqusl la section d'6coulement route
Initials du moteur, seul du combustible gazoux  combin6e des orifices (30)
du premier passage d'ali- A haut pouvoir calorifique est fourni A la
chambre de  mentation en combustible (28) t la section d'ecoule- combustion
et, pendant le fonctionnement ult6riour,  ment combin6e des orifices (34)
du second passage soul du combustible gazeux A falble pouvoir calorifi-
d'alimentation en combustible (33) ne sont pas 6ga- quo est fourni A la
chambre de combustion; caract6-  20  les. ris6 par un second passage
d'alimentation en        7. Systeme selon l'une quelconque des revendi- Kw'
combustible (33) reli, au niveau de son extr6mit6  cations pr6chdentes,
dans lequdl la section d'ocoule- amont, Ala chambre(44) atd6bouchant, au
niveau de  ment pr6-6tablie de certains des orifIces (30) du son extremitb
aval, dans la chammbre de combustion  premier passage (28) est differente
de la section (20); par une seconde soupape d'6tranglement (40)  25
d'6coulement pr6-etablie d'autres orifices (30) du pro- - rigulant
l'ecoulement. A travers le second passage  mler passage (28).
d'allmentation en combustible (33); par les moyens   8. Systeme selon l'une
quelconque des revendi- * programmes (74) commandant 6galement la seconde
cations precedentes, dane lequel la section d'6coule- soupape
d'6tranglement (40) de sorte que le combus-.  ment pre-6tablie de certains
des orifices (34) du tible gazeux A haut pouvoir calorifique, qul eat fourn
30  second passage (33) est difffrente de la section soul A la chambre de
combustion au cours do la mise  d'ecoulement prt-etablie d'autres orifIces
(34) du en route Initials, soitfourni A travers un seul des pas-  second
passage (33). ;    sages (28,33), et quo le combustible gazeux a falble  9.
Systbme selon l'une quelconque des revendi- *   .pouvolrceiodiflque, qul
estfournl seul 1achambrede.  caonsprecetons pr6c6dente  dans leque e ls
orifices (34) du *  combustion au cours du fonctionnementuit6erieur,soit
35  second passage (33)esontdispos6ssuivantuneoCnfi- fourni A travers les
deux passages (28,33); et in co  guration angulaire sensiblement Identique
Alea confi- quo le premior passage.drallmentatlon en combusti-  guration
angulaire des orifices (30) du premier ble (28) do l'inJecteur (26) est
situ6 en un emplace-  passage (28). ment central et comprond une multlpcit6
d'orifIces   10. Systeme selon l'une quelconque des raven- diridgs vers
rext6rieur (30) dont chacun a une'section  40  dications pr6c6dentes,
comprenant en outre au mions d'6coulement pr6-6tablle, etlo second passage
d'ali-  une soupape d'arret (50,52) reli6e entre chacune des mentation en
combustible (33) de l'lnjecteur (26) est  soupapes d'6tranglement
(37,40)-et la chambre (44). * , r dispose coaxialement par rapport au
premier pas- sage (28) et pr6sente une multiplldt6 d'orifIces diri- g6es
verb l'ext6rieur (34) dont chacun a une section  45 d'ecoulement
pr66tablie. 2. Systemo seoln Ia rovendication 1, dans lequel Ie parametre
du moteurestl'6nergle et les moyens de commando (74) comprennent un
d6tectsur d'6nergie (79).                                        so 3.
Systeme selon la revendication I ou la raven- dication 2, dans loquel-los
moyens de commando (74) sont programmes de sorte quo, entre la mise en
route initiale et le fonctionnementulterieur, la proportion de combustible
A haut pouvoir caloriFlque soUtdiminu6e  55 progressivmentetla proportion
de combustible afai- ble pouvoir caloriFique solt augment6e progressive-
ment. 7    


