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(57) ABSTRACT

An air cooling system for a snowmobile having a forward
frame assembly defining an engine bay, an engine positioned
in the engine bay and a turbocharger positioned outboard of
the engine bay. The air cooling system includes an inter-
cooler in downstream fluid communication with the turbo-
charger. The intercooler is configured to cool compressed air
from the turbocharger. An air channel is positioned forward
of'the intercooler. The air channel has a lower wall and a pair
of oppositely disposed side walls that direct ambient ram air
into the intercooler such that heat transfers from the com-
pressed air to the ambient ram air in the intercooler, thereby
cooling the compressed air and increasing the density of the
compressed air before the compressed air enters the engine.
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AIR COOLING SYSTEMS FOR
SNOWMOBILES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Application No. 63/666,200, filed Jun. 30, 2024
the entire contents of which is incorporated by reference
herein for all purposes.

TECHNICAL FIELD OF THE DISCLOSURE

[0002] The present disclosure relates, in general, to snow-
mobiles having a turbocharged four-stroke internal combus-
tion engine and, in particular, to air intake systems, exhaust
systems and cooling systems for use with turbocharged
four-stroke internal combustion engines on snowmobiles.

BACKGROUND

[0003] Snowmobiles are popular land vehicles used for
transportation and recreation in cold and snowy conditions.
Certain snowmobiles are designed for specific applications
such as trail, utility, mountain, race and crossover applica-
tions, to name a few. Snowmobiles typically include a
chassis that supports various components of the snowmobile
such as an engine, a transmission and a ground-engaging
endless drive track disposed in a longitudinally extending
tunnel. The engine and transmission power the drive track to
enable ground propulsion for the vehicle. A rider controls the
operation of the snowmobile using a steering system includ-
ing a handlebar assembly that is operatively linked to a pair
of ski assemblies that provides flotation for the front of the
snowmobile over the snow.

[0004] The engine used in conventional snowmobiles is
typically a naturally aspirated two-stroke internal combus-
tion engine due to the compact size and efficient design of
such engines. While such two-stroke engines have a high
power-to-weight ratio, they typically have low fuel effi-
ciency, generate high noise levels and produce undesirable
pollution due to the direct mixing of fuel and oil. Naturally
aspirated four-stroke internal combustion engines, on the
other hand, have higher fuel efficiency, produce less noise,
generate lower emissions and have a simplified refueling
process, which not only reduces the cost and environmental
impact of operations, but also enhances the enjoyment of the
riding experience. It has been found, however, that to
produce the same power, four-stroke engines must generally
be larger and heavier than two-stroke engines. One way to
increase the power of a four-stroke engine without increas-
ing the size is by adding a forced induction system to the
engine such as a turbocharger.

SUMMARY

[0005] Ina first aspect, the present disclosure is directed to
a cooling system for a snowmobile having an engine and a
turbocharger. The cooling system includes a pump in
upstream fluid communication with the engine and the
turbocharger. A coolant distribution assembly is coupled to
and positioned outboard of the engine. The coolant distri-
bution assembly includes first and second thermostat cham-
bers and a vapor tank. The first thermostat chamber is in
downstream fluid communication with the engine and the
vapor tank. The first thermostat chamber is selectively in
upstream fluid communication with the second thermostat
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chamber and the pump. The vapor tank is in downstream
fluid communication with the turbocharger. A heat
exchanger assembly is in downstream fluid communication
with the second thermostat chamber and in upstream fluid
communication with the pump. The pump, the coolant
distribution assembly and the heat exchanger assembly form
a cooling circuit for circulating a coolant through the engine
and the turbocharger.

[0006] In certain embodiments, the engine may be a
four-stroke engine. In some embodiments, the pump may be
integrally formed with the engine. In certain embodiments,
at least a portion of the coolant distribution assembly may be
positioned above the engine and above the turbocharger. In
some embodiments, at least a portion of the coolant distri-
bution assembly may be positioned aft of the turbocharger.
In certain embodiments, at least a portion of the coolant
distribution assembly may be positioned inboard of the
turbocharger. In some embodiments, the second thermostat
chamber may be positioned above the first thermostat cham-
ber. In certain embodiments, the second thermostat chamber
may include a filler cap that is positioned at an uppermost
location of the cooling system. In some embodiments, the
first and second thermostat chambers may be positioned aft
of the vapor tank.

[0007] In certain embodiments, the first thermostat cham-
ber may include a primary inlet in downstream fluid com-
munication with an outlet of the engine, the first thermostat
chamber may include a bypass outlet in upstream fluid
communication with the pump and/or the second thermostat
chamber may include a primary outlet in upstream fluid
communication with the heat exchanger assembly. In such
embodiments, the outlet of the engine may be positioned on
an aft side of the engine, the primary inlet may be positioned
on an aft side of the first thermostat chamber, the primary
outlet may be positioned on an aft side of the second
thermostat chamber and/or the bypass outlet may be posi-
tioned on a bottom end of the first thermostat chamber. In
some embodiments, the vapor tank may have an inlet that is
in downstream fluid communication with the turbocharger
with the inlet positioned above the turbocharger. In certain
embodiments, the vapor tank may have an outlet that is in
upstream fluid communication with a secondary inlet of the
first thermostat chamber with the outlet of the vapor tank
positioned forward and above the secondary inlet of the first
thermostat chamber. In some embodiments, the first ther-
mostat chamber may be configured to be in upstream fluid
communication with the pump during a warmup phase of
engine operations and in upstream fluid communication with
the second thermostat chamber after the warmup phase of
engine operations is complete. In certain embodiments, a
mounting bracket may couple the coolant distribution
assembly to the engine. In some embodiments, the heat
exchanger assembly may include first and second tunnel
heat exchangers positioned in series.

[0008] In a second aspect, the present disclosure is
directed to a snowmobile that has a chassis including a
forward frame assembly and a tunnel extending aftwardly
from the forward frame assembly with the forward frame
assembly defining an engine bay. An engine is coupled to the
forward frame assembly and is positioned in the engine bay.
A turbocharger is operably coupled to the engine and is
positioned outboard of the engine bay relative to a first
lateral side of the engine. A pump is in upstream fluid
communication with the engine and the turbocharger. A
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coolant distribution assembly is coupled to the engine. The
coolant distribution assembly includes first and second ther-
mostat chambers and a vapor tank. The first thermostat
chamber is in downstream fluid communication with the
engine and the vapor tank. The first thermostat chamber is
selectively in upstream fluid communication with the second
thermostat chamber and the pump. The vapor tank is in
downstream fluid communication with the turbocharger. A
heat exchanger assembly is in downstream fluid communi-
cation with the second thermostat chamber and in upstream
fluid communication with the pump. The pump, the coolant
distribution assembly and the heat exchanger assembly form
a cooling circuit for circulating a coolant through the engine
and the turbocharger. The coolant distribution assembly is
positioned outboard of the engine bay relative to the first
lateral side of the engine.

[0009] In certain embodiments, the engine may be a
four-stroke engine. In some embodiments, the turbocharger
may be coupled to the forward frame assembly. In certain
embodiments, the heat exchanger assembly may include an
arcuate heat exchanger coupled to a forward end of the
tunnel and a longitudinal heat exchanger positioned in an
upper portion of the tunnel.

[0010] In a third aspect, the present disclosure is directed
to an air cooling system for a snowmobile having a forward
frame assembly defining an engine bay, an engine positioned
in the engine bay and a turbocharger positioned outboard of
the engine bay. The air cooling system includes an inter-
cooler in downstream fluid communication with the turbo-
charger. The intercooler is configured to cool compressed air
from the turbocharger. An air channel is positioned forward
of'the intercooler. The air channel has a lower wall and a pair
of oppositely disposed side walls that direct ambient ram air
into the intercooler such that heat transfers from the com-
pressed air to the ambient ram air in the intercooler, thereby
cooling the compressed air and increasing the density of the
compressed air before the compressed air enters the engine.

[0011] In certain embodiments, the intercooler and the air
channel may be positioned above and coupled to a nose
portion of the forward frame assembly. In some embodi-
ments, the intercooler and the air channel may be positioned
forward of the engine bay and/or forward of the turbo-
charger. In certain embodiments, the side walls of the air
channel may be substantially vertically oriented and/or
substantially parallel with each other. In some embodiments,
the side walls of the air channel may extend above the top
of the intercooler. In certain embodiments, the intercooler
may be tilted forward by a forward tilt angle such that an
upper portion of the intercooler is forward of a lower portion
of the intercooler. In such embodiments, each of the side
walls of the air channel may have an aft surface that is tilted
forward by the forward tilt angle such that upper portions of
the aft surfaces are forward of lower portions of the aft
surfaces. In some embodiments, the lower wall may have a
contoured surface configured to accommodate a snowmo-
bile component. In certain embodiments, one of the side
walls may include an opening configured to receive a
snowmobile component. In some embodiments, an air grill
may be positioned at least partially forward of and at least
partially above the air channel with the air grill having a
plurality of veins that direct the ambient ram air aftwardly
and downwardly into the air channel and toward the inter-
cooler. In such embodiments, the intercooler may be posi-
tioned at least partially below the air grill.
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[0012] In afourth aspect, the present disclosure is directed
to an air intake system for a snowmobile having a forward
frame assembly defining an engine bay and an engine
positioned in the engine bay. The air intake system includes
an airbox having an air inlet configured to receive ambient
air. An air filter assembly is in downstream fluid communi-
cation with the airbox and is positioned forward of the
engine bay. The air filter assembly is configured to filter the
ambient air from the airbox. A turbocharger is in down-
stream fluid communication with the air filter assembly and
is positioned outboard of a first side of the engine bay. The
turbocharger is configured to compress the ambient air from
the air filter assembly. An intercooler is in downstream fluid
communication with the turbocharger and is positioned
forward of the engine bay. The intercooler is configured to
cool the compressed air from the turbocharger. A throttle
valve assembly is in downstream fluid communication with
the intercooler and is positioned outboard of a second side
of the engine bay that is opposite of the first side of the
engine bay. The throttle valve assembly is configured to
regulate airflow from the intercooler to the engine. A mani-
fold assembly is in downstream fluid communication with
the throttle valve assembly and is in upstream fluid com-
munication with the engine. An air channel is positioned
forward of the intercooler. The air channel has a lower wall
and a pair of oppositely disposed side walls that direct
ambient ram air into the intercooler such that heat transfers
from the compressed air to the ambient ram air in the
intercooler, thereby cooling the compressed air and increas-
ing the density of the compressed air before the compressed
air enters the engine.

[0013] In certain embodiments, an air grill is positioned at
least partially forward of and at least partially above the air
channel. The air grill may have a plurality of veins that direct
the ambient ram air aftwardly and downwardly into the air
channel and toward the intercooler. In some embodiments,
the airbox may be positioned above and forward of at least
a portion of the engine. In certain embodiments, the air filter
assembly may be positioned between the engine and the
intercooler. In some embodiments, the manifold assembly
may be positioned at least partially above and at least
partially aft of the engine.

[0014] In a fifth aspect, the present disclosure is directed
to a snowmobile having a forward frame assembly defining
an engine bay. An engine is positioned in the engine bay. A
turbocharger is coupled to the forward frame assembly and
is positioned outboard of the engine bay. An intercooler is in
downstream fluid communication with the turbocharger. The
intercooler is configured to cool compressed air from the
turbocharger. An air channel is positioned forward of the
intercooler. The air channel has a lower wall and a pair of
oppositely disposed side walls that direct ambient ram air
into the intercooler such that heat transfers from the com-
pressed air to the ambient ram air in the intercooler, thereby
cooling the compressed air and increasing the density of the
compressed air before the compressed air enters the engine.

[0015] In certain embodiments, an air grill may be posi-
tioned at least partially forward of and at least partially
above the air channel. In some embodiments, the air grill
may have a plurality of veins that direct the ambient ram air
aftwardly and downwardly into the air channel and toward
the intercooler. In certain embodiments, a front bumper and
a headlight assembly may be coupled to the forward frame
assembly with the air grill positioned between the front
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bumper and the headlight assembly. In some embodiments,
the engine may be a four-stroke engine.

[0016] In a sixth aspect, the present disclosure is directed
to an air intake system for a snowmobile having a forward
frame assembly. The air intake system includes an airbox
having an inlet configured to receive ambient air and an
outlet. The airbox is coupled to a forward side of the forward
frame assembly. An air filter assembly is in downstream
fluid communication with the airbox. The air filter assembly
has an inlet that is coupled to the outlet of the airbox. The
inlet of the air filter assembly is at least partially aligned with
the inlet of the airbox.

[0017] In some embodiments, the inlet of the air filter
assembly may be ductlessly coupled to the outlet of the
airbox. In certain embodiments, the inlet of the air filter
assembly may be fully aligned with the inlet of the airbox.
In some embodiments, the forward frame assembly may
include first and second forward spars with the airbox
coupled to a forward side of the first and second forward
spars. In certain embodiments, the airbox has an underside
that may include a spar groove that is configured to receive
the first forward spar therein. In some embodiments, the
snowmobile may include a steering column that is coupled
to the forward frame assembly and the underside of the
airbox may include a steering column groove that is con-
figured to receive the steering column therein. In certain
embodiments, the inlet of the air filter assembly may be
forward of the inlet of the airbox. In some embodiments, the
inlet of the air filter assembly may be below of the inlet of
the airbox. In certain embodiments, the airbox may include
a forwardly extending brace with the air filter assembly
coupled to the brace.

[0018] In a seventh aspect, the present disclosure is
directed to a snowmobile that includes a forward frame
assembly that defines an engine bay and includes first and
second forward spars. An engine is positioned in the engine
bay. An airbox has an inlet configured to receive ambient air
and an outlet. The airbox is coupled to a forward side of the
first and second forward spars. An air filter assembly is in
downstream fluid communication with the airbox. The air
filter assembly has an inlet coupled to the outlet of the
airbox. A turbocharger is positioned outboard of the engine
bay and in downstream fluid communication with the air
filter assembly. A heat exchanger is positioned forward of
the engine bay and in downstream fluid communication with
the turbocharger. A throttle valve assembly is positioned
outboard of the engine bay and in downstream fluid com-
munication with the heat exchanger. A manifold assembly is
in downstream fluid communication with the throttle valve
assembly and in upstream fluid communication with the
engine. The inlet of the air filter assembly is at least partially
aligned with the inlet of the airbox.

[0019] In some embodiments, the engine may have a
plurality of intake ports positioned on an aft side of the
engine and a plurality of exhaust ports positioned on a
forward side of the engine. In such embodiments, the airbox
may be positioned forward of the intake ports and at least a
portion of the airbox may be positioned forward of the
exhaust ports. In certain embodiments, the forward frame
assembly may include first and second shock mounts with
the airbox positioned aft of the first and second shock
mounts. In some embodiments, the airbox may be positioned
aft of the heat exchanger. In certain embodiments, the heat
exchanger may be an intercooler and the airbox may be
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positioned aft of the intercooler. In some embodiments, the
airbox may be positioned at least partially between the
intercooler and the manifold assembly. In certain embodi-
ments, the airbox may be positioned at least partially
between the air filter assembly and the manifold assembly.
In some embodiments, the airbox may be positioned at least
partially between the throttle valve assembly and the turbo-
charger.

[0020] In certain embodiments, a compressed air duct may
extend from the heat exchanger to the throttle valve assem-
bly such that a forward portion of the compressed air duct is
positioned forward of the airbox, an aft portion of the
compressed air duct is positioned aft of the airbox and an
outboard portion of the compressed air duct is positioned
outboard of the airbox. In some embodiments, the airbox
may be positioned at least partially outside the engine bay.
In certain embodiments, an air path may sequentially
include a forward and downward portion from the airbox to
the air filter assembly, an outboard and aftward portion from
the air filter assembly to the turbocharger, a downward,
forward and inboard portion from the turbocharger to the
heat exchanger, an outboard, aftward and upward portion
from the heat exchanger to the throttle valve assembly and
an inboard, aftward and downward portion from the throttle
valve assembly through the manifold assembly to the
engine.

[0021] In an eighth aspect, the present disclosure is
directed to an exhaust system for a snowmobile having a
forward frame assembly. The exhaust system includes a
turbocharger and a muffler rigidly coupled to the turbo-
charger. A plurality of mounting assemblies couples the
turbocharger and the muffler to the forward frame assembly.
The plurality of mounting assemblies includes a first mount-
ing assembly and a second mounting assembly. The first
mounting assembly includes a first turbocharger bracket
rigidly coupled to the turbocharger, a first frame bracket
rigidly coupled to the forward frame assembly and a first
vibration isolator interposed between the first turbocharger
bracket and the first frame bracket. The second mounting
assembly includes a second mufiler bracket rigidly coupled
to the muffler, a second frame bracket rigidly coupled to the
forward frame assembly and a second vibration isolator
interposed between the second muffler bracket and the
second frame bracket. The first and second mounting assem-
blies inhibit vibrations from transferring from the forward
frame assembly to the turbocharger and the mufiler.

[0022] In some embodiments, the muffler may be rigidly
coupled to the turbocharger with a brace. In certain embodi-
ments, the muffler may be rigidly coupled to the turbo-
charger with an exhaust conduit. In some embodiments, the
muffler, the brace and the exhaust conduit may form a
weldment. In certain embodiments, the exhaust conduit may
include a flange that is bolted to the turbocharger. In some
embodiments, the plurality of mounting assemblies may
include a third mounting assembly that includes a third
muffler bracket rigidly coupled to the mufller, a third frame
bracket rigidly coupled to the forward frame assembly and
a third vibration isolator interposed between the third muf-
fler bracket and the third frame bracket, thereby inhibiting
vibrations from transferring from the forward frame assem-
bly to the turbocharger and the mufiler. In certain embodi-
ments, the plurality of mounting assemblies may include a
fourth mounting assembly that includes a fourth muffler
bracket rigidly coupled to the muffler, a fourth frame bracket
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rigidly coupled to the forward frame assembly and a fourth
vibration isolator interposed between the fourth mufller
bracket and the fourth frame bracket, thereby inhibiting
vibrations from transferring from the forward frame assem-
bly to the turbocharger and the muffler. In some embodi-
ments, the second and third muffler brackets may be rigidly
coupled to an upper portion of the muffler and the fourth
muffler bracket may be rigidly coupled to a lower portion of
the muffler.

[0023] In anineth aspect, the present disclosure is directed
to a snowmobile that includes a forward frame assembly
defining an engine bay, a turbocharger and a muffler rigidly
coupled to the turbocharger. A plurality of mounting assem-
blies couples the turbocharger and the muffler to the forward
frame assembly. The plurality of mounting assemblies
includes a first mounting assembly and a second mounting
assembly. The first mounting assembly includes a first
turbocharger bracket rigidly coupled to the turbocharger, a
first frame bracket rigidly coupled to the forward frame
assembly and a first vibration isolator interposed between
the first turbocharger bracket and the first frame bracket. The
second mounting assembly includes a second muffler
bracket rigidly coupled to the muffler, a second frame
bracket rigidly coupled to the forward frame assembly and
a second vibration isolator interposed between the second
muffler bracket and the second frame bracket. The first and
second mounting assemblies inhibit vibrations from trans-
ferring from the forward frame assembly to the turbocharger
and the mufiler.

[0024] In some embodiments, an engine may be posi-
tioned in the engine bay, an exhaust manifold may be
coupled to a forward side of the engine and a flexible
exhaust conduit may extend from the exhaust manifold to
the turbocharger with the flexible exhaust conduit inhibiting
vibrations from transferring from the engine to the turbo-
charger and the mufiler. In certain embodiments, the turbo-
charger and the muffler may be positioned outboard of the
engine bay. In some embodiments, the forward frame assem-
bly may include first and second shock mounts with the
turbocharger and the muffler positioned aft of the first and
second shock mounts. In certain embodiments, the muffler
may be rigidly coupled to the turbocharger with a brace. In
some embodiments, the muffler may be rigidly coupled to
the turbocharger with an exhaust conduit. In certain embodi-
ments, the muffler, the brace and the exhaust conduit may
form a weldment. In some embodiments, the exhaust con-
duit may include a flange that is bolted to the turbocharger.

[0025] In certain embodiments, the plurality of mounting
assemblies may include a third mounting assembly that
includes a third muffler bracket rigidly coupled to the
muffler, a third frame bracket rigidly coupled to the forward
frame assembly and a third vibration isolator interposed
between the third muffler bracket and the third frame
bracket, thereby inhibiting vibrations from transferring from
the forward frame assembly to the turbocharger and the
muffler. In some embodiments, the plurality of mounting
assemblies may include a fourth mounting assembly that
includes a fourth muffler bracket rigidly coupled to the
muffler, a fourth frame bracket rigidly coupled to the for-
ward frame assembly and a fourth vibration isolator inter-
posed between the fourth muffler bracket and the fourth
frame bracket, thereby inhibiting vibrations from transfer-
ring from the forward frame assembly to the turbocharger
and the mufiler. In certain embodiments, the forward frame
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assembly may include a forward spar, an upper beam and a
lower beam with the first frame bracket rigidly coupled to
the forward spar, the second and third frame brackets rigidly
coupled to the upper beam and the fourth frame bracket
rigidly coupled to the lower beam. In some embodiments,
the second and third muffler brackets may be rigidly coupled
to an upper portion of the muffler and the fourth muffler
bracket may be rigidly coupled to a lower portion of the
muffler.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] For a more complete understanding of the features
and advantages of the present disclosure, reference is now
made to the detailed description along with the accompa-
nying figures in which corresponding numerals in the dif-
ferent figures refer to corresponding parts and in which:
[0027] FIGS. 1A-1F are schematic illustrations of a snow-
mobile having a turbocharged four-stroke internal combus-
tion engine, an air intake system, an exhaust system and a
cooling system in accordance with embodiments of the
present disclosure;

[0028] FIGS. 2A-2E are schematic illustrations of a tur-
bocharged four-stroke internal combustion engine, an air
intake system, an exhaust system and a cooling system for
a snowmobile in accordance with embodiments of the
present disclosure;

[0029] FIGS. 3A-3D are front, side and rear views of an
engine positioned in an engine bay of a snowmobile in
accordance with embodiments of the present disclosure;
[0030] FIGS. 4A-4K are front, side, assembly, cross sec-
tional, exploded and component views of an air intake
system for a snowmobile in accordance with embodiments
of the present disclosure;

[0031] FIGS. 5A-5Q are front, side, assembly, exploded
and component views of an exhaust system for a snowmo-
bile in accordance with embodiments of the present disclo-
sure; and

[0032] FIGS. 6 A-6G are front, side and assembly views of
a cooling system for a snowmobile in accordance with
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0033] While the making and using of various embodi-
ments of the present disclosure are discussed in detail below,
it should be appreciated that the present disclosure provides
many applicable inventive concepts, which can be embodied
in a wide variety of specific contexts. The specific embodi-
ments discussed herein are merely illustrative and do not
delimit the scope of the present disclosure. In the interest of
clarity, all features of an actual implementation may not be
described in this specification. It will of course be appreci-
ated that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made
to achieve the developer’s specific goals, such as compli-
ance with system-related and business-related constraints,
which will vary from one implementation to another. More-
over, it will be appreciated that such a development effort
might be complex and time-consuming but would neverthe-
less be a routine undertaking for those of ordinary skill in the
art having the benefit of this disclosure.

[0034] In the specification, reference may be made to the
spatial relationships between various components and to the
spatial orientation of various aspects of components as the
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devices are depicted in the attached drawings. However, as
will be recognized by those skilled in the art after a complete
reading of the present disclosure, the devices, members,
apparatuses, and the like described herein may be positioned
in any desired orientation. Thus, the use of terms such as
“above,” “below,” “upper,” “lower” or other like terms to
describe a spatial relationship between various components
or to describe the spatial orientation of aspects of such
components should be understood to describe a relative
relationship between the components or a spatial orientation
of aspects of such components, respectively, as the devices
described herein may be oriented in any desired direction.
As used herein, the term “coupled” may include direct or
indirect coupling by any means, including by mere contact
or by moving and/or non-moving mechanical connections.

[0035] Referring initially to FIGS. 1A-1E and 2A-2E in
the drawings, a land vehicle depicted as a snowmobile is
schematically illustrated and generally designated 10. Struc-
tural support for snowmobile 10 is provided by a chassis 12
that includes a forward frame assembly 14 and a longitudi-
nally extending tunnel 18. Forward frame assembly 14 may
be formed from interconnected tubular members such as
round and hollow tubular members comprised of metal,
metal alloy, polymeric materials, fiber reinforced polymer
composites and/or combinations thereof that are coupled
together by welds, bolts, pins or other suitable fastening
means. In the illustrated embodiment, forward frame assem-
bly 14 includes a right-forward spar 14a, a left-forward spar
1454, a right-aft spar 14c, a left-aft spar 144, a right truss 14e,
a left truss 14/, a right-upper beam 14g, a left-upper beam
14%, a right-lower beam 14/, a left-lower beam 14j, a
steering column mount 14%, a lower cross member 14/, a
nose frame assembly 14m including a nose rail 147, a nose
truss 140 and a pivot mount joint 14p (see also FIGS.
3A-3D). A right side plate member 164 and a left side plate
member 165 are coupled to and preferably welded to for-
ward frame assembly 14 such that forward frame assembly
14 and plate members 16a, 166 form a welded frame
assembly. Tunnel 18 is coupled to forward frame assembly
14 and plate members 16a, 1656 with welds, bolts, rivets or
other suitable means. In the illustrated embodiment, tunnel
18 includes a right sidewall 18a, a left sidewall 185 and a top
panel 18c. Tunnel 18 may be integrally formed or may
consist of multiple members that are coupled together with
welds, bolts, rivets or other suitable means. Plate members
16a, 165 and tunnel 18 may be formed from sheet metal,
metal alloy, fiber reinforced polymer or other suitable mate-
rial or combination of materials. Various components of
snowmobile 10 are assembled on or around forward frame
assembly 14. Snowmobile 10 has an outer body 20 formed
from one or more body panels that are coupled to forward
frame assembly and may be formed from polymer or other
suitable material. Body 20 is configured to cover and protect
the various components of snowmobile 10 from the snow
and terrain as well as to protect the rider from, for example,
moving components or hot components of snowmobile 10.

[0036] Body 20 have been removed from snowmobile 10
in FIGS. 1B-1C and 1E to reveal the underlying components
of snowmobile 10. For example, snowmobile 10 has a
powertrain 24 that includes an engine 26 and a drivetrain 28
both of which are coupled to forward frame assembly 14.
Engine 26 resides in an engine bay 26a (see also FIGS.
3A-3D) formed within forward frame assembly 14. In the
illustrated embodiment, engine bay 26a is defined by right-
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forward spar 14a, left-forward spar 145, right-aft spar 14c,
left-aft spar 144, right truss 14e, left truss 14f, right-upper
beam 14g, left-upper beam 144, right-lower beam 14/,
left-lower beam 14; and lower cross member 14/. Engine 26
may be any type of engine such as a four-stroke engine, a
two-stroke engine, an electric motor or other prime mover.
In the illustrated embodiment, engine 26 is a forced induc-
tion internal combustion engine that receives boost from a
turbocharger 30. In other embodiments, engine 26 may
operate as a naturally aspirated internal combustion engine.
Engine 26 converts thermal energy into mechanical energy
to drive the moving parts snowmobile 10, thereby enabling
motion. As best seen in FIGS. 3A-3D, engine 26 has a
cylinder head 265 and an engine block 26¢ that includes a
cylinder block 264 and a crankcase 26e which houses
crankshaft 26f. As best seen in FIG. 3B, when engine 26 is
installed within snowmobile 10, engine 26 has an aftward tilt
angle relative to a vertical plane VP, as indicated by arrow
26g, when snowmobile 10 is resting on a horizonal surface,
as illustrated in FIGS. 1B-1C. In the illustrated embodiment,
the aftward tilted angle is between five degrees and thirty
degrees relative to vertical plane VP such as between ten
degrees and twenty degrees relative to vertical plane VP. It
should be understood by those having ordinary skill in the
art that engine 26 could have other orientations including
aftward tilted angles both less than five degrees and greater
than thirty degrees relative to vertical plane VP, a vertical
orientation or a forward tilted angle.

[0037] As best seen in FIG. 3D, the aft side of engine 26
include a plurality of intake ports through which a com-
pressed air and fuel mixture enters engine 26. In the illus-
trated embodiment, engine 26 includes a right intake port
26/ that supplies the air and fuel mixture to a right cylinder
of'engine 26, a center intake port 26/ that supplies the air and
fuel mixture to a center cylinder of engine 26 and a left
intake port 265 that supplies the air and fuel mixture to a left
cylinder of engine 26. In other embodiments, engine 26
could have less than or more than three cylinders with a
corresponding number of intake ports. As best seen in FIG.
3A, the forward side of engine 26 include a plurality of
exhaust ports through which high-temperature exhaust gases
produced by the combustion of the air and fuel mixture are
expelled. In the illustrated embodiment, engine 26 includes
a right exhaust port 26k corresponding to the right cylinder
of engine 26, a center exhaust port 26/ corresponding to the
center cylinder of engine 26 and a left exhaust port 26m
corresponding to the left cylinder of engine 26. In embodi-
ments with less than or more than three cylinders, the engine
would include a corresponding number of exhaust ports. In
the illustrated embodiment, the forward side of engine 26 is
considered to be the hot side of engine 26 due to the hot
temperatures associated with engine exhaust. The aft side of
engine 26 is concomitantly considered the cool side of
engine 26 as the hot exhaust system components are located
opposite and/or remote therefrom.

[0038] In the illustrated embodiment, drivetrain 28
includes a transmission depicted as a continuously variable
transmission 32 that varies the ratio of the engine output
speed to the drive track input speed. In other embodiments,
the transmission for snowmobile 10 may be an electrically
variable transmission or other suitable transmission type. A
drive track system 34 is at least partially disposed within
and/or below tunnel 18 and is in contact with the ground to
provide ground propulsion for snowmobile 10. Torque and



US 2026/0002499 A1

rotational energy are provided to drive track system 34 from
powertrain 24. Drive track system 34 includes a track frame
and rear suspension assembly 36 that is coupled to tunnel 18.
A plurality of idler wheel assemblies 38 are rotatably
coupled to track frame and rear suspension assembly 36
including a forwardmost idler wheel assembly 38q, an
aftmost idler wheel assembly 385, an intermediate idler
wheel assembly 38¢ and an uppermost idler wheel assembly
38d. Drive track system 34 also includes a ground-engaging
endless drive track 40 that is driven by a track drive sprocket
via a track driveshaft (not visible) that is rotated responsive
to torque provided from powertrain 24. The track drive
sprocket is considered to be a component of powertrain 24
as well as a component of drive track system 34.

[0039] Drive track 40 rotates around idler wheel assem-
blies 38 of track frame and rear suspension assembly 36 to
propel snowmobile 10 in either the forward direction, as
indicated by arrow 42a, or the backwards direction, as
indicated by arrow 42b. When viewed from the right side of
snowmobile 10, as best seen in FIG. 1B, drive track 40
rotates around idler wheel assemblies 38 of track frame and
rear suspension assembly 36 in the clockwise direction, as
indicated by arrow 44a, to propel snowmobile 10 in the
forward direction 424 and in the counterclockwise direction,
as indicated by arrow 445, to propel snowmobile 10 in the
backward direction 425. The backward direction may also
be referred to herein as the aftward direction. The forward
and backward directions also represent the longitudinal
direction of snowmobile 10 with the lateral direction of
snowmobile 10 being normal thereto and represented by the
rightward direction, as indicated by arrow 46a, and the
leftward direction, as indicated by arrow 465 in FIG. 1D. It
should be understood by those having ordinary skill in the
art that the right side and the left side of snowmobile 10 will
be with reference to a rider of snowmobile 10 with the right
side of snowmobile 10 corresponding to the right side of the
rider and the left side of snowmobile 10 corresponding to the
left side of the rider.

[0040] Snowmobile 10 has a steering system 50 that
includes a handlebar assembly 50q that is operably coupled
to a right ski assembly 52 and a left ski assembly 54 by a
steering column 505 and a steering arm assembly 50c¢. Right
ski assembly 52 includes a ski 52a, a spindle 525, a tie rod
52¢, an upper A-arm 52d and a lower A-arm 52e. Left ski
assembly 54 includes a ski 54a, a spindle 545, a tie rod 54c¢,
an upper A-arm 54d and a lower A-arm 54e. Right ski
assembly 52 is pivotably coupled to forward frame assembly
14 by upper A-arm 524 and lower A-arm 52e. Likewise, left
ski assembly 54 is pivotably coupled to forward frame
assembly 14 by upper A-arm 544 and lower A-arm 54e.
More specifically, upper A-arm 52d couples right ski assem-
bly 52 to nose rail 14r of forward frame assembly 14 at
upper A-arm mounts 14¢, 14r (see also FIGS. 3A-3D).
Lower A-arm 52e couples right ski assembly 52 to forward
frame assembly 14 at lower A-arm mounts 14s, 14¢. Upper
A-arm 54d couples left ski assembly 54 to nose rail 14z of
forward frame assembly 14 at upper A-arm mounts 14u, 14v.
Lower A-arm 54e couples left ski assembly 54 to forward
frame assembly 14 at lower A-arm mounts 14w, 14x. Upper
A-arm mounts 14¢, 14u may collectively be referred to
herein as forward upper A-arm mounts 14¢, 14u. Upper
A-arm mounts 147, 14v may collectively be referred to
herein as aft upper A-arm mounts 147, 14v. Lower A-arm
mounts 145, 14w may collectively be referred to herein as
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forward lower A-arm mounts 14s, 14w. Lower A-arm
mounts 14¢, 14x may collectively be referred to herein as aft
lower A-arm mounts 14z, 14x. Right ski assembly 52 and left
ski assembly 54 may be collectively referred to herein as a
ski system.

[0041] Snowmobile 10 has a front suspension assembly 56
that is coupled between each of ski assemblies 52, 54 and
forward frame assembly 14 to provide front end support for
snowmobile 10. More specifically, a right shock absorber
56a couples right ski assembly 52 to forward frame assem-
bly 14 at shock mount 14y and a left shock absorber 565
couples left ski assembly 54 to forward frame assembly 14
at shock mount 14z (see also FIG. 3A). Steering system 50
enables the rider to steer snowmobile 10 by rotating handle-
bar assembly 50a which causes the skis 524, 544 to pivot. In
the illustrated embodiment, the pivoting of skis 52a, 54a
responsive to rotation of handlebar assembly 50a is assisted
by an electric power steering system (EPS) depicted as
electronic steering assist unit 58 which is at least partially
positioned within an electronic steering assist unit bay 58a
(see FIGS. 3B-3C) that is defined by right truss 14e, left
truss 14f, a forward portion of right-lower beam 14i, a
forward portion of left-lower beam 14/, lower cross member
14/, nose rail 14z, nose truss 140 and pivot mount joint 14p.
As lower cross member 14/ helps to define both engine bay
26a and electronic steering assist unit bay 58a, lower cross
member 14/ is considered to be positioned between engine
bay 26a and electronic steering assist unit bay 58a.

[0042] The rider controls snowmobile 10 from a seat 60
that is positioned atop a fuel tank 62, above tunnel 18, aft of
handlebar assembly 50a and aft of forward frame assembly
14. Snowmobile 10 has a front bumper 64 that is coupled to
nose frame assembly 14m. Snowmobile 10 has an aft
bumper 66 that is coupled to an aft end of tunnel 18 and
includes a cross member positioned aft of tunnel 18 to allow
a person to lift the rear end of snowmobile 10 in the event
that snowmobile 10 becomes stuck or needs to be reposi-
tioned when it is not moving. A snow flap 68 is coupled to
aft bumper 66 and is configured to deflect snow emitted by
drive track 40. A taillight housing 70 is coupled between aft
bumper 66 and the aft end of tunnel 18 and is configured to
house a taillight of snowmobile 10. Snowmobile 10 includes
a right side running board assembly 72a and a left side
running board assembly 72b6. At its forward end, running
board assembly 72a is coupled to forward frame assembly
14 by an attachment rail 74a. In addition, running board
assembly 72a is coupled to tunnel 18 via a right side tunnel
bracket 76a. At its forward end, running board assembly 725
is coupled to forward frame assembly 14 by an attachment
rail 744. In addition, running board assembly 724 is coupled
to tunnel 18 via a left side tunnel bracket 765. Snowmobile
10 includes a headlight assembly 78.

[0043] As discussed in greater detail herein, snowmobile
10 an air intake system 100, an exhaust system 200 and an
engine cooling system 300. In general, air intake system 100
draws in ambient air, filters out impurities, compresses the
air, cools the compressed air and throttles the cooled air to
supply clean and oxygen-rich air to engine 26. Exhaust
system 200 directs high-temperature waste gases away from
engine 26 and the rider of snowmobile 10 and also helps to
control the emissions and reduce noise from engine 26 by
damping the sound waves produced during combustion.
Cooling system 300 transfers heat from a circulating coolant
fluid to snow being kick up by drive track system 34 into
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tunnel 18 then routes the coolant fluid back through engine
26 and turbocharger 30 to absorb heat therefrom.

[0044] Some dimensions of snowmobile 10 will now be
discussed with reference to FIG. 1F. Dimensions in the
longitudinal direction of snowmobile 10 are labeled D1-D5
and dimensions in the vertical direction of snowmobile 10
are labeled H1-H6. These dimensions represent distances
measured when front suspension 56 and rear suspension 36
are in a resting state. Some of the dimensions will be defined
relative to a reference point that is located at the uppermost
fixed point of steering column 505 which is denoted as target
80. In the illustrated embodiment, drivetrain 28 includes a
drive assembly 82 that couples continuously variable trans-
mission 32 to drive track system 34 (see also FIG. 1C).
Drive assembly 82 includes a drive sprocket 82¢ and a
driven sprocket 825. The axis of rotation of drive sprocket
82a is denoted by target 84 and the axis of rotation of driven
sprocket 825 is denoted by target 86. The axis of rotation of
crankshaft 26/ of engine 26 is denoted as target 88. The ski
mount axis of ski 52a to spindle 525 as well as ski 54a to
spindle 545 is denoted as target 90. In the illustrated
embodiment, ski mount axis 90 is positioned forward of
reference point 80 by a distant D1. Axis of rotation 84 of
drive sprocket 82a is positioned aft of reference point §0 by
a distant D2. Axis of rotation 86 of driven sprocket 825 is
positioned aft of reference point 80 by a distant D3. Axis of
rotation 88 of crankshaft 26/ is positioned forward of
reference point 80 by a distant D4 and is positioned aft of ski
mount axis 90 by a distant D5. Axis of rotation 88 of
crankshaft 26fis positioned above the ground at a distance
H1. A skid rail 36a of track frame and rear suspension
assembly 36 is positioned above the ground at a distance H2.
Axis of rotation 86 of driven sprocket 824 is positioned
above the ground at a distance H3. Axis of rotation 84 of
drive sprocket 82a is positioned above the ground at a
distance H4. Reference point 80 is positioned above the
ground at a distance H5. Ski mount axis 90 is positioned
above the ground at a distance H6.

[0045] A comparison of various distances will now be
discussed. In the illustrated embodiment, distance D2 is
between five and ten percent of distance D1 such as between
seven and eight percent of distance D1. Distance D3 is
between twenty-five and forty percent of distance D1 such
as between thirty-one and thirty-three percent of distance
D1. Distance D4 is between twenty-five and forty percent of
distance D1 such as between twenty-nine and thirty-two
percent of distance D1. Distance D5 is between sixty and
eighty percent of distance D1 such as between sixty-eight
and seventy percent of distance D1. In the illustrated
embodiment, D2<D4<D3<D5<D1. In other embodiments,
distances D1-D5 could vary, for example, distance D3 could
be less than distance D4. It should be noted that distance D1
between ski mount axis 90 and reference point 80 may be
shorter than that of a conventional snowmobile which posi-
tions front suspension 56 and/or engine 26 closer to the rider
which may provide for a more responsive ride. In the
illustrated embodiment, distance H2 is between five and
fifteen percent of distance H1 such as between eight and
eleven percent of distance H1. Distance H3 is between
seventy and eighty-five percent of distance H1 such as
between seventy-seven and seventy-nine percent of distance
H1. Distance H4 is between one hundred thirty and one
hundred forty percent of distance H1 such as between one
hundred thirty-four and one hundred thirty-six percent of
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distance H1. Distance H5 is between two hundred sixty and
two hundred eighty percent of distance H1 such as between
two hundred sixty-five and two hundred seventy-one percent
of distance H1. Distance H6 is between fifteen and twenty-
five percent of distance H1 such as between seventeen and
twenty-three percent of distance H1. In the illustrated
embodiment, H2<H6<H3<H1<H4<HS5. In other embodi-
ments, distances H1-H6 could vary.

[0046] It should be appreciated that snowmobile 10 is
merely illustrative of a variety of vehicles that can imple-
ment the embodiments disclosed herein. Other vehicle
implementations can include motorcycles, snow bikes, all-
terrain vehicles (ATVs), utility vehicles, recreational
vehicles, scooters, automobiles, mopeds, straddle-type
vehicles and the like. As such, those skilled in the art will
recognize that the embodiments disclosed herein can be
integrated into a variety of vehicle configurations. It should
be appreciated that even though ground-based vehicles are
particularly well-suited to implement the embodiments of
the present disclosure, airborne vehicles and devices such as
aircraft can also implement the embodiments.

[0047] Referring additionally to FIGS. 4A-4J in the draw-
ings, air intake system 100 of snowmobile 10 will be
discussed in greater detail. In the illustrated embodiment, air
intake system 100 includes an airbox 102, an air filter
assembly 104, turbocharger 30, an air cooling system 106, a
throttle valve assembly 108 and a manifold assembly 110.
As best seen in FIG. 4D, the airflow path for air intake
system 100 includes an air inlet 102a that configured to
receive ambient air for into airbox 102. Air filter assembly
104 is in downstream fluid communication with airbox 102
and is configured to filter the ambient air received from
airbox 102. Turbocharger 30 is in downstream fluid com-
munication with air filter assembly 104 and is configured to
compress the filtered ambient air received from air filter
assembly 104. Air cooling system 106 is in downstream fluid
communication with turbocharger 30 and is configured to
cool the compressed air from turbocharger 30. Throttle valve
assembly 108 is in downstream fluid communication with
air cooling system 106 and is configured to regulate airflow.
Manifold assembly 110 is in downstream fluid communica-
tion with throttle valve assembly 108 and is in upstream fluid
communication with of engine 26. It should be understood
by those having ordinary skill in the art that the terms
“downstream fluid communication” and “upstream fluid
communication” describe the position of components rela-
tive to the flow direction of a fluid. For example, if com-
ponent A is in “downstream fluid communication” with
component B, the direction of fluid flow is from component
B to component A, noting that one or more other compo-
nents, systems or assemblies may be physically positioned
between component A and component B, such as a conduit
that provides a flow path for the fluid. Likewise, if compo-
nent C is in “upstream fluid communication” with compo-
nent D, the direction of fluid flow is from component C to
component D, noting that one or more other components,
systems or assemblies may be physically positioned between
component C and component D.

[0048] As best seen in FIGS. 4F-4G, airbox 102 includes
air inlet 1024 which is aligned with and interfaces with an
air draw opening 20a of body 20 (see also FIG. 1D). Air inlet
102 is the location through which all ambient air enters air
intake system 100. Airbox 102 includes air outlet 1025 that
is at least partially aligned with and, in the illustrated
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embodiment, fully aligned with air inlet 1024 such that air
has a direct path through body 102¢ of airbox 102, as
indicated by airflow arrow 1024. In other embodiments, the
air inlet and the air outlet of an airbox for a snowmobile may
be offset from one another, see for example, the airbox in
FIGS. 2D-2E. Airbox 102 is coupled to a forward side of
forward frame assembly 14 such that at least a portion of
airbox 102 is positioned outside of engine bay 26a and such
that airbox 102 is positioned above and forward of at least
a portion of engine 26. On an underside thereof, airbox 102
has a spar groove 102¢ that is configured to receive left-
forward spar 1456 therein such that a fastener extending
through aperture 102/ may be used to couple airbox 102 to
left-forward spar 14b. Airbox 102 includes a flange 102¢g
that is configured to be positioned on right-forward spar 14a
such that a fastener extending through aperture 102/ may be
used to couple airbox 102 to right-forward spar 14a. To
provide suitable passage for steering column 505, the under-
side of airbox 102 has a steering column groove 102/ that is
configured to receive steering column 505 therein. Steering
column groove 102; is positioned between spar groove 102¢
and flange 102g. In the illustrated embodiment, airbox 102
is positioned forward of intake ports 264, 26, 26; of engine
26. In addition, at least a portion of airbox 102 is positioned
forward of exhaust ports 264, 26/, 26m of engine 26. Also,
airbox 102 positioned aft of shock mounts 14y, 14z.

[0049] Air outlet 1025 of airbox 102 is ductlessly coupled
to an air inlet 104q of air filter assembly 104. Air inlet 104a
of air filter assembly 104 is at least partially aligned with
and, in the illustrated embodiment, fully aligned with air
inlet 102a of airbox 102 such that air has a direct path from
air inlet 102a to air inlet 104a through body 102c¢ of airbox
102, as indicated by airflow arrow 1024 in FIG. 4E. In other
embodiments, the air inlet of an airbox and the inlet of an air
filter assembly for a snowmobile may be offset from one
another, see for example, the airbox and the air filter
assembly in FIGS. 2D-2E. Air filter assembly 104 includes
a filter housing 1045 and an air outlet 104¢. Filter housing
1045 contains an air filter therein such as a paper filter or
other suitable filter type that is configured to remove dirt and
debris from the ambient air. In addition to the ductlessly
coupled between air outlet 1025 of airbox 102 and air inlet
104a of air filter assembly 104, filter housing 1045 has a
flange 1044 that extends therefrom that is configured to be
positioned on a forwardly extending brace 102/ of airbox
102 such that a fastener extending through aperture 104e of
flange 1044 and aperture 102% of brace 102/ may be used to
couple air filter assembly 104 to airbox 102. In the illustrated
embodiment, air inlet 104a of air filter assembly 104 is
positioned forward of and below air inlet 102a of airbox
102. In addition, air filter assembly 104 is positioned for-
ward of engine bay 26.

[0050] Air outlet 104¢ of air filter assembly 104 is coupled
to an air inlet 30a of turbocharger 30 with a flexible conduit
112. The upstream end of flexible conduit 112 is coupled to
air outlet 104¢ of air filter assembly 104 using one or more
hose clamps or other suitable connection means. Likewise,
the downstream end of flexible conduit 112 is coupled to air
inlet 30a of turbocharger 30 using one or more hose clamps
or other suitable connection means. Flexible conduit 112 not
only provides a conduit for filter air to travel from air filter
assembly 104 to turbocharger 30, but also inhibits vibrations
from engine 26 and/or forward frame assembly 14 from
being transferred to turbocharger 30 from air filter assembly
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104, thereby isolating turbocharger 30 from such vibrations
along this portion of the air path. In other embodiments, the
vibration isolation functionality may be provided using
vibration isolation couplings positioned at the connection
point between air filter assembly 104 and a flexible or rigid
conduit and/or at the connection point between a flexible or
rigid conduit and turbocharger 30. In operation, turbo-
charger 30 receives exhaust gases exiting engine 26 that
drive a turbine which in turn drives a compressor used to
compress the filtered ambient air received from air filter
assembly 104. It should be noted that operating engine 26
with a forced induction system, such as turbocharger 30,
rather than as a naturally aspirated engine, results in a more
efficient and more powerful combustion process, thereby
improving the performance and efficiency of engine 26. In
the illustrated embodiment, turbocharger 30 is positioned
outboard of engine bay 26a on the right side of engine 26.

[0051] As turbocharger 30 compresses the filtered ambient
air, temperature of the air increases. In the illustrated
embodiment, the heated compressed air from turbocharger
30 is then routed to air cooling system 106 that cools the
heated compressed air which results in an increase in the
density of the compressed air, thereby allowing more oxy-
gen molecules to enter the combustion chamber. More
specifically, an air outlet 305 of turbocharger 30 is coupled
to an air inlet 114a of an intercooler 114, with a flexible
conduit 116. The upstream end of flexible conduit 116 is
coupled to air outlet 305 of turbocharger 30 using one or
more hose clamps or other suitable connection means.
Likewise, the downstream end of flexible conduit 116 is
coupled to air inlet 114a of intercooler 114 using one or
more hose clamps or other suitable connection means.
Flexible conduit 116 not only provides a conduit for com-
pressed air to travel from turbocharger 30 to intercooler 114,
but also inhibits vibrations from engine 26 and/or forward
frame assembly 14 from being transferred to turbocharger
30 from intercooler 114, thereby isolating turbocharger 30
from such vibrations along this portion of the air path. In
other embodiments, the vibration isolation functionality may
be provided using vibration isolation couplings positioned at
the connection point between turbocharger 30 and a flexible
or rigid conduit and/or at the connection point between a
flexible or rigid conduit and intercooler 114.

[0052] As best seen FIGS. 4H-4], in addition to inter-
cooler 114, air cooling system 106 includes an air channel
118 and an air grill 120. Air channel 118 has a pair of
oppositely disposed side walls 118a, 1186 and a lower wall
118c¢ that together direct ambient ram air into intercooler 114
such that heat transfers from the compressed air in inter-
cooler 114 to the ambient ram air passing through inter-
cooler 114 from the front side 114c¢ to the aft side 1144 of
intercooler 114 such that intercooler 114 operations as an
air-to-air heat exchanger. The air discharged from the aft
side 1144 of intercooler 114 provides additional cooling
functionality as it enters engine bay 26a and passes over
exhaust manifold 202 (see also FIG. 5A). As detailed in FIG.
4B, side walls 118a, 1185 are substantially vertically ori-
ented and are substantially parallel with each other. In
addition, side walls 118a, 1185 extend above the top of
intercooler 114. In the illustrated embodiment, intercooler
114 is tilted forward by a forward tilt angle 114e relative to
a vertical plane VP such that an upper portion of intercooler
114 is forward of a lower portion of intercooler 114. Like-
wise, side walls 118a, 1185 respectively have aft surfaces
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1184, 118e that are tilted forward by the forward tilt angle
such that upper portions of aft surfaces 1184, 118e¢ are
forward of lower portions of aft surfaces 1184, 118¢. The
corresponding forward tilt orientation of side walls 118a,
1185 relative to intercooler 114, enable side walls 118a,
1185 to direct the ambient ram air into front side 114¢ of
intercooler 114 with minimal leakage.

[0053] In the illustrated embodiment, lower wall 118¢ of
air channel 118 has a contoured surface that is configured to
accommodate a snowmobile component such as electronic
steering assist unit 58. In addition, side wall 1185 includes
an opening 118/ that is configured to receive and support a
snowmobile component therein depicted as an electronic
component 122 such as a controller for front suspension
assembly 56. Air channel 118 may be formed from a
polymeric material using, for example, an injection molding
process. Intercooler 114 and air channel 118 are positioned
above and coupled to nose rail 14#. In this location, inter-
cooler 114 and air channel 118 are positioned forward of
engine bay 264 and forward of turbocharger 30. Air grill 120
is positioned at least partially forward and at least partially
above intercooler 114 and air channel 118. Air grill 120 is
received within an opening in body 20 of snowmobile 10
and located between headlight assembly 78 and front bum-
per 64. Air grill 120 is coupled to forward frame assembly
14 using a support bracket 120a. Air grill 120 has a plurality
of veins 12054 that are configured to direct the ambient ram
air aftwardly and downwardly into air channel 118 and
toward front side 114¢ of intercooler 114. Air grill 120 may
be formed from a polymeric material using, for example, an
injection molding process.

[0054] The cooled compressed air from intercooler 114 is
then routed to throttle valve assembly 108. More specifi-
cally, an air outlet 1145 of intercooler 114 is coupled to an
air inlet 1084 of throttle valve assembly 108 with a com-
pressed air duct 124. The upstream end of compressed air
duct 124 is coupled to air outlet 1145 of intercooler 114
using one or more hose clamps or other suitable connection
means. Likewise, the downstream end of compressed air
duct 124 is coupled to air inlet 108a of throttle valve
assembly 108 using one or more hose clamps or other
suitable connection means. Throttle valve assembly 108
includes a valve such as a butterfly valve that opens and
closes to control the movement of compressed air there-
through in response to operation of the throttle input by the
driver. In the illustrated embodiment, a throttle-by-wire
design is used in which an engine control unit 130 (see also
FIG. 6A-6D) communicates throttle commands to throttle
valve assembly 108, with engine control unit 130 controlling
or modulating the throttle signal based on a set of opera-
tional parameters. In addition to throttle control, engine
control unit 130 controls a variety of other engine operations
including fuel delivery to engine 26 from fuel tank 62 via a
fuel pump and fuel rail. In the illustrated embodiment,
engine control unit 130 is coupled to an aft surface of
expansion tank 316 such that at least a portion of engine
control unit 130 is inboard of expansion tank 316, such that
at least a portion of engine control unit 130 is outboard of
engine bay 26 and such that engine control unit 130 is aft of
and on the left side of engine 26. In this location, engine
control unit 130 is positioned on the cool side of engine 26
away from the heat associated with exhaust system 200. In
addition, by locating engine control unit 130 close to engine
26, the wiring harness (not shown) for snowmobile 10 is
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generally centrally located which reduces the overall length
and weight of the wiring harness. In the illustrated embodi-
ment, throttle valve assembly 108 is positioned outboard of
engine bay 26a on the left side of engine 26.

[0055] The cooled compressed air from throttle valve
assembly 108 enters manifold assembly 110 for routing
intake ports 26/, 267, 26; of engine 26. Manifold assembly
110 includes an air plenum 126 and air runners 128. Air
plenum 126 is configured to dampen air flow prior to
distribution to the cylinders in engine 26. Air runners 128 are
coupled between the downstream side of air plenum 126 and
an aft side of engine 26. In the illustrated embodiment, air
runners 128 includes three individual air paths and three air
outlets 128/, 128/, 128; that respectively deliver compressed
air to intake ports 264, 267, 26; of engine 26 and thus to the
cylinders of engine 26. Fuel for engine 26 is supplied from
fuel tank 62 via a fuel rail (not visible) that is coupled to the
downstream end of air runners 128 and may include a
multi-point fuel injector system that is configured to inject
fuel into each cylinder of engine 26 for combustion together
with the cooled compressed air. Air plenum 126 may be
made from metal, metal alloy, polymeric materials, fiber
reinforced polymer composites and/or combinations thereof.
Air runners 128 may be formed from the same or a different
material as compared to air plenum 126, and may be made
from metal, metal alloy, polymeric materials, fiber rein-
forced polymer composites and/or combinations thereof. In
the illustrated embodiment, air plenum 126 and air runner
assembly 128 are separate components coupled to one
another, although in other embodiments air plenum 126 and
air runners 128 may integrally form manifold assembly 110.
In the illustrated embodiment, manifold assembly 110 is
positioned at least partially within engine bay 26 and is at
least partially above and at least partially aft of engine 26.
More specifically, air plenum 126 is positioned at least
partially within engine bay 26 and above engine 26. Air
runners 128 are positioned within engine bay 26 and at least
partially above and at least partially aft of engine 26.

[0056] An air path followed by the air within air intake
system 100 will now be described. The air path sequentially
includes a forward and downward portion from airbox 102
to air filter assembly 104, an outboard and aftward portion
from air filter assembly 104 to turbocharger 30, a downward,
forward and inboard portion from turbocharger 30 to inter-
cooler 106, an outboard, aftward and upward portion from
intercooler 106 to throttle valve assembly 108 and an
inboard, aftward and downward portion from throttle valve
assembly 108 through manifold assembly 110 to engine 26.

[0057] In addition to the spatial relationships of the vari-
ous components of air intake system 100 described above,
further spatial relationships will now be described. In the
illustrated embodiment, airbox 102 is positioned aft of
intercooler 114, aft of air filter assembly 104, at least
partially above engine 26, at least partially forward of
manifold assembly 110 and at least partially between tur-
bocharger 30 and throttle valve assembly 108. In addition,
airbox 102 is positioned at least partially between inter-
cooler 114 and manifold assembly 110. Further, airbox 102
is positioned at least partially between air filter assembly
102 and manifold assembly 110. Air filter assembly 104 is
positioned between engine 26 and intercooler 114. In addi-
tion, air filter assembly 104 is positioned between turbo-
charger 30 and throttle valve assembly 108. In the illustrated
embodiment, compressed air duct 124 has a forward portion
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1244 that is positioned forward of airbox 102, an aft portion
1245 that is positioned aft of airbox 102 and an outboard
portion 124c¢ that is positioned outboard of airbox 102.

[0058] Referring now to FIGS. 5A-5N in the drawings,
exhaust system 200 of snowmobile 10 will be discussed in
greater detail. In the illustrated embodiment, exhaust system
200 includes an exhaust manifold 202, turbocharger 30 and
a muffler 204. As best seen in FIG. 5D-5E, the exhaust flow
path for exhaust system 200 includes a plurality of exhaust
inlets 202k, 202/, 202m of exhaust manifold 202 that cor-
respond to exhaust ports 26k, 26/, 26m located on the
forward side of engine 26 (see also FIG. 3A). Exhaust
manifold 202 includes a body 202a in which the exhaust
gases entering exhaust manifold 202 from exhaust inlets
202k, 202/, 202m are allowed to mix. As best seem in FIGS.
50-5Q), exhaust manifold 202 includes an exhaust outlet
202h which is in upstream fluid communicating with an
exhaust inlet 30c of turbocharger 30. More specifically,
exhaust outlet 2025 of exhaust manifold 202 is coupled to
exhaust inlet 30¢ of turbocharger 30 with a flexible exhaust
conduit 206. The upstream end of flexible exhaust conduit
206 is coupled to exhaust outlet 2025 of exhaust manifold
202 using a V-band clamp 2064 or other suitable connection
means. Likewise, the downstream end of flexible exhaust
conduit 206 is coupled to exhaust inlet 30c¢ of turbocharger
30 using a V-band clamp 2065 or other suitable connection
means. Flexible exhaust conduit 206 not only provides a
path for exhaust gases to travel from exhaust manifold 202
to turbocharger 30, but also inhibits vibrations from engine
26 to be transferred to turbocharger 30, thereby isolating
turbocharger 30 from such vibrations along the exhaust flow
path. In other embodiments, the vibration isolation function-
ality may be provided using vibration isolation couplings
positioned at the connection point between exhaust manifold
202 and a flexible or rigid conduit and/or at the connection
point between a flexible or rigid conduit and turbocharger
30.

[0059] In the illustrated embodiment, V-band clamps
206a, 2065 provide high-strength couplings that ensure
strong and leak-free seals between exhaust manifold 202,
flexible exhaust conduit 206 and turbocharger 30. For
example, as best seen in FIG. 5E, V-band clamp 206a
includes an internal V-shaped groove that fits around a
flange 202c¢ (see also FIGS. 50-5Q) of exhaust outlet 2025
and a flange 206¢ of flexible exhaust conduit 206. Likewise,
V-band clamp 2065 includes an internal V-shaped groove
that fits around a flange 2064 of flexible exhaust conduit 206
and a flange 30e of exhaust inlet 30c. V-band clamps 206a,
206b provide an efficient and secure way to connect flanged
joints, particularly in high-temperature, high-pressure appli-
cations such exhaust system 200. In other embodiments, a
flexible exhaust conduit could be welded to exhaust outlet
2026 of exhaust manifold 202 or to exhaust inlet 30c of
turbocharger 30 with the coupling on the other end being
formed, for example, by a V-band clamp. In further embodi-
ments, an exhaust conduit may be routed from exhaust outlet
2026 of exhaust manifold 202 directly to a muffler with the
exhaust conduit coupled to exhaust outlet 2025 of exhaust
manifold 202 using one or more hose clamps when exhaust
manifold 202 is being used with a naturally aspirated
internal combustion implementation of engine 26 such as the
exhaust system described in commonly owned U.S. patent
application Ser. No. 18/745,703, filed Jun. 17, 2024, the
entire contents of which are incorporated by reference herein
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for all purposes. As best seen in FIGS. 50-5Q, exhaust
manifold 202 includes a flange 2024 that has a bolt pattern
that matches a socket pattern on the forward side of engine
26 such that exhaust manifold 202 may be bolted on engine
26. Exhaust manifold 202 includes three branches 202e,
202f, 202g that respectively communicate exhaust gases
entering exhaust manifold 202 via exhaust inlets 202%, 202/,
202m to body 202a of exhaust manifold 202. In the illus-
trated embodiment, body 202a of exhaust manifold 202
extends substantially in the lateral direction of snowmobile
10 along an axis 202/ which is located at or near the center
of exhaust outlet 2024. In this configuration, exhaust gases
have a straight path from body 202a through exhaust outlet
2025.

[0060] As discussed herein, turbocharger 30 uses the
exhaust gases exiting engine 26 to drive a turbine which in
turn drives a compressor used to compress the filtered
ambient air received by turbocharger 30 from air filter
assembly 104. The exhaust gases exit turbocharger 30 at
exhaust outlet 304 which is in upstream fluid communicat-
ing with an exhaust inlet 204a of mufiler 204. More spe-
cifically, exhaust outlet 304 of turbocharger 30 is coupled to
exhaust inlet 204a of muffler 204 with an exhaust conduit
208. The upstream end of an exhaust conduit 208 includes
a flange 208q that is coupled to a flange 30f surrounding
exhaust outlet 304 of turbocharger 30 using a plurality of
bolts that are generally designated 208¢c. The downstream
end of exhaust conduit 208 is welded to exhaust inlet 204a
of muffler 204. This forms a rigid connection between
turbocharger 30 and muffler 204. In the illustrated embodi-
ment, exhaust conduit 208 includes an oxygen sensor 2085
that monitors the oxygen content of the exhaust gases
passing therethrough. To further enhance the rigid connec-
tion between turbocharger 30 and muffler 204, a brace 2045
in the form of an angle iron is welded at its lower end to an
upper surface of muffler 204 and is welded at its upper end
to flange 2084 such that muffler 204, exhaust conduit 208
and brace 2045 form a weldment 210. Muffler 204 dis-
charges the exhaust gases via exhaust outlet 204c.

[0061] Previous turbochargers have been rigidly or hard
mounted to the forward frame assembly of a snowmobile,
causing vibrations emanating from the engine to be trans-
ferred to the turbocharger. To prevent such vibrations from
impacting the longevity of the coupling between the turbo-
charger and the muffler, a flexible exhaust conduit was
required to be positioned between the turbocharger and the
muffler. Using such a flexible exhaust conduit in this loca-
tion, however, adds a pair of potential leak paths at the
connections between the flexible exhaust conduit and each
of the turbocharger and the muffler as well as an addition
maintenance item requiring periodic inspection and replace-
ment. To avoid the need for this additional flexible exhaust
conduit, as described herein, the present embodiments rig-
idly couple turbocharger 30 to muffler 204 using exhaust
conduit 208 and brace 204¢ to accomplish the rigid connec-
tion. To inhibit engine vibrations from transferring to tur-
bocharger 30 and muffler 204, a plurality of vibration
isolating mounting assemblies non-rigidly couple turbo-
charger 30 and muffler 204 to forward frame assembly 14.
By decoupling turbocharger 30 and muffler 204 from the
vibrations generated by engine 26, turbocharger 30 and
mufller 204 as well as the connections therebetween are
protected from potential damage.
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[0062] As best seen in FIGS. 5F-5N, the vibration isolat-
ing mounting assemblies of exhaust system 200 will now be
discussed. A vibration isolating mounting assembly 210 is
used to couple turbocharger 30 to forward frame assembly
14. More specifically, vibration isolating mounting assembly
210 includes a turbocharger bracket 210q that is rigidly
coupled to the body of turbocharger 30 using a plurality of
bolts that are generally designated 30g (see FIG. 5D), a
frame bracket 2104 that is welded or otherwise rigidly
coupled to right-forward spar 14a of forward frame assem-
bly 14 and a vibration isolator 210c¢ that is interposed
between turbocharger bracket 210a and frame bracket 2105.
In the illustrated embodiment, a lower plug end of vibration
isolator 210c¢ is closely received with a central socket of
frame bracket 2106 coupling vibration isolator 210c¢ to
frame bracket 2105. A pin 210d is preferably welded to
turbocharger bracket 210a such that pin 2104 extends
through an opening of turbocharger bracket 210a and into
vibration isolator 210¢ coupling vibration isolator 210¢ to
turbocharger bracket 210a and thus securably positioning
vibration isolator 210¢ between turbocharger bracket 210a
and frame bracket 21054.

[0063] A vibration isolating mounting assembly 212 is
used to couple muffler 204 to forward frame assembly 14.
More specifically, vibration isolating mounting assembly
212 includes an upper-aft muffler bracket 212a that is
welded or otherwise rigidly coupled to an upper portion of
muffler 204, a frame bracket 2125 that is welded or other-
wise rigidly coupled to right-upper beam 14g of forward
frame assembly 14 and a vibration isolator 212¢ that is
interposed between upper-aft muffler bracket 212¢ and
frame bracket 2125b. In the illustrated embodiment, a lower
plug end of vibration isolator 212c¢ is closely received within
a central socket of frame bracket 2125 coupling vibration
isolator 212c¢ to frame bracket 2125. A pin 212d is preferably
welded to upper-aft muffler bracket 212a such that pin 2124
extends through an opening of upper-aft muffler bracket
212a and into vibration isolator 212¢ to couple vibration
isolator 212¢ to upper-aft muffler bracket 212a and thus
securably positioning vibration isolator 212¢ between
upper-aft muffler bracket 212a and frame bracket 2125.

[0064] A vibration isolating mounting assembly 214 is
also used to couple muffler 204 to forward frame assembly
14. More specifically, vibration isolating mounting assembly
214 includes an upper-forward muffler bracket 214a that is
welded or otherwise rigidly coupled to an upper portion of
muffler 204, a frame bracket 2145 that is welded or other-
wise rigidly coupled to right-upper beam 14g of forward
frame assembly 14 and a vibration isolator 214¢ that is
interposed between upper-forward muffler bracket 2144 and
frame bracket 2145b. In the illustrated embodiment, a lower
plug end of vibration isolator 214c¢ is closely received within
a central socket of frame bracket 2145 coupling vibration
isolator 214c¢ to frame bracket 214b. Apin 214d is preferably
welded to upper-forward muffler bracket 2144 such that pin
214d extends through an opening of upper-forward muffler
bracket 214a and into vibration isolator 214¢ to couple
vibration isolator 214¢ to upper-forward muffler bracket
214a and thus securably positioning vibration isolator 214¢
between upper-forward muffler bracket 214a and frame
bracket 2145.

[0065] A vibration isolating mounting assembly 216 is
further used to couple mufiler 204 to forward frame assem-
bly 14. More specifically, vibration isolating mounting
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assembly 216 includes a lower muffler bracket 216a that is
welded or otherwise rigidly coupled to a lower portion of
muffler 204, a frame bracket 2165 that is welded or other-
wise rigidly coupled to right-lower beam 14 of forward
frame assembly 14 and a vibration isolator 216¢ that is
interposed between lower-aft muffler bracket 216a and
frame bracket 2165. In the illustrated embodiment, an upper
plug end of vibration isolator 216c¢ is closely received within
a central socket of lower muffler bracket 216a coupling
vibration isolator 216¢ to lower muffler bracket 216a. A pin
216d is preferably welded to frame bracket 2165 such that
pin 2164 extends through an opening of frame bracket 2165
and into vibration isolator 216¢ to couple vibration isolator
216c¢ to frame bracket 2165 and thus securably positioning
vibration isolator 216c¢ between lower-aft muffler bracket
216a and frame bracket 2165.

[0066] In the illustrated embodiment, each of vibration
isolators 210c, 212¢, 214c¢, 216¢ is a vibration isolator
grommet that has a generally cylindrical shape and is formed
from an elastomeric material such as rubber enabling vibra-
tion isolators 210c¢, 212¢, 214c¢, 216¢ to absorb shocks and
other vibrations as well as to provide certain tolerances to
compensate for differences in the thermal expansion of
components of exhaust system 200 and forward frame
assembly 14. In other embodiments, vibration isolators
210c¢, 212¢, 214c¢, 216¢ could have other shapes and/or could
be formed from other materials. By interposing vibration
isolator 210¢ between turbocharger bracket 210qa and frame
bracket 2105, the transfer of vibration from engine 26 to
turbocharger 30 via forward frame assembly 14 is inhibited,
thus reducing the vibrations experienced by turbocharger 30
and components attached thereto such as muffler 204. Like-
wise, by interposing vibration isolator 212¢ between upper-
aft muffler bracket 212a and frame bracket 2125, by inter-
posing vibration isolator 214¢ between upper-forward
muffler bracket 2144 and frame bracket 2145 and by inter-
posing vibration isolator 216c between lower mufiler
bracket 216a and frame bracket 2165, the transfer of vibra-
tion from engine 26 to muffler 204 via forward frame
assembly 14 is inhibited, thus reducing the vibrations expe-
rienced by muffler 204 and components attached thereto
such as turbocharger 30.

[0067] Even though the vibration isolating mounting
assemblies of the present disclosure have been positioned in
a particular arrangement with one vibration isolating mount-
ing assembly associated with the turbocharger and three
vibration isolating mounting assemblies (two upper and one
lower) associated with the muffler, it should be understood
by those having ordinary skill in the art that the vibration
isolating mounting assemblies of the present disclosure
could have different arrangements including using different
numbers of vibration isolating mounting assemblies in asso-
ciation with the turbocharger and/or the muffler and/or
positioning vibration isolating mounting assemblies in dif-
ferent locations relative to the turbocharger, the muffler
and/or the forward frame assembly so long as the vibration
isolating mounting assemblies are arranged such that the
transfer of vibration from engine 26 to turbocharger 30 and
muffler 204 via forward frame assembly 14 is inhibited. In
the illustrated embodiment, turbocharger 30 and muffler 204
are positioned outboard of engine bay 26a on the right side
of engine 26. In addition, turbocharger 30 and muffler 204
are positioned aft of shock mounts 14y, 14z.
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[0068] Referring additionally to FIGS. 6 A-6F in the draw-
ings, cooling system 300 of snowmobile 10 will be dis-
cussed in greater detail. In the illustrated embodiment,
cooling system 300 includes a coolant pump 302 (see also
FIG. 2E), a coolant distribution assembly 304 that includes
a thermostat 306 and a vapor tank 308, a heat exchanger
assembly 310 that includes an arcuate heat exchanger 312
and longitudinal heat exchanger 314, and an expansion tank
316. The coolant path for cooling system 300 includes a
compound pump inlet 302a positioned on a forward side of
engine 26 that includes a primary inlet 3026 and a bypass
inlet 302¢ (see also FIG. 2E). The coolant from coolant inlet
302a enters pump 302 and is pressurized such that the
coolant can move through cooling system 300. In the
illustrated embodiment, pump 302 is driven by crankshaft
26/ of engine 26 via a drive chain and is an integral
component of engine 26 nonetheless, pump 302 will be
considered to be in upstream fluid communication with
engine 26 as pump 302 is in upstream fluid communication
with the coolant loop of engine 26. In addition, pump 302 is
in upstream fluid communication turbocharger 30. Pressur-
ized coolant from pump 302 passes through a coolant loop
within engine 26 to extract heat from engine 26. Thermostat
306 is in downstream fluid communication with engine 26
and receives heated coolant therefrom. Thermostat 306 is
configured to selectively be in upstream fluid communica-
tion with pump 302 during a warmup phase of engine
operations or in upstream fluid communication with heat
exchanger assembly 310 after the warmup phase of engine
operations is complete.

[0069] During the warmup phase of engine operations,
coolant from thermostat 306 flows to bypass inlet 302¢ for
recirculation through engine 26. After the warmup phase of
engine operations, coolant from thermostat 306 flows to
arcuate heat exchanger 312 that is coupled to a forward
portion of tunnel 18. Arcuate heat exchanger 312 is config-
ured to remove heat from the coolant circulating there-
through responsive to snow in tunnel 18. For example,
during operation of snowmobile 10, endless track 40 kicks
snow toward an inner surface of arcuate heat exchanger 312
which is configured to retain at least a portion of this snow.
Heat from the coolant circulating through arcuate heat
exchanger 312 is transferred to the retained snow causing
the retained snow to melt. Coolant from arcuate heat
exchanger 312 flows to longitudinal heat exchanger 314 that
is coupled to top panel 18¢ of tunnel 18. Longitudinal heat
exchanger 314 is configured to remove heat from the coolant
circulating therethrough responsive to snow in tunnel 18.
For example, during operation of snowmobile 10, endless
track 40 kicks snow toward an upper surface of tunnel 18,
a portion of which sticks to this surface which is in thermal
communication with longitudinal heat exchanger 314. Heat
from the coolant circulating through longitudinal heat
exchanger 314 is transferred to the retained snow causing
the retained snow to melt. It should be noted that snow flap
68 helps to retain snow in tunnel 18 which aids in the snow
sticking to the upper surface of tunnel 18. Coolant from
longitudinal heat exchanger 314 flows to primary inlet 3025
for recirculation through engine 26.

[0070] In addition, the coolant path of cooling system 300
includes a branch that communicates pressurized fluid from
pump 302 to turbocharger 30 via a coolant outlet (not
visible) that is in fluid communication with the coolant loop
in engine 26. Pressurized coolant from pump 302 passes
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through a coolant loop within turbocharger 30 to extract heat
from turbocharger 30. Vapor tank 308 is in downstream fluid
communication with turbocharger 30 and receives heated
coolant therefrom. Thermostat 306 is in downstream fluid
communication with vapor tank 308 and, depending upon
the temperature of the coolant from engine 26, circulates the
coolant from engine 26 and the coolant from vapor tank 308
to either bypass inlet 302¢ or arcuate heat exchanger 312 as
discussed herein.

[0071] As best seen in FIGS. 6F-6G, thermostat 306
includes a lower chamber 3064 and an upper chamber 3065
with a valve housing 306¢ positioned therebetween. Lower
chamber 306 receives coolant via primary inlet 3064 that is
in downstream fluid communication with a coolant outlet
302e positioned on the aft side engine 26 (see also FIG. 3D)
which is downstream of the cooling loop within engine 26.
More specifically, coolant outlet 302¢ of engine 26 is
coupled to primary inlet 3064 of thermostat 306 with a
coolant conduit 318, as best seen in FIG. 6D. The upstream
end of coolant conduit 318 is coupled to coolant outlet 302¢
of'engine 26 using one or more hose clamps or other suitable
connection means. Likewise, the downstream end of coolant
conduit 318 is coupled to primary inlet 3064 of thermostat
306 using one or more hose clamps or other suitable
connection means. During the warmup phase of engine
operations when the temperature of the coolant is below a
predetermined threshold temperature, the valve with valve
housing 306c¢ remains closed such that fluid from lower
chamber 3064 exits thermostat 306 via a bypass outlet 306¢
which is in upstream fluid communication with bypass inlet
302¢ of pump 302. More specifically, bypass outlet 306e of
thermostat 306 is coupled to bypass inlet 302¢ of pump 302
with a coolant conduit 320. The upstream end of coolant
conduit 320 is coupled to bypass outlet 306¢ of thermostat
306 using one or more hose clamps or other suitable
connection means. Likewise, the downstream end of coolant
conduit 320 is coupled to bypass inlet 302¢ of pump 302
using one or more hose clamps or other suitable connection
means.

[0072] After the warmup phase of engine operations when
the temperature of the coolant is above a predetermined
threshold temperature, the valve with valve housing 306c¢ is
operated to the open position such that fluid from lower
chamber 306a enters upper chamber 3065 of thermostat 306.
Coolant in upper chamber 3065 exit thermostat 306 via a
primary outlet 306/ which is in upstream fluid communica-
tion with coolant inlet 312a of arcuate heat exchanger 312.
More specifically, primary outlet 306/ of thermostat 306 is
coupled to coolant inlet 3124 of arcuate heat exchanger 312
with a coolant conduit 322. The upstream end of coolant
conduit 322 is coupled to primary outlet 306/ of thermostat
306 using one or more hose clamps or other suitable
connection means. Likewise, the downstream end of coolant
conduit 322 is coupled to coolant inlet 312a of arcuate heat
exchanger 312 using one or more hose clamps or other
suitable connection means. A coolant outlet (not visible) of
arcuate heat exchanger 312 is directly coupled to a coolant
inlet (not visible) of longitudinal heat exchanger 314
enabling the coolant that has traveled through arcuate heat
exchanger 312, as represented by arrows 31254 in FIG. 6D,
to enter longitudinal heat exchanger 314 and travel there-
through as represented by arrows 314a. Coolant exits lon-
gitudinal heat exchanger 314 via a coolant outlet 3145 which
is in upstream fluid communication with primary inlet 3026
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of pump 302. More specifically, coolant outlet 3146 of
longitudinal heat exchanger 314 is coupled to primary inlet
3025 of pump 302 with a coolant conduit 324. The upstream
end of coolant conduit 324 is coupled to coolant outlet 3145
of longitudinal heat exchanger 314 using one or more hose
clamps or other suitable connection means. Likewise, the
downstream end of coolant conduit 324 is coupled to
primary inlet 3024 of pump 302 using one or more hose
clamps or other suitable connection means.

[0073] Turbocharger 30 includes a coolant inlet 30% (see
also FIG. 5E) that is in downstream fluid communication
with a coolant outlet (not visible) of engine 26 positioned
along the engine cooling loop. More specifically, coolant
inlet 30/ of turbocharger 30 is coupled to the coolant outlet
with a coolant conduit (not pictured). The upstream end of
the coolant conduit is coupled to the coolant outlet using one
or more hose clamps or other suitable connection means.
Likewise, the downstream end of the coolant conduit is
coupled to coolant inlet 30/ of turbocharger 30 using one or
more hose clamps or other suitable connection means.
Coolant exits turbocharger 30 via a coolant outlet 30 which
is in upstream fluid communication with coolant inlet 3084
of vapor tank 308. More specifically, coolant outlet 30/ of
turbocharger 30 is coupled to coolant inlet 3084 of vapor
tank 308 with a coolant conduit 326. The upstream end of
coolant conduit 326 is coupled to coolant outlet 30;i of
turbocharger 30 using one or more hose clamps or other
suitable connection means. Likewise, the downstream end of
coolant conduit 326 is coupled to coolant inlet 308a of vapor
tank 308 using one or more hose clamps or other suitable
connection means. Coolant exits vapor tank 308 via a
coolant outlet 3085 which is in upstream fluid communica-
tion with a secondary inlet 306g of lower chamber 306a of
thermostat 306. More specifically, coolant outlet 30856 of
vapor tank 308 is coupled to secondary inlet 306g of
thermostat 306 with a coolant conduit 328. The upstream
end of coolant conduit 328 is coupled to coolant outlet 3085
of vapor tank 308 using one or more hose clamps or other
suitable connection means. Likewise, the downstream end of
coolant conduit 328 is coupled to secondary inlet 306g of
thermostat 306 using one or more hose clamps or other
suitable connection means.

[0074] Cooling system 300 has an expansion system
which allows for the thermal expansion and thermal con-
traction of the coolant in cooling system 300 as the tem-
perature of the coolant increase and decreases. In the illus-
trated embodiment, thermostat 306 has an expansion port
306/ which is in bidirectional fluid communication with an
expansion port 3164 of expansion chamber 316, as best seen
in FIG. 6A. More specifically, expansion port 306/ of
thermostat 306 is coupled to expansion port 316a of expan-
sion chamber 316 with a coolant conduit 330. One end of
coolant conduit 330 is coupled to expansion port 306/ of
thermostat 306 using one or more hose clamps or other
suitable connection means. Likewise, the other end of cool-
ant conduit 330 is coupled to expansion port 316a of
expansion chamber 316 using one or more hose clamps or
other suitable connection means. Thermostat 306 includes a
removeable filler cap 306/ that is used to add coolant to
cooling system 300. Cooling system 300 has a bleed system
which allows air within cooling system 300 to escape during
coolant filling operations. Thermostat 306 has a bleed port
3067 that is in fluid communication with a bleed port (not
visible) of engine 26 that is in fluid communication with an
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uppermost location of the coolant loop within engine 26.
More specifically, bleed port 306; of thermostat 306 is
coupled to the bleed port of engine 26 with a coolant conduit
332. The upstream end of coolant conduit 332 is coupled to
the bleed port of engine 26 using one or more hose clamps
or other suitable connection means. Likewise, the down-
stream end of coolant conduit 332 is coupled to bleed port
306; of thermostat 306 using one or more hose clamps or
other suitable connection means.

[0075] In the illustrated embodiment, coolant distribution
assembly 304 is formed by coupling thermostat 306 to vapor
tank 308. Thermostat 306 includes a flange 3064 and vapor
tank 308 includes a flange 308c¢ that have complementary
bolt patterns the received bolts 304a, 3045 therethrough to
couple thermostat 306 and vapor tank 308 together. In other
embodiments, one or more components of thermostat 306
could be integrally formed with one or more components of
vapor tank 308. Coolant distribution assembly 304 is
coupled to engine 26 using a mount bracket 334 that is
bolted to coolant distribution assembly 304. Mount bracket
334 include a pair of bolt apertures 334a, 3345 that align
with mounting bosses 26n, 260 on the right side of engine
26 (see also FIG. 3C) that received bolts therethrough to
couple coolant distribution assembly 304 directly to engine
26.

[0076] Certain spatial relationships of the various compo-
nents of cooling system 300 will now be described. Coolant
distribution assembly 304 is coupled to the right side of
engine 26 and is positioned outboard of engine bay 26a. At
least a portion of coolant distribution assembly 304 is
positioned above engine 26. At least a portion of coolant
distribution assembly 304 is positioned above turbocharger
30. At least a portion of coolant distribution assembly 304 is
positioned aft of turbocharger 30. At least a portion of
coolant distribution assembly 304 is positioned inboard of
turbocharger 30. Upper chamber 3065 of thermostat 306 is
positioned above lower chamber 306a of thermostat 306.
Filler cap 306/ is positioned at an uppermost location of
cooling system 300. Upper chamber 3065 and lower cham-
ber 306a of thermostat 306 are positioned aft of vapor tank
308. In the illustrated embodiment, primary inlet 3064 of
thermostat 306 is positioned on an aft side of lower chamber
3064 and primary outlet 3061 is positioned on an aft side of
upper chamber 30654. In other embodiments, upper chamber
3065 of thermostat 306 may be rotated 180 degrees relative
to lower chamber 3064 which would enable, for example,
primary outlet 306/ is positioned on a forward side of upper
chamber 3065 and such that primary outlet 3065 is in
upstream fluid communication with a radiator associated
with a naturally aspirated internal combustion engine such
as the thermostat described in commonly owned U.S. patent
application Ser. No. 18/666,651, filed May 16, 2024, the
entire contents of which are incorporated by reference herein
for all purposes. In further embodiments, upper chamber
3065 of thermostat 306 may be rotated 90 degrees relative
to lower chamber 306a which would enable alternate con-
figurations of the cooling system. Bypass outlet 306e is
positioned on a bottom end of lower chamber 306a. Coolant
inlet 308a of vapor tank 308 is positioned above turbo-
charger 30. Coolant inlet 308a of vapor tank 308 is posi-
tioned above coolant outlet 3085 of vapor tank 308. Coolant
outlet 3085 of vapor tank 308 is positioned forward and
above secondary inlet 306g of lower chamber 306a.



US 2026/0002499 A1

[0077] The foregoing description of embodiments of the
disclosure has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the disclosure to the precise form disclosed, and modifica-
tions and variations are possible in light of the above
teachings or may be acquired from practice of the disclosure.
The embodiments were chosen and described in order to
explain the principals of the disclosure and its practical
application to enable one skilled in the art to utilize the
disclosure in various embodiments and with various modi-
fications as are suited to the particular use contemplated. For
example, numerous combinations of the features disclosed
herein will be apparent to persons skilled in the art including
the combining of features described in different and diverse
embodiments, implementations, contexts, applications and/
or figures. Other substitutions, modifications, changes and
omissions may be made in the design, operating conditions
and arrangement of the embodiments without departing
from the scope of the present disclosure. Such modifications
and combinations of the illustrative embodiments as well as
other embodiments will be apparent to persons skilled in the
art upon reference to the description. It is, therefore,
intended that the appended claims encompass any such
modifications or embodiments.

What is claimed is:

1. An air cooling system for a snowmobile having a
forward frame assembly defining an engine bay, an engine
positioned in the engine bay and a turbocharger positioned
outboard of the engine bay, the air cooling system compris-
ing:

an intercooler in downstream fluid communication with

the turbocharger, the intercooler configured to cool
compressed air from the turbocharger; and

an air channel positioned forward of the intercooler, the

air channel having a lower wall and a pair of oppositely
disposed side walls that direct ambient ram air into the
intercooler such that heat transfers from the com-
pressed air to the ambient ram air in the intercooler,
thereby cooling the compressed air and increasing the
density of the compressed air before the compressed air
enters the engine.

2. The air cooling system as recited in claim 1 wherein,
the intercooler and the air channel are positioned above and
coupled to a nose portion of the forward frame assembly.

3. The air cooling system as recited in claim 1 wherein,
the intercooler and the air channel are positioned forward of
the engine bay.

4. The air cooling system as recited in claim 1 wherein,
the intercooler and the air channel are positioned forward of
the turbocharger.

5. The air cooling system as recited in claim 1 wherein,
the side walls of the air channel are substantially vertically
oriented, are substantially parallel with each other and
extend above the top of the intercooler.

6. The air cooling system as recited in claim 1 wherein,
the intercooler is tilted forward by a forward tilt angle such
that an upper portion of the intercooler is forward of a lower
portion of the intercooler.

7. The air cooling system as recited in claim 6 wherein,
each of the side walls of the air channel has an aft surface;
and

wherein, the aft surfaces of the side walls of the air

channel are tilted forward by the forward tilt angle such
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that upper portions of the aft surfaces are forward of
lower portions of the aft surfaces.

8. The air cooling system as recited in claim 1 wherein,
the lower wall has a contoured surface configured to accom-
modate a snowmobile component.

9. The air cooling system as recited in claim 1 wherein,
one of the side walls includes an opening configured to
receive a snowmobile component.

10. The air cooling system as recited in claim 1 further
comprising an air grill positioned at least partially forward
of and at least partially above the air channel, the air grill
having a plurality of veins that direct the ambient ram air
aftwardly and downwardly into the air channel and toward
the intercooler.

11. The air cooling system as recited in claim 10 wherein,
the intercooler is positioned at least partially below the air
grill.

12. An air intake system for a snowmobile having a
forward frame assembly defining an engine bay and an
engine positioned in the engine bay, the air intake system
comprising:

an airbox having an air inlet configured to receive ambient
air;

an air filter assembly in downstream fluid communication
with the airbox and positioned forward of the engine
bay, the air filter assembly configured to filter the
ambient air from the airbox;

a turbocharger in downstream fluid communication with
the air filter assembly and positioned outboard of a first
side of the engine bay, the turbocharger configured to
compress the ambient air from the air filter assembly;

an intercooler in downstream fluid communication with
the turbocharger and positioned forward of the engine
bay, the intercooler configured to cool the compressed
air from the turbocharger;

a throttle valve assembly in downstream fluid communi-
cation with the intercooler and positioned outboard of
a second side of the engine bay that is opposite of the
first side, the throttle valve assembly configured to
regulate airflow from the intercooler to the engine;

a manifold assembly in downstream fluid communication
with the throttle valve assembly and in upstream fluid
communication with the engine; and

an air channel positioned forward of the intercooler, the
air channel having a lower wall and a pair of oppositely
disposed side walls that direct ambient ram air into the
intercooler such that heat transfers from the com-
pressed air to the ambient ram air in the intercooler,
thereby cooling the compressed air and increasing the
density of the compressed air before the compressed air
enters the engine.

13. The air intake system as recited in claim 12 further
comprising an air grill positioned at least partially forward
of and at least partially above the air channel, the air grill
having a plurality of veins that direct the ambient ram air
aftwardly and downwardly into the air channel and toward
the intercooler.

14. The air intake system as recited in claim 12 wherein,
the airbox is positioned above and forward of at least a
portion of the engine.

15. The air intake system as recited in claim 12 wherein,
the air filter assembly is positioned between the engine and
the intercooler.
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16. The air intake system as recited in claim 12 wherein,
the manifold assembly is positioned at least partially above
and at least partially aft of the engine.

17. A snowmobile comprising:

a forward frame assembly defining an engine bay;

an engine positioned in the engine bay;

aturbocharger coupled to the forward frame assembly and

positioned outboard of the engine bay;

an intercooler in downstream fluid communication with

the turbocharger, the intercooler configured to cool
compressed air from the turbocharger; and

an air channel positioned forward of the intercooler, the

air channel having a lower wall and a pair of oppositely
disposed side walls that direct ambient ram air into the
intercooler such that heat transfers from the com-
pressed air to the ambient ram air in the intercooler,

15
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thereby cooling the compressed air and increasing the
density of the compressed air before the compressed air
enters the engine.

18. The snowmobile as recited in claim 17 further com-
prising an air grill positioned at least partially forward of and
at least partially above the air channel, the air grill having a
plurality of veins that direct the ambient ram air aftwardly
and downwardly into the air channel and toward the inter-
cooler.

19. The snowmobile as recited in claim 18 further com-
prising a front bumper and a headlight assembly coupled to
the forward frame assembly;

wherein, the air grill is positioned between the front

bumper and the headlight assembly.

20. The snowmobile as recited in claim 17 wherein, the
engine is a four-stroke engine.

#* #* #* #* #*
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