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(54) Gas turbine compressor inlet pressurization and flow control system

(57) A supercharging system (11) for a gas turbine
system (13) is provided the supercharging system having
a fan (41) mechanically coupled to the turbine shaft (27)
of the turbine system. A bypass subsystem (59) is pro-
vided or optionally conveying a portion of the airstream

output to other uses. The supercharging system may also
be used in conjunction with a combined cycle power sys-
tem and a bypass subsystem optionally conveys a por-
tion of the airstream output to a heat recovery steam gen-
erator (15).
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Description

TECHNICAL FIELD

[0001] The subject matter disclosed herein relates
generally to gas turbine systems and more specifically
to a gas turbine system with compressor inlet pressuri-
zation and a flow control system.

BACKGROUND

[0002] Utility power producers use combined cycle
systems because of their inherent high efficiencies and
installed cost advantage. combined cycle systems typi-
cally include a gas turbine, heat recovery steam gener-
ators, generators, controls, and a steam turbine. com-
bined cycle systems use the hot exhaust gas from gas
turbines to make steam, which drives a steam turbine.
the combination of a gas turbine and a steam turbine
achieves greater efficiency than would be possible inde-
pendently. the output of a combined cycle system is af-
fected by altitude and variations in the ambient temper-
ature.
[0003] Various methods are available for improving the
performance of combined-cycle power plants. Improve-
ments can be made in plant output or efficiency beyond
those achievable through higher steam temperatures;
multiple steam-pressure levels or reheat cycles. For ex-
ample, it has become commonplace to install gas fuel
heating on new combined-cycle power plants to improve
plant efficiency. Additionally, gas turbine inlet air cooling
is sometimes considered for increasing gas turbine and
combined-cycle output. Another approach is supercharg-
ing (compressor inlet pressurization). Supercharging of
a gas turbine entails the addition of a fan to boost the
pressure of the air entering the inlet of the compressor.
Typically, in the case of supercharging, the additional
stage of compression is not driven by the main gas tur-
bine shaft, but rather by an electric motor. In some cases,
the parasitic power of the fan motor is more than the
additional output of the gas turbine, so the net result is a
capacity loss.

BRIEF DESCRIPTION OF THE INVENTION

[0004] In accordance with one exemplary non-limiting
embodiment, the invention relates to a supercharging
system for a gas turbine system having a compressor, a
combustor and a turbine. The supercharging system in-
cludes a fan assembly mechanically coupled to the tur-
bine shaft and a subsystem for conveying a first portion
of the air stream output of the fan to the compressor. A
bypass subsystem for optionally conveying a second por-
tion of the air stream output to other uses is also included.
[0005] In another embodiment, the gas turbine system
further includes a heat recovery steam generator, and
the bypass subsystem conveys the second portion of the
air stream to the heat recovery steam generator.

[0006] In another embodiment, a gas turbine system
includes a compressor; a combustor; a turbine; and a
shaft coupled to the turbine. A fan that generates an air
stream is mechanically coupled to the shaft. The gas tur-
bine system also includes a bypass subsystem that al-
locates the air stream between the compressor and other
uses.
[0007] In another embodiment, a method of operating
a gas turbine includes providing an air stream from a fan
assembly; determining a first portion of the air stream to
be provided to a compressor and a second portion of the
air stream to be provided to other uses; and controlling
the air stream to provide the first portion of the air stream
to the compressor at a desired temperature and the sec-
ond portion of the air stream to the other uses.
[0008] Other features and advantages of the present
invention will be apparent from the following more de-
tailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings which illus-
trate, by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Figure 1 is a schematic of a supercharged system.

Figure 2 is a flow chart of a method of operating a
supercharged system.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Figure 1 illustrates a supercharged system 11,
including a gas turbine system 13, a heat recovery steam
generator (HRSG system 15) a supercharger and bypass
system 17, and a control system 19.
[0011] The gas turbine system 13 includes a compres-
sor 21 coupled to a combustor 23 and a turbine 25. A
shaft 27 couples the compressor 21 to the turbine 25 and
may be used to drive a generator and/or mechanical load
29. Fuel and air are mixed in combustor 23 and then
ignited providing energy to the gas stream from the com-
pressor 21. The combustion exhaust is forced into the
turbine 25 where the high velocity and volume of the gas
flow is directed through a nozzle (not shown) over the
blades (not shown) of turbine 25, rotating the turbine 25
which in turns rotates the shaft 27. Shaft 27 powers the
compressor 21 and may be used to drive the generator
and/or mechanical load 29.
[0012] The HRSG system 15 is a heat exchanger that
recovers heat from the combustion exhaust. In some cas-
es HRSG system 15 may be provided with additional fuel
or auxiliary steam 31. The additional fuel may be used
to fire a secondary combustion chamber to increase
steam production rates. Water to generate steam is pro-
vided by a feed water supply 33. The supply of water may
be controlled by valve 35.
[0013] The HRSG system 15 may be used to produce
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steam to drive an external steam host 37 such as a steam
turbine. This combination of a gas turbine system 13 and
the steam turbine produces electricity more efficiently
than either the gas turbine or steam turbine alone. The
steam generated by the HRSG may also be used in other
processes, such as district heating or other process heat-
ing.
[0014] The supercharger and bypass system 17 in-
cludes a fan assembly 39 having a fan 41. Fan 41 is
directly coupled to, and mechanically driven by the shaft
27 directly to operate at the same gas turbine rotational
shaft speed, or indirectly through a gear or belt assembly
(not shown) to run at a different speed ratio. Fan 41 may
have fixed or variable pitch blades. The fan assembly 39
provides an air stream at a specific temperature and pres-
sure.
[0015] The supercharger and bypass system 17 may
include air cooling subsystem 43 to control the temper-
ature of the air stream. The fan assembly may increase
the gas turbine inlet temperature therefore air cooling
subsystem 43 is necessary to avoid exceeding compres-
sor temperature limits and high inlet volumetric flow rates.
The air cooling subsystem 43 may utilize conventional
chilling technologies such as mechanical chillers, media
type evaporative coolers and absorption chillers.
[0016] The supercharger and bypass system 17 may
also be provided with a variable geometry diverter 45
which may include a damper and a bypass duct (not
shown). The variable geometry diverter 45 may be uti-
lized to optimize both the air stream flow from the fan
assembly 39 and the discharge pressure during the ac-
celeration and power loading sequence of the gas turbine
system 13. The variable geometry diverter 45 also may
be used to adjust power output as a function of varying
ambient conditions. The supercharger and bypass sys-
tem 17 operates in conjunction with air cooling conduits
47, diverter conduits 49 an HRSG conduits 51 to manage
the amount of airflow directed to the air cooling subsys-
tem 43 and the HRSG system 15. The air stream provided
by the fan assembly 39 may be divided into a first portion
to be conveyed to the air cooling subsystem 43 and a
second portion to be conveyed to the HRSG system 15.
Discharging air from the fan assembly 39 into the exhaust
stream may be used to control the air flow from the fan
assembly 39 and discharge pressure.
[0017] Control system 19 may be used to control the
operation of the supercharged system 11. Control system
19 may include a turbine control subsystem 53 that con-
trols the turbine operations an HRSG control subsystem
55 that controls the operations of the HRSG system 15.
A supercharger and bypass control subsystem 57 may
be provided to control the fan assembly 39 and the var-
iable geometry diverter 45. A bypass subsystem 59 may
include the diverter conduits 49, the variable geometry
diverter 45 and the supercharger and bypass control sub-
system 57. The turbine control subsystem 53, the HRSG
control subsystem 55, and the supercharger and bypass
control subsystem 57 may be part of a combined control

system, or may be separate controls networked together.
[0018] It should be noted that although the embodi-
ment illustrated in Figure 1, shows a representative ar-
rangement the shaft arrangement may be re-arranged.
As an example, the gas turbines system may drive the
generator and/or mechanical load 29 from the exhaust
(turbine) end, where the diagram illustrates being driven
from the compressor end. Also the gas turbine system
13, the generator and/or mechanical load 29 and the fan
assembly 39 may have multiple shafts.
[0019] Figure 2 is a flowchart illustrating a method that
may be implemented with supercharged system 11. The
supercharged system 11 provides operators with a meth-
od of operating a gas turbine system (method 81) that
delivers numerous advantages. At a high level, the meth-
od 81 may provide an air stream (method element 83).
The method 81 may determine a first portion of the air
stream to be provided to the compressor (method ele-
ment 85). The first portion may be determined based on
operating conditions and operating envelope for the gas
turbine system 13. For example, the level of supercharg-
ing may be determined by a desire to increase the power
output at a faster rate or in the case of a supercharged
system 11 with an HRSG system 15, by the amount of
air required to purge the HRSG system 15. Other factors
such as compressor fan limitations, fan operability levels
(surge line), whether the gas turbine system is operating
at its start cycle may determine the first portion of the
airstream to be provided to the compressor. The first por-
tion may also be a function of uses for the second portion.
For example if the gas turbine system 13 is part of a
supercharge combined cycle system 11 having an HRSG
system with duct combustion then the second portion
may be determined on the basis of the oxygen level de-
sired for the duct combustion, thereby determining the
first portion. The method may determine if the system
includes an HRSG system 15 (method element 87). If
the supercharged system 11 does not include an HRSG
system 15 the method 81 may determine a second por-
tion of air stream to be provided to other uses (method
element 89). The method may control the air stream to
provide the first portion of the air stream to the compres-
sor 21 and second portion to the other uses (method
element 91). The method may also control the tempera-
ture of the first portion of the air stream (method element
92). If the supercharged system 11 includes an HRSG
system 15, the method 81 may determine a second por-
tion of the airstream to be provided to the  HRSG system
15 (method element 93). The method may control the air
stream to provide the first portion of the air stream to the
compressor 21 and second portion to the HRSG system
15 (method element 95). The method may also control
the temperature of the first portion of the air stream (meth-
od element 97).
[0020] More specifically, the supercharged system 11
provides for a method of augmenting the power pro-
duced. The greater mass flow-rate provided by the fan
assembly 39 provides more oxygen to support combus-
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tion than would be available if gas turbine system 13 were
naturally aspirated. This in turn allows more fuel to be
burned and more work to be done per cycle, increasing
the power output of the gas turbine system 13. The in-
crease in fuel input chemical energy increases both the
gas turbine shaft power output and exhaust energy.
[0021] The supercharged system 11 allows a power
plant to have higher rated power output capacity at higher
ambient temperatures and/or lower atmospheric pres-
sures without exceeding equipment material limitations
with a relatively small capital investment. This allows a
power plant to have higher rated power output capacity
without exceeding equipment material limitations and
with a relatively small capital investment. Performance
of a gas turbine system 13 is dependent on the inlet air
temperature. The power output of a gas turbine depends
on the flow of mass through it. On hot days, when air is
less dense, power output would typically decrease.
[0022] The ability to divert some of the discharge air
stream from the fan assembly 39 allows the fan 41 to be
mechanically driven by the shaft 27 directly by the gas
turbine system 13, avoiding stalling events during accel-
eration and loading, while also controlling fan discharge
pressure to avoid overloading the gas turbine beyond
controlled operational limits.
[0023] The air bypassing the gas turbine system 13
into the exhaust during start-up can be used to load the
gas turbine power faster, because the bypassed air ef-
fectively lowers gas turbine exhaust temperature reduc-
ing thermal strain on both heat recovery and steam cycle
equipment. Additionally, bypassing air into the HRSG
system 15 will results with a shorter purge time for HRSG
system 15 during the start sequence of the  gas turbine
system 13. The bypassed air can also increases the ox-
ygen content in the exhaust gas stream which allows for
additional/extended supplementary firing. The air stream
provided by the fan assembly 39 may also be exported
and used for other blower services such as compartment
ventilation, plant HVAC and other cooling /sealing air
services.
[0024] Driving the fan assembly 39 directly by the shaft
27 of the gas turbine system 13 reduces the actual power
output of the electrical generator (generator and/or me-
chanical load 29) which allows for a higher level of su-
percharging relative to the generator cooling limit at a
given ambient condition. This is different from super-
charging with an independent fan (i.e. not mechanically
coupled to the shaft 27, such as for example one driven
by an electric motor). An independent fan would need a
separate source of power. Increasing the power output
at high ambient temperatures is typically limited by the
cooling capacity of generator 29. By mechanically cou-
pling the fan 41 to the shaft 27 a higher level of super-
charging may be achieved without exceeding the capac-
ity of generator 29.
[0025] The supercharged system 11 provides a
number of advantages. Technically, the supercharging
system shifts and increases the base load capacity of

the gas turbine. The supercharger and bypass system
17 allows the fan 41 to be continuously running at a fixed
speed in tandem with the gas turbine system 13 under
all operating points instead of using some form of variable
speed drive. A variable speed drive is likely to be more
costly and complex, but may yield better plant efficiency.
Additionally, the mechanically coupled fan assembly 39
does not have the operational complexities of large elec-
tric motor driven superchargers; where starting and stop-
ping the motor in coordination with the gas turbine system
13 controller could become problematic due to the switch
over surge or depressurization while the gas turbine sys-
tem 13 is in operation. The supercharged system 11 does
not have electrical losses associated with motor driven
equipment.
[0026] Commercially, the supercharged system 11
may operate with fewer gas turbine systems 13 to
achieve a desired electrical output capacity for a large
scale power generation facility with a design (rating) point
at high ambient temperature and/or low  atmospheric
pressure. This is particularly beneficial for applications
with lower cost fuel sources and/or for limited seasonal
operation at peak electrical demands.
[0027] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.
[0028] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A supercharging system for a gas turbine system
having a compressor, a combustor and a turbine
comprising:

a fan assembly mechanically coupled to a tur-
bine shaft that provides an air stream output;
a subsystem for conveying a first portion of the
air stream output to the compressor; and
a bypass subsystem for optionally conveying a
second portion of the air stream output to other
uses.

2. The supercharging system of clause 1, further
comprising a control system that controls the bypass
subsystem.

3. The supercharging system of any preceding
clause, further comprising an air cooling assembly
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disposed between the fan assembly and the com-
pressor.

4. The supercharging system of any preceding
clause, wherein the bypass subsystem comprises a
variable geometry diverter.

5. The supercharging system of any preceding
clause, wherein the control system comprises a su-
percharger controller.

6. The supercharging system of any preceding
clause, wherein the gas turbine system further com-
prises a heat recovery steam generator, and wherein
the bypass subsystem conveys the second portion
of the air stream output to the heat recovery steam
generator.

7. The supercharging system of any preceding
clause, wherein the supercharger controller controls
the second portion of the air stream output.

8. A gas turbine system comprising:

a compressor;
a combustor;
a turbine;
a shaft coupled to the turbine;
a fan mechanically coupled to the shaft, the fan
generating an air stream; and
a bypass subsystem that allocates the air stream
between the compressor and other uses.

9. The gas turbine system of any preceding clause,
further comprising an air cooling system disposed
between the fan and the compressor.

10. The gas turbine system of any preceding clause,
further comprising a heat recovery steam generator
coupled to the turbine and a variable geometry di-
verter disposed between the fan and the heat recov-
ery steam generator.

11. The gas turbine system of any preceding clause,
wherein the bypass subsystem comprises a variable
geometry diverter.

12. The gas turbine system of any preceding clause,
wherein the fan is mechanically coupled to the shaft
through a gear mechanism.

13. The gas turbine system of any preceding clause,
wherein the variable geometry diverter comprises a
conduit and a damper.

14. The gas turbine system of any preceding clause,
wherein the fan comprises a variable pitch blade.

15. The gas turbine system of any preceding clause,
further comprising a control system that controls the
bypass subsystem.

16. A method of operating a gas turbine comprising:

providing an air stream from a fan assembly;
determining a first portion of the air stream to be
provided to a compressor in the gas turbine and
a second portion of the air stream to be provided
to other uses; and
controlling the air stream to provide the first por-
tion of the air stream to the compressor at a de-
sired temperature and the second portion of the
air stream to the other uses.

17. The method of operating a gas turbine of any
preceding clause, wherein the gas turbine is part of
a combined cycle system having a heat recovery
steam generator, and further comprising purging the
heat recovery steam generator with the second por-
tion of the air stream.

18. The method of operating a gas turbine of any
preceding clause, further comprising increasing the
combined cycle system output by providing the first
portion of the air stream to the compressor at an
increased mass flow and pressure.

19. The method of operating a gas turbine of any
preceding clause, wherein the method element of
providing an air stream from a fan assembly com-
prises providing an air stream from a fan assembly
mechanically coupled to a shaft of the combined cy-
cle system.

20. The method of operating a gas turbine of any
preceding clause, wherein the combined cycle sys-
tem includes a turbine generating exhaust gases at
an exhaust  temperature and further comprising in-
creasing power produced by the combined cycle sys-
tem at a faster rate by lowering the exhaust temper-
ature by increasing the second portion of the air
stream.

Claims

1. A supercharging system (11) for a gas turbine sys-
tem (13) having a compressor (21), a combustor (23)
and a turbine (25) comprising:

a fan assembly (39) mechanically coupled to a
turbine shaft (27) that provides an air stream out-
put;
a subsystem (17) for conveying a first portion of
the air stream output to the compressor (21); and
a bypass subsystem (59) for optionally convey-
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ing a second portion of the air stream output to
other uses.

2. The supercharging system (11) of claim 1, further
comprising a control system (57) that controls the
bypass subsystem (17).

3. The supercharging system (11) of either of claim 1
or 2, further comprising an air cooling assembly (43)
disposed between the fan assembly (39) and the
compressor (21).

4. The supercharging system (11) of any one of claims
1 to 3, wherein the bypass subsystem (59) comprises
a variable geometry diverter (43).

5. The supercharging system (11) of claim 2 or any
claim dependent thereon, wherein the control sys-
tem (57) comprises a supercharger controller.

6. The supercharging system (11) of claim 5, wherein
the gas turbine system (13) further comprises a heat
recovery steam generator (15), and wherein the by-
pass subsystem (59) conveys the second portion of
the air stream output to the heat recovery steam gen-
erator.

7. The supercharging system (11) of either of claim 5
or 6, wherein the supercharger controller controls
the second portion of the air stream output.

8. A gas turbine system (13) comprising:

a compressor (21);
a combustor (23);
a turbine (25);
a shaft (27) coupled to the turbine;
a fan (41) mechanically coupled to the shaft (27),
the fan generating an air stream; and
a bypass subsystem (59) that allocates the air
stream between the compressor and other uses.

9. The gas turbine system (13) of claim 8, further com-
prising an air cooling system disposed between the
fan (41) and the compressor (21).

10. The gas turbine system (13) of either of claim 8 or
9, further comprising a heat recovery steam gener-
ator (15) coupled to the turbine (25) and a variable
geometry diverter (45) disposed between the fan
(41) and the heat recovery steam generator (15).

11. A method (81) of operating a gas turbine comprising:

providing (83) an air stream from a fan assembly
(39);
determining a first portion (85) of the air stream
to be provided to a compressor (21) in the gas

turbine and a second portion (89) of the air
stream to be provided to other uses; and
controlling the air stream (91) to provide the first
portion of the air stream to the compressor (21)
at a desired temperature and the second portion
of the air stream to the other uses.

12. The method (81) of operating a gas turbine of claim
11, wherein the gas turbine is part of a combined
cycle system having a heat recovery steam gener-
ator (15), and further comprising purging (95) the
heat recovery steam generator (15) with the second
portion of the air stream.

13. The method (81) of operating a gas turbine of claim
12, further comprising increasing the combined cycle
system output by providing (95) the first portion of
the air stream to the compressor at an increased
mass flow and pressure.

14. The method (81) of operating a gas turbine of any
of claims 11 to 13, wherein the method element of
providing an air stream from a fan assembly (39)
comprises providing an air stream from a fan assem-
bly mechanically coupled to a shaft (27) of the com-
bined cycle system.

15. The method (81) of operating a gas turbine of claim
12 or any claim dependent thereon, wherein the
combined cycle system includes a turbine (25) gen-
erating exhaust gases at an exhaust temperature
and further comprising increasing power produced
by the combined cycle system at a faster rate by
lowering the exhaust temperature by increasing the
second portion of the air stream.
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