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CAPACITY CONTROL OF TURBINE BY THE USE OF
A REHEAT COMBUSTOR IN A MULTISHAFT ENGINE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Nos.
61/773,100 and 61/773,103 filed March 5, 2013, the contents of which are hereby

incorporated in their entirety.

FIELD OF TECHNOLOGY

[0002] An improved gas turbine engine is disclosed, and more particularly, a method and

apparatus to control a core parameter of a gas turbine engine having a reheat combustor and
scheduling a fuel flow in the reheat combustor. The core parameter can be indicative of any
physical quantity present in the gas turbine carcass, such as compressor pressure ratio,

compressor flow, engine inlet flow, and engine pressure ratio.

BACKGROUND

[0003] Multishaft gas turbines are used in a number of application including aircraft
engines, power generation plants and pipeline compression duty applications. When these gas
turbines operate beyond the scope of their design power, the compressors operate beyond the
scope of their intended operating conditions, and handling bleed valves are used to restore the
compressor operating point to reasonable values. However, these handling bleed valves are

can somewhat diminish cycle efficiency.

[0004] It is therefore desirable to provide a multishaft gas turbine engine that can restore
the compressor operating point to predetermined reasonable values without reducing the

cycle efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] While the claims are not limited to a specific illustration, an appreciation of the
various aspects is best gained through a discussion of various examples thereof. Referring
now to the drawings, exemplary illustrations are shown in detail. Although the drawings
represent the illustrations, the drawings are not necessarily to scale and certain features may
be exaggerated to better illustrate and explain an innovative aspect of an example. Further,

the exemplary illustrations described herein are not intended to be exhaustive or otherwise
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limiting or restricted to the precise form and configuration shown in the drawings and
disclosed in the following detailed description. Exemplary illustrations are described in

detail by referring to the drawings as follows:

[0006] FIG. 1 illustrates an exploded perspective view of an exemplary gas turbine engine
having a gas generator, a power turbine and a reheat combustor integrated between the gas

generator and the power turbine;
[0007] FIG. 2 illustrates a schematic diagram of the gas turbine engine of FIG. 1;

[0008] FIG. 3 illustrates an exploded perspective view of another exemplary gas turbine
engine having a gas generator, a power turbine, a low pressure roller bearing holder module,
a reheat combustor integrated between the gas generator and the power turbine, and a low

pressure compressor connected to the low pressure turbine of the power turbine;

[0009] FIG. 4 illustrates a schematic diagram of yet another example of the gas turbine
engine of FIG. 3, with the reheat combustor disposed between the IP turbine and the power
turbine and further with the power turbine being connected to both a load and the LP

COmMpressor,

[0010] FIG. 5 illustrates a schematic diagram of still another exemplary gas turbine engine,

which includes a reheat combustor disposed between the HP turbine and the IP turbine;
[0011] FIG. 6 illustrates an exemplary control method for the gas turbine engine of FIG. 5;

[0012] FIG. 7 illustrates an exemplary intermediate pressure compressor working line
related to scheduling fuel for the reheat combustor of FIG. 5 using the control method of FIG.
6;

[0013] FIG. 8 illustrates an exemplary engine thermal efficiency produced by scheduling
fuel for the reheat combustor of FIG. 5 using the control method of FIG. 6;

[0014] FIG. 9 illustrates a flow chart for an exemplary method of operating the reheat
combustor and scheduling fuel for the reheat combustor of the gas turbine engine of FIG. 5;

and
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[0015] FIG. 10 illustrates a schematic diagram of still another exemplary gas turbine engine,

which includes a reheat combustor disposed between the HP turbine and the IP turbine.

DETAILED DESCRIPTION

[0016] Referring now to the discussion that follows and also to the drawings, illustrative
approaches are shown in detail. Although the drawings represent some possible approaches,
the drawings are not necessarily to scale and certain features may be exaggerated, removed,
or partially sectioned to better illustrate and explain the present disclosure. Further, the
descriptions set forth herein are not intended to be exhaustive or otherwise limit or restrict the
claims to the precise forms and configurations shown in the drawings and disclosed in the

following detailed description.

[0017] One example of a gas turbine engine can include a first compressor and a first turbine
connected to the first compressor by a first shaft. The engine can include a reheat combustor,
which is disposed downstream of the first turbine, and a second turbine, which is disposed
downstream of the reheat combustor. The engine can further include a second compressor,
which is connected to the second turbine by a second shaft and is disposed upstream of the
first compressor. The first and second turbines can be disconnected from one another, and
the first and second compressors can be disconnected from one another. The second
compressor may have an outlet including a flow to the first compressor, such that the first and
second turbines provide a shaft worksplit. The reheat combustor can be configured to receive
fuel and generate a reheat exit temperature, so as to control an apparent capacity of the
second turbine based on a plurality of parameters of the second compressor. In this respect,
this exemplary engine can include two turbines that are disconnected from one another and
drive separate compressors, so as to control the work split between the two compressors that
are positioned in sequence with respect to each other and hence a core engine parameter,

which may include a compressor pressure ratio and an engine inlet flow.

[0018] Referring to Figure 10, one exemplary gas turbine engine 1000 can include a high
pressure shaft assembly 1022 (“HP shaft assembly”) and an intermediate pressure shaft
assembly 1016 (“IP shaft assembly”). The IP shaft assembly 1016 may include an IP turbine
1002 and an IP compressor 1018, which are connected to one another by an intermediate
pressure shaft 1041 (“IP shaft”). Moreover, the HP shaft assembly 1022 can include an HP

turbine 1024 and HP compressor 1026, which are connected to one another by a high
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pressure shaft 1040 (“HP shaft”). The engine 1000 can further include a lower pressure
turbine 1034 (“LP turbine”) that is connected to a load 1030 by a low pressure shaft 1042
(“LP shaft”). Examples of the load 1030 can include an electrical generator, a propulsive fan,

a pipeline compressor, a pump or a propeller.

[0019] The HP shaft 1040, the IP shaft 1041 and the LP shaft 1042 are not connected to one
another but rather are fluidly coupled to one another. In particular, the IP compressor exit
flow is the HP compressor entry flow. The HP turbine exit flow is the IP turbine inlet flow,
and the IP turbine exit flow is the LP turbine inlet flow. In this embodiment, the reheat
combustor 1004 is placed between the HP turbine 1024 and the IP turbine 1002, so as to
actively control the work split of the total compression work between the two compressors

1018, 1026.

[0020] The apparent capacity Q, (corrected flow) of the IP turbine 1002 (“downstream
turbine”), which is disposed downstream of the reheat combustor 1004, may be controlled by
scheduling fuel to the reheat combustor 1004. The downstream turbine inlet real capacity Q;
(corrected flow) of the IP turbine 1002 can be expressed through the following Equation 1 for
a given turbine and is fairly flat across a turbine operation regime when the turbine is

chocked and the exhaust gas constituent does not vary substantially.
(Equation 1) Q. = WNT,/P,

[0021] Re-arranging equation 1:

(Equation 2) W, =Q, PyNT,

[0022] The apparent capacity Q; (corrected flow) or exit real capacity (corrected flow) of the
HP turbine 1024 can be expressed through the following Equation 3.

(Equation 3)  Q;=WNT/P,

[0023] In this respect, Q; will not be only a function of the downstream turbine geometry
because it is disposed between the chocked area and a component where the reheat combustor

1004 adds non-negligible heat that results in a temperature rise.

[0024] Now, assuming cooling air extraction or return in the combustor, and considering the

additional mass flow introduced by the fuel flow:
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(Equation 4) W1 =W, — Wiel =Woooling air

[0025] Incorporating equation 4 into equation 3, Equation 5 can be defined as follows:
(Equation 5) Q1 = [W2 — Wiua—Weooling air] VT1/P1

(Equation 6) Q= (WNTI/Py) - WieVT1/P)) - (Weooling airVT1/P1)

[0026] Substituting Equation 2 into Equation 6, we obtain:

(Equation 7) Q1 =((Qa PYNT) VT1/P)) - (WeaeVT1/P1) - (Weooling air VT1/P1)
(Equation 8) Qi =(Qa (Py/P1) (NTINTL)) - (Wi NT1/P1) - (Weooling airVT1/P1)
(Equation 9) Q) =[(Q2 P2 W(TV/T2)) - (WeaVT1) - (Weooling airVT1)1/P1

[0027] The ratio T,/T; is proportional to the temperature rise, and hence the fuel flow in the

reheat combustor, and thus Equation 9 can be simplified into:
(Equation 10)  Q; = [(Q, P, function (W) - (WrueVT1) = (Weooling airVT1)]/P1

[0028] By inspection of Equation 10, it can therefore be seen that for a fixed downstream
turbine real capacity Q, (corrected flow), determined by the downstream turbine actual
hardware, the resulting variation in apparent capacity Q; (corrected flow) will be determined
by at least a control of fuel flow as the other quantities changes, such as combustor pressure
drop, and cooling air fraction will be negligible. Therefore, the apparent capacity, Q;, can be
controlled by fuel flow scheduling, which allow for control of core engine parameters. In this
respect, proper scheduling of the fuel flow in a way that will be disclosed later in this
application may allow for control of selected core engine parameter such as compressor

pressure ratio or engine inlet flow

[0029] An exemplary method of controlling a core parameter of a gas turbine engine can
include providing a fuel flow to a reheat combustor so as to control an apparent capacity of a
turbine positioned downstream of the reheat combustor as viewed from the upstream turbine.
The pressure ratio across the upstream turbine 1024 and the downstream IP turbine 1002 can
hence be actively modulated by using an active fuel scheduling (FIGS. 6 and 9) to the reheat
combustor 1004, which in turn results in an active control of the power available to the

compressor 1018 driven by the downstream IP turbine 1002 and hence its operating point.
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[0030] Referring to Figures 7 and 10, the IP compressor 1018 pressure ratio may be actively
controlled by the proper scheduling of the fuel split between a main combustor 1005 and the
reheat combustor 1004. This feature is beneficial for controlling a compressor to an optimal
pressure ratio at a flow to ensure peak efficiency in a higher flow portion 701 or adequate
compressor surge margin at part power 702, which may in turn reduce or eliminate the need
for overboard handling bleed flow or variable geometry turbine. With attention to Figure §,
the result may be an improved part load efficiency achieved through higher compressor
efficiency and less compressor exit overboard bleed flow at lower power, which is normally
required to maintain surge margin. For example, on an aircraft engine, this configuration may
permit keeping the compressor exit overboard bleed valve closed on approach thereby

reducing fuel consumption and noise.

[0031] Figures 6 and 9 provide more details on the specific embodiment of the control
method. At step 902, the gas turbine engine can include a plurality of sensors 540 (FIG. 6)
configured to measure or derive an IP Compressor inlet mass flow W4, an inlet temperature
T,4, an inlet pressure P,4, an exit pressure Pys and a rotational speed NI of an IP compressor

1018.

[0032] At step 904, the control logic 541 (FIG. 6) determines an IP Compressor corrected
flow Q24 and an actual pressure ratio IPC_PR_ACTUAL of the IP compressor 1018, and an
acrodynamic IP compressor speed, NIRT,4. The control logic may use the equations as

follows to determine the respective values:
Q24 = (W24\/T24/ P24)

IPC_PR_ACTUAL = (P25/P2s)

NIRT 4 = (Nl /NT24)

[0033] At step 906, the logic determines the demanded pressure ratio IPC_ PR DEMAND.
This step may be accomplished by the controller 542 accessing a reference lookup table 544
stored on a non-transitory computer readable medium and then identifying the demanded

pressure ratio based on the calculated values for Q.4 and NIRT 4.

[0034] At step 908, the controller 542 compares the actual IP compressor pressure ratio with

the demanded IP compressor pressure ratio. If the actual IP compressor pressure ratio is less
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than the demanded IP compressor pressure ratio, the method continues to step 910. if the
actual IP compressor pressure ratio is equal to the demanded IP compressor pressure ratio,
the method proceeds to step 912. If the actual IP compressor pressure ratio is more than the

demanded IP compressor pressure ratio, then the method proceeds to step 914.

[0035] At step 910, the controller 542 provides an increased fuel flow to the reheat
combustor 1004 so as to decrease the apparent capacity (corrected flow) of the IP turbine
1002 positioned downstream of the reheat combustor 1004. By decreasing the apparent
capacity of the IP turbine (the downstream turbine), the work across the HP turbine 1024 (the
upstream turbine) drops and the work across the IP turbine increases, leading to a change in
the worksplit between the two turbines. This in turn decreases the power available to the
compressor powered by the HP turbine and increase the power available to the IP compressor
powered by the IP turbine. This results in an increase in the pressure ratio of the HP

compressor powered by the IP turbine and the IP compressor.

[0036] At step 912, the controller 542 maintains a constant fuel flow to the reheat combustor
1004 so as to maintain the apparent capacity of the IP turbine positioned downstream of the
reheat combustor 1004. By maintaining the apparent capacity of the downstream IP turbine,
the work split between the upstream turbine and the downstream turbine remains constant,
this maintains the ratio of power shared between the HP compressor and the IP compressor.
This results in a constant pressure ratio of the IP compressor powered by the downstream IP

turbine at a fixed total compressive power.

[0037] At step 914, the controller 542 provides a decreased fuel flow to the reheat combustor
1004 so as to increase the apparent capacity of the IP turbine positioned downstream of the
reheat combustor 1004. By increasing the apparent capacity of the downstream IP turbine,
the work across the upstream HP turbine raises and the work across the downstream IP
turbine decreases, leading to a change in the worksplit between the two turbines. This in turn
decreases the power available to the compressor powered by the downstream IP turbine and
increase the power available to the HP compressor powered by the upstream HP turbine. This
results in a decrease in the pressure ratio of the IP compressor powered by the downstream IP

turbine and the IP compressor.

[0038] With specific attention to Figure 5, the exemplary engine 500 is substantially similar

to the engine 1000 of Figure 10 and has similar components identified by reference numerals
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in the 500 series. However, the engine 500 includes an additional LP compressor disposed
upstream of the IP compressor 518, while the engine 1000 does not have the same. This
engine 500 is a three-shaft engine, which has an HP turbine 524, an IP turbine 514 and an LP
turbine 534 driving separate compressors. In particular, a HP shaft assembly 522 may
include the HP turbine 524 and HP compressor 526 connected together by a shaft 528.
Further, an IP shaft assembly 516 may include the IP turbine 514 and IP compressor 518
connected together by a shaft 540. In addition, a LP shaft assembly 538 may include the LP
turbine 534 and the LP compressor 532 connected together by a shaft 536. Moreover, the LP
shaft assembly 538 may be connected to the load 530, and the load 530 may be an electrical
generator, a propulsive fan 539, a pipeline compressor, a pump, a propeller or other suitable

loads.

[0039] The HP, IP and LP shaft assemblies are not mechanically connected to one another
but rather are fluidly coupled to one another to the extent that the LP compressor exit flow
may be the IP compressor entry flow, and the IP compressor exit flow may be the HP
compressor entry flow. Furthermore, on a downstream side of the main combustor, the HP
turbine exit flow may be the IP turbine inlet flow, and the IP turbine exit flow is the LP

turbine inlet flow.

[0040] The reheat combustor 504 may be placed between the HP turbine 524 and the IP
turbine 514, and similarly to the engine 1000 of Figure 10, fuel may be scheduled to control
the IP compressor pressure ratio such that the IP compressor 518 may be maintained in its
optimal operating range of compressor efficiency and surge margin, which may also
minimize the surge control overboard bleed flow. This optimal operating range is exemplified
in Figures 7 and 8, which may provide improved performance and operability benefit below
maximum power. This process may extend to both transient and steady state control of gas

turbine.

[0041] Referring to Figure 4, another exemplary gas turbine engine 300 can be similar to the
gas turbine engine 500 of Figure 5 and include similar components that are identified by
reference numerals in the 300 series. However, the gas turbine engine 300 has the reheat
combustor 304 incorporated between the IP turbine 302 and the LP turbine 334. The reheat
combustor 304 is configured to receive fuel and generate a reheat exit temperature so as to

control the apparent capacity of the LP turbine 334. Thus, the reheat combustor 304 may be
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used in conjunction with a three-shaft engine, which includes the reheat combustor 304
disposed between the IP turbine 314 and the LP turbine 334. In this example, the HP turbine
324, the IP turbine 314 and the LP turbine 334 may drive separate compressors. In particular,
an IP shaft assembly 316 may include the IP turbine 314 and IP compressor 318, which are
connected to one another by a shaft 320. Further, a HP shaft assembly 322 may include the
HP turbine 324 and HP compressor 326 connected to one another by a shaft 328. In addition,
an LP shaft assembly 338 may include the LP turbine 334 and the LP compressor 332
connected to one another by a shaft 336. Moreover, the LP shaft assembly 338 may be
connected to the load 330, and the load 330 may be an electrical generator, a propulsive fan

339, a pipeline compressor, a pump, a propeller or other suitable loads.

[0042] The HP, IP and LP shaft assemblies may not be connected to each other or drive
mechanisms but rather are fluidly coupled to one another. In particular, on an upstream side
of the main combustor, the LP compressor exit flow may be the IP compressor entry flow,
and the IP compressor exit flow may be the HP compressor entry flow. Furthermore, on a
downstream side of the main combustor, the HP turbine exit flow may be the IP turbine inlet

flow, and the IP turbine exit flow is the LP turbine inlet flow.

[0043] The fuel schedule for the reheat combustor 304 may be used to control the apparent
capacity of the LP turbine 334 to the core engine 308. By varying the apparent capacity of the
LP turbine 334 to the core engine 308 as the power increases, the IP compressor inlet mass
flow may be controlled to a desired value. For an industrial engine that includes an LP
compressor 332 having a rotational speed that is fixed by a load, this fuel scheduling may
permit control of the LP compressor working line by fixing its exit mass flow. For a turbofan
engine, this scheduling may allow varying the bypass ratio of air between the fan 339 and the

core engine 308.

[0044] In an alternative embodiment, as shown in Figures 1 and 2, one exemplary gas turbine
engine 100 can include a gas generator 108. The gas generator 108 may include an IP shaft
assembly 116 having the IP turbine 114 and IP compressor 118 connected to one another by a
shaft 120. The gas generator 108 may further include an HP shaft assembly 122 having the
HP turbine 124 and the HP compressor 126 connected to one another by a shaft 128. The HP
and IP shaft assemblies 116, 122 may be structurally disconnected from one another, but

fluidly or operably coupled to one another to the extent that the fluid driven by an upstream
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shaft assembly may in turn drive the downstream shaft assembly. The LP turbine 112 is
coupled to the load 130 which may be an electrical generator, a propulsive fan, a pipeline

compressor, a pump, a propeller, other suitable loads or any combination thereof.

[0045] The fuel schedule for the reheat combustor 104 may control the apparent capacity of
the LP Turbine 112 to the core engine. By varying the apparent capacity of the LP Turbine
112 to the gas generator 108 as the operating condition varies, the engine inlet mass flow may
be adjusted to a target value by using the effect of the change in apparent capacity on the
mechanically disconnected core. Control logic may be used to control the inlet flow. In a
combined cycle application, control logic may control the engine exhaust flow which may
pass through the boiler. However, in another embodiment, the control logic may control

engine performance to a set of composite core parameter instead of a single parameter.

[0046] It will be appreciated that the aforementioned method and devices may be modified to
have some components and steps removed, or may have additional components and steps
added, all of which are deemed to be within the spirit of the present disclosure. Even though
the present disclosure has been described in detail with reference to specific embodiments, it
will be appreciated that the various modifications and changes can be made to these
embodiments without departing from the scope of the present disclosure as set forth in the
claims. The specification and the drawings are to be regarded as an illustrative thought

instead of merely restrictive thought.

[0047] With regard to the processes, systems, methods, etc. described herein, it should be
understood that, although the steps of such processes, etc. have been described as occurring
according to a certain ordered sequence, such processes could be practiced with the described
steps performed in an order other than the order described herein. It further should be
understood that certain steps could be performed simultancously, that other steps could be
added, or that certain steps described herein could be omitted. In other words, the
descriptions of processes herein are provided for the purpose of illustrating certain

embodiments, and should in no way be construed so as to limit the claims.

[0048] Accordingly, it is to be understood that the above description is intended to be
illustrative and not restrictive. Many embodiments and applications other than the examples
provided would be apparent upon reading the above description. The scope should be

determined, not with reference to the above description, but should instead be determined

10
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with reference to the appended claims, along with the full scope of equivalents to which such
claims are entitled. It is anticipated and intended that future developments will occur in the
technologies discussed herein, and that the disclosed systems and methods will be
incorporated into such future embodiments. In sum, it should be understood that the

application is capable of modification and variation.

[0049] All terms used in the claims are intended to be given their broadest reasonable
constructions and their ordinary meanings as understood by those knowledgeable in the
technologies described herein unless an explicit indication to the contrary in made herein. In

2% ¢

particular, use of the singular articles such as “a,” “the,” “said,” etc. should be read to recite
one or more of the indicated elements unless a claim recites an explicit limitation to the

contrary.

[0050] The Abstract of the Disclosure is provided to allow the reader to quickly ascertain the
nature of the technical disclosure. It is submitted with the understanding that it will not be
used to interpret or limit the scope or meaning of the claims. In addition, in the foregoing
Detailed Description, it can be seen that various features are grouped together in various
embodiments for the purpose of streamlining the disclosure. This method of disclosure is not
to be interpreted as reflecting an intention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a single disclosed embodiment. Thus
the following claims are hereby incorporated into the Detailed Description, with each claim

standing on its own as a separately claimed subject matter.

11
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CLAIMS
What 1s claimed is:

1. A gas turbine engine, comprising:

a first compressor;

a first turbine connected to the first compressor by a first shaft;

a reheat combustor downstream of the first turbine;

a second turbine downstream of the reheat combustor; and

a second compressor connected to the second turbine by a second shaft and disposed
upstream of the first compressor;

wherein the first and second turbines are disconnected from one another, and the first
and second compressors are disconnected from one another, and the second compressor has
an outlet including a flow to the first compressor, such that the first and second turbines
provide a shaft worksplit;

wherein the reheat combustor is configured to receive fuel and generate a reheat exit
temperature so as to control an apparent capacity of the second turbine based on a plurality of

parameters of the second compressor.

2. The gas turbine engine of claim 1, further comprising a plurality of sensors configured
to detect the plurality of parameters that include at least one of an inlet flow, an inlet

temperature, an inlet pressure, a rotational speed and an exit pressure of the compressor.

3. The gas turbine engine of claim 2, further comprising a controller configured to:

receive a plurality of signals generated by the sensors and indicative of the
parameters;

determine an actual pressure ratio and a demanded pressure ratio based on at least a
portion of the parameters; and

actuate a fuel delivery device to provide a fuel flow to the reheat combustor based on

a comparison between the actual pressure ratio and the demanded pressure ratio.

12
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4. The gas turbine engine of claim 1, further comprising:

a main combustor;

wherein the first turbine is a high pressure turbine disposed downstream of the main
combustor and upstream of the reheat combustor; and

wherein the first compressor is a high pressure compressor disposed upstream of the

main combustor and connected to the high pressure turbine by a high pressure shaft.

5. A method of controlling a core parameter of a gas turbine engine, comprising:
providing a fuel flow to a reheat combustor so as to control an apparent capacity of a
turbine positioned downstream of the reheat combustor;
wherein the turbine and a compressor are connected to each other by a shaft;
wherein the turbine is disconnected from another turbine so as to provide a shaft

worksplit.

6. The method of claim 5, wherein the fuel flow is based on a comparison between an

actual pressure ratio and a demanded pressure ratio of the compressor.

7. The method of claim 6, wherein the actual pressure ratio is a ratio between the inlet

pressure and an exit pressure of the compressor.

8. The method of claim 5, further comprising detecting an inlet flow, an inlet
temperature, an inlet pressure, an exit pressure and a rotational speed of an intermediate

pressure Compressor.

9. The method of claim 8, further comprising determining the compressor corrected flow

based on the inlet flow, inlet temperature and inlet pressure.

10.  The method of claim 9, further comprising determining the demanded pressure ratio
from a reference lookup table stored on a non-transitory computer readable medium based on
at least one of the compressor corrected flow, the inlet temperature and a rotational speed of

the compressor.

13
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11.  The method of claim 5, further comprising increasing the reheat combustor fuel flow
to the reheat combustor, in response to the actual pressure ratio being less than the demanded

pressure ratio.

12. The method of claim 11, further comprising decreasing a main combustor fuel flow to

a main combustor.

13.  The method of claim 5, further comprising decreasing the reheat combustor fuel flow
to the reheat combustor, in response to the actual pressure ratio being more than the

demanded pressure ratio.

14.  The method of claim 13, further comprising increasing a main combustor fuel flow to

a main combustor.

15.  The method of claim 5, further comprising maintaining the reheat combustor fuel
flow to the reheat combustor, in response to the actual pressure ratio being equal to the

demanded pressure ratio.

16.  The method of claim 5, further comprising adjusting the reheat combustor fuel flow to
the reheat combustor, which in turn adjusts the apparent capacity of the downstream turbine

so as to adjust engine inlet mass flow.

17.  The method of claim 5, further comprising:

rotating a high pressure turbine and a high pressure compressor that are connected to
cach other by a high shaft; and

rotating an intermediate pressure turbine and the intermediate pressure compressor
that are connected to each other by an intermediate shaft;

wherein the high shaft and the intermediate shaft are disconnected from one another.

14
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18.  The method of claim 17, further comprising:

rotating a low pressure turbine and a low pressure compressor that are connected to
cach other by a low shaft;

wherein the high shaft, the intermediate shaft and the low shaft are disconnected from

one another.

19. A gas turbine engine, comprising:

a high pressure compressor;

a high pressure turbine connected to the high pressure compressor by a high pressure
shaft;

an intermediate pressure turbine downstream of the high pressure turbine; and

an intermediate pressure compressor connected to the intermediate pressure turbine by
an intermediate pressure shaft and disposed upstream of the high pressure compressor;

a reheat combustor downstream of the intermediate pressure turbine; and

a low pressure turbine disposed downstream of the reheat combustor.

wherein the high, intermediate and low pressure turbines are disconnected from one
another, and the high and intermediate compressors are disconnected from one another, and
the low pressure compressor has an outlet including a flow to the intermediate pressure
compressor, such that the intermediate and low pressure turbines provide a shaft worksplit;

wherein the reheat combustor is configured to receive fuel and generate a reheat exit

temperature so as to control an apparent capacity of the low pressure turbine.

20.  The gas turbine engine of claim 19, wherein the low pressure turbine is connected to

at least one of a load and a low pressure compressor.

15



WO 2014/189593 PCT/US2014/020731

1/8

100
\%
7G<
16
??8 12 Reheat
\ / \ 126 ppan 124 e

. \

LT Combustor




PCT/US2014/020731

WO 2014/189593

2/8

BINPOY 19PI0H |
Buuesg ISE0Y 47 /




WO 2014/189593 PCT/US2014/020731

3/8

308
A

~ 312
306 334 /
Reheat 3?? ,f/ .

/325 Main 324 SQMQW@SK}/

/ Combustor 328 ' :

314 302

}
334

538 532 546 s 5%
N[ 18522 %0 5o

55:5:;:-.-.;3" / Main
Combustor/ e

Combustor




PCT/US2014/020731

WO 2014/189593

4/8

9 "9l S

00%

BNSSaId 131U Ddi A

BANSSAUG 3T 348

2UN3Ia0UIBL 331U Ddi

3inssald 1B 34l

sirielsdiUal 1804 D

MO D31 D4l \‘

anaw
3 .| doseadeiu 1| puewep moy eng
m @ 2 T 1 i0Isngwos jesusy
o
2 mwma\\
5 e
30 ‘i) IDPOIUCT e
ﬂ&m& M&W Hox ,u N onel ainssasd |BnITe 4| &
}.m /
v Zrs LHDS |
g 0
8. PTIHIN
-
O
= YZLYIN & 14D ja
{FZLUINYZdLYAN = ORI BINSS2ig 1t
&ﬁmaam 2L R ZCIEED yﬁ
\ 7
1 1
,, \
1474 15C

>0vG




PCT/US2014/020731

WO 2014/189593

58

MO DEDIISEN O) PRSIBULIDN - MO PBIIS4I0T 18jU] Jossasduion

1 526G &G 28'Y &8 YA Iy 298 Ay 3

5. i 3.

§G

mangwum mﬁm&ﬁm Yum wwwwg«

cphod Buado 3aea wmmﬁg
Axusiois 40} wiod _
Funrsdo jossasdwod jpumide
WRIATIL O] PNRaLDs JOISNGUWOT
tesyay oWy Bupuom Josssiduny

gt 3Bins 10552iG0 JURISUOT
UEILIBWS ) DRINDISYDS JOISTIIGS
yeauay o Bupliom Jossasdwion

wtds oy 1ang JuBIsueT - 21201 pasodosd B4yl INOUYIAA ~Fw

30} pasodnid YU AN~

- 5%

GIEY 2INSETId JossaidwIo

PROISRE 03 PASHBULION -

L Old



PCT/US2014/020731

WO 2014/189593

6/8

SDIATe) AT RIA) 108 ey T e e X
%04 %09 %08 %0Y %0€

A2usioils |RULIBY] O LDNIBAISSAId J8118q B
Buinsal 0180; pasodold syj UIM PaPIOAR S Sy
Asusisiye [Bwisyl sulbus uo pedw) - uiiew
abins uieiuiew 0] uado o) pasu pasyg Buipuey

1ds |80y paviy - [0UOD [BIDBAS INOUNHAA « B

S160] pesotold YA wgp

%04

%08

%06

%00

g

Somod wrnume e Asusniys o alniusaiag

8 94



PCT/US2014/020731

WO 2014/189593

7/8

uiEuiRLL O3 Ajuapuadapu
19115 JOLNGUICD BIBW 943 18] ‘MDY

paads yeys nding o ssamod
514 MDY

JaNY JOIBNGUI0T 18RRI 25823030

pasds Yyaus mndingo
10 3amod uieuiet 0} Aguapuadapu
BBy MOY 1B JOISNGLUCT Ul DY)

18] MOK 1305 JOISNGLUCS 1ESYS |

VBRI ZIA

OMYNIG

\

o

A 808
ONYINIG Hd 341 = T¥NLIY Hd 24 che \
/

10
ERIER

18] MDY (30

damod u
eETs)

paads yeys indino
i 01 Apuspusdspuw
MOW BN JOISNGIOT LIBUT YL
IS 182434 2583404

ot

dd 361 < IWNLOY dd Ddi

{CINYINIG B4 D4t V
Y {TYNLoY Hd D4l oREE BinSse

nssasd D) popuLisn
T} jenize siediun)

¢ ONYINIQ dd D4l >

906

{51801 pascdoid Yyl AL, POHES BAIND} § Fi U1 UM
055G PDIISBN DY .,mwﬁ.nwmé a3
papuzwsp syl dn yooy ‘syndu s

S% I BUpPLIDM

(ONTNEG Bd Ddb) ol 2:nssaud Jd
BTN pUR 77 YliMm RIOEY B 8I03

20

206

PTLA/IN =

$74/574 = 190UV dd Ddie
wE.\Sm A} W FEM = PEDe
Dl P g

FTLHIN-

SHED

1

[

Vil

016

10V g Dt

6 Old



WO 2014/189593 PCT/US2014/020731

/8

1004

1034

1002

Reheat
1026 Main 1024 Combustor \
Combustor -

1018
|

P Tarblng | |1

gz 1 I
el [
B 1 N

1040 1041

FiG. 10



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings

