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(57) Abstract: An exhaust gas system is provided for a transport refrigeration unit (TRU) engine. The exhaust gas system includes an
exhaust system. The exhaust system includes a catalyst operable in a temperature range to catalyze exhaust gas produced in the TRU
engine and flown through the exhaust system. The exhaust gas system further includes temperature sensors respectively disposed to
sense exhaust gas temperatures upstream of and downstream from the catalyst, at least one of first, second and third valves which are
proportionally controllable to moderate amounts of air provided to the TRU engine, fuel provided to the TRU engine and air provided to
the catalyst, respectively, and a controller. The controller is configured to compare sensed exhaust gas temperatures with the temperature
range and issue a proportional signal to the at least one of the first, second and third valves in accordance with results of the comparison.
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EXHAUST GAS TEMPERATURE CONTROL

BACKGROUND

[0001] The following description relates to transport refrigeration units
(TRUs) and, more specifically, to a system of exhaust gas temperature control for use

with a TRU engine.

[0002] An engine system for a TRU typically includes a compressed natural
gas (CNGQG) engine having a mixer at an inlet thereof and an exhaust manifold that
directs exhaust to a catalyst (i.e., inside a catalytic converter) and then to an exhaust
outlet. CNG, which is drawn from a supply tank and flows through a lock-off valve
and a pressure regulator, is received by the inlet along with air from an air cleaner so
that it can be combusted within the CNG engine. The lock-off valve is controlled by
an output/input (O/I) steady state signal that is either on or off to allow CNG to flow

or not, respectively.

[0003] With the typical configuration described above, operations of CNG
engines provide for hot exhaust gas temperatures and employ the catalyst within a
catalyst exhaust system to comply with emissions regulations. This catalyst exhaust
system needs to run in a proper temperature range (e.g., ~300°C - ~800°C), however,
to allow for proper catalyst efficiency and insufficient exhaust gas temperatures lead
to catalyst operations that do not comply with emissions regulations whereas over-

temperature conditions can damage the catalyst material.
BRIEF DESCRIPTION

[0004] According to an aspect of the disclosure, an exhaust gas system is
provided for a transport refrigeration unit (TRU) engine. The exhaust gas system
includes an exhaust system. The exhaust system includes a catalyst operable in a
temperature range to catalyze exhaust gas produced in the TRU engine and flown
through the exhaust system. The exhaust gas system further includes temperature
sensors respectively disposed to sense exhaust gas temperatures upstream of and

downstream from the catalyst, at least one of first, second and third valves which are
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proportionally controllable to moderate amounts of air provided to the TRU engine,
fuel provided to the TRU engine and air provided to the catalyst, respectively, and a
controller. The controller is coupled to the temperature sensors and the at least one of
the first, second and third valves and is configured to compare sensed exhaust gas
temperatures with the temperature range and to issue a proportional signal to the at
least one of the first, second and third valves in accordance with results of the

comparison.

[0005] In accordance with additional or alternative embodiments, the TRU

engine includes one of a gas engine, a compressed natural gas engine, a diesel engine.

[0006] In accordance with additional or alternative embodiments, the exhaust
system includes an exhaust manifold through which the exhaust gas produced in the
TRU engine flows toward the catalyst and an exhaust outlet through which the

exhaust gas flows from the catalyst.

[0007] In accordance with additional or alternative embodiments, the
temperature sensors include a first temperature sensor operably disposed in the
exhaust manifold and a second temperature sensor operably disposed in the exhaust

outlet.

[0008] In accordance with additional or alternative embodiments, each of at

least one of the first and third valves includes a throttling valve.

[0009] In accordance with additional or alternative embodiments, the third

valve is provided with a venturi element upstream from the catalyst.

[0010] In accordance with additional or alternative embodiments, the
proportional signal issued by the controller includes a pulse width modulation signal

(PWM).

[0011] In accordance with additional or alternative embodiments, the
controller is configured to issue the proportional signal to the at least one of the first,
second and third valves to maintain the exhaust gas temperatures in the temperature

range.
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[0012] According to another aspect of the disclosure, a transport refrigeration
unit (TRU) is provided. The TRU includes an engine system and an exhaust system.
The engine system includes an inlet to mix fuel and air and a TRU engine to combust
the mixed fuel and air to produce exhaust gas which is flown through the exhaust
system. The exhaust system includes a catalyst operable in a temperature range to
catalyze the exhaust gas. The TRU further includes temperature sensors respectively
disposed to sense exhaust gas temperatures upstream of and downstream from the
catalyst, at least one of first, second and third valves which are proportionally
controllable to moderate amounts of air provided to the TRU engine, fuel provided to
the TRU engine and air provided to the catalyst, respectively, and a controller. The
controller is coupled to the temperature sensors and the at least one of the first, second
and third valves and is configured to compare sensed exhaust gas temperatures with
the temperature range and to issue a proportional signal to the at least one of the first,

second and third valves in accordance with results of the comparison.

[0013] In accordance with additional or alternative embodiments, the TRU

engine includes one of a gas engine, a compressed natural gas engine, a diesel engine.

[0014] In accordance with additional or alternative embodiments, the exhaust
system includes an exhaust manifold through which the exhaust gas produced in the
TRU engine flows toward the catalyst and an exhaust outlet through which the

exhaust gas flows from the catalyst.

[0015] In accordance with additional or alternative embodiments, the
temperature sensors include a first temperature sensor operably disposed in the
exhaust manifold and a second temperature sensor operably disposed in the exhaust

outlet.

[0016] In accordance with additional or alternative embodiments, each of at

least one of the first and third valves includes a throttling valve.

[0017] In accordance with additional or alternative embodiments, the third

valve is provided with a venturi element upstream from the catalyst.
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[0018] In accordance with additional or alternative embodiments, the
proportional signal issued by the controller includes a pulse width modulation signal

(PWM).

[0019] In accordance with additional or alternative embodiments, the
controller is configured to issue the proportional signal to the at least one of the first,
second and third valves to maintain the exhaust gas temperatures in the temperature

range.

[0020] According to another aspect of the disclosure, a method of operating an
exhaust gas system is provided for a transport refrigeration unit (TRU) engine. The
method includes sensing exhaust gas temperatures proximate to a catalyst which is
operable in a temperature range, comparing the sensed exhaust gas temperatures with
the temperature range and issuing a proportional signal to at least one of first, second
and third proportionally controllable valves to moderate amounts of air provided to
the TRU engine, fuel provided to the TRU engine and air provided to the catalyst in

accordance with results of the comparison.

[0021] In accordance with additional or alternative embodiments, the sensing
includes sensing the exhaust gas temperatures upstream of and downstream from the

catalyst.

[0022] In accordance with additional or alternative embodiments, each of the
at least one of the first and third proportionally controllable valves includes a
throttling valve and the proportional signal includes a pulse width modulation (PWM)

signal.

[0023] In accordance with additional or alternative embodiments, the issuing
includes issuing the proportional signal to the at least one of the first, second and third

valves to maintain the exhaust gas temperatures in the temperature range.

[0024] These and other advantages and features will become more apparent

from the following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0025] The subject matter, which is regarded as the disclosure, is particularly
pointed out and distinctly claimed in the claims at the conclusion of the specification.
The foregoing and other features, and advantages of the disclosure are apparent from
the following detailed description taken in conjunction with the accompanying

drawings in which:

[0026] FIG. 1 is a schematic diagram of a vehicle with a transport

refrigeration unit (TRU) in accordance with embodiments;

[0027] FIG. 2 is a schematic illustration of components of a TRU engine in

accordance with embodiments;

[0028] FIG. 3 is a schematic diagram illustrating components of a controller

of the components of the TRU engine of FIG. 2; and

[0029] FIG. 4 is a flow diagram illustrating a method of operating of operating

an exhaust gas system for a TRU in accordance with embodiments.

[0030] These and other advantages and features will become more apparent

from the following description taken in conjunction with the drawings.

DETAILED DESCRIPTION

[0031] As will be described below, air and gas flows in a CNG engine system
are both managed to optimize efficiency and reliability of the engine exhaust system
and to increase the likelihood that the catalyst exhaust system runs in an appropriate
exhaust gas temperature range. To this end, a TRU is equipped with an engine system
to drive a TRU cooling system. The engine system can include an engine, such as a
gasoline powered engine, a CNG powered engine, a diesel fuel powered engine or a
natural gas powered engine. The engine system further includes an exhaust gas
system. The exhaust gas system includes a catalyst, exhaust gas temperature sensors
upstream of and downstream from the catalyst, an electrically driven throttle valve to
control or throttle flows of air into an inlet of the engine, a bypass at the exhaust gas
system inlet (i.e., upstream from the catalyst) to allow outside air to mix with exhaust

gas, an electrically driven throttle valve to control or throttle flows of air into an inlet
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of the catalyst and a venturi at the inlet of the catalyst to generate a Bernoulli low
pressure condition which effectively pulls outside air through an air cleaner and the
catalyst. The exhaust gas system further includes a proportional electrically driven
fuel lock off-valve that can be proportionally electrically driven to control or throttle
flows of fuel into the engine and a controller. The controller monitors exhaust gas

temperatures and manages each throttle valve and the fuel lock-off valve accordingly.

[0032] With reference to FIG. 1, a vehicle 10 is provided for transport and
delivery of certain items requiring environmental control during shipment. The
vehicle 10 may be configured as a truck 11 with an engine 12, a passenger
compartment 13, a chassis and a truck bed 14, wheels 15 and a container 16 in which
the items requiring environmental control are accommodated during shipment. The
vehicle 10 may further include a transport refrigeration unit (TRU) 20. The TRU 20 is
coupled to the container 16 and is configured to provide for the environmental control

required by the items during shipment within an interior of the container 16.

[0033] With reference to FIG. 2, the TRU 20 of FIG. 1 includes an engine

system 30 and an exhaust system 40.

[0034] The engine system 30 includes a TRU engine 31, which may include or
be configured as one or more of a gas engine, a compressed natural gas (CNG)
engine, a diesel engine, etc., a mixer or an inlet 32, an air supply portion 33 and a fuel
supply portion 34. The air supply portion 33 includes an air cleaner 330 and a first
valve 331. During operations of the TRU engine 31, air is drawn into the inlet 32
through the air cleaner 330 and the first valve 331 (an operation of the first valve 331
will be described in further detail below). The fuel supply portion 34 includes a fuel
supply tank (e.g., a CNG supply as shown in FIG. 2) 340, a lock-off or second valve
341 and a pressure regulator 342. During operations of the TRU engine 31, fuel that is
accommodated in the fuel supply tank 340 is drawn into the inlet 32 by way of the
second valve 341 and the pressure regulator 342 (an operation of the second valve 341
will be described in greater detail below). Within the inlet 32, the air and the fuel are

mixed for combustion within the TRU engine 31 whereupon the TRU engine 31
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drives operations of the TRU 20 from the production of high temperature and high

pressure exhaust gas.

[0035] The exhaust gas produced by the TRU engine 31 is flown through the
exhaust system 40. To this end, the exhaust system 40 includes an exhaust manifold
41, which is directly downstream from the TRU engine 31, an exhaust outlet 42, a
catalyst 43, which is fluidly interposed between the exhaust manifold 41 and the
exhaust outlet 42 and a duct 44. Exhaust gases travel through the duct 44 from the
exhaust manifold 41 to the catalyst 43. The catalyst 43 is operated to catalyze the
exhaust gases to thereby break down certain pollutants included therein in order to
meet emissions requirements. The catalyst is properly operable is a defined
temperature range (e.g., from ~300°C - ~800°C) of the exhaust gas since exhaust
gases that are too cool may lead to an underperformance of the catalyst 43 and since

exhaust gases that are too hot may damage the catalyst 43.

[0036] Thus, as will be described below, the TRU 20 further includes
additional components which are configured to monitor temperatures of the exhaust
gases and to take actions that are designed to optimize TRU operations by either
increasing exhaust gas temperatures in an event the monitored exhaust gas
temperatures are too low or by decreasing exhaust gas temperatures in an event the

monitored exhaust gas temperatures are too high.

[0037] Still referring to FIG. 2, the TRU 20 includes temperature sensors 50,
at least one of the first valve 331, the second valve 341 and a third valve 51 and a
controller 60. The temperature sensors 50 are respectively disposed to sense exhaust
gas temperatures and may include a first exhaust gas temperature sensor 501, which is
disposed upstream of the catalyst 43 to sense exhaust gas temperatures in the duct 44,
and a second exhaust gas temperature sensor 502, which is disposed downstream from
the catalyst 43 to sense exhaust gas temperatures in the exhaust outlet 42. The at least
one of the first valve 331, the second valve 341 and the third valve 51 is
proportionally controllable to moderate amounts of air provided to the TRU engine
31, to moderate amounts of fuel provided to the TRU engine 31 and to moderate

amounts of air provided to the catalyst 32, respectively. The controller 60 is coupled
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to the temperature sensors 50 and the at least one of the first valve 331, the second
valve 341 and the third valve 51. The controller 60 is configured to compare sensed
exhaust gas temperatures, as sensed by the first and second exhaust gas temperature
sensors 501 and 502, with the temperature range in which the catalyst 43 is properly
operable and to issue a proportional signal to the at least one of the first valve 331, the

second valve 341 and the third valve 51 in accordance with results of the comparison.

[0038] In accordance with embodiments, the first valve 331 may be
configured or provided within a duct 332 that is arranged upstream from the inlet 32
and may include or be provided as an air throttling valve or another suitable type of
valve that opens and closes the duct 332 in accordance with the signal issued by the
controller 60. For example, the signal issued thereto by the controller 60 may be
configured as a pulse width modulation (PWM) signal PWMI that effectively
instructs the first valve 331 to open the duct 332 by a particular angle. In such cases,
the greater the particular angle the more air flows into the inlet 32 and the higher the
exhaust gas temperatures are whereas the lesser the particular angle the less air flows

into the inlet 32 and the lower the exhaust gas temperatures are.

[0039] That is, when the controller 60 recognizes that the temperature sensors
50 sense that the exhaust gas temperatures are too low relative to the temperature
range in which the catalyst 43 is properly operable, the controller 60 will issue the
PWM signal PWMI such that the first valve 331 opens toward a greater angle and the
duct 332 correspondingly opens. This allows more air to flow into the inlet 32 and
thus increases the temperatures of the exhaust gases. On the other hand, when the
controller 60 recognizes that the temperature sensors 50 sense that the exhaust gas
temperatures are too high relative to the temperature range in which the catalyst 43 is
properly operable, the controller 60 will issue the PWM signal PWMI1 such that the
first valve 331 closes toward a lesser angle and the duct 332 correspondingly closes.
This decreases the amount of air permitted to flow into the inlet 32 and thus decreases

the temperatures of the exhaust gases.

[0040] In accordance with embodiments, the second valve 341 may be

configured or provided as a component of the lock-off valve and is arranged upstream
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from the inlet 32. In some cases, the second valve 341 may include or be provided as
an air throttling valve or another suitable type of valve that opens and closes in
accordance with the signal thereto issued by the controller 60. For example, the signal
issued by the controller 60 may be configured as a PWM signal PWM?2 that
effectively instructs the second valve 341 to open by a particular angle. In such cases,
the greater the particular angle the more fuel flows into the inlet 32 and the higher the
exhaust gas temperatures are whereas the lesser the particular angle the less fuel flows

into the inlet 32 and the lower the exhaust gas temperatures are.

[0041] That is, when the controller 60 recognizes that the temperature sensors
50 sense that the exhaust gas temperatures are too low relative to the temperature
range in which the catalyst 43 is properly operable, the controller 60 will issue the
PWM signal PWM?2 such that the second valve 341 opens toward a greater angle and
allows more fuel to flow into the inlet 32 and thus increases the temperatures of the
exhaust gases. On the other hand, when the controller 60 recognizes that the
temperature sensors 50 sense that the exhaust gas temperatures are too high relative to
the temperature range in which the catalyst 43 is properly operable, the controller 60
will issue the PWM signal PWM?2 such that the second valve 341 closes toward a
lesser angle and decreases the amount of air permitted to flow into the inlet 32 and

thus decreases the temperatures of the exhaust gases.

[0042] In accordance with embodiments, the third valve 51 may be
configured or provided within a duct 52 that is arranged upstream from the catalyst 43
and may include or be provided as an air throttling valve or another suitable type of
valve that opens and closes the duct 52 in accordance with the signal issued thereto by
the controller 60. An end of the duct 52 may be provided or configured as a venturi
element 53 which generates a Bernoulli effect to draw air through an air cleaner 54
and the duct 52. The signal issued to the third valve 51 by the controller 60 may be
configured as a PWM signal PWM3 that effectively instructs the third valve 51 to
open the duct 52 by a particular angle. In such cases, the greater the particular angle
the more air flows into the catalyst 43 and the lower the exhaust gas temperatures are
whereas the lesser the particular angle the less air flows into the catalyst 43 and the

higher the exhaust gas temperatures are.
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[0043] That is, when the controller 60 recognizes that the temperature sensors
50 sense that the exhaust gas temperatures are too low relative to the temperature
range in which the catalyst 43 is properly operable, the controller 60 will issue the
PWM signal PWM3 such that the third valve 51 closes toward a lesser angle and the
duct 52 correspondingly closes. This allows less air to flow into the catalyst 43 and
thus increases the temperatures of the exhaust gases. On the other hand, when the
controller 60 recognizes that the temperature sensors 50 sense that the exhaust gas
temperatures are too high relative to the temperature range in which the catalyst 43 is
properly operable, the controller 60 will issue the PWM signal PWM3 such that the
third valve 51 opens toward a greater angle and the duct 52 correspondingly opens.
This increases the amount of air permitted to flow into the catalyst 43 and thus

decreases the temperatures of the exhaust gases.

[0044] In accordance with embodiments, the controller 60 may be configured
to issue the PWM signals PWMI1, PWM2 and PWM3 concurrently, sequentially,
alone or in various combinations thereof in order to maintain the exhaust gas
temperature range within the temperature range in which the catalyst 43 is properly
operable, to maintain the exhaust gas temperature range within another temperature
range that is partially or fully nested within the temperature range in which the
catalyst 43 is properly operable or to optimize a performance of the catalyst 43

according to various performance characteristics.

[0045] With reference to FIG. 3, the controller 60 may be provided or
configured as a safety controller and may include a processing element 301, a
memory unit 302 and a networking unit 303. The processing element 301 is
communicative with the temperature sensors 50 and the at least one of the first valve
331, the second valve 341 and the third valve 51 by way of the networking unit 303.
The memory unit 302 has executable instructions stored thereon, which, when
executed, cause the processing element 301 to operate effectively as a central
processing unit (CPU) of the controller 60 such that the controller 60 operates

substantially as described herein.
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[0046] With reference to FIG. 4, a method of operating an exhaust gas system
for a transport refrigeration unit (TRU) engine is provided. The method includes
sensing exhaust gas temperatures proximate to a catalyst which is operable in a
temperature range (block 401), comparing the sensed exhaust gas temperatures with
the temperature range (block 402) and issuing a proportional signal to at least one of
first, second and third proportionally controllable valves to moderate amounts of air
provided to the TRU engine, fuel provided to the TRU engine and air provided to the

catalyst in accordance with results of the comparison (block 403).

[0047] The systems and methods described herein provide for management of
both air and gas flows at an engine inlet in order to control exhaust gas temperatures
and, more particularly, to avoid exhaust gas over-temperature conditions, for
extending catalyst lifetime and for providing for a fast warm-up of the catalyst. The
systems and methods described herein also ensure that the catalyst runs at its
appropriate minimum and maximum temperatures and that the TRU's engine complies

with emissions regulations.

[0048] While the disclosure is provided in detail in connection with only a
limited number of embodiments, it should be readily understood that the disclosure is
not limited to such disclosed embodiments. Rather, the disclosure can be modified to
incorporate any number of variations, alterations, substitutions or equivalent
arrangements not heretofore described, but which are commensurate with the spirit
and scope of the disclosure. Additionally, while various embodiments of the
disclosure have been described, it is to be understood that the exemplary
embodiment(s) may include only some of the described exemplary aspects.
Accordingly, the disclosure is not to be seen as limited by the foregoing description,

but is only limited by the scope of the appended claims.
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What is claimed is:

1. An exhaust gas system for a transport refrigeration unit (TRU) engine,

comprising:

an exhaust system comprising a catalyst operable in a temperature range to
catalyze exhaust gas produced in the TRU engine and flown through the exhaust

system;

temperature sensors respectively disposed to sense exhaust gas temperatures

upstream of and downstream from the catalyst;

at least one of first, second and third valves which are proportionally
controllable to moderate amounts of air provided to the TRU engine, fuel provided to

the TRU engine and air provided to the catalyst, respectively; and

a controller coupled to the temperature sensors and the at least one of the first,

second and third valves and configured to:
compare sensed exhaust gas temperatures with the temperature range, and

issue a proportional signal to the at least one of the first, second and third

valves in accordance with results of the comparison.

2. The exhaust gas system according to claim 1, wherein the TRU engine

comprises one of a gas engine, a compressed natural gas engine, a diesel engine.

3. The exhaust gas system according to claim 1 or 2, wherein the exhaust

system comprises:

an exhaust manifold through which the exhaust gas produced in the TRU

engine flows toward the catalyst; and
an exhaust outlet through which the exhaust gas flows from the catalyst.

4. The exhaust gas system according to any one of claims 1 to 3, wherein

the temperature sensors comprise:
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a first temperature sensor operably disposed in the exhaust manifold; and

a second temperature sensor operably disposed in the exhaust outlet.

5. The exhaust gas system according to any one of claims 1 to 4, wherein

each of at least one of the first and third valves comprises a throttling valve.

5 6. The exhaust gas system according to any one of claims 1 to 5, wherein

the third valve is provided with a venturi element upstream from the catalyst.

7. The exhaust gas system according to any one of claims 1 to 6, wherein
the proportional signal issued by the controller comprises a pulse width modulation

signal (PWM).

10 8. The exhaust gas system according to any one of claims 1 to 7, wherein
the controller is configured to issue the proportional signal to the at least one of the
first, second and third valves to maintain the exhaust gas temperatures in the

temperature range.

0. A transport refrigeration unit (TRU), comprising:

15 an engine system comprising an inlet to mix fuel and air and a TRU engine to

combust the mixed fuel and air to produce exhaust gas;

an exhaust system through which the exhaust gas is flown and comprising a

catalyst operable in a temperature range to catalyze the exhaust gas;

temperature sensors respectively disposed to sense exhaust gas temperatures

20  upstream of and downstream from the catalyst;

at least one of first, second and third valves which are proportionally
controllable to moderate amounts of air provided to the TRU engine, fuel provided to

the TRU engine and air provided to the catalyst, respectively; and

a controller coupled to the temperature sensors and the at least one of the first,

25  second and third valves and configured to:
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compare sensed exhaust gas temperatures with the temperature range, and

issue a proportional signal to the at least one of the first, second and third

valves in accordance with results of the comparison.

10. The exhaust gas system according to claim 9, wherein the TRU engine

5 comprises one of a gas engine, a compressed natural gas engine, a diesel engine.

11. The exhaust gas system according to claim 9 or 10, wherein the

exhaust system comprises:

an exhaust manifold through which the exhaust gas produced in the TRU

engine flows toward the catalyst; and
10 an exhaust outlet through which the exhaust gas flows from the catalyst.

12. The exhaust gas system according to any one of claims 9 to 11,

wherein the temperature sensors comprise:
a first temperature sensor operably disposed in the exhaust manifold; and
a second temperature sensor operably disposed in the exhaust outlet.

15 13. The exhaust gas system according to any one of claims 9 to 12,

wherein each of at least one of the first and third valves comprises a throttling valve.

14. The exhaust gas system according to any one of claims 9 to 13,

wherein the third valve is provided with a venturi element upstream from the catalyst.

15. The exhaust gas system according to any one of claims 9 to 14,
20  wherein the proportional signal issued by the controller comprises a pulse width

modulation signal (PWM).

16. The exhaust gas system according to any one of claims 9 to 15,
wherein the controller is configured to issue the proportional signal to the at least one
of the first, second and third valves to maintain the exhaust gas temperatures in the

25  temperature range.



WO 2019/142011 PCT/IB2018/000118
15

17. A method of operating an exhaust gas system for a transport

refrigeration unit (TRU) engine, the method comprising:

sensing exhaust gas temperatures proximate to a catalyst which is operable in

a temperature range;

5 comparing the sensed exhaust gas temperatures with the temperature range;

and

issuing a proportional signal to at least one of first, second and third
proportionally controllable valves to moderate amounts of air provided to the TRU
engine, fuel provided to the TRU engine and air provided to the catalyst in accordance

10 with results of the comparison.

18. The method according to claim 17, wherein the sensing comprises

sensing the exhaust gas temperatures upstream of and downstream from the catalyst.

19. The method according to claim 17 or 18, wherein each of the at least
one of the first and third proportionally controllable valves comprises a throttling

15 valve and the proportional signal comprises a pulse width modulation (PWM) signal.

20. The method according to any one of claims 17 to 19, wherein the
issuing comprises issuing the proportional signal to the at least one of the first, second

and third valves to maintain the exhaust gas temperatures in the temperature range.
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