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(57) Abstract: The present invention relates to a power generation system (100) comprising a housing (108) with a first housing sec-
tion (I) and a second housing section (II), an alternator (110) arranged within the first housing section (I) and a gas turbine (120) ar -
ranged within the second housing section (II). The alternator (110) is drivable by the gas turbine (120), wherein the first housing
section (I) comprises an air inlet (101) through which an airstream (102) is injectable into the first housing section (I) such that the
airstream (102) passes the alternator (110) and cools the alternator (110). The first housing section (I) is coupled to the second hous-
ing section (II) such that the airstream (102) is feedable into the second housing section (II) after the airstream (102) has passed the
alternator (110). The second housing section (II) comprises an air outlet (103) through which the airstream (102) is exhaustable atter
passing the gas turbine (120).



10

15

20

25

30

35

WO 2014/124784 PCT/EP2014/051237

DESCRIPTION

Through Flow Ventilation System for a Power Generation

Turbine Package

Field of invention

The present invention relates to a power generation system
comprising a ventilation system and to a method of operating

a power generation system comprising a ventilation system.

Art Background

Power generation systems consist of a gas turbine which
generates mechanical power, wherein by the generated
mechanical power an alternator, such as an AC-generator (AC:
alternating current), is driven. The AC-generator generates

electrical power which is used by ultimate consumers.

The gas turbine and the alternator are generally housed in a
power generator housing or enclosure. In order to cool the
gas turbine and the alternator, separated cooling systems are
installed. In particular, one separate ventilation system is
coupled for cooling purposes to the alternator for cooling
the alternator and another separated ventilation system is
coupled to the gas turbine enclosure for cooling purposes.
The ventilation and cooling streams which purges the
alternator are separated to the ventilation stream which

purges the gas turbine cell.

US 3 791 682 A discloses a turbine driven electrical driven
generator set having one or more turbines positioned above
the generator to provide a power source at locations where
there is a minimum available floor space. An acoustical

enclosure enclosing the turbine and generator and having air
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filters for filtering the generator cooling air and the
intake air to the turbine. An air fan driven from the
generator for cooling the generator and the oil in the
turbine and the reduction gearing between the turbine and the
generator through an air/oil heat exchanger. The air fan

cooling the turbine after shutdown.

Summary of the Invention

It may be an objective of the present invention to provide a
power generation system comprising a simple and efficient

ventilation arrangement.

It may be an objective of the present invention to provide a
power generation system with a more effective and cheaper

cooling system.

This objective is solved by a power generation system and by
a method of operating a power generation system according to

the independent claims.

According to a first aspect of the present invention, a power
generation system is presented. The power generation system
comprises a housing comprising a first housing section and a
second housing section. Furthermore, the power generation
system comprises an alternator arranged within the first
housing section and a gas turbine arranged within the second
housing section. The alternator is drivable by the gas
turbine. The first housing section comprises an air inlet
through which an airstream is injectable into the first
housing section such that the airstream passes the alternator
and cools the alternator. The first housing section is
coupled to the second housing section such that the airstream
is feedable into the second housing section after the
alirstream has passed the alternator. The second housing
section comprises an air outlet through which the airstream

is exhaustable after passing the gas turbine.
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According to a further aspect of the present invention, a
method of operating a power generation system comprising a
housing with a first housing section and a second housing
section, an alternator arranged within the first housing
section and a gas turbine arranged within the second housing
section is presented. According to the method, the alternator
is driven by the gas turbine. An airstream is injected
through an air inlet into the first housing section such that
the airstream passes the alternator and cools the alternator.
The first housing section is coupled to the second housing
section such that the airstream is feedable into the second
housing section after the airstream has passed the
alternator. The airstream is exhausted through an air outlet

of the second housing section after passing the gas turbine.

Advantageously, the method of operating a power generation
system may comprise feeding a further airstream into the gas
turbine via a further air inlet, the further air inlet is

coupled to the gas turbine.

The housing comprises a framework which forms the respective
housing sections. The housing further forms an enclosure for
the components of the power generation system, such that the
housing forms a closed casing with respect to the
environment. The housing and the respective housing sections
may form respective inner volumes which are isolated from the
environment. The respective inner volumes are coupled to the

environment via the respective air inlets or outlets.

The housing sections may be separated by resgpective
separation walls. Respective openings may be formed into the

separation walls, through which the airstream is guidable.

In a first housing section, the first air inlet is formed.
Through the air inlet, an airstream is injectable. The
airstream may be generated by a ventilation system, for

example. The ventilation system may be installed externally
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to the housing or may be located internally within the
housing. The ventilation system may comprise fans for
generating the airstream. In order to provide a clean
airstream, respective filter arrangements may be additionally

coupled to the air inlet.

Inside the inner volume of the first housing section, the
alternator, such as an AC-generator for generating electrical
power - particularly with alternating current (AC) -, 1is
installed. During operation of the alternator, heat is
generated. The airstream streams along the alternator and
hence passes the alternator such that the alternator is

cooled.

The first housing section is separated to the second housing
section. The second housing section is located downstream to
the first housing section with respect to the stream
direction of the airstream. Inside the inner volume of the
second housing section, the gas turbine is arranged. The
airstream is guided through respective openings, e.g. inside
a separation wall between the first housing section and the
second housing section, to the inner volume of the second
housing section. Next, the airstream passes the gas turbine

and hence cools the gas turbine.

A respective air outlet is arranged at the second housing
section, through which the airstream may be exhausted after

having passed the gas turbine.

Hence, by the present invention, only one airstream injected
into the housing is necessary for cooling purposes. Further
installations in order to provide a plurality of further
separated airstreams injected into the housing for cooling
purposes are not necessary. Hence, by the design of the
above-described power generation, an overall system
simplification is provided, because only one airstream for
cooling both, the alternator and the gas turbine, is used.

Hence, cost-intensive further installations for providing a
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plurality of other airstreams are not longer necessary.
Hence, the overall system simplification leads to a cost

reduction and reduces installation materials and labour.

According to a further exemplary embodiment, the pressure
inside the first housing section and/or the second housing
section may be controlled by a pressure control unit. The
pressure control unit may control the flow velocity of the
air stream and/or respective flaps at the air inlet or air
outlet. Furthermore, a pressure and/or vacuum generator may
be coupled to the respective air inlet or outlet, in order to
generate an overpressure or an under pressure inside the
housing. The pressure control unit may control the pressure

and/or vacuum generator.

For example, when using a gas fuel a fuel leak may be diluted
in the ventilation air. If the gas fuel must be contained
inside the housing, the pressure inside the housing need to
be lower than the pressure outside the housing, such that any
fuel can only escape via the ventilation flow path. On the
other hand, if it is important to keep the inside of the
housing clean, say if the gas turbine in installed in a
location with dusty environment, then the pressure inside the
housing need to be higher than outside the housing to prevent
the dust from coming in via leakage paths. The pressure
difference across the housing wall is determined by the
location and performance of ventilation fan(s) which may be

controlled by the pressure control unit.

According to a further exemplary embodiment of the present
invention, the power generation system comprises a driving
shaft arrangement which couples the alternator with the gas
turbine. The driving shaft arrangement may comprise a driving
shaft and/or a gear box for adjusting the driving torgque of
the driving shaft. By the driving shaft, the mechanical power
generated by the gas turbine is transferred to the alternator

for operating the alternator. The driving shaft may have a
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certain length such that the alternator and the gas turbine

may be installed to the housing spaced apart from each other.

According to a further exemplary embodiment, the housing
comprises an intermediate housing section which is located
between the first housing section and the second housing
section. The airstream is feedable into the intermediate
housing section after the airstream has passed the alternator
and is further feedable from the intermediate housing section
into the second housing section. The driving shaft extends
from the alternator through the intermediate housing section

to the gas turbine.

The intermediate housing section may form an intermediate
volume between (the first volume of) the first housing
section and (the first volume of) the second housing section,
such that the first housing section and the second housing
section and their respective volumes are spaced apart from
each other. Into the intermediate housing section, several
system components, such as securing systems, fire protection
systems and the like of the power generation system may be
installed. The intermediate housing section may be separated
to the respective first and second housing sections by
respective separation walls or respective baffles. The
driving shaft may be guided through the respective separation

walls.

Furthermore, into the separation walls, respective openings
may be formed such that the airstream may flow into the
intermediate section. Additionally, connecting tubes may be
installed within the intermediate section, such that the
openings of the separation wall between the first housing
section and the intermediate housing section and the openings
and the separation wall between the intermediate housing
section and the second housing section are connected by
respective conduits (e.g. tubes or ducts) such that the

airstream is guided through the intermediate housing section.
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According to a further exemplary embodiment, the housing
comprises a further air inlet, wherein the further air inlet
is coupled to the gas turbine such that a further airstream
is feedable into the gas turbine. Specifically, the further
air inlet is arranged within the second housing section. The
further airstream is used as working fluid for the gas
turbine. Hence, the further airstream is guided through a gas
turbine inlet and further through the combustion chamber of
the gas turbine and through the resgspective turbine sections

of the gas turbine.

The further airstream may be a ventilation and/or cooling air
flow to significantly supplement the airstream and this
provides enough air flow to cool a hot casing during
operation when power is being generated at normal or
operational loads and not only during or after engine
shutdown. The further airstream may also provide minimum air
flow velocities for dilution air in areas of the power

generation system where explosive mixtures could arise.

Resgpectively, according to a further exemplary embodiment,
the housing comprises a further air outlet, wherein the
further air outlet is coupled to the gas turbine, such that
an exhaust stream is exhaustable through the further air
outlet out of the housing. The further air outlet may be
formed as a respective opening in the second housing section.
The further air outlet is coupled to the turbine section of
the gas turbine such that the hot and expanded exhaust stream

is blown out of the housing.

According to a further exemplary embodiment, the alternator
comprises a cooling air inlet and a cooling air outlet. A
part of the airstream in the first housing section is
guidable through the cooling air inlet to an internal
component, such as the windings of the alternator, wherein
the part of the airstream is guidable through the cooling air
outlet after passing the internal component of the alternator

into the first housing section. Hence, a part of the air
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stream streams through the alternator and another part passes
the alternator and cools the external surfaces of the

alternator.

According to a further exemplary embodiment, the power
generation system comprises a filter device for filtering the
airstream, wherein the filtering device is arranged at the
housing section such that the airstream is guidable through
the filter device before being injected to the air inlet into

the first housing section.

According to a further exemplary embodiment, the filter
device may be arranged at the housing section in such a way,
that both, the airstream and the further airstream, are

filtered by the filtering device.

According to a further exemplary embodiment, the power
generation system comprises a silencer for reducing a noise
of the airstream when being exhausted through the air outlet.
The silencer is arranged at the housing such that the
airstream is guidable through the silencer after being
exhausted through the air outlet out of the second housing

section.

Summarizing, by the present invention, an airstream
(ventilation air) is routed through a housing (enclosure) of
a power generation system having an AC-generator and a gas
turbine. Approximately half of the airflow is routed into the
AC-generator machine for cooling internal components of the
AC-generator and then into a second housing section to which
the gas turbine is installed (gas turbine cell area). The
other half of the airflow flows externally and passes the AC-
generator and flows into the second housing section (the gas
turbine cell). The airflow is then combined in the gas
turbine cell area and exits the housing (enclosure) at an aft
end, e.g. above the gas turbine exhaust (further air outlet)
to the atmosphere. When being exhausted into the atmosphere,

the airflow passes a silencer and a fan, for example.
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It has to be noted that embodiments of the invention have
been described with reference to different subject matters.
In particular, some embodiments have been described with
reference to apparatus type claims whereas other embodiments
have been described with reference to method type claims.
However, a person skilled in the art will gather from the
above and the following description that, unless otherwise
notified, in addition to any combination of features
belonging to one type of subject matter also any combination
between features relating to different subject matters, in
particular between features of the apparatus type claims and
features of the method type claims is considered as to be

disclosed with this application.

Brief Description of the Drawings

The aspects defined above and further aspects of the present
invention are apparent from the examples of embodiment to be
described hereinafter and are explained with reference to the
examples of embodiment. The invention will be described in
more detail hereinafter with reference to examples of

embodiment but to which the invention i1s not limited.

Fig. 1 shows a schematical view of an exemplary embodiment of
the power generation system according to an exemplary

embodiment of the present invention;

Fig. 2 shows a perspective view of the exemplary embodiment

of the present invention shown in Fig. 1; and
Fig. 3 shows a perspective view of the power generation

system according to an exemplary embodiment of the present

invention.

Detailed Description
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The illustrations in the drawings are schematical. It is
noted that in different figures, similar or identical

elements are provided with the same reference signs.

Fig. 1 and Fig. 2 show a power generation system 100
according to an exemplary embodiment of the present
invention. The power generation system 100 comprises a
housing 108 comprising a first housing section I and a second
housing section II. An alternator 110 is arranged within the
first housing section I and a gas turbine 120 is arranged
within the second housing section II. The alternator 110 is
driven by the gas turbine 120. For example, the gas turbine
120 is located spaced apart from the alternator 110, wherein
a driving shaft 104 couples the gas turbine 120 with the
alternator 110. Hence, the mechanical power generated by the
gas turbine 120 is transferred to the alternator 110 for
generating electrical power. In a different embodiment there
may be an intermediate gearbox reducing the speed from the
gas turbine rotor to the speed required by the alternator,
typically one of 1500, 1800, 3000 or 3600 rpm.

The first housing section I comprises an air inlet 101
through which an airstream 102 is injectable into the first
housing section I such that the airstream 102 passes the
alternator 110 and cools the alternator 110. The first
housing section I is coupled to the second housing section II
such that the airstream 102 is feedable into the second
housing section II after the airstream 102 has passed the

alternator 110.

The second housing section II comprises an air outlet 103
through which the airstream 102 is exhaustable after passing

the gas turbine 120.

The housing comprises a framework at which casing plates may
be attached for forming inner volumes which are isolated from

the environment. Hence, the first housing section I has a
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first inner volume and the second housing section II has a
second volume, which are isolated from the environment.
Between the first housing section I and the second housing
section II, an intermediate housing section III is located.
Hence, the first housing section I and the second housing
section II is spaced apart from each other. The driving shaft
104 may be guided through the intermediate section III as

shown in Fig. 1 and 2.

A ventilation system may generate the airstream 102. The
ventilation system may be installed inside the housing 108
for sucking the airstream 102 into the housing 108 through
the air inlet 101 and for blowing the airstream out of the
housing 108 through the air outlet 103.

The airstream 102 may be filtered by a filter device 130.
After filtering the airstream by the filter device 130, the
airstream 102 flows through the air inlet 101. The air inlet
101 is formed to the first housing section I. After being
injected into the first housing section I, the airstream 102

may pass the alternator 110 for cooling purposes.

The alternator 110 may comprise a cooling air inlet 111 and a
cooling air outlet 112 through which a part 113 of the
airstream 102 may be guided such that internal components 114
of the alternator 110 may be cooled. The internal components
114 are for example the coils and windings of the alternator,
for example. At the air inlet 101, the airstream 102 may be
separated into a first airstream passing the alternator 110
and into a second airstream which is guided through the
respective cooling air inlet 111 and cooling air outlet 112.
The first airstream may be directly and separately from the
first airstream guided to the cooling air inlet 111, for
example. After the second airstream exits the cooling air
outlet 112 of the alternator 110, the second airstream leaves
the cooling air outlet 112 and is mixed again with the first

airstream which passes the alternator 110.
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Alternately, the airstream 102 may be injected into the inner
volume of the first housing section I and the airstream 102
may then flow from the inner volume to the cooling air inlet
111. Hence, the airstream 102 is not separated at the air

inlet 101 of the first housing section I.

As shown in Fig. 1, between the first housing section I, the
intermediate housing section IITI and the second housing
section II, respective, separating walls 109 are installed
into the housing. The respective separation walls 109 may
comprise respective openings through which the airstream 102
may flow from the first housing section I to the intermediate
housing section IITI into the second housing section II. Into
the openings in the separation walls 109, respective non-
return valves may be installed in order to prevent a backflow
of the airstream 102 from the gas turbine 120 in the

direction to the alternator 110.

The gas turbine 120 may comprise a combustion chamber 121 and
a turbine section 122, i.e. an exhaust and diffuser section.
The housing 108 and in particular the second housing section
IT comprise a further air inlet 105 through which a further
airstream 106 may be injected, wherein the further airstream
106 is directly guided into the combustion chamber 121 of the
gas turbine 120. The further airstream 106 may also be guided
through a further filter device 150 or through the filter
device 130 for the airstream 102. The further airstream 106
may be used for the working gas for the gas turbine 120.
After being combusted and expanded inside the turbine section
122, the further airstream 106 may be exhausted through a
further air outlet 107 which is formed into the second
housing section II. The further airstream 106 is separated
from the airstream 102. The airstream 102 is exhausted
through the air outlet 103.

To the air outlet 103, a fan 160 may be installed in order to
blow out the airflow 102 through the air outlet 103.
Additionally, a silencer 140 may be coupled to the air outlet
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102 in order to reduce the noise of the exhausted airstream
102.

In Fig. 2, similar elements and components of the power
generation system 100 as shown in Fig. 1 are illustrated in a
perspective view. In particular, as can be taken from Fig. 2,
the filter device 130 and the further filter device 150 may
be combined in one functional element. Furthermore, as can be
taken from Fig. 2, inside the intermediate housing section
ITI, a plurality of further auxiliary components, such as
cut-out switches, fuses and fire protection systems for the
power generation system 100 may be installed. The
intermediate gear box may be installed for example into the
intermediate housing section III. In the intermediate housing
ITI, the gear box may be coupled to the driving shaft 104.
Further components, such as an o0il cooler 201 for cooling the
0il from the gas turbine 120 may be installed at the roof of
the housing 108.

Fig. 3 shows the power generation system 100 of Fig. 2,
wherein in Fig. 3 an exterior view of the housing 108 is
illustrated. Several panels 301 are mounted to a respective
framework of the housing 108, such that the inner volumes of
the respective housing sections I, II and III are formed. The
panels 301 form the housing sections I, II and III which are
isolated from the environment. In Fig. 3, for sake of clarity
not all panels 301 of the housing 108 are indicated with a

respective reference sign.

It is noted that the term “gas turbine” is used also for the
complete “gas turbine engine” and not only a turbine section

of a gas turbine engine.

“Power generation system” is particularly considered to be a
power generation system including a gas turbine engine, which
drives an AC-generator, the latter also being part of the

power generation system. The gas turbine engine and the AC-
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generator typically will be connected via a shaft, directly

or via a gearbox.

It should be noted that the term “comprising” does not

W W

exclude other elements or steps and “a” or “an” does not
exclude a plurality. Also elements described in association
with different embodiments may be combined. It should also be
noted that reference signs in the claims should not be

construed as limiting the scope of the claims.
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CLAIMS

1. Power generation system (100), comprising

a housing (108) comprising a first housing section (I)
and a second housing section (II),

an alternator (110) arranged within the first housing
section (I),

a gas turbine (120) arranged within the second housing
section (II),
wherein the alternator (110) is drivable by the gas turbine
(120),
wherein the first housing section (I) comprises an air inlet
(101) through which an airstream (102) is injectable into the
first housing section (I) such that the airstream (102)
passes the alternator (110) and cools the alternator (110),
wherein the first housing section (I) is coupled to the
second housing section (II) such that the airstream (102) is
feedable into the second housing section (II) after the
airstream (102) has passed the alternator (110),
wherein the second housing section (II) comprises an air
outlet (103) through which the airstream (102) is exhaustable
after passing the gas turbine (120),

wherein the second housing section (II) comprises a
further air inlet (105), the further air inlet (105) is
coupled to the gas turbine (120) such that a further

airstream (106) is feedable into the gas turbine (120).

2. Power generation system (100) according to claim 1,
further comprising

a driving shaft arrangement (104) which couples the
alternator (110) with the gas turbine (120).

3. Power generation system (100) according to claim 2,
wherein the housing (108) comprises an intermediate
housing section (III) which is located between the first
housing section (I) and the second housing section (II),
wherein the airstream (102) is feedable into the intermediate

housing section (III) after the airstream (102) has passed
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the alternator (110) and is further feedable from the
intermediate housing section (III) into the second housing
section (II), and

wherein the driving shaft arrangement (104) extends from the
alternator (110) through the intermediate housing section
(ITI) to the gas turbine (120).

4. Power generation system (100) according to one of the
claims 1 to 3,

wherein the second housing section (II) comprises a further
air outlet (107),

wherein the further air outlet (107) is coupled to the gas
turbine (120) such that an exhaust stream is exhaustable
through the further air outlet (107) out of the housing
(108).

5. Power generation system (100) according to one of the
claims 1 to 4,

wherein the alternator (110) comprises a cooling air inlet
(111) and a cooling air outlet (112),

wherein a part (113) of the airstream (102) in the first
housing section (I) is guidable through the cooling air inlet
(111) to an internal component (114) of the alternator (110),
wherein the part (113) of the airstream (102) is guidable
through the cooling air outlet (112) after passing the
internal component (114) of the alternator (110) into the

first housing section (I).

6. Power generation system (100) according to one of the
claims 1 to 5, further comprising

a filter device (130) for filtering the airstream (102),
wherein the filter device (130) is arranged at the housing
(108) such that the airstream is guidable through the filter
device (130) before being injected through the air inlet
(101) into the first housing section (I).

7. Power generation system (100) according to one of the

claims 1 to 6, further comprising
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a silencer (140) for reducing a noise of the airstream
(102) when being exhausted through the air outlet (103),
wherein the silencer (140) is arranged at the housing (108)
such that the airstream is guidable through the silencer
(140) after being exhausted through the air outlet (103) out

of the second housing section (II).

3. Method of operating a power generation system (100)
comprising a housing (108) with a first housing section (I)
and a second housing section (II), an alternator (110)
arranged within the first housing section (I) and a gas
turbine (120) arranged within the second housing section
(I1),
the method comprising

driving the alternator (110) by the gas turbine (120),

injecting an airstream (102) through an air inlet (101)
into the first housing section (I) such that the airstream
(102) passes the alternator (110) and cools the alternator
(110),
wherein the first housing section (I) is coupled to the
second housing section (II) such that the airstream (102) is
feedable into the second housing section (II) after the
airstream (102) has passed the alternator (110),

exhausting the airstream (102) through an air outlet
(103) of the second housing section (II) after the airstream
(102) has passed the gas turbine (120).

9. Method of operating a power generation system (100) as
claimed in claim 8, the method comprising

feeding a further airstream (106) into the gas turbine
(120) via a further air inlet (105), the further air inlet
(105) is coupled to the gas turbine (120).
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