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(54) GAS ENGINE SYSTEM

(57)  Agas engine system includes: a gas engine; an % 6
electricity generator that generates electricity using rota- ‘ '
tional power of the gas engine; a turbocharger including
acompressor and a turbine; a charge air cooler that cools
charge air compressed by the compressor using cooling
water cooled with atmospheric air; and an intake air tem-
perature regulator that regulates a temperature of intake
air supplied to the compressor from an intake air intro-
ducer that draws in atmospheric air. The intake air tem-
perature regulator includes: exhaust heat recovery
equipment that recovers exhaust heat generated in the
gas engine; a temperature regulator that regulates the
temperature of the intake air using the recovered exhaust
heat; and a controller that controls the temperature reg-
ulator. The controller acquires a temperature of the
charge air supplied to the gas engine or a temperature
of combustion gas discharged from the gas engine and
controls the temperature of the intake air such that the
acquired temperature is a predetermined target temper-
ature.
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Description
Technical Field

[0001] The present invention relates to a gas engine
system that generates electricity using a gas engine.

Background Art

[0002] A gas engine system that generates electricity
using a gas engine includes a turbocharger that com-
presses air (intake air) to improve the efficiency of the
gas engine and increase the electricity generation effi-
ciency of the gas engine system. The air (charge air)
compressed by the compressor of the turbocharger has
a high temperature as a result of the compression. Thus,
the gas engine system includes a charge air cooler for
cooling the high-temperature charge air before supplying
the charge air to the gas engine.

[0003] In many cases, the charge air cooler is con-
structed of, for example, two coolers. The high-temper-
ature charge air leaving the turbocharger first passes
through a primary cooler to undergo primary cooling. The
cooling water used in the primary cooling is cooling water
that has cooled the gas engine and that has a relatively
high temperature. The charge air subjected to the primary
cooling in the primary cooler passes through the second-
ary cooler and is supplied to the gas engine. The sec-
ondary cooler is configured to cool the charge air using
cooling water supplied from an outdoor cooling water
supply device such as a cooling source or radiator which
is influenced by factors such as atmospheric temperature
and humidity. The charge air cooler controls the temper-
ature of the charge air supplied to the gas engine such
that the charge air has a suitable temperature, thus al-
lowing the charge air and the fuel to be premixed at a
nearly optimal air-fuel ratio. The air-fuel mixture with such
an air-fuel ratio is combusted in the gas engine, and this
results in the gas engine operating at around a maximum
efficiency point. The temperature and flow rate of the
cooling water of the secondary cooler are regulated such
that the charge air temperature t, at the outlet of the sec-
ondary cooler is a predetermined target temperature tg,.
[0004] The secondary cooler of the charge air cooler
cools the charge air at the outlet of the primary cooler
using cooling water supplied from the outdoor cooling
water supply device. The cooling water supplied from the
outdoor cooling water supply device to the charge air
cooler is strongly influenced by atmospheric conditions
(such as atmospheric temperature, relative temperature,
atmospheric pressure, solar heat, and wind velocity), and
thus the temperature of the cooling water varies depend-
ing on the atmospheric conditions. If the above gas en-
gine system is incorporated and used as it is in a geo-
graphical region where the climate is hot and humid
throughout the year, where the atmospheric conditions
are significantly different between summer and winter,
or where the atmospheric conditions significantly vary
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between day and night, the temperature of the charge
air cannot be controlled to the predetermined target tem-
perature t, because of variations in the temperature of
the cooling water of the secondary cooler. As such, the
charge air having a temperature higher than the target
temperature tg, is premixed with the fuel, and the result-
ing air-fuel mixture is combusted in the gas engine. In
this case, an air-fuel ratio that enables operation at a
maximum efficiency point cannot be achieved, and the
electricity generation efficiency is reduced.

[0005] In the context of gas engine systems as de-
scribed above, Patent Literatures 1 to 3 offer proposals
related to lowering the intake temperature (the inlet tem-
perature of the turbocharger) or cooling the high-temper-
ature charge air at the outlet of the turbocharger. Patent
Literature 1teaches employing an absorption refrigerator
that makes use of exhaust heat of the gas engine instead
of employing a charge air cooler as described above
which cools cooling water by means of atmospheric air.
Patent Literature 2 teaches evaporating liquefied fuel of
the gas engine by means of intake air supplied to the
turbocharger and cooling the intake air through heat ex-
change with the liquefied fuel. Patent Literature 3 teaches
evaporating liquefied fuel to cool cooling water for cooling
intake air.

Citation List
Patent Literature
[0006]

PTL 1: Japanese Laid-Open Patent Application Pub-
lication No. 2001-193563

PTL 2: Japanese Laid-Open Patent Application Pub-
lication No. 2014-80892

PTL 3: Japanese Laid-Open Patent Application Pub-
lication No. 2006-177213

Summary of Invention
Technical Problem

[0007] In the system of Patent Literature 1, a charge
air cooler that cools cooling water by means of atmos-
pheric air cannot be used as it is. Thus, major modifica-
tions need to be made to the design or specifications
according to the climatic conditions of the geographical
region in which the system is incorporated. In the system
of Patent Literature 2, the introduction path of the lique-
fied fuel and the introduction path of air need to intersect,
and this complicates the piping structure. Likewise, in the
system of Patent Literature 3, a pipe for cooling water
needs to be disposed between the introduction paths of
the liquefied fuel and air, and this complicates the piping
structure. Furthermore, in the system of Patent Literature
2, the temperature of the intake air introduced varies de-
pending on the atmospheric temperature as the intake
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air is directly cooled by means of heat of evaporation of
the liquefied fuel. In the system of Patent Literature 3,
the temperature of the intake air introduced varies de-
pending on the atmospheric temperature as the temper-
ature of the cooling water is controlled to be constant.
[0008] The problem of temperature variations of the
charge air supplied to the gas engine with changing at-
mospheric temperature could occur not only in the case
where the atmospheric temperature is high but also in
the case where the atmospheric temperature is low such
as when the gas engine system is incorporated in a ge-
ographical region with severe winter season. In the case
where the atmospheric temperature is low, the temper-
ature of the intake air taken from outdoor air is low, and
the compressor of the turbocharger could be inoperable
owing to the characteristics and mechanical limitations
of the compressor, such as the low-temperature resist-
ance and the intake air flow limit (e.g., surge) associated
with the stationary blade angle. This imposes the need
to install mechanical equipment for switching the intake
air source from outdoor air to indoor air or install indoor
air intake equipment that constantly supplies indoor air
to the gas engine throughout the year. Patent Literatures
1 to 3 give no suggestions regarding the case where the
atmospheric temperature is low. With the use of the gas
engine system as described above, the intake air source
may be changed from low-temperature outdoor air to rel-
atively high-temperature indoor air; however, the indoor
air temperature, although varying somewhat, is generally
high in summer and generally low in winter unless the
indoor air temperature is controlled by any means. Thus,
it depends on the indoor conditions whether the charge
air and fuel can be always premixed at a nearly optimal
air-fuel ratio by controlling the charge air temperature t,
to the target temperature tg, regardless of the atmos-
pheric conditions (indoor conditions). As such, the nearly
optimal air-fuel ratio can be attained only by chance, and
reliable air-fuel ratio control cannot be achieved.

[0009] The presentinvention has been made to solve
the above problems, and an object of the present inven-
tion is to provide a gas engine system capable of con-
trolling the temperature of charge air to achieve charge
air temperatures suitable for operation requirements of
various gas engines regardless of atmospheric condi-
tions.

Solution to Problem

[0010] A gas engine system according to one aspect
of the present invention includes: a gas engine; an elec-
tricity generator that generates electricity using rotational
power of the gas engine; a turbocharger including a com-
pressor that compresses charge air supplied to the gas
engine and a turbine that generates drive power from
combustion gas discharged from the gas engine; a
charge air cooler that cools the charge air compressed
by the compressor; and an intake air temperature regu-
lator that regulates a temperature of intake air supplied
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tothe compressor from an intake airintroducer that draws
in atmospheric air, wherein the intake air temperature
regulatorincludes: exhaust heatrecovery equipment that
recovers exhaust heat generated in the gas engine; a
temperature regulator that regulates the temperature of
the intake air using the recovered exhaust heat; and a
controller that controls the temperature regulator, and
the controller acquires a temperature of the charge air
supplied to the gas engine or a temperature of exhaust
gas discharged from the gas engine and controls the tem-
perature of the intake air such that the acquired temper-
ature is a predetermined target temperature.

[0011] In the above configuration, exhaust heat gen-
erated in the charge air cooler which cools the charge air
using cooling water cooled with atmospheric air is recov-
ered, and the temperature of the intake air supplied to
the compressor of the turbocharger is regulated using
the recovered exhaust heat. The regulation of the tem-
perature of the intake air is such that the temperature of
the charge air supplied to the gas engine or the temper-
ature of the exhaust gas discharged from the gas engine
is a predetermined target temperature. Thus, the tem-
perature of the charge air or exhaust gas can be control-
led to a temperature suitable for operation requirements
of the gas engine regardless of atmospheric conditions.
[0012] The temperature regulator may include a cool-
ing water cooler that cools cooling water for cooling of
the intake air using the exhaust heat recovered by the
exhaust heat recovery equipment.

[0013] In the above configuration, the intake air can,
before compression in the turbocharger, be cooled with
cooling water produced by the cooling water cooler using
the exhaust heat generated from the gas engine, and
thus the temperature of the charge air at the outlet of the
compressor can be decreased. As such, the charge air
temperature can be controlled to the target temperature
even in the case where the atmospheric temperature is
so high that the charge air cooler cannot by itself de-
crease the charge air temperature to the target temper-
ature.

[0014] The exhaust heat recovery equipment may re-
cover the exhaust heat in the form of hot water or steam,
and the temperature regulator may include: a cooling
pipe through which the cooling water coming from the
cooling water cooler is supplied to the intake air introduc-
er; a heating pipe through which the hot water coming
from the exhaust heat recovery equipment is supplied to
the intake air introducer to heat the intake air; and a pipe
switcher that switchably connects the cooling pipe or the
heating pipe to the intake air introducer.

[0015] In the above configuration, the intake air can,
before compression in the compressor of the turbocharg-
er, be cooled with cooling water cooled by the cooling
water cooler using the exhaust heat in the case where
the atmospheric temperature is so high that the charge
air cooler cannot by itself decrease the temperature of
the charge air to the target temperature. Furthermore, in
the case where the atmospheric temperature decreases
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below a minimum intake air temperature for the compres-
sor of the turbocharger, the intake air can, before com-
pression in the compressor of the turbocharger, be heat-
ed by supplying the exhaust heat recovered in the form
of hot water to the intake air introducer without using com-
plicated machinery switchable from introduction of out-
door air as the intake air to introduction of indoor air as
the intake air. Additionally, the cooling pipe through which
the cooling water flows or the heating pipe through which
the hot water flows can be switchably connected to the
intake air introducer. Thus, even in the case where the
gas engine system is installed in a geographical region
where the atmospheric temperature varies significantly
from season to season, there is no need to use elaborate
air intake equipment or change the way of intake air in-
troduction in a certain period. Even during a season or
period in which the atmospheric temperature is generally
low, the atmospheric temperature is never constant and
changes continually, and it is considerably difficult to
change the way of intake air introduction in response to
the continual changes.

[0016] The exhaust heat recovery equipment may re-
cover the exhaust heat in the form of hot water or steam,
and the cooling water cooler may be a hot water absorp-
tion chiller or steam absorption chiller that produces the
cooling water using the hot water or steam.

[0017] Inthe above configuration, the cooling water for
cooling the intake air can be easily produced using the
exhaust heat.

[0018] The exhaust heat recovery equipment may re-
cover the exhaust heat in the form of hot water, and the
temperature regulator may include a heating pipe
through which the hot water coming from the exhaust
heat recovery equipment is supplied to the intake air in-
troducer to heat the intake air.

[0019] In the above configuration, there is no need to
change the way of intake air introduction from outdoor
air introduction to indoor air introduction even in the case
where the atmospheric temperature and hence the intake
air temperature are low. That is, the intake air can be
heated by supplying the exhaust heat recovered in the
form of hot water to the intake air introducer before the
intake air flows into the compressor of the turbocharger.
In consequence, the temperature of the charge air can
be controlled to the target temperature by the charge air
cooler.

[0020] The controller may be switchable between afirst
control mode in which the target temperature setfor heat-
ing of the charge air is a first target temperature and a
second control mode in which the target temperature set
for heating of the charge air is a second target tempera-
ture higher than the first target temperature.

[0021] In the above configuration, during the second
control mode, the intake air temperature is controlled
such that the charge air temperature is adjusted to the
second target temperature higher than the first target
temperature in the first control mode. Thus, the combus-
tion gas temperature increases, and the exhaust gas
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temperature also increases. This leads to an increase in
the amount of exhaust heat flowing through an exhaust
gas path and hence an increase in the amount of heat
recovered in the exhaust gas path. Since the target tem-
perature of the charge air temperature is set to the second
target temperature higher than the first target tempera-
ture, the air-fuel ratio deviates from a nearly optimal air-
fuel ratio, and accordingly the electricity generation effi-
ciency is reduced. However, in terms of the total thermal
efficiency, the total thermal efficiency of the entire system
can be improved since the increase in the amount of re-
covered heat is greater than the increase in fuel heat
input associated with the reduction in electricity genera-
tion efficiency.

[0022] The chargeair cooler mayinclude: a firstcharge
air cooler disposed in a portion of a first cooling water
path for cooling of the gas engine, the portion being a
return path from the gas engine; and a second charge
air cooler disposed in a second cooling water path differ-
ent from the first cooling water path. The first charge air
cooler may be disposed upstream of the second charge
air cooler in a charge air path between the turbocharger
and the gas engine, and the exhaust heat recovery equip-
ment may be disposed downstream of the first charge
air cooler in the return path of the first cooling water path.
[0023] In the above configuration, the exhaust heat is
recovered in the return path of the first cooling water path
where the cooling water has an increased temperature.
Thus, the temperature of the intake air can be regulated
over a wider temperature range.

[0024] The chargeair cooler mayinclude: afirstcharge
air cooler disposed in a portion of a first cooling water
path for cooling of the gas engine, the portion being a
return path from the gas engine; and a second charge
air cooler disposed in a second cooling water path differ-
ent from the first cooling water path. The first charge air
cooler may be disposed upstream of the second charge
air cooler in a charge air path between the turbocharger
and the gas engine, and the exhaust heat recovery equip-
ment may be disposed downstream of the second charge
air cooler in the second cooling water path.

[0025] In the above configuration, the charge air is
cooled by the first charge air cooler disposed upstream
of the second charge air cooler in the charge air path,
and thus the charge air temperature at the inlet of the
second charge air cooler can be decreased beforehand.
As such, while low-temperature exhaust heat recovered
from the second charge air cooler is used to regulate the
intake air temperature, high-temperature exhaust heat
recovered from the first charge air cooler can be used
for another purpose. This leads to more efficient reuse
of exhaust heat.

[0026] The chargeair cooler mayinclude: a firstcharge
air cooler disposed in a charge air path between the tur-
bocharger and the gas engine; a second charge air cooler
disposed downstream of the first charge air cooler in the
charge air path; a charge air cooling water path through
which cooling water is supplied to each of the first and
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second charge air coolers; and a gas engine cooling path
disposed separately from the charge air cooling water
path to cool the gas engine, and the exhaust heat recov-
ery equipment may be disposed downstream of the gas
engine in the gas engine cooling path.

[0027] In the above configuration, the charge air cool-
ing water path for cooling the charge air and the gas
engine cooling path for cooling the gas engine are sep-
arate from each other. Thus, the charge air temperature
can be controlled to the target temperature even in the
event that the charge air temperature at the outlet of the
turbocharger is lower than in the case where the first
charge air cooler is disposed downstream of the gas en-
gine in the gas engine cooling path. As such, the charge
air temperature can be regulated over a wider tempera-
ture range by the first and second charge air coolers.
[0028] Compressor blades of the turbocharger may
have a high-efficiency design optimized for a predeter-
mined temperature range defined based on the target
temperature set for the temperature of the charge air.
Turbine blades of the turbocharger may have a high-ef-
ficiency design optimized for a predetermined tempera-
ture range defined based on the target temperature set
for the temperature of the combustion gas.

[0029] In the above configuration, the control of the
temperature of the intake air allows the temperature of
the charge air to be maintained at the target temperature
regardless of the atmospheric temperature, and this can
ensure that the temperature of the intake air at the inlet
of the turbocharger is also maintained in a given range.
Thus, the design of the compressor blades of the turbo-
charger, which is conventionally designed to operate
over a wide temperature range as in the case of intro-
ducing outdoor air as the intake air, can be made suitable
for the given range in which the temperature of the intake
air is maintained. This can increase the efficiency of the
adiabatic compression in the compressor of the turbo-
charger. Additionally, in the above configuration, the
charge air temperature can be stabilized, and thus the
combustion state in the gas engine is stabilized, so that
the temperature of the combustion gas discharged from
the gas engine is also stabilized. Thus, the design of the
turbine blades of the turbocharger, which is convention-
ally designed to operate over a wide temperature range,
can be made suitable for the combustion gas tempera-
ture. This leads to high efficiency of the turbine of the
turbocharger, resulting in high efficiency of the gas en-
gine.

[0030] The controller may acquire a given parameter
indicating a property of fuel gas supplied to the gas en-
gine and set the targettemperature according to the given
parameter.

[0031] In the above configuration, the gas engine can
be operated at a maximum efficiency point since the
charge air temperature is controlled to the target temper-
ature suitable for the property of the fuel gas.
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Advantageous Effects of Invention

[0032] According to the present invention, the temper-
ature of charge air can be controlled to achieve charge
air temperatures suitable for operation requirements of
various gas engines regardless of atmospheric condi-
tions.

Brief Description of Drawings
[0033]

FIG. 1 is a block diagram showing a schematic con-
figuration of a gas engine system according to Em-
bodiment 1 of the present invention.

FIG. 2 is a schematic graph showing the relation-
ships of the intake air temperature and charge air
temperature with the atmospheric temperature dur-
ing control of Embodiment 1.

FIG. 3 is a graph showing an example of the rela-
tionship of the target temperature of the charge air
temperature with the methane number of the fuel
gas.

FIG. 4 is a graph showing an example of the rela-
tionship of the target temperature of the charge air
temperature with the calorie of the fuel gas.

FIG. 5 is a block diagram showing a schematic con-
figuration of a gas engine system according to Var-
iant 1 of Embodiment 1 of the present invention.
FIG. 6 is a block diagram showing a schematic con-
figuration of a gas engine system according to Var-
iant 2 of Embodiment 1 of the present invention.
FIG. 7 is a block diagram showing a schematic con-
figuration of a gas engine system according to Var-
iant 3 of Embodiment 1 of the present invention.
FIG. 8 is a block diagram showing a schematic con-
figuration of a gas engine system according to Em-
bodiment 2 of the present invention.

FIG. 9 is a graph showing examples of the relation-
ships of the target charge air temperatures with the
methane number of the fuel gas in different priority
modes.

FIG. 10 is a graph showing examples of the relation-
ships of the target charge air temperatures with the
calorie of the fuel gas in the different priority modes.
FIG. 11 is a schematic graph showing the relation-
ships of the intake air temperature and charge air
temperature with the atmospheric temperature dur-
ing control of Embodiment 2.

FIG. 12is ablock diagram showing a schematic con-
figuration of a gas engine system according to Em-
bodiment 3 of the present invention.

FIG. 13 is ablock diagram showing a schematic con-
figuration of a gas engine system according to Var-
iant 1 of Embodiment 3 of the present invention.
FIG. 14 is a block diagram showing a schematic con-
figuration of a gas engine system 1E according to
Variant 2 of Embodiment 3 of the present invention.
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Description of Embodiments

[0034] Hereinafter, embodiments will be described
with reference to the drawings. The elements identical
to one another or having the same function are denoted
by the same reference signs throughout the drawings
and will not be described repeatedly.

[Embodiment 1]

[0035] The following describes an embodiment of the
present invention. FIG. 1 is a block diagram showing a
schematic configuration of a gas engine system 1 ac-
cording to Embodiment 1 of the present invention. The
gas engine system 1 of the present embodimentincludes
agas engine 2, an electricity generator 3, a turbocharger
4, a charge air cooler 5, and an intake air temperature
regulator 6.

[0036] In the gas engine 2, fuel gas is supplied into a
non-illustrated cylinder through a non-illustrated fuel
pipe, and charge air is supplied into the cylinder through
a charge air path 7. An air-fuel mixture made up of the
fuel gas and charge air is compressed, combusted, and
expanded in the cylinder, and along with this cycle the
cylinder is reciprocated to produce drive power. The gas
engine 2 includes not a single cylinder but two or more
cylinders. The cylinders are coupled through one shaft
such that asynchronous reciprocation of the cylinders is
converted into rotation. The fuel gas supplied to the gas
engine 2 is, for example, natural gas. The electricity gen-
erator 3 is connected to the gas engine 2 and configured
to generate electricity using the rotational power of the
gas engine 2.

[0037] The turbocharger 4 draws, from outside, intake
air to be supplied to the gas engine 2, compresses the
intake air to a pressure required in the gas engine 2 by
using a compressor 10, and supplies the high-pressure
air as charge air to the cylinders of the gas engine 2. The
combustion gas discharged from the gas engine 2 is ex-
panded by a turbine 11, and the resulting power is used
to rotate the compressor 10. The compressor 10 and
turbine 11 are connected by a rotating shaft 9 to enable
the power transmission. The compressor 10 includes
compressor blades mounted at a blade angle suitable
for the operation requirements of the gas engine 2 used.
[0038] An intake air introducer 8 may be configured to
introduce atmospheric air outside a building (outdoor air)
or air inside the building (indoor air). The intake air intro-
ducer 8 may be configured to switch between taking in
the outdoor air directly and using the indoor air per se as
intake air depending on the outdoor air temperature.
[0039] The intake air compressed by the compressor
10 is supplied as the charge air to the gas engine 2
through the charge air path 7. The term "intake air" as
used herein refers to the air introduced from the intake
air introducer 8 into the turbocharger 4, and the term
"charge air" as used herein refers to the air flowing from
the outlet of the compressor 10 of the turbocharger 4 and
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supplied to the gas engine 2.

[0040] The combustion in the gas engine 2 produces
drive power, and the high-temperature combustion gas
discharged from the gas engine 2 flows into the turbine
11 of the turbocharger 4 through a discharge path 12.
The turbine 11 includes turbine blades. The turbine 11
expands the high-temperature combustion gas flowing
into the turbine 11, thereby producing drive power. The
drive power is transmitted to the compressor 10 through
the rotating shaft 9, and thus the compressor 10 is rotat-
ed. The exhaust gas discharged from the turbine 11 is
directed to a chimney 13 through an exhaust gas path
43 and discharged to the atmosphere from the chimney
13.

[0041] Exhaust heat recovery equipment 45 that re-
covers exhaust heat of the exhaust gas may be disposed
in the exhaust gas path 43. The exhaust gas coming out
of the gas engine 2 and passing through the turbine 11
has a high temperature, and the exhaust heat can be
recovered in the form of steam or hot water and used in
other applications, including building heating, district
heating, and a heat source of cooling water-producing
equipment such as a chiller. The exhaust heat recovery
equipment 45 recovers the exhaust heat of the exhaust
gas in the form of steam or hot water.

[0042] The charge air cooler 5 is configured to cool the
charge air compressed by the compressor 10 of the tur-
bocharger 4 using the following two types of cooling wa-
ter: high-temperature cooling water used to cool the gas
engine 2 and having a relatively high temperature; and
low-temperature cooling water supplied from equipment
that performs cooling water production by dissipating
heat to the atmosphere and having a relatively low tem-
perature. In the presentembodiment, the charge air cool-
er 5 includes a first charge air cooler 14 and a second
charge air cooler 15. The first charge air cooler 14 is
disposed upstream of the second charge air cooler 15 in
the charge air path 7 between the turbocharger 4 and
the gas engine 2.

[0043] Thus, the charge air temperature resulting from
cooling by the first charge air cooler 14 is higher than the
charge air temperature resulting from cooling by the sec-
ond charge air cooler 15. As such, the first cooling water
having passed through the first charge air cooler 14 has
a higher temperature than the second cooling water hav-
ing passed through the second charge air cooler 15. In
other words, the first cooling water supplied to the first
charge air cooler 14 may have a higher temperature than
the second cooling water supplied to the second charge
air cooler 15.

[0044] Thus, the first charge air cooler 14 is disposed
in a portion of a first cooling water path 16 for cooling of
the gas engine 2, the portion being a return path from
the gas engine 2. That is, the first charge air cooler 14
cools the charge air using the first cooling water having
cooled the gas engine 2. The second charge air cooler
15 is disposed in a second cooling water path 17 different
from the first cooling water path 16 for cooling of the gas
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engine 2. This configuration ensures a cooling scheme
by which the high-temperature charge air at the outlet of
the compressor 10 of the turbocharger 4 can be cooled
to a charge air temperature suitable for supply to the gas
engine.

[0045] The charge air cooler 5 includes a cooling
source 18. For example, the cooling source 18 is config-
ured as a cooling tower or radiator that performs cooling
using heat of evaporation. The cooling source 18 is con-
nected to the second cooling water path 17 and cools
the second cooling water flowing through the second
cooling water path 17 by means of atmospheric air. A
pump 19 for circulation of the second cooling water is
disposed in a feed path of the second cooling water path
17 that leads from the cooling source 18 to the second
charge air cooler 15.

[0046] Aheatexchanger20isdisposed inareturn path
of the second cooling water path 17 that leads from the
second charge air cooler 15 to the cooling source 18.
The heat exchanger 20 effects heat exchange with the
first cooling water path 16 to cool the first cooling water.
In the case where not all of exhaust heat carried by the
first cooling water is recovered by exhaust heat recovery
equipment 44 described later or where exhaust heat re-
mains unrecovered in the first cooling water, the heat
exchanger 20 allows the remaining heat to be dissipated
to the atmosphere from the cooling source 18 through
heat exchange with the second cooling water. Although
not shown, a heat exchanger that effects heat exchange
with a lubrication path through which a lubricating oil for
the gas engine 2 flows may be disposed between the
second charge air cooler 15 and heat exchanger 20 in
the second cooling water path 17 to cool the lubricating
oil.

[0047] Athree-way valve 21 may be disposed between
the feed and return paths in the second cooling water
path 17 to reintroduce part of the second cooling water
from the return path into the feed path. The amount of
the second cooling water reintroduced is regulated by
the three-way valve 21, and thus the temperature of the
second cooling water (the cooling temperature of the sec-
ond charge air cooler 15) is regulated. That is, the three-
way valve 21 serves to stabilize the temperature of the
second cooling water supplied to the second charge air
cooler 15. The temperature t,,, of the second cooling wa-
ter supplied from the cooling source 18, which would de-
crease in the case where the atmospheric temperature
is low, is maintained at a specified temperature by the
three-way valve 21. A three-way valve 52 is disposed
downstream of the three-way valve 21 in the second cool-
ing water path 17. The three-way valve 52 controls the
amount of the second cooling water flowing into the sec-
ond charge air cooler 15 and thus controls the charge air
temperature t,. In the case where the atmospheric tem-
perature or humidity is high, the temperature t, of the
second cooling water supplied from the cooling source
18 is equal to or higher than the specified temperature;
thus, the control function of the three-way valve 52 is
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disabled to allow all of the second cooling water having
a temperature higher than the specified temperature to
flow into the second charge air cooler 15.

[0048] As described above, the first cooling water flow-
ing through the first charge air cooler 14 is finally condi-
tioned to a temperature required for engine cooling as a
result of heat exchange with the heat exchanger 20 and
control by a three-way valve 23 of the rate of flow into
the heat exchanger 20. Thus, all of extra exhaust heat
carried by the first cooling water having cooled the charge
air in the first charge air cooler 14, or that portion of the
extra exhaust heat which remains after heat recovery, is
dissipated to the atmosphere from the cooling source 18
indirectly through the second cooling water path 17. A
pump 22 for circulation of the first cooling water is dis-
posed in a feed path of the first cooling water path 16
that leads from the heat exchanger 20 to the gas engine
2. A three-way valve 51 is disposed between the feed
and return paths in the first cooling water path 16 to re-
introduce part of the first cooling water from the return
path into the feed path. The three-way valve 51 controls
the flow rate of the first cooling water flowing into the
exhaust heat recovery equipment 44 described later, and
thus controls the amount of exhaust heat recovered by
the exhaust heat recovery equipment 44.

[0049] A charge air temperature detection sensor 24
that detects the temperature (charge air temperature) t,
of the charge air supplied to the gas engine 2 is disposed
downstream of the second charge air cooler 15 in the
charge airpath 7. Anon-illustrated controller of the charge
air cooler 5 controls the opening degree of the three-way
valve 52 such that the charge air temperature t, detected
by the charge air temperature detection sensor 24 is a
predetermined target temperature tg,.

[0050] As described above, the charge air cooler 5 car-
ries out control for adjusting the charge air temperature
t, to the target temperature tg,. However, since the cool-
ing water is cooled with atmospheric air, the degree of
cooling depends on the atmospheric temperature or rel-
ative humidity, and this makes it almost impossible to
cool the cooling water below the atmospheric tempera-
ture. In regard to increasing the charge air temperature
t,, the charge air temperature t, can be increased by
using the three-way valve 52 to control the amount of the
cooling water flowing into the second charge air cooler
15. However, there is generally an upper limit of the
charge air temperature t, because of design constraints
on the heat exchangers and limitations to the control
range of the three-way valve 52. As for decreasing the
charge air temperature t,, the charge air temperature t,
is difficult to decrease in the case where the temperature
t.w Of the cooling water supplied from the cooling source
18 is high, even if the three-way valve 52 is bypassed to
allow all of the second cooling water to flow into the sec-
ond charge air cooler 15.

[0051] To address the above issues, the gas engine
system 1 of the present embodiment includes the intake
air temperature regulator 6 that regulates the tempera-
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ture (intake air temperature) t; of intake air supplied to
the turbocharger 4 from the intake air introducer 8 that
draws in atmospheric air. The intake air temperature reg-
ulator 6 includes exhaust heat recovery equipment 44, a
temperature regulator 25, and a controller 26.

[0052] The exhaust heat recovery equipment 44 re-
covers exhaust heat generated in the gas engine 2 and
first charge air cooler 14 in the form of hot water. The
exhaust heat recovery equipment 44 is disposed down-
stream of the first charge air cooler 14 in the return path
of the first cooling water path 16. The exhaust heat re-
covery equipment 44 is configured as a heat exchanger,
and effects heat exchange with the first cooling water to
recover the exhaust heat in the form of hot water. For
example, in the case where the intake air is cooled as in
the present embodiment, the three-way valve 51 is reg-
ulated to allow all of the first cooling water to flow into the
exhaust heat recovery equipment 44.

[0053] The temperature regulator 25 regulates the in-
take air temperature t; using the exhaust heat recovered
by the exhaust heat recovery equipment 44. The tem-
perature regulator 25 includes: a cooling water cooler 27
that cools cooling water (intake air cooling water) for cool-
ing of the intake air using the exhaust heat recovered by
the exhaust heat recovery equipment 44; and a cooling
pipe 28 through which the cooling water coming from the
cooling water cooler 27 is supplied to the intake air intro-
ducer 8. The cooling water cooler 27 is configured as a
hot water absorption chiller that cools the cooling water
using the hot water resulting from heat recovery by the
exhaust heat recovery equipment 44.

[0054] The cooling water cooler 27 cools the intake air
cooling water flowing through the cooling pipe 28 by
means of evaporation heat resulting from evaporation of
a first refrigerant (not shown) circulating in the cooling
water cooler. The first refrigerant evaporated into water
vapor is absorbed into a second refrigerant (not shown)
such as lithium bromide. The second refrigerant diluted
as a result of absorption of the first refrigerant is heated
with exhaust heat recovered by the exhaust heat recov-
ery equipment44 and restored to the pre-absorption con-
centration. Water vapor generated from the second re-
frigerant as a result of heating of the second refrigerant
is cooled, for example, by a cooling source (not shown)
and condensed into the first refrigerant in a liquid form.
With the use of the hot water absorption chiller as de-
scribed above, the cooling water for cooling of the intake
air can be easily cooled by means of exhaust heat-re-
covering hot water regardless of the atmospheric tem-
perature. In a hot water flow pipe 46 between the exhaust
heat recovery equipment 44 and cooling water cooler 27
there is a circulation pump disposed at a suitable location
for hot water circulation, although this pump is omitted in
FIG. 1.

[0055] The cooling water cooler 27 may be configured
as a steam absorption chiller rather than as the hot water
absorption chiller as described above. In this case, the
exhaust heat recovery equipment 45 disposed in the ex-
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haust gas path 43 is used as exhaust heat recovery
equipment for cooling the intake air, and the cooling water
cooler 27 produces cold water using steam resulting from
heat recovery by the exhaust heat recovery equipment
45. In this case, the heat exchanger 44 need not be used
to cool the intake air cooling water. Hot water resulting
from heat recovery by the heat exchanger 44 may be
used, for example, as a heat source for district heating.
[0056] The cooling pipe 28, through which the intake
air cooling water flows, is connected to a heat exchanger
30 disposed in an intake air path 29 through which the
intake airintroduced from the intake airintroducer 8 flows.
The heat exchanger 30 allows the intake air cooling water
flowing through the cooling pipe 28 to exchange heat with
the intake air flowing through the intake air path 29, there-
by cooling the intake air. In the cooling pipe 28 there is
a circulation pump disposed at a suitable location for cir-
culation of the intake air cooling water, although this
pump is omitted in FIG. 1.

[0057] Inthe cooling pipe 28, a three-way valve 31 that
regulates the flow rate of the intake air cooling water flow-
ing into the heat exchanger 30 may be disposed between
the feed path leading from the cooling water cooler 27 to
the heat exchanger 30 and the return path leading from
the heat exchanger 30 to the cooling water cooler 27.
The temperature of the intake air cooling water (the tem-
perature of the intake air introduced from the intake air
introducer 8) is regulated by using the three-way valve
31 to allow part of the intake air cooling water to flow from
the feed path into the return path. That is, the three-way
valve 31 functions as a temperature regulating compo-
nent of the temperature regulator 25.

[0058] The three-way valve 31 as described above
need not be disposed, and all of the cooling water coming
from the cooling water cooler 27 may be supplied to the
heat exchanger 30. In this case, one way of regulating
the intake air temperature t; may be to control the tem-
perature of the cooling water supplied from the cooling
water cooler 27 to the heat exchanger 30 and thus indi-
rectly control the amount of heat exchange in the heat
exchanger 30.

[0059] The controller 26 controls the temperature reg-
ulator 25. Although not shown, the controller 26 is con-
figured, for example, by a computer such as a microcon-
troller, a memory (storage), and/or electronic circuitry.
An intake air temperature detection sensor 32 that de-
tects the temperature t; (hereinafter referred to as "intake
air temperature") of the intake air supplied to the turbo-
charger 4 is disposed in the intake air path 29 (between
the heat exchanger 30 and the turbocharger 4). The con-
troller 26 acquires the intake air temperature t; from the
intake air temperature detection sensor 32 and acquires,
from the charge air temperature detection sensor 24, the
temperature t, (hereinafter referred to as "charge air tem-
perature") of the charge air supplied to the gas engine 2.
[0060] The controller 26 controls the intake air temper-
ature t; such that the charge air temperature t, is a pre-
determined target temperature tg,. For example, the stor-
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age stores data of the intake air temperature t; for con-
trolling the charge air temperature t, to the target tem-
perature ty, (data of the target temperature tg4 of the in-
take air temperature t; that is associated with the target
temperature ty, of the charge air temperature t,). Such
data is determined based on factors such as the perform-
ances of the turbocharger 4 and charge air cooler 5.
[0061] Upon acquiring the charge air temperature t,,
the controller 26 retrieves the data of the intake air tem-
perature t; for controlling the temperature t, to the target
temperature t,, and, based on the retrieved data, gen-
erates an opening degree command value indicating the
opening degree to which the three-way valve 31 should
be controlled in order to adjust the intake air temperature
ty to the target temperature tg4. The controller 26 trans-
mits a control signal S1 containing the generated opening
degree command value to the three-way valve 31, there-
by controlling the opening degree of the three-way valve
31. In this manner, the temperature of the intake air cool-
ing water flowing through the heat exchanger 30 which
effects heat exchange with the intake air is controlled
(feedforward control and feedback control) such that the
intake air temperature t, is adjusted to the target temper-
ature tgy.

[0062] In the above configuration, the temperature t,
of the intake air supplied to the turbocharger 4 is regu-
lated using exhaust heat generated in the gas engine 2
which is cooled using cooling water cooled with atmos-
pheric air. The regulation of the intake air temperature t,
is such that the temperature t, of the charge air supplied
to the gas engine 2 is the predetermined target temper-
ature ty,. Thus, the charge air temperature t, can be con-
trolled to the target temperature t, regardless of atmos-
pheric conditions.

[0063] In particular, in the present embodiment, the
temperature regulator 25 includes the cooling water cool-
er 27 for cooling the intake air. Thus, even in the case
where the atmospheric temperature is so high that the
charge air cooler 5 cannot by itself decrease the charge
air temperature t, to the target temperature tg,, the
charge air temperature t, can be lowered to the target
temperature tg, since the intake air can be cooled be-
forehand with cooling water cooled by the cooling water
cooler 27 using exhaust heat.

[0064] FIG. 2 shows a schematic graph showing the
relationships of the intake air temperature and charge air
temperature with the atmospheric temperature during the
control of Embodiment 1. The atmospheric temperature
in the graph of FIG. 2 is an example of average monthly
temperatures during one year in a geographical region
in which the gas engine system 1 is installed. The above-
described control for cooling the intake air is not per-
formed in winter (period in which the atmospheric tem-
perature is lower than a reference temperature t.; and
equal to or higher than a minimum intake air temperature
t1min for the turbocharger 4). During such a period, the
charge air temperature t, is maintained at the target tem-
perature ty, by the charge air cooler 5.
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[0065] In summer, during which the atmospheric tem-
perature is high, the intake air temperature in the turbo-
charger 4 increases, and accordingly the temperature of
the compressed charge air at the outlet of the turbocharg-
er4 (compressor 10)increases. Furthermore, the second
cooling water temperature influenced by the atmospheric
conditions also increases, so that the charge air temper-
ature t, cannot be maintained at the target temperature
tso by the charge air cooler 5 alone. Thus, without the
control for cooling the intake air, the charge air temper-
ature would increase as indicated by the dashed line in
the graph of FIG. 2. To prevent this temperature increase,
the intake air temperature regulator 6 carries out the con-
trol for cooling the intake air in the event that the second
cooling water temperature t,, increases and accordingly
the charge air temperature t, exceeds the target temper-
aturety,. Thanks to this control, the intake air temperature
t, is maintained at the reference temperature t., regard-
less of the atmospheric temperature, and the charge air
temperaturet, is maintained at the target temperature t,.
[0066] Once the temperature of the charge air passing
through the second charge air cooler 15 is sufficiently
decreased in consequence of the intake air cooling, the
charge air temperature t, can be regulated to the target
temperature tg, by using the three-way valve 52 even in
the case where the second cooling water temperature
t.w is above the reference temperature. In this case, con-
trol may be performed which further decreases the intake
air temperature t; by allowing all of the cooling water
supplied from the cooling water cooler 27 to flow into the
heat exchanger 30.

[0067] Additionally, in the above configuration, the ex-
haust heat is recovered in the return path of the first cool-
ing water path 16, so thatthe temperature of the hot water
resulting from heat exchange is higher than otherwise.
This allows the cooling water cooler 27 to produce cooling
water more efficiently and thus the intake air temperature
ty to be regulated over a wider temperature range.
[0068] Additionally, in the above configuration, the
control of the intake air temperature t; allows the charge
air temperature t, to be maintained at the target temper-
ature ty, without being affected by the atmospheric tem-
perature, and this can ensure that the intake air temper-
ature t; is also maintained in a given range. By cooling
the intake air subject to the influence of the atmospheric
temperature which changes significantly, the range of
variations in the intake air temperature t; can be nar-
rowed. Thus, the volume flow rate of the required intake
aircompressed by the compressor 10 of the turbocharger
4 can be reduced while the weight flow rate of the intake
air compressed by the compressor 10 remains the same.
This makes it possible for the permissible range of the
intake air temperature t; in the turbocharger 4 to be con-
siderably narrower than in the case where the atmos-
pheric air is directly drawn into the turbocharger 4. As
such, the design of the compressor blades and their
mounting angle (including the choice of the number of
the compressor blades) of the turbocharger 4, which is
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conventionally a general-purpose turbocharger de-
signed to compress the required intake air over a wide
range of intake air temperatures, can be specialized for
the narrowed permissible range of variations in the intake
air temperature t,. This can increase the efficiency of the
adiabatic compression in the compressor 10 of the tur-
bocharger 4.

[0069] Additionally, in the above configuration, the
charge air temperature t, is stabilized at the target tem-
perature ty, regardless of the atmospheric temperature,
and accordingly the mixing ratio of the charge air and the
fuel is also stabilized. In consequence, the combustion
in the gas engine 2 takes place in an optimal state. Thus,
the temperature t; of the combustion gas discharged from
the gas engine 2 is also stabilized, and the range of var-
iations in the combustion gas temperature t5 is narrower
than in the case where the charge air temperature t, var-
ies significantly with changing atmospheric temperature.
As such, the turbocharger 4 can be designed differently
from a conventional general-purpose turbocharger which
is designed, with the emphasis on versatility, to expand
combustion gas with a wide range of high temperatures
and produce drive power. Specifically, the design of the
turbine blades (including the choice of the number of the
turbine blades) of the turbocharger 4 can be specialized
for the range of the combustion gas temperature t5 and
the range of maximum efficiency operation that are nar-
rower than in the case where the general-purpose turbo-
charger is used. This can increase the efficiency of the
turbine 11 of the turbocharger 4 in a normal operation
range. The increased efficiency of the turbine 11 of the
turbocharger 4 can lead to improved performance of the
gas engine 2.

[0070] Inthe presentembodiment, on-off valves 33 are
disposed in the cooling pipe 28. Additionally, on-off
valves 34 are disposed in a pipe between the exhaust
heat recovery equipment 44 and the cooling water cooler
27. The on-off valves 33 and 34 are closed to block the
flow of the fluid (such as cooling water) through the pipes
in the case where cooling of the intake air is not needed.
[0071] Consideration will be given to an example in
which the gas engine system 1 is installed in a geograph-
ical region where in winter, the charge air temperature t,
can be maintained at the target temperature t; only by
charge air cooling performed by the charge air cooler 5
using atmospheric air, while cooling of the intake air is
needed in summer since the charge air temperature t,
cannot be maintained at the target temperature tg, only
by the cooling performed by the charge air cooler 5. In
this case, the on-off valves 33 and 34 are opened to per-
mit the flow of the fluid in summer, while in winter, the
on-off valves 33 and 34 are closed to block the flow of
the fluid. Thus, in winter, extra exhaust heat can be re-
covered by the exhaust heat recovery equipment 44 and
used for another purpose such as building heating. The
pipe through which hot water resulting from heatrecovery
by the exhaust heat recovery equipment 44 is delivered
to an external entity is omitted in FIG. 1.
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[0072] The controller 26 is configured to transmit, to
the on-off valves 33 and 34, switch signals S2 for opening
and closing the on-off valves 33 and 34. The switch sig-
nals S2 may be generated based on inputs provided by
the operator. Alternatively, the controller 26 may auto-
matically generate the switch signals S2 based on the
set period. Alternatively, the controller 26 may acquire
the outdoor air temperature and automatically generate
the switch signals S2 based on the acquired outdoor air
temperature.

[0073] The controller 26 need not control the opening
and closing of the on-off valves 33 and 34, and a facility
operator may directly open or close the on-off valves 33
and 34. The on-off valves 33 and 34 need not be used,
for example, in the case where intake air cooling is per-
formed throughout the year.

[0074] The targettemperature ty, of the charge airtem-
perature t, may be set to different values depending on
the properties (such as the methane number Fy;\ and
calorie Fp) ) of the fuel gas. FIG. 3 is a graph showing
an example of the relationship of the target temperature
tso of the charge air temperature t, with the methane
number Fy, of the fuel gas. In FIG. 3, the magnitude
relationship of the values of the methane number Fyy is
as follows: Fyno < Fung < -+ < Funs- As shown in FIG.
3, the targettemperature ty, of the charge air temperature
T, is set higher as the methane number Fy, of the fuel
gas increases. In the example of FIG. 3, the range of the
methane number F\,\ is divided into a plurality of levels
(five levels), and different target temperatures t;,_jto tso_ 4
are set for the different levels. The range of the methane
number Fy,y may be divided into a greater number of
levels, and different target temperatures t;, may be set
for the greater number of levels. The range of the meth-
ane number Fy,y may be divided into a smaller number
of levels, and different target temperatures t;, may be
set for the smaller number of levels. In the example of
FIG. 3, the levels of the methane number F,\ are defined
at regular intervals. The levels of the methane number
Fyn may be defined atany intervals (at varying intervals).
[0075] InFIG. 3, the methane numberrange from Fy,y
to Fyns is @ range over which the gas engine 2 can op-
erate at rated output. For control of the intake air tem-
perature t; in the example of FIG. 3, the methane number
range over which the gas engine 2 can operate at rated
output is divided into four levels (Fy;yq to Fyno: firstlevel,
Fune to Fyna: second level, Fyns to Fyna: third level,
Funa to Fyns: fourth level), and target temperatures tg,_4
to ts,_4 are set for the four levels, respectively. The meth-
ane number Fy;yg is the minimum methane number for
use as the fuel of the gas engine 2. The methane number
range from Fy\o to Fyyng (zeroth level) is a range over
which the gas engine 2 can operate at reduced output.
The intake air temperature t; may be controlled also dur-
ing the operation of the gas engine 2 at reduced output.
In this case, the target temperature of the charge air tem-
perature t, is set to ty, . In the methane number range
above Fyns, the gas engine 2 is inoperable due to an
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extremely low calorie of the fuel gas. The methane
number Fy, is calculated at given times from gas com-
position-related parameters of the fuel gas.

[0076] FIG. 4 is a graph showing an example of the
relationship of the target temperature ty,’ of the charge
air temperature t, with the calorie F,, of the fuel gas.
In FIG. 4, the magnitude relationship of the values of the
calorie Fp of the fuel gas is as follows: Fop g < Feary
<...<FcaLs- The methane number Fy;\ and calorie Fcp
of the fuel gas are correlated with each other to a certain
extent. That is, the higher the calorie F, of the fuel gas
is, the lower the methane number F,, is. The values
FcaLor FeaLts --» and Fgp 5 Of the calorie in FIG. 4 sub-
stantially correspond to the values Fyns, Fynas ---» @and
Funo of the methane number in FIG. 3, respectively.
[0077] Thus, as shown in FIG. 4, the target tempera-
ture ty,’ of the charge air temperature t, may be set lower
as the calorie F, of the fuel gas increases. In the ex-
ample of FIG. 4, as in the case of the methane number
Fun shown in FIG. 3, the range of the calorie Fgp is
divided into a plurality of levels (five levels: Fgp g to
FeaLts Fealr to Foara, Feara to Fears Feas to Fears
and Fpp 4 to Fopalg), and different target temperatures
tso.o to tso4 are set for the different levels. The range of
the calorie Fp of the fuel gas may be divided into a
greater number of levels, and different target tempera-
tures tg,’ may be set for the greater number of levels. The
range of the calorie F, | of the fuel gas may be divided
into a smaller number of levels, and different target tem-
peratures t;,’ may be set for the smaller number of levels.
In the example of FIG. 4, the levels of the calorie Foa
of the fuel gas are defined at regular intervals. The levels
of the calorie F5 may be defined at any intervals (at
varying intervals).

[0078] For the gas engine 2, the air-fuel ratio that en-
ables operation at a maximum efficiency point is deter-
mined based on the methane number Fy, or calorie Fcp
of the fuel gas. Thus, controlling the charge air temper-
ature t, to the target temperature tg, or ts,’ appropriate
for the methane number F; or calorie F, of the fuel
gas allows the gas engine 2 to operate at a maximum
efficiency point. In the case where the properties of the
fuel gas are not input to the controller 26, the target tem-
perature tg, or ty,’ of the charge air temperature t, may
be set to a predetermined target temperature ty,, (e.g.,
a temperature equal to tg,_, Or tgro')-

[0079] The target temperature tg, associated with the
methane number Fy,\ and the target temperature t,,’ as-
sociated with the calorie F,, are different. In the case
where both of the target temperatures ty, and t,’ are
used, the target temperature t,, associated with the
methane number F\,y may be a primary target temper-
ature, and the target temperature t,’ associated with the
calorie F5 may be used for control in the event that
information of the methane number Fy,y is not obtained.
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[Variants]

[0080] In the above embodiment, a configuration has
been illustrated in which the controller 26 acquires, from
the charge air temperature detection sensor 24, the tem-
perature t, of the charge air supplied to the gas engine
2, and controls the intake air temperature t; such that the
acquired temperature t, is a predetermined target tem-
perature tg,. Alternatively, the controller 26 may acquire
the temperature t; ofthe combustion gas discharged from
the gas engine 2 and control the intake air temperature
t; such that the acquired temperature t5 is a predeter-
mined target temperature tg3. The combustion gas tem-
perature t; is detected by a combustion gas temperature
detection sensor 39 disposed in the discharge path 12.
[0081] The properties of the fuel supplied to the gas
engine 2 and the combustion gas temperature t5 are cor-
related with the charge air temperature t,. That is, in the
case where the properties of the fuel are stable and
change little, the charge air temperature t, is maintained
substantially at the target temperature t;, by controlling
the intake air temperature t; such that the combustion
gas temperature t5 is the target temperature ty5. Thus,
acquiring the combustion gas temperature t5 instead of
the charge air temperature t, and controlling the intake
air temperature t; such that the combustion gas temper-
ature t3 is the target temperature ty3 provides the same
effect as acquiring the charge air temperature t, and con-
trolling the intake air temperature t; such that the charge
air temperature t, is the target temperature tg,.

[0082] Inthe case where the combustion gas temper-
ature tj is acquired and the intake air temperature t, is
controlled based on the combustion gas temperature t5,
the target temperature t;3 may be settable according to
the properties of the fuel gas supplied to the gas engine
2. In the case where the control is performed based on
signals acquired from both the charge air temperature
detection sensor 24 and combustion gas temperature
detection sensor 39, the operation may be continued us-
ing only the signal from one of the temperature detection
sensors during a period in which the other temperature
detection sensor is out of order. The controller 26 may
acquire both the charge air temperature t, and combus-
tion gas temperature t; and monitor the operation state
of the gas engine 2 by comparing each of the acquired
temperatures with a corresponding one of predetermined
target temperatures.

[0083] In Embodiment 1, a configuration has been il-
lustrated in which the charge air cooler 5 includes a cool-
ing source 18 for the first and second charge air coolers
14 and 15, the second cooling water is supplied to the
second charge air cooler 15 from the single cooling
source 18, and the second cooling water leaving the sec-
ond charge air cooler 15 removes required amount of
heat from the first cooling water hotter than the second
cooling water. Thatis, in Embodiment 1, the second cool-
ing water is cooled directly by the cooling source 18 at
the second charge air cooler 15, and the first cooling
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water is cooled indirectly through the heat exchanger 20
that effects heat exchange between the second cooling
water path 17 and the first cooling water path 16.
[0084] The configuration of the charge air cooler 5 is
not limited to that in Embodiment 1. For example, a heat
exchanger (e.g., a radiator) that dissipates heat from hot
water to the atmosphere by means of the temperature
difference between the atmospheric air and the hot water
may be used as the cooling source. FIG. 5 shows a sche-
matic configuration of a gas engine system 1A according
to Variant 1 of Embodiment 1 of the present invention.
The elements which are the same as those of FIG. 1 are
denoted by the same reference signs in FIG. 5 and will
not be described again. FIG. 5 illustrates an example
where the charge air cooler includes two radiators 35 and
36 as heat exchangers.

[0085] In this variant, the charge air cooler 5A includes
the radiators 35 and 36 that respectively cool the first
cooling water and second cooling water which respec-
tively flow through the two charge air coolers 14 and 15.
The first radiator 35 is connected to a first cooling water
path 16A and supplies the first cooling water to the first
charge air cooler 14 via the gas engine 2, thus cooling
the charge air at the outlet of the turbocharger 4. The
second radiator 36 is connected to a second cooling wa-
ter path 17A and supplies the second cooling water to
the second charge air cooler 15, thus cooling the charge
air leaving the first charge air cooler 14. The first and
second cooling water paths 16A and 17Aare configured
independently of each other (these two paths cannot ex-
change heat with each other). The cooling capacities of
the radiators 35 and 36 are individually defined such that
the first cooling water dissipates heat collected in the gas
engine 2 and first charge air cooler 14 to the atmosphere,
the second cooling water dissipates heat collected in the
second charge air cooler 15 and a non-illustrated oil cool-
er to the atmosphere, and the gas engine system oper-
ates without any trouble.

[0086] The first cooling water path 16A allows the first
cooling water to flow from the first radiator 35 into the
first charge air cooler 14 via the gas engine 2. Athree-
way valve 23A is disposed between the feed and return
paths in the first cooling water path 16A to reintroduce
part of the first cooling water from the return path into the
feed path and regulate the temperature of the first cooling
water. As in Embodiment 1, the exhaust heat recovery
equipment 44 is disposed between the first charge air
cooler 14 and the three-way valve 23A. The three-way
valve 51 serves to regulate the amount of heat recovered
by the exhaust heat recovery equipment 44.

[0087] The second cooling water path 17A allows the
second cooling water to flow from the second radiator 36
into the second charge air cooler 15. Three-way valves
21A and 52 are disposed between the feed and return
paths in the second cooling water path 17A to reintroduce
part of the second cooling water from the return path into
the feed path and regulate the temperature of the second
cooling water. The three-way valve 52 serves to control
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the amount of the cooling water flowing into the second
charge air cooler 15 such that the charge air temperature
t, is the target temperature tg,.

[0088] Also in the gas engine system 1A in which the
charge air cooler 5A includes the two radiators 35 and
36 and in which the two cooling water paths 16A and 17A
are independent of each other, the intake air temperature
regulator 6 that cools the intake air using exhaust heat
recovered by the exhaust heat recovery equipment 44
can be employed as in Embodiment 1.

[0089] InEmbodiment1 (FIG. 1)andthe variant shown
in FIG. 5, a configuration has been illustrated in which
the first charge air cooler 14 cools the charge air at the
outlet of the turbocharger 4 using cooling water having
cooled the gas engine 2 in the first cooling water path
16. Alternatively, cooling water may be supplied to the
first charge air cooler from the cooling source 18 or heat
exchanger (radiator 36) without passage through the
cooling path for the gas engine 2 in the same manner as
cooling water is supplied to the second charge air cooler.
[0090] FIG.6shows aschematic configuration ofagas
engine system 1F according to Variant 2 of Embodiment
1 of the present invention. The elements which are the
same as those of FIG. 1 are denoted by the same refer-
ence signs in FIG. 6 and will not be described again. In
this variant, a charge air cooler 5F includes a charge air
cooling water path 56F through which cooling water is
supplied to each of first and second charge air coolers
14F and 15F and a gas engine cooling path 54F disposed
separately from the charge air cooling water path 56F to
cool the gas engine 2.

[0091] In this variant, the charge air cooling water path
56F includes a first cooling water path 16F through which
the cooling water coming from the cooling source 18 is
supplied to the first charge air cooler 14F and a second
cooling water path 17F through which the cooling water
coming from the cooling source 18 is supplied to the sec-
ond charge air cooler 15F. The first and second cooling
water paths 16F and 17F are arranged in parallel. A third
cooling water path 53F is connected to the cooling source
18, and the first and second cooling water paths 16F and
17F branch from the third cooling water path 53F.
[0092] The heat exchanger 20 that effects heat ex-
change with the gas engine cooling path 54F for cooling
the gas engine 2 is disposed in the return path of the third
cooling water path 53F. The exhaust heat recovery
equipment 44 is disposed downstream of the gas engine
2 in the gas engine cooling path 54F and recovers ex-
haust heat generated in the gas engine 2 in the form of
hot water. That is, in this variant, the high-temperature
cooling water having cooled the gas engine 2 does not
pass through the first charge air cooler 14F, and exhaust
heat recovery and exhaust heat dissipation to the atmos-
phere are accomplished by the exhaust heat recovery
equipment 44 and the heat exchanger 20.

[0093] Also in this variant, the three-way valve 51
serves to regulate the amount of heat recovered by the
exhaust heat recovery equipment 44. The three-way
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valve 52 serves to control the amount of cooling water
flowing into the second charge air cooler 15 such that
the charge air temperature t, is the target temperature
tso. In this configuration, as in the gas engine system 1
of FIG. 1, the charge air temperature t, can be controlled
to the target temperature tg, regardless of atmospheric
conditions.

[0094] In the above configuration, the charge air cool-
ing water path 56F for cooling the charge air and the gas
engine cooling path 54F for cooling the gas engine 2 are
separate from each other. Thus, the charge air temper-
ature t, is easily controlled to the target temperature tg,
even in the event that the intake air temperature t; is
lower and accordingly the intake air temperature at the
outlet of the compressor 10 of the turbocharger 4 is lower
than in the case where the first charge air cooler is dis-
posed downstream of the gas engine 2 in the cooling
path for the gas engine 2 as in the example of FIG. 1 (the
first cooling water path 16 in FIG. 1). As such, the charge
air temperature t, can be regulated by the first and sec-
ond charge air coolers 14F and 15F over a wider tem-
perature range.

[0095] FIG. 7 shows a schematic configuration of a gas
engine system 1G according to Variant 3 of Embodiment
1 of the present invention. The elements which are the
same as those of FIG. 5 are denoted by the same refer-
ence signs in FIG. 7 and will not be described again. A
charge air cooler 5G in this variant, like the charge air
coolerinthe example of FIG. 5, includes the two radiators
35 and 36 as heat exchangers.

[0096] Furthermore, the charge air cooler 5G in this
variant, like the charge air cooler in the example of FIG.
6, includes a charge air cooling water path 56G through
which cooling water is supplied to each of firstand second
charge air coolers 14G and 15G and a gas engine cooling
path 54G disposed separately from the charge air cooling
water path 56G to cool the gas engine 2.

[0097] The charge air cooling water path 56G in this
variant includes a first cooling water path 16G through
which the cooling water coming from the second radiator
36 is supplied to the first charge air cooler 14G and a
second cooling water path 17G through which the cooling
water coming from the second radiator 36 is supplied to
the second charge air cooler 15G. The first and second
cooling water paths 16G and 17G are arranged in paral-
lel. A third cooling water path 53G is connected to the
second radiator 36, and the firstand second cooling water
paths 16G and 17G branch from the third cooling water
path 53G.

[0098] The gas engine cooling path 54G for cooling
the gas engine 2 is connected to the first radiator 35. The
exhaust heat recovery equipment 44 is disposed down-
stream of the gas engine 2 in the gas engine cooling path
54G and recovers exhaust heat generated in the gas
engine 2 in the form of hot water. That is, in this variant,
the high-temperature cooling water having cooled the
gas engine 2 does not pass through the first charge air
cooler 14F, and exhaust heat recovery and exhaust heat
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dissipation to the atmosphere are accomplished by the
exhaust heat recovery equipment 44 and the first radiator
35.

[0099] Also in this variant, the three-way valve 51
serves to regulate the amount of heat recovered by the
exhaust heat recovery equipment 44. The three-way
valve 52 serves to control the amount of cooling water
flowing into the second charge air cooler 15 such that
the charge air temperature t, is the target temperature
tso. In this configuration, as in the gas engine system 1A
of FIG. 5, the charge air temperature t, can be controlled
to the target temperature t, regardless of atmospheric
conditions.

[0100] In the above configuration, the charge air cool-
ing water path 56G for cooling the charge air and the gas
engine cooling path 54G for cooling the gas engine 2 are
separate from each other. Thus, the charge air temper-
ature t, is easily controlled to the target temperature tg,
even in the event that the intake air temperature t; is
lower and accordingly the intake air temperature at the
outlet of the compressor 10 of the turbocharger 4 is lower
than in the case where the first charge air cooler is dis-
posed downstream of the gas engine 2 in the cooling
path for the gas engine 2 as in the example of FIG. 5 (the
firstcooling waterpath 16Ain FIG. 5). As such, the charge
air temperature t, can be regulated by the first and sec-
ond charge air coolers 14G and 15G over a wider tem-
perature range.

[Embodiment 2]

[0101] Hereinafter, Embodiment 2 of the present in-
vention will be described. FIG. 8 is a block diagram show-
ing a schematic configuration of a gas engine system 1B
according to Embodiment 2 of the present invention. The
elements which are the same as those of FIG. 5 are de-
noted by the same reference signs in FIG. 8 and will not
be described again. The gas engine system 1B of the
present embodiment differs from the gas engine system
of Embodiment 1 in that a temperature regulator 25B of
an intake air temperature regulator 6B has the function
of increasing the intake air temperature t; as well as the
function of decreasing the intake air temperature t;. As
in the configuration of FIG. 5, the gas engine system 1B
of the present embodiment includes the radiators 35 and
36 as heat exchangers of the charge air cooler 5A.
[0102] Specifically, the temperature regulator 25B in-
cludes a heating pipe 37 and a pipe switcher in addition
to the cooling water cooler 27 and the cooling pipe 28.
[0103] The heating pipe 37 supplies hot water coming
from the exhaust heat recovery equipment 44 to the heat
exchanger 30 disposed in the intake air introducer 8 to
heat the intake air. That is, the heating pipe 37 is config-
ured as a bypass path disposed between the exhaust
heat recovery equipment 44 and the heat exchanger 30
(and the three-way valve 31) in the cooling pipe 28 to
allow the hot water to bypass the cooling water cooler 27.
[0104] The exhaust heat recovery equipment 44 may
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recover the maximum amount of exhaust heat in the case
where the hot water resulting from the heat recovery is
used in the cooling water cooler 27 (in the case of intake
air cooling). In the case of intake air heating, the amount
of hot water required is smaller than in the case of intake
air cooling since the hot water temperature is high. Thus,
the amount of the first cooling water flowing into the ex-
haust heat recovery equipment 44 is controlled by means
of the three-way valve 51 to decrease the temperature
of the hot water used for the intake air heating, and then
the hot water is supplied to the heat exchanger 30 to heat
the intake air.

[0105] The pipe switcher switchably connects the cool-
ing pipe 28 or the heating pipe 37 to the intake air intro-
ducer 8 (to the heat exchanger 30 of the intake air intro-
ducer 8). The pipe switcher includes the on-off valves 33
and 34 described in Embodiment 1 and on-off valves 38
disposed in the heating pipe 37. As in Embodiment 1,
the opening and closing of the on-off valves 33 and 34
are controlled by the controller 26. The opening and clos-
ing of the on-off valves 38 are also controlled by the con-
troller 26.

[0106] In the case where the cooling pipe 28 is con-
nected to the intake air introducer 8, the on-off valves 33
and 34 are opened, and the on-off valves 38 are closed.
In the case where the heating pipe 37 is connected to
the intake air introducer 8, the on-off valves 33 and 34
are closed, and the on-off valves 38 are opened.
[0107] For example, the controller 26 outputs signals
containing a first value (High) or a second value (Low),
and such signals are transmitted to the on-off valves 33,
34, and 38 as switch signals S2. The on-off valves 33
and 34 are opened upon receiving the switch signal S2
containing the first value and closed upon receiving the
switch signal S2 containing the second value. The on-off
valves 38 are closed upon receiving the switch signal S2
containing the first value and opened upon receiving the
switch signal S2 containing the second value. Alterna-
tively, the switch signal for the on-off valves 33 and 34
and the switch signal for the on-off valves 38 may be
different from each other.

[0108] With the on-off valves 33 and 34 open and the
on-off valves 38 closed, the intake air cooling water is
supplied to the intake air introducer 8 to cool the intake
air as in Embodiment 1. With the on-off valves 33 and 34
closed and the on-off valves 38 open, hot water produced
using exhaust heatrecovered by the exhaust heat recov-
ery equipment 44 flows through the heating pipe 37 and
is directly supplied to the intake air introducer 8 to heat
the intake air. The amount of exhaust heat recovered by
the exhaust heat recovery equipment 44 is controlled by
means of the three-way valve 51 as described above. To
this end, the switch signal S2 from the controller 26 is
transmitted also to the three-way valve 51.

[0109] Also in the present embodiment, the controller
26 controls the intake air temperature t; such that the
temperature t, of the charge air supplied to the gas en-
gine 2 is a predetermined target temperature ts,. The
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value of the target temperature t,, may vary between
intake air cooling and intake air heating. In this case,
assuming that the target temperature of the charge air
temperature t, in intake air cooling is t;., and the target
temperature of the charge air temperature t, in intake air
heating is tg,,, the storage stores data of the target tem-
perature t.4 of the intake air temperature t, that is asso-
ciated with the target temperature t,., of the charge air
temperaturet, in intake air cooling and further stores data
of the intake air temperature tg,, associated with the tar-
get temperature ty,, in intake air heating. In an electricity
generation efficiency priority mode described later, an
apparent target temperature tg, of the charge air tem-
perature t, that is used to set the target temperature t4
of the intake air temperature t; in intake air heating may
be set equal to or higher than the target temperature t..,
in intake air cooling.

[0110] In the present embodiment, the properties of
the fuel gas may be input to the controller 26. In this case,
as described in Embodiment 1, the target temperature
tsco in intake air cooling and the target temperature tg,,
in intake air heating are set to values appropriate for the
input properties of the fuel gas. In the case where the
properties of the fuel gas are not input to the controller
26, the target temperatures tg, of the charge air temper-
ature t, may be set to predetermined values.

[0111] In the intake air heating, the required amount
of heat of the hot water differs depending on the atmos-
pheric temperature. Thus, to control the intake air tem-
perature t,, the controller 26 transmits a control signal
also to the three-way valve 51 and thereby controls the
three-way valve 51 such that an amount of exhaust heat
sufficient for increasing the intake air temperature t4 from
the atmospheric temperature to the target temperature
tsc1 is recovered by the exhaust heat recovery equipment
44,

[0112] In the intake air cooling, the controller 26 re-
trieves the data of the target temperature ty 4 to which
the intake air temperature t; should be decreased to con-
trol the charge air temperature t, to the target tempera-
ture t,, and carries out feedforward control and feed-
back control. In the feedforward control, the controller 26
calculates the amount of cooling water required for de-
creasing the intake air temperature t, to the target tem-
perature t;.4 based on the atmospheric temperature, the
humidity, and the amount of air prestored as data repre-
senting the amount of intake air in the gas engine 2, and
transmits the calculated information to the three-way
valve 31. In the feedback control, the controller 26 finely
regulates the amount of cooling water flowing into the
heat exchanger 30 by means of the three-way valve 31
and based on data of the intake air temperature t; and
charge air temperature t, which are obtained as a result
of the feedforward control.

[0113] In the intake air heating, the controller 26 re-
trieves data of the intake air temperature tg,4 for control-
ling the charge air temperature t, to the target tempera-
ture tg,5, and carries out feedforward control and feed-
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back control. In the feedforward control, the controller 26
calculates the amount of heat required for increasing the
intake air temperature to the target temperature tg,
based on the atmospheric temperature, the humidity, and
the amount of air prestored as data representing the
amount of intake air in the gas engine 2, and transmits
the calculated information to the three-way valve 31. In
the feedback control, the controller 26 regulates the flow
rate of hot water flowing into the exhaust heat recovery
equipment 44 by means of the three-way valve 51 and
based on data of the intake air temperature t; and charge
air temperature t, which are obtained as a result of the
feedforward control, and finely regulates the amount of
the hot water flowing into the heat exchanger 30 by
means of the three-way valve 31 and based on the data
obtained as a result of the feedforward control.

[0114] The targettemperature tg,, in intake air heating
is merely an apparent target temperature of the charge
air temperature t, that is set in the controller 26 to in-
crease the intake air temperature t,, and the actual
charge airtemperature t, inintake air heating is controlled
by the charge air cooler 5A to be equal to the target tem-
perature t, in intake air cooling (electricity generation
efficiency priority mode).

[0115] In the case where the apparent target temper-
ature tg, of the charge air temperature t,, on which the
target temperature tg4 of the intake air temperature t; is
based, is different from the target temperature tg., to
which the charge air temperature t, is controlled by the
charge air cooler 5A, interference could occur between
control of the intake air temperature t; by the controller
26 of the intake air temperature regulator 6 and control
of the charge air temperature t, by the controller (not
shown) of the charge air cooler 5. In such a case, the
control response of the charge air temperature t, con-
trolled by the charge air cooler 5 may be slower than the
control response of the intake air temperature t, control-
led by the intake air temperature regulator 6.

[0116] In this case, the intake air temperature t4 is reg-
ulated by the control in the intake air temperature regu-
lator 6 (the control of the three-way valve 31) such that
the charge air temperature t, is adjusted to the apparent
target temperature tg,,, and then the charge air temper-
ature t, is regulated to the final target temperature tg,
by the control in the charge air cooler 5 (the control of
the three-way valve 52).

[0117] Inthe above configuration, cooling water is pro-
duced by the cooling water cooler 27 using exhaust heat
delivered from the charge air cooler 5A, and this cooling
water can be used to allow the heat exchanger 30 to
serve as an intake air cooler. Thus, the charge air tem-
perature t, can be decreased to the target temperature
tsco in intake air cooling even in summer or any other
circumstances where the atmospheric temperature is so
high that the charge air cooler 5 cannot by itself decrease
the charge air temperature t, to the target temperature

tsc2-
[0118] Additionally, the cooling pipe 28 through which
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cooling water flows or the heating pipe 37 through which
hot water flows can be switchably connected to the intake
air introducer 8. This allows the heat exchanger 30 to
serve also as an intake air heater, making it also possible
to increase the intake air temperature.

[0119] The compressor 10 of the turbocharger 4 is de-
signed as a general-purpose compressor. Thus, a mini-
mum value of the intake air temperature is defined as a
design constraint. Owing to the design constraint of the
compressor 10 of the turbocharger 4, the gas engine sys-
tem cannot operate unless the intake air temperature is
equal to or higher than the minimum value. This problem
arises in the case where the atmospheric temperature is
low, such as in winter. The conventional way of continuing
the operation in such a case is to install complicated ma-
chinery including both outdoor air intake equipment that
introduces outdoor air as the intake air and indoor air
intake equipment that introduces indoor air as the intake
air and configured to switch from outdoor air introduction
through the outdoor air intake equipment to indoor air
introduction through the indoor air intake equipment in
the event of a decrease in the atmospheric temperature.
Otherwise, itis necessary to use only the indoor air intake
equipment. In the case where indoor air is introduced as
the intake air throughout the year, it is difficult to always
operate the gas engine system at a nearly optimal air-
fuel ratio in summer during which the indoor air temper-
atureis higher than the outdoor airtemperature, and high-
efficiency operation throughout the year cannot be
achieved.

[0120] In the present embodiment, in the case where
the atmospheric temperature is so low that itis necessary
to increase the intake air temperature because of the
design constraint of the compressor 10 of the turbocharg-
er 4, the intake air temperature can be increased without
using complicated machinery switchable from introduc-
tion of outdoor air as the intake air to introduction of indoor
air as the intake air or without introducing indoor air as
the intake air throughout the year. This makes it possible
to control the charge air temperature t, to the target tem-
perature t,, while ensuring the design constraint of the
compressor 10 of the turbocharger 4.

[0121] In winter, much heat may be required for pur-
poses such as district heating. The heat supply sources
are the exhaust heat recovery equipment 44 and the ex-
haust heat recovery equipment 45 disposed in the ex-
haust gas path 43. The amount of heat recovered by the
exhaust heat recovery equipment 45 increases as the
exhaust gas temperature t, at the outlet of the turbine 11
of the turbocharger 4 becomes higher.

[0122] To increase the amount of heat recovered by
the exhaust heat recovery equipment 45, the controller
26 can execute a heat recovery priority mode (second
control mode) in which the target temperature of the
charge air temperature t, is set to a target temperature
for increasing the amount of recovered heat (second tar-
get temperature) instead of being set to a target temper-
ature for high electricity generation efficiency (first target



29 EP 4 060 171 A1 30

temperature) in the electricity generation efficiency pri-
ority mode (first control mode).

[0123] In the following description, the target temper-
ature of the charge air temperature t, in the electricity
generation efficiency priority mode is denoted by tsq2 and
the target temperature of the charge air temperature t,
in the heat recovery priority mode is denoted by tg,. The
target temperature tg,, in the electricity generation effi-
ciency priority mode includes the above-described target
temperature t;., in intake air cooling and the above-de-
scribed target temperature tg,, in intake air heating. That
is, in the case where the properties of the fuel gas are
input to the controller 26, the target temperature tg, in
the electricity generation efficiency priority mode is set
to a value appropriate for the input properties of the fuel
gas. In the case where the properties of the fuel gas are
not input to the controller 26, the target temperature tgq,
in the electricity generation efficiency priority mode may
be set to a predetermined value. The following describes
an example where the target temperature tg, in the elec-
tricity generation efficiency priority mode is a constant
value throughout the year regardless of whether the in-
take air is cooled or heated. The target temperature tg,
in the heat recovery priority mode is set higher than the
target temperature tg,, in the electricity generation effi-
ciency priority mode.

[0124] The targettemperature ty, in the heat recovery
priority mode may be set to a constant value regardless
of the properties of the fuel gas. Alternatively, the target
temperature ty, in the heat recovery priority mode may
be set to different values depending on the properties of
the fuel gas.

[0125] FIG. 9 is a graph showing examples of the re-
lationships of the target temperatures ts;, and tg;, of the
charge air temperature T, with the methane number Fy;
of the fuel gas in the two priority modes. The target tem-
perature tg, of the charge air temperature t, in the elec-
tricity generation efficiency priority mode is set in the
same manner as in the example of FIG. 3. That is, the
target temperatures s, o to ts,o 4 set for different levels
(zeroth to fourth levels) of the methane number Fy,\ in
FIG. 9 correspond to the target temperatures t;, gtots 4
setfor different levels (zeroth to fourth levels) of the meth-
ane number Fyy in FIG. 3.

[0126] The targettemperature ty, in the heat recovery
priority mode is higher than the target temperature tgy,
in the electricity generation efficiency priority mode. That
is, the target temperatures set for the different levels (ze-
roth to fourth levels) of the methane number Fy,y in the
heat recovery priority mode are respectively higher than
the target temperatures set for the different levels of the
methane number F\y in the electricity generation effi-
ciency priority mode.

[0127] Furthermore,inthe example of FIG. 9, the target
temperature t, in the heat recovery priority mode is the
same value (tg_4) for the zeroth level (Fyno to Fynt)
and the first level (Fynq to Fyne) @and the same value
(tgr0-3) for the third level (Fyno to Fyynsz) and the fourth

10

15

20

25

30

35

40

45

50

55

16

level (Fyn3 to Fyna)- The target temperature for the sec-
ond level (Fyn1 to Fyng) is tgoo. In other words, in the
heat recovery priority mode, the range of the methane
number Fyy is divided into a smaller number of levels
(three levels) than in the electricity generation efficiency
priority mode, and different target temperatures tg, 4 to
tso_3 are set for the three levels.

[0128] Inthe example of FIG. 9, the number of the lev-
els into which the range of the methane number F, is
divided is smaller in the heat recovery priority mode than
in the electricity generation efficiency priority mode. The
number of the levels into which the range of the methane
number Fy, is divided may be the same (e.g., five levels)
for both the electricity generation efficiency priority mode
and the heat recovery priority mode or may be greater in
the heat recovery priority mode than in the electricity gen-
eration efficiency priority mode. Furthermore, in the ex-
ample of FIG. 9, the methane number thresholds Fy;\»
and Fy 3 at which the target temperature t,, is changed
to different values in the heat recovery priority mode are
set equal to the methane number thresholds Fy;\, and
Funs in the electricity generation efficiency priority mode.
The methane numberthresholds Fy,\, and Fy,y3 atwhich
the target temperature t,, is changed to different values
in the heat recovery priority mode may be different from
the methane number thresholds Fy,\, and Fyns in the
electricity generation efficiency priority mode. For exam-
ple, the second level in the heat recovery priority mode
may be a wider methane number range from a value
below Fy,\» to a value above Fyns.

[0129] The same description applies to setting the tar-
get temperature t,, to different values depending on the
calorie Fp . of the fuel gas. FIG. 10 is a graph showing
examples of the relationships of the target temperatures
tso” of the charge air temperature t, with the calorie Fp |
of the fuel gas in the two priority modes. The target tem-
perature ts,," of the charge air temperature t, in the elec-
tricity generation efficiency priority mode is set in the
same manner as in the example of FIG. 4. That is, the
target temperatures ty 5 o' to t5o 4" set for different levels
(zeroth to fourth levels) of the calorie Fsp in FIG. 10
correspond to the target temperatures tg, o’ to tg5 4" set
for different levels (zeroth to fourth levels) of the calorie
FcaL in FIG. 4.

[0130] The targettemperature tg,’ in the heatrecovery
priority mode is set higher than the target temperature
tsq2, in the electricity generation efficiency priority mode.
Thatis, the targettemperatures set for the different levels
(zeroth to fourth levels) of the calorie Fp | in the heat
recovery priority mode are respectively higher than the
target temperatures set for the different levels of the cal-
orie Fcp in the electricity generation efficiency priority
mode. In the example of FIG. 10, as in the example of
FIG. 9, the range of the calorie F, is divided into a
smaller number of levels (three levels) in the heat recov-
ery priority mode than in the electricity generation effi-
ciency priority mode, and different target temperatures
tso.1’ 10 503" are set for the three levels.

Sr2-
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[0131] In the heat recovery priority mode, the control
is performed to increase the intake air temperature t,
such that the charge air temperature t, is the target tem-
perature tg,, which is higher than the target temperature
tsq2 in the electricity generation efficiency priority mode,
and the amount of cooling water flowing into the second
charge air cooler 15 is regulated by means of the three-
way valve 52 disposed in the second cooling water path
17A. Thus, the combustion gas temperature t; increases,
and the exhaust gas temperature t, also increases. This
leads to an increase in the amount of heat recovered by
the exhaust heat recovery equipment 45 disposed in the
exhaust gas path 43. The electricity generation efficiency
is reduced since the target temperature of the charge air
temperature t, is controlled to be higher than the target
temperature tg, for high electricity generation efficiency.
To maintain the amount of generated electricity, the
amount of the fuel supplied to the gas engine 2 is in-
creased as a function of the reduction in electricity gen-
eration efficiency. The increase in the amount of exhaust
heat recovered by the exhaust heat recovery equipment
44 is large relative to the increase in the amount of the
fuel supplied to the gas engine . Thus, the total thermal
efficiency of the entire system is improved although the
electricity generation efficiency is reduced. The total ther-
mal efficiency is defined herein by the following equation.
[0132] Total thermal efficiency [%] = {(electricity gen-
erator end output + amount of heat recovered from ex-
haust heat)/ (amount of fuel input to gas engine 2)} X 100
[0133] Inspring, fall, or any other circumstances where
the charge air temperature t, can be maintained at the
target temperature t; only by charge air cooling per-
formed by the charge air cooler 5 using atmospheric air,
all of the on-off valves 33, 34, and 38 may be closed to
block flow of the fluid through the cooling and heating
pipes 28 and 37. Also in this case, the controller 26 may
set a target temperature tg4 to which the intake air tem-
perature t; can be decreased from the atmospheric tem-
perature by using cooling water produced in the cooling
water cooler 27, and may regulate the three-way valve
52 to adjust the charge air temperature t, to the target
temperature tg,. This can reduce the amount of work re-
quired of the compressor 10 of the turbocharger 4, lead-
ing to improved electricity generation efficiency. Thus,
the intake air temperature t; can be controlled over a
wide range to achieve an optimal charge air temperature
t, in response to various changes in outdoor air temper-
ature.

[0134] FIG. 11 is a schematic graph showing the rela-
tionships of the intake air temperature and charge air
temperature with the atmospheric temperature during the
control of Embodiment 2. FIG. 11 illustrates a case where
the target temperature ty, of the charge air temperature
t, is constant regardless of the condition of the fuel gas.
The atmospheric temperature in the graph of FIG. 11 is
an example of average monthly temperatures during one
year in a geographical region in which the gas engine
system 1 is installed. As in the graph of FIG. 2, the control
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for cooling the intake air is not performed during a period
in which the atmospheric temperature is lower than a
reference temperature t; 4 and equal to or higher than a
minimum intake air temperature t, ,;, for the turbocharger
4. Also in this case, the charge air temperature t, is main-
tained atthe target temperature t¢, by the charge air cool-
er 5.

[0135] Also during the period in which the control for
cooling the intake air is not performed (in the circum-
stance where the atmospheric temperature is low enough
so that the charge air temperature t, is maintained at the
target temperature ty, by the charge air cooler 5A without
cooling of the intake air), the controller 26 may set atarget
temperature tg4 to which the intake air temperature t; can
be decreased from the atmospheric temperature by using
cooling water produced in the cooling water cooler 27,
and may regulate the three-way valve 52 to adjust the
charge air temperature t, to the target temperature t,.
This can reduce the amount of work required of the com-
pressor 10 of the turbocharger 4, leading to improved
electricity generation efficiency.

[0136] In summer, once the atmospheric temperature
becomes equal to or higher than the reference temper-
ature t.4, the control for cooling the intake air is carried
out by the intake air temperature regulator 6B. Thus, the
intake air temperature t, is controlled such that the charge
airtemperature t, is maintained at the target temperature
tsqo in the electricity generation efficiency priority mode
regardless of the atmospheric temperature and the sec-
ond cooling water temperature.

[0137] In winter, once the atmospheric temperature
becomes equal to or lower than the minimum intake air
temperature tq,;, for the compressor 10 of the turbo-
charger 4, the compressor 10 of the turbocharger 4 can-
not be operated due to the design constraint of the com-
pressor 10 of the turbocharger 4 as described above if
outdoor air is directly introduced as the intake air. Thus,
once the atmospheric temperature becomes equal to or
lower than the minimum intake air temperature t4,,;,, the
control for heating the intake air (electricity generation
efficiency priority mode) is carried out by the intake air
temperature regulator 6. Thanks to this control, the intake
air temperature t; is maintained at a temperature t;.,
equal to or higher than the minimum intake air tempera-
ture t4 i, regardless of the atmospheric temperature, and
the compressor 10 of the turbocharger 4 can be operated
by introduction of outdoor air. Meanwhile, the tempera-
ture of the second cooling water for cooling in the second
charge air cooler 15 is regulated to be always constant
by means of the three-way valve 21A of the charge air
cooler 5A, and the flow rate of the second cooling water
flowing into the second charge air cooler 15 is regulated
by means of the three-way valve 52. Thus, the charge
air temperature t, of the charge air leaving the compres-
sor 10 of the turbocharger 4 is maintained at the target
temperature tg,, in the electricity generation efficiency
priority mode. As such, the charge air temperature t, can
be maintained at a temperature (tg,) that allows for high
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electricity generation efficiency throughout the year.
[0138] In the present embodiment, the heat recovery
priority mode can be executed instead of the electricity
generation efficiency priority mode. The target tempera-
ture tg,, of the charge air temperature t, in the heat re-
covery priority mode is set to a temperature equal to, or
lower than but close to, a maximum value (maximum
charge air temperature) ty,,5, Of the charge air tempera-
ture t,. The target temperature t, 3 of the intake air tem-
perature that is associated with the target temperature
ts;o Needs to be equal to or lower than a maximum intake
air temperature t ., for the compressor 10 of the turbo-
charger4. Thus, the target temperature t,,, of the charge
air temperature t, is set such that the target temperature
tro Of the charge air temperature t, is equal to or lower
than the maximum charge air temperature t,,,, and the
target temperature t, 5 of the intake air temperature t, is
equal to or lower than the maximum intake air tempera-
ture t4 ,ox-

[0139] In the heat recovery priority mode, the charge
air temperature t, can be controlled to a temperature
close to the maximum charge air temperature t,,,,,, per-
missible for the gas engine 2, and thus the combustion
gas temperature t; and the exhaust gas temperature t,
can be increased as much as possible. Meanwhile, the
intake air temperature t, is maintained at the temperature
t1c3 higher than the temperature t,., in the electricity gen-
eration efficiency priority mode regardless of the atmos-
pheric temperature.

[0140] Switching between the electricity generation ef-
ficiency priority mode and the heat recovery priority mode
can be effected as appropriate. For example, in the day-
time, the atmospheric temperature is higher and the
amount of hot water required for heating of a building or
the like is smaller than in the night. Thus, during the day-
time, the gas engine system is operated in the electricity
generation efficiency priority mode, and hot water or
steam resulting from exhaust heat recovery in the elec-
tricity generation efficiency priority mode is used for build-
ing heating or any other purpose. In the night, the amount
of required hot water is greater than in the daytime since
the atmospheric temperature decreases. Thus, during
the night, the gas engine system is operated in the heat
recovery priority mode which enables supply of a greater
amount of hot water or steam. Additionally, for example,
the heat recovery priority mode may be executed in sum-
mer or any other circumstances where the atmospheric
temperature is high. In this case, for example, the gas
engine system is operated in the heat recovery priority
mode during the daytime to recover a large amount of
heat and produce a large amount of cold water which is
needed for building cooling. During the night, in which
the atmospheric temperature decreases, the gas engine
system is operated in a control mode where the amount
of exhaust heat recovered is smaller than in the heat
recovery priority mode (the electricity generation efficien-
cy priority mode or another control mode where the intake
air temperature control is not performed) since the
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amount of cold water used for building cooling is reduced.
[0141] Inthe heatrecovery priority mode, as described
above, the charge air temperature t, is deliberately con-
trolled not to the target temperature t¢, for high electricity
generation efficiency but to a temperature higher than
the target temperature t,,. Thus, the exhaust gas tem-
perature t, can be increased, and accordingly the amount
of heat recovered from the gas engine system 1 can be
increased. This can lead to an improvement in the total
thermal efficiency of the entire gas engine system 1.

[Variants]

[0142] InEmbodiment2, asin Embodiment 1, the con-
troller 26 may acquire the combustion gas temperature
t5 in addition to the charge air temperature t,. During the
period in which one of the temperature detection sensors
is out of order, the operation may be continued using only
the signal from the other temperature detection sensor.
The controller 26 may acquire both the charge air tem-
perature t, and combustion gas temperature t; and mon-
itor the operation state of the gas engine 2 by comparing
each of the acquired temperatures with a corresponding
one of predetermined target temperatures.

[0143] The exhaust gas temperature t, may be ac-
quired in addition to the charge air temperature t,. The
exhaust gas temperature t, is an outlet temperature of
the turbine 11 of the turbocharger 4 and detected by an
exhaust gas temperature detection sensor 40. The con-
troller 26 may acquire both the charge air temperature t,
and exhaust gas temperature t, and monitor the opera-
tion state of the gas engine 2 by comparing each of the
acquired temperatures t, and t, with a corresponding one
of predetermined target temperatures t, and tg,.
[0144] In Embodiment 2, a configuration has been il-
lustrated in which the cooling and heating pipes 28 and
37 are disposed, and either of the cooling and heating
pipes 28 and 37 can be switchably connected to the in-
take air introducer 8 to effect intake air cooling or intake
air heating. The temperature regulator 25B need not in-
clude the cooling pipe 28, cooling water cooler 27, and
on-off valves 33 and 34 and may include only the heating
pipe 37. That is, the temperature regulator may include
a heating pipe through which hot water coming from the
exhaust heat recovery equipment 44 is supplied to the
intake air introducer 8 to heat the intake air. With this
configuration, inwinter or any other circumstances where
the atmospheric temperature is so low that itis necessary
to increase the intake air temperature to or above the
minimum intake air temperature timin because of the de-
sign constraint of the compressor 10 of the turbocharger
4, theintake airtemperature can be increased to orabove
the minimum intake air temperature timin without using
complicated machinery switchable from introduction of
atmospheric air as the intake air to introduction of indoor
air as the intake air. This makes it possible to control the
charge air temperature t, to the target temperature t,
while ensuring the design constraint of the compressor
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10 of the turbocharger 4.

[0145] In Embodiment 2, as in Embodiment 1 (FIG. 1),
the cooling source 18 may be included as the cooling
source of the charge air cooler 5B instead of the radiators
35 and 36.

[0146] InEmbodiment2,asinVariant3 of Embodiment
13 (FIG.7), the charge air cooler 5B may include a charge
air cooling water path 56G through which cooling water
coming from the second radiator 36 is supplied to each
of the first and second charge air coolers 14 and 15 and
a gas engine cooling path 54G disposed separately from
the charge air cooling water path 56G to cool the gas
engine 2. In this case, a gas engine cooling path 54G for
cooling the gas engine 2 may be connected to the first
radiator 35, and the exhaust heat recovery equipment 44
may be disposed downstream of the gas engine 2 in the
gas engine cooling path 54G to recover exhaust heat
generated in the gas engine 2 in the form of hot water.

[Embodiment 3]

[0147] Hereinafter, Embodiment 3 of the present in-
vention will be described. FIG. 12 is a block diagram
showing a schematic configuration of a gas engine sys-
tem 1C according to Embodiment 3 of the present inven-
tion. The elements which are the same as those of FIG.
1 are denoted by the same reference signs in FIG. 12
and will not be described again.

[0148] The gas engine system 1C of the present em-
bodiment differs from the gas engine system of Embod-
iment 1 in that a temperature regulator 25C of an intake
air temperature regulator 6C has the function of increas-
ing the intake air temperature t; and uses exhaust heat
in the second cooling water path 17 directly as a heat
source for intake air heating. Thus, exhaustheatrecovery
equipment 55C is disposed downstream of the second
charge air cooler 15 in the second cooling water path 17.
[0149] Specifically, the exhaust heat recovery equip-
ment 55C is configured such that a heating pipe 37C
leading to the intake air introducer 8 branches at a point
downstream of the heat exchanger 20 in the second cool-
ing water path 17. An on-off valve 41 is disposed between
a connection point of a feed path into the heating pipe
37C and a connection point of a return path from the
heating pipe 37C in the second cooling water path 17.
The opening and closing of the on-off valves 38 and 41
are controlled by the switch signals S2 transmitted from
the controller 26.

[0150] In the case where the intake air heating is un-
necessary, the on-off valves 38 are closed, and the on-
off valve 41 is opened. Thus, the second cooling water
path 17 bypasses the heating pipe 37C. In the case where
the intake air heating is needed, the on-off valves 38 are
opened, and the on-off valve 41 is closed. Thus, the sec-
ond cooling water having passed through the second
charge air cooler 15 and heatexchanger 20 in the second
cooling water path 17 is introduced into the heating pipe
37C and supplied to the heat exchanger 30. This results
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in heating of the intake air introduced from the intake air
introducer 8.

[0151] Also in the present embodiment, the controller
26 controls the intake air temperature t; such that the
temperature t, of the charge air supplied to the gas en-
gine 2 is a predetermined target temperature t;,. As in
Embodiment 2, the controller 26 is switchable between
the electricity generation efficiency priority mode and the
heat recovery priority mode. In the electricity generation
efficiency priority mode, the target temperature t, of the
charge air temperature t, is set to the temperature tgq,
such that the intake air temperature t, is controlled to the
temperature t;,, equal to or higher than the minimum
intake air temperature t,,, for the compressor 10 of the
turbocharger 4. In the heat recovery priority mode, the
target temperature tg, of the charge air temperature t, is
setsuchthatthe targettemperature tg, is the temperature
ts;» equal to, or lower than but close to, the maximum
charge air temperature t,,,,, (and that the target temper-
ature tq3 of the intake air temperature t; is equal to or
lower than the maximum intake air temperature timax).

[0152] For example, in the case where the gas engine
system 1 is installed in a geographical region where the
atmospheric temperature is low seasonally or throughout
the year, the intake air temperature t; is increased to or
above the minimum intake air temperature t4,,, for the
compressor 10 of the turbocharger 4. Since the atmos-
pheric temperature is low, the temperature of the three-
way valve 21 in the second cooling water path 17 can be
regulated to a preset value. Thus, the flow rate of cooling
water flowing into the second charge air cooler 15 can
be controlled by regulating the three-way valve 52. As
such, the gas engine 2 can be stably operated with high
efficiency.

[0153] Additionally, in the above configuration, ex-
haust heat is recovered in the second cooling water path
17. In other configurations, exhaust heat in the second
cooling water path 17 is dissipated to the atmosphere
from the cooling source 18. In the present embodiment,
the intake air is heated using the exhaust heat which
would otherwise be dissipated to the atmosphere, and
thus the amount of exhaust heat dissipated from the cool-
ing source 18 is reduced. Furthermore, in the heat re-
covery priority mode, the amount of exhaust heat recov-
ered is increased, and the total thermal efficiency is im-
proved. In addition, exhaust heat in the return path of the
first cooling water path 16, where the cooling water has
an increased temperature, can be separately recovered,
and all of the recovered exhaust heat can be used for
another purpose such as space heating.

[0154] In the present embodiment, a heat exchanger
42 is disposed between the first charge air cooler 14 and
heat exchanger 20 in the first cooling water path 16. The
heat exchanger 42 may be the same as the heat ex-
changer configured as the exhaust heat recovery equip-
ment 44 in Embodiments 1 and 2, but is denoted by a
different reference sign because of difference in purpose.
The exhaust heat recovered by the heat exchanger 42



37 EP 4 060 171 A1 38

from the first cooling water path 16 is supplied as a heat
source to the outside of the gas engine system 1C.

[Variants]

[0155] InEmbodiment 3, asin Embodiment 1, the con-
troller 26 may acquire the combustion gas temperature
t3 and/or exhaust gas temperature t, in addition to the
charge air temperature t, and monitor the operation state
of the gas engine 2 by comparing each of the acquired
temperatures t; and t, with a corresponding one of pre-
determined target temperatures t; and tg,.

[0156] In Embodiment 3, a configuration has been il-
lustrated in which the heating pipe 37C is connected to
the intake air introducer 8 to enable intake air heating.
Alternatively, the temperature regulator 25C may include
the cooling water cooler 27 and cooling pipe 28 of Em-
bodiment 1 instead of the heating pipe 37C. That is, in-
take air cooling water for cooling the intake air may be
cooled by means of exhaust heat recovered from the
second cooling water path 17 to cool the intake air. As
in Embodiment 2, the temperature regulator 25C may be
switchable between the cooling and heating functions.
[0157] As described above, the second cooling water
flowing through the second cooling water path 17 has a
lower temperature than the first cooling water flowing
through the first cooling water path 16. Thus, the heat
exchange efficiency in the cooling water cooler 27 is low-
er than in the case where exhaust heat recovered from
the first cooling water path 16 is used as a heat source
as in Embodiment 1.

[0158] In Embodiment 3 and its variants, as in Variant
1 of Embodiment 1 (FIG. 5), the radiators 35 and 36 may
be included as the cooling sources of the charge air cool-
er 5 instead of the cooling source 18, and the first and
second cooling water paths 16A and 17A may be ar-
ranged independently of each other.

[0159] InEmbodiment3,asinVariant2 of Embodiment
1 (FIG. 6), the charge air cooler 5 may include a charge
air cooling water path 56F through which cooling water
is supplied to each of the first and second charge air
coolers 14 and 15 and a gas engine cooling path 54F
disposed separately from the charge air cooling water
path 56F to cool the gas engine 2. In this case, the ex-
haust heat recovery equipment 44 may be disposed
downstream of the gas engine 2 in the gas engine cooling
path 54F and recover exhaust heat generated in the gas
engine 2 in the form of hot water.

[0160] FIG. 13isablock diagram showing a schematic
configuration of a gas engine system 1D according to
Variant 1 of Embodiment 3 of the present invention. The
elements which are the same as those of FIG. 12 are
denoted by the same reference signs in FIG. 13 and will
not be described again. A charge air cooler 5D of Variant
1 has the same configuration as the charge air cooler 5A
of FIG. 5. However, in FIG. 13, the references signs 5A,
16A, 17A, 21A, and 23Aused in FIG. 5 are replaced by
5D, 16D, 17D, 21D, and 23D.
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[0161] InVariant1,asin Embodiment 3, atemperature
regulator 25D of an intake air temperature regulator 6D
includes exhaust heat recovery equipment 55D and a
heating pipe 37D. The exhaust heat recovery equipment
55D is disposed downstream of the first charge air cooler
14 in a first cooling water path 16D. The on-off valve 41
is disposed between a connection point of a feed path
into the heating pipe 37D and a connection point of a
return path from the heating pipe 37D in the first cooling
water path 16D.

[0162] FIG. 14isablock diagram showing a schematic
configuration of a gas engine system 1E according to
Variant 2 of Embodiment 3 of the present invention. The
elements which are the same as those of FIG. 13 are
denoted by the same reference signs in FIG. 14 and will
not be described again. A charge air cooler 5E of Variant
2 has the same configuration as the charge air cooler 5E
of FIG. 13. However, in FIG. 14, the reference signs 5D,
16D, 17D, 21D, and 23D used in FIG. 13 are replaced
by 5E, 16E, 17E, 21E, and 23E.

[0163] InVariant2, asin Embodiment 3, atemperature
regulator 25E of an intake air temperature regulator 6E
includes exhaust heat recovery equipment 55E and a
heating pipe 37E. The exhaust heat recovery equipment
55E is disposed downstream of the second charge air
cooler 15 in a second cooling water path 17E. The on-
off valve 41 is disposed between a connection point of a
feed path into the heating pipe 37E and a connection
point of a return path from the heating pipe 37E in the
second cooling water path 17E.

[0164] In Variants 1 and 2 of Embodiment 3 which are
shown in FIGS. 13 and 14, as in Variant 3 of Embodiment
1 (FIG. 7), the charge air cooler 5D or 5E may include a
charge air cooling water path 56G through which cooling
water coming from the second radiator 36 is supplied to
each of the first and second charge air coolers 14 and
15 and a gas engine cooling path 54G disposed sepa-
rately from the charge air cooling water path 56G to cool
the gas engine 2. In this case, the gas engine cooling
path 54G for cooling the gas engine 2 may be connected
to the first radiator 35, and the exhaust heat recovery
equipment 44 may be disposed downstream of the gas
engine 2 in the gas engine cooling path 54G to recover
exhaust heat generated in the gas engine 2 in the form
of hot water.

[0165] Although the foregoing has described exempla-
ry embodiments of the present invention, the present in-
vention is not limited to the embodiments described
above, and various improvements, changes, and modi-
fications can be made without departing from the scope
of the present invention.

Industrial Applicability

[0166] The presentinvention is useful in a gas engine
system to control the temperature of change air and
achieve charge air temperatures suitable for operation
requirements of various gas engines regardless of at-
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mospheric conditions.

Reference Signs List

regulator, and

the controller acquires a temperature of the

21

charge air supplied to the gas engine or a tem-
perature of the combustion gas discharged from
the gas engine and controls the temperature of
the intake air such that the acquired temperature

[0167] 5 is a predetermined target temperature.
1, 1A, 1B, 1C, 1D, 1E, 1F, 1G gas engine system The gas engine system according to claim 1, wherein
2 gas engine the temperature regulator includes a cooling water
3 electricity generator cooler that cools cooling water for cooling of the in-
4 turbocharger 10 take air using the exhaust heat recovered by the ex-
5, 5A, 5D, 5E, 5F, 5G charge air cooler haust heat recovery equipment.
6, 6C, 6D, 6E intake air temperature regulator
8 intake air introducer The gas engine system according to claim 2, wherein
10 compressor
14, 14F, 14G first charge air cooler 15 the exhaust heat recovery equipment recovers
15, 15F, 15G second charge air cooler the exhaust heat in the form of hot water or
16, 16A, 16F, 16G first cooling water path steam, and
17, 17A, 17F, 17G second cooling water path the temperature regulator includes:
25, 25B, 25C, 25D, 25E temperature regulator
26 controller 20 a cooling pipe through which the cooling wa-
27 cooling water cooler ter coming from the cooling water cooler is
28 cooling pipe supplied to the intake air introducer;
37 heating pipe a heating pipe through which the hot water
33, 34, 38 on-off valve (pipe switcher) coming from the exhaust heat recovery
44,55C, 55D, 55E exhaust heatrecovery equipment 25 equipmentis supplied to the intake air intro-
ducer to heat the intake air; and
a pipe switcher that switchably connects the
Claims cooling pipe or the heating pipe to the intake
air introducer.
1. A gas engine system comprising: 30
4. The gas engine system according to claim 2 or 3,
a gas engine; wherein
an electricity generator that generates electricity
using rotational power of the gas engine; the exhaust heat recovery equipment recovers
a turbocharger including a compressor that 35 the exhaust heat in the form of hot water or
compresses charge air supplied to the gas en- steam, and
gine and a turbine that generates drive power the cooling water cooler is a hot water absorption
from combustion gas discharged from the gas chiller or steam absorption chiller that produces
engine; the cooling water using the hot water or steam.
acharge air cooler that cools the charge aircom- 40
pressed by the compressor using cooling water 5. Thegasengine system accordingto claim 1, wherein
cooled with atmospheric air; and
an intake air temperature regulator that regu- the exhaust heat recovery equipment recovers
lates a temperature of intake air supplied to the the exhaust heat in the form of hot water, and
compressor from an intake air introducer that 45 the temperature regulator includes a heating
draws in atmospheric air, wherein pipe through which the hot water coming from
the intake air temperature regulator includes: the exhaustheatrecovery equipmentis supplied
to the intake air introducer to heat the intake air.
exhaust heat recovery equipment that re-
covers exhaust heat generated in the gas 50 The gas engine system according to claim 3 or 5,
engine; wherein the controller is switchable between a first
a temperature regulator that regulates the control mode in which the target temperature set for
temperature of the intake air using the re- heating of the charge air is a first target temperature
covered exhaust heat; and and a second control mode in which the target tem-
a controller that controls the temperature 55 perature set for heating of the charge air is a second

target temperature higher than the first target tem-
perature.
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The gas engine system according to any one of
claims 1 to 6, wherein

the charge air cooler includes:

afirstcharge air cooler disposed in a portion
of a first cooling water path for cooling of
the gas engine, the portion being a return
path from the gas engine; and

a second charge air cooler disposed in a
second cooling water path different from the
first cooling water path,

the first charge air cooler is disposed upstream
of the second charge air cooler in a charge air
path between the turbocharger and the gas en-
gine, and

the exhaust heat recovery equipment is dis-
posed downstream of the first charge air cooler
in the return path.

The gas engine system according to any one of
claims 1 to 6, wherein

the charge air cooler includes:

afirstcharge air cooler disposed in a portion
of a first cooling water path for cooling of
the gas engine, the portion being a return
path from the gas engine; and

a second charge air cooler disposed in a
second cooling water path different from the
first cooling water path,

the first charge air cooler is disposed upstream
of the second charge air cooler in a charge air
path between the turbocharger and the gas en-
gine, and

the exhaust heat recovery equipment is dis-
posed downstream of the second charge air
cooler in the second cooling water path.

The gas engine system according to any one of
claims 1 to 6, wherein

the charge air cooler includes:

afirstcharge air cooler disposed in a charge
air path between the turbocharger and the
gas engine;

a second charge air cooler disposed down-
stream of the first charge air cooler in the
charge air path;

a charge air cooling water path through
which cooling water is supplied to each of
the first and second charge air coolers; and
a gas engine cooling path disposed sepa-
rately from the charge air cooling water path
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10.

1.

12.

to cool the gas engine, and

the exhaust heat recovery equipment is dis-
posed downstream of the gas engine in the gas
engine cooling path.

The gas engine system according to any one of
claims 1 to 9, wherein compressor blades of the tur-
bocharger have a high-efficiency design optimized
for a predetermined temperature range defined
based on the target temperature set for the temper-
ature of the charge air.

The gas engine system according to any one of
claims 1 to 10, wherein turbine blades of the turbo-
charger have a high-efficiency design optimized for
a predetermined temperature range defined based
on the target temperature set for the temperature of
the combustion gas.

The gas engine system according to any one of
claims 1 to 10, wherein the controller acquires a giv-
en parameter indicating a property of fuel gas sup-
plied to the gas engine and sets the target temper-
ature according to the given parameter.
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