AIR-FUEL RATIO REGULATION FOR INTERNAL
COMBUSTION ENGINES

BACKGROUND

[0001] The field of the disclosure relates generally tieinal combustion engines and, more

particularly, to an air bypass system for two-sérekgines.

[0002] Many known internal combustion engines combust mbgoation of fuel and air to
generate power in the form of torque that is usedirive other devices, e.qg., fluid transfer
devices, i.e., gas compressors. The ratio ofoafuel, (i.e., the air/fuel ratio) has an important
effect on engine power and efficiency. In additimontrol of the air/fuel ratio facilitates
reducing the portion of combustion exhaust constits that include NOx, CO, and unburned
hydrocarbons. As such, a general control stratedg control the air/fuel ratio by managing

combustion air mass flow rate.

[0003] At least some known internal combustion enginesausgo-stroke cycle. In general,
two-stroke internal combustion engines include anngake system that includes an air intake
plenum coupled in flow communication with a stuffibox. The stuffing box is coupled in flow
communication with a power cylinder that housesaprocating piston. A scavenging valve (or
reed valves), that includes a plurality of one-wayjves, is positioned between the air intake
plenum and the stuffing box and permits air flolydnom the plenum into the box. An exhaust
plenum is coupled to the power cylinder and theaesh plenum is coupled to an exhaust pipe.
During the compression stroke, the piston travelayafrom the air intake plenum within the
stuffing box, thereby pulling air into the stuffilgpx through the scavenging valve due to the
vacuum created by the piston. Fuel is injected antombustion chamber, and the air and fuel
are combusted to initiate an expansion stroke (8ormes referred to as a “power stroke”) to
induce an opposite movement in the piston. Dutiregexpansion stroke, combustion gases are
channeled to the exhaust pipe for removal from dbebustion chamber. Also, during the
expansion stroke, piston movement toward the sigifbox closes the scavenging valve and
pressurizes the trapped air within the stuffing.bdks such, many two-stroke engines exhibit
low performance due in part to inadequate enginéal ratio control. Such low performance
effects include misfires and partial burns, esplcia low loads, that lead to increased fuel



usage and increased exhaust emissions, i.e., hit§b€rand unburned hydrocarbon emissions.
BRIEF DESCRIPTION

[0004] In one aspect, an air bypass system for an inteorabustion engine is provided. The
internal combustion engine includes an air intajstesn defining a first air intake chamber and a
second air intake chamber coupled in flow commuimoawith the first air intake chamber. The
air bypass system includes at least one bypassnbiseontrolling flow communication
between the first air intake chamber and the seeamithtake chamber, said at least one bypass
assembly facilitating air flow from the second iatake chamber into the first air intake chamber

during an expansion stroke of the internal combustingine.

[0005] In another aspect, an internal combustion engimeasided. The internal combustion
engine includes a frame at least partially definngrst air intake chamber and a second air
intake chamber coupled in flow communication witidsfirst air intake chamber, an intake
valve assembly coupled between, and in flow compatimn with, the first air intake chamber
and the second air intake chamber, and an air bypadem. The air bypass system includes at
least one bypass assembly controlling flow commatioa between the first air intake chamber
and the second air intake chamber, said at leasbgpass assembly facilitating air flow from
the second air intake chamber into the first aimke chamber during an expansion stroke of the

internal combustion engine.

[0006] In yet another aspect, a power system is providgte power system includes at least
one compressor unit, and at least one internal astidm engine coupled to said at least one
compressor unit. Said at least one internal cotitougngine includes a frame at least partially
defining a first air intake chamber and a second iaiake chamber coupled in flow
communication with the first air intake chamber,igtake valve assembly coupled between, and
in flow communication with, the first air intake aimber and the second air intake chamber, and
an air bypass system. The air bypass system ieslatleast one bypass assembly controlling
flow communication between the first air intake witeer and the second air intake chamber, said
at least one bypass assembly facilitating air flamn the second air intake chamber into the first

air intake chamber during an expansion stroke idf #aleast one internal combustion engine.

DRAWINGS



[0007] These and other features, aspects, and advantatiespresent disclosure will become
better understood when the following detailed dpsion is read with reference to the
accompanying drawings in which like characters esent like parts throughout the drawings,

wherein:

[0008] FIG. 1 is a perspective view of an exemplary posgstem including an exemplary

internal combustion engine;

[0009] FIG. 2 is a schematic view of an exemplary combustystem for the internal

combustion engine shown in FIG. 1;

[0010] FIG. 3 is a schematic view of a portion of the castibn system shown in FIG. 2

during a compression stroke of the internal combnstngine shown in FIG. 1;

[0011] FIG. 4 is a cutaway view of a cylinder of the imi@rcombustion engine shown in FIG.

1 in the compression stroke;

[0012] FIG. 5 is a schematic view of the portion of thenbaistion system shown in FIG. 3

during an expansion stroke of the internal combustingine shown in FIG. 1; and

[0013] FIG. 6 is a cutaway view of the cylinder of theeimtal combustion engine shown in

FIG. 4 in the expansion stroke.

[0014] Unless otherwise indicated, the drawings providectim are meant to illustrate features
of embodiments of the disclosure. These featuredealieved to be applicable in a wide variety
of systems comprising one or more embodiments @fdikclosure. As such, the drawings are
not meant to include all conventional features kndyy those of ordinary skill in the art to be

required for the practice of the embodiments dssdbherein.
DETAILED DESCRIPTION

[0015] In the following specification and the claims, mefiece will be made to a number of

terms, which shall be defined to have the followmnganings.

[0016] The singular forms “a”, “an”, and “the” include pél references unless the context

clearly dictates otherwise.

[0017] *“Optional” or “optionally” means that the subseqtigmescribed event or circumstance

may or may not occur, and that the descriptionuides instances where the event occurs and



instances where it does not.

[0018] Approximating language, as used herein throughmeitspecification and claims, may
be applied to modify any quantitative representattbat could permissibly vary without
resulting in a change in the basic function to whids related. Accordingly, a value modified
by a term or terms, such as “about”, “approximdteand “substantially”, are not to be limited to
the precise value specified. In at least someamnt®s, the approximating language may
correspond to the precision of an instrument foagneing the value. Here and throughout the
specification and claims, range limitations maydoenbined and/or interchanged, such ranges
are identified and include all the sub-ranges doeth therein unless context or language

indicates otherwise.

[0019] As used herein, the terms “processor’” and “computend related terms, e.g.,

” o Mo

“processing device,” “computing device,” “contralleand “control unit” are not limited to just
those integrated circuits referred to in the art ascomputer, but broadly refers to a
microcontroller, a microcomputer, a programmablgidocontroller (PLC), and application
specific integrated circuit, and other programmaliecuits, and these terms are used
interchangeably herein. In the embodiments desdrierein, memory may include, but it not
limited to, a computer-readable medium, such aandom access memory (RAM), a computer-
readable non-volatile medium, such as a flash mgmaiternatively, a floppy disk, a compact
disc — read only memory (CD-ROM), a magneto-optaiak (MOD), and/or a digital versatile
disc (DVD) may also be used. Also, in the emboditsedescribed herein, additional input
channels may be, but are not limited to, computenipperals associated with an operator
interface such as a mouse and a keyboard. Alteehgtother computer peripherals may also be
used that may include, for example, but not betéchito, a scanner. Furthermore, in the
exemplary embodiment, additional output channely nmalude, but not be limited to, an

operator interface monitor.

[0020] Further, as used herein, the terms “software” divthivare” are interchangeable, and
include any computer program storage in memory dgecution by personal computers,

workstations, clients, and servers.

[0021] As used herein, the term “non-transitory compuéardable media” is intended to be

representative of any tangible computer-based damplemented in any method of technology



for short-term and long-term storage of informatisach as, computer-readable instructions,
data structures, program modules and sub-modulesther data in any device. Therefore, the
methods described herein may be encoded as exkrumabuctions embodied in a tangible,
non-transitory, computer-readable medium, inclugdmighout limitation, a storage device and/or
a memory device. Such instructions, when execbie@ processor, cause the processor to
perform at least a portion of the methods descrise@in. Moreover, as used herein, the term
“‘non-transitory computer-readable media” includdk tangible, computer-readable media,
including, without limitation, non-transitory comjgu storage devices, including without
limitation, volatile and non-volatile media, andmavable and non-removable media such as
firmware, physical and virtual storage, CD-ROMS, D8/ and any other digital source such as a
network or the Internet, as well as yet to be dgwedl digital means, with the sole exception

being transitory, propagating signal.

[0022] Furthermore, as used herein, the term “real-tineéérs to at least one of the time of
occurrence of the associated events, the time a@surement and collection of predetermined
data, the time to process the data, and the tima system response to the events and the
environment. In the embodiments described herévese activities and events occur

substantially instantaneously.

[0023] The air bypass systems and internal combustionnesgdescribed herein provide
improved control of the air/fuel ratio of the engirthrough controlling and reducing the
combustion air mass flow rate into the engine. cBigally, a bypass assembly (e.g., a two-way
air bypass valve) facilitates defining a flow p&tin air to flow back from a stuffing box into an
air intake plenum during the expansion stroke, @vgr stroke, to reduce the combustion air
mass flow rate through the stuffing box. The twayvair bypass valve is dynamically regulated
(or modulated) based on the engine operating pdessné bypass (return) a portion of the
trapped air in the stuffing box not required fomdmustion of the fuel to return to the plenum
based on one or more of measured engine operatimgjtons. Operating the engine with a
lower air/fuel ratio within the cylinder facilitade higher combustion and exhaust gas
temperatures. The improved combustion conditie@specially at lower loads, facilitate a
reduction in cylinder misfires and partial burngldead to decreased fuel usage and decreased
exhaust emissions. As such, improved combustioitittdes reduced unburned hydrocarbons

and, specifically, regulated volatile organic compds (VOCSs), thereby facilitating an increase
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in the operating margin to regulatory emissionsitsm Further, the catalytic converter in the

exhaust system also exhibits improved performancecanversion efficiency at higher exhaust
temperatures resulting from the lower air/fuelaatin addition, because the air temperature in
the stuffing box is higher than the air temperatarthe air intake plenum, air bypassed from the
stuffing box increases the intake air temperatresulting in improved combustion. Moreover,

the air bypass system as described herein may p&nmmnted in any two-stroke engines

equipped with an intake valve assembly.

[0024] FIG. 1 is a perspective view of an exemplary posystem 100 including an exemplary
internal combustion engine 102. In the exemplanp@diment, internal combustion engine 102
is a two-cycle engine and defines the power portbrsystem 100. Power system 100 also
includes a compression portion 104 that includeplwaality of compressors 106. Two
compressors 106 are shown and in alternative emmwyds, compression portion 104 includes
any number of compressors, including 1 and 3 cosgons 106. Power system 100 is mounted
on a skid 108 and includes a frame 110. Poweesy4i00 further includes a control unit 112

(described further below).

[0025] Frame 110 at least partially defines a pluralitpofver cylinders 114 (described further
below). Each of power cylinders 114 is couplediiaw communication with a fuel supply
system 116 and an air supply system 118. Compreg®rtion 104 and internal combustion
engine 102 are coupled to each other through akcaae 120 that houses a crankshaft (not
shown) and flywheel 122. Internal combustion eadif@2 includes an exhaust system 124 that
includes a plurality of exhaust pipes 126, i.eg pipe 126 coupled to each power cylinder 114,
Exhaust system 124 also includes an exhaust s2&khht houses a catalyst system 130 and a
muffler 132. Power system 100 also includes a skidling fan 134. Power system 100 is
merely exemplary. That is, the systems and methiedsribed herein may be implemented
within any suitable power system. For example,dygtems and methods described herein may

be implemented in power systems including one gthwe four cylinder compressor packages.

[0026] FIG. 2 is a schematic view of an exemplary comlbmstsystem 200 for internal
combustion engine 102. Frame 110 at least partigfines an air intake system 202 coupled in
flow communication with air supply system 118. Amtake system 202 includes a first air

intake chamber, i.e., an air intake plenum 204, arsgécond air intake chamber, i.e., a stuffing



box 206. Stuffing box 206 is coupled in flow commeation with air intake plenum 204 and
plenum 204 is coupled in flow communication with supply system 118. Air supply system
118 also includes an intake valve assembly 208 leduipetween, and in flow communication
with, air intake plenum 204 and stuffing box 206ntake valve assembly 208, sometimes
referred to as a “scavenging valve assembly” inetuak least one one-way valve 210 configured
to channel plenum air 212 from air intake plenum &8 stuffing box 206, thereby pressurizing
stuffing box 206 with stuffing box air 214.

[0027] Air intake system 202 also includes an air bypgssesn 220. Air bypass system 220
includes at least one bypass assembly 222 (onerglmwpled in flow communication with air
intake plenum 204 and stuffing box 206. Bypass rabge 222 is coupled to intake valve
assembly 208 through at least one of, and withautdtion, fasteners, adhesives, welding, and
sintering. Also, in some embodiments, bypass aslse@P2 is integrally formed with intake
valve assembly 208 through, for example, and withiouitation, unitary casting. In the
exemplary embodiment, bypass assembly 222 inclades-way valve 224 coupled to a duct
226 that defines a two-way air passageway 228.a8ypssembly 222 is positioned proximate a
channel 234 defined in intake valve assembly 208ouple valve 224 in flow communication
with stuffing box 206. Bypass assembly 222 is argembly that facilitates operation of air
bypass system 220 and internal combustion engi@easQdescribed herein, including, without
limitation, gate valves, globe valves, ball valvasd guillotine dampers. For example, in some
embodiments, bypass assembly 222 may be implemégteeimoving one or more of one-way
valves 210 to create a hole that allows air byfrasgs stuffing box 206 to air intake plenum 204.
In other embodiments, a hole may be drilled inkataalve assembly 208 to generate bypass
assembly 222. In either situation, a valve andiaot may be used to control the flow of air
through the hole. In still other embodiments, Bgpassembly 222 may be implemented by
partially or fully opening at least one one-waywaP08 to allow air bypass from stuffing box
206 to air intake plenum 204. The position of Hteleast one one-way valve 208 may be
controlled (e.g., using an actuator that pushes plug of the valve) to manage the amount of air

bypass.

[0028] In the exemplary embodiment, air bypass systema2&f) includes at least one control
unit 112 (one shown) operably coupled to two-walvea224. Control unit 112 includes a

processing device 238 and a memory device 236 edupl processing device 238. In some
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embodiments, control unit 112 is a stand-alonerotiat. In other embodiments, control unit
112 is a portion of a larger control system for powystem 100 (shown in FIG. 1) or internal
combustion engine 102. Air bypass system 220 éaritiicludes at least one sensing device 240
(two shown) coupled to memory device 236. Sendedce 240 is one or more of, for example,
and without limitation, an engine load sensor, agime pressure sensor, an engine exhaust
temperature sensor, and an engine exhaust comstgessor. In some embodiments, air bypass

system 220 does not include a controller.

[0029] Control unit 112 is configured to regulate two-watve 224 to at least partially open
during a compression stroke of internal combuséngine 102. More specifically, control unit
112 receives input signals 242 from sensing de2eéls calculates a valve position command,
and transmits output signals 244 representativeuch valve position command. In general,
valve 224 will be commanded to at least partiallgse during the compression stroke to
facilitate air ingress into power cylinder 114 chgrihigher loads. During lower loads, one-way
valves 210 may provide sufficient air for combusti&and valve 224 is commanded to at least
partially open from any closed position. Duringta@ operational modes of engine 102, valve
224 will be regulated through modulation thereofégulate bypass air flow 248 from stuffing
box 206 into air intake plenum 204 into stuffingxki206 through channel 234 as a function of
input signals 242 from sensing devices 240 intotrobrunit 112 and output signals 244 from
control unit 112 to valve 224 based on operatingupaters of engine 102 as programmed into
control unit 112, such regulation ranging from gahsally fully closed to substantially fully
open. That is, air may be regulated to meet dsinéfuel ratio targets and emissions targets.
For example, under some conditions, during the esipa stroke of internal combustion engine
102, valve 224 is commanded to at least partighgnobased on operating parameters of engine
102 as programmed into control unit 112 to bypassufn) a portion of the trapped air in

stuffing box 206, i.e., bypass air flow 248 bactoinir intake plenum 204 through channel 234.

[0030] FIG. 3 is a schematic view of a portion of combustsystem 200 (shown in FIG. 2),

i.e., air intake system 202 during a compressimykestof internal combustion engine 102 (shown
in FIG. 1). FIG. 4 is a cutaway view of power ogler 114 of internal combustion engine 102
(shown in FIG. 1) in the compression stroke. Atiporof frame 110 is used to form a wall 250
of power cylinder 114. Power cylinder wall 250 idet an air channel 252 therein and power

cylinder wall 250 also defines a power cylinderéb@b4. Power cylinder bore 254 is coupled in
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flow communication with stuffing box 206 and fuelpply system 116 (shown in FIG.1 ) and
power cylinder bore 254 is coupled in flow commauarien with air channel 252. Power cylinder
114 also includes an exhaust section 256 couplegkib@ust system 124 (shown in FIG. 1).
Also, power cylinder 114 includes a piston 258 dsgul within power cylinder bore 254, where
piston 258 is configured for reciprocal motion wnttpower cylinder bore 254, the reciprocal
motion including a compression stroke and an expanstroke (shown in FIGs. 5 and 6, and

discussed further below).

[0031] Referring to FIGs. 3 and 4, during the compressiboke, each one-way valve 210 of
intake valve assembly 208 opens due to the vacueaterl by piston 258 as it transits away
from stuffing box 206. Air 212 flows from air sugpsystem 118 into air intake plenum 204.
Air 214 flows from intake plenum 204 through oneywalves 210 (and, optionally, through
bypass assembly 222) into stuffing box 206, them®gsurizing stuffing box 206 with air. In
addition, in general, valve 224 will be commanded at least partially open during the
compression stroke to facilitate air ingress intwer cylinder 114. Under some conditions
(e.g., at lower loads), one-way valves 210 may igsufficient air for combustion and valve
224 is commanded to at least partially close from @pen position. During certain operational
modes of engine 102, valve 224 will be regulatedugh modulation thereof to regulate air flow
from air intake plenum 204 into stuffing box 20@aiigh channel 234 as a function of operating
parameters of engine 102 as programmed into conmindl 112 (shown on FIG. 2), such
regulation ranging from substantially fully closedsubstantially fully open. Fuel 260 from fuel
supply system 116 is injected into power cylinderéb254 where fuel 260 and air ignite and

combust to form combustion products 262

[0032] FIG. 5 is a schematic view of the portion of contlmrssystem 200 (shown in FIG. 2),
i.e., air intake system 202 during an expansiookstof internal combustion engine 102 (shown
in FIG. 1). FIG. 6 is a cutaway view of power ogler 114 of internal combustion engine 102
(shown in FIG. 1) in the expansion stroke. Dutimg expansion stroke, each one-way valve 210
of intake valve assembly 208 closes due to thespresn stuffing box 206 created by piston 258
as it transits towards stuffing box 206. Also,péston 258 transits towards stuffing box 206,
some of the air in stuffing box 206 is channelgd power cylinder bore 254 through air channel
252, which facilitates pushing combustion prod@§8 through exhaust section 256 into exhaust

system 124.



[0033] Also, in general, during the expansion stroke ¢énmal combustion engine 102, valve
224 is commanded to at least partially open baseoperating parameters of engine 102 as
programmed into control unit 112 to bypass (retamortion of the trapped air in stuffing box
206, i.e., bypass air flow 248, back into air irtgtenum 204 through channel 234. Under some
conditions (e.g., at higher loads), valve 224 Wi regulated through modulation thereof to
regulate air flow 246 from air intake plenum 204oirstuffing box 206, or the reverse flow
thereof, through channel 234 based on operatingnpeters of engine 102 as programmed into
control unit 112, such regulation ranging from gahsally fully closed to substantially fully

open.

[0034] The above-described air bypass system improvesatanit the air/fuel ratio of the
engine through controlling and reducing the combusair mass flow rate into the engine.
Specifically, a bypass assembly (e.g., a two-wapygpass valve) facilitates defining a flow path
for air to flow back to from a stuffing box into air intake plenum during the expansion stroke
to reduce the combustion air mass flow rate thrabghstuffing box. The bypass assembly may
be regulated based on the engine operating pareetbypass (return) a portion of the trapped
air in the stuffing box not required for lean corstion of the fuel to return to the plenum based
on one or more of measured engine operating conditi Operating the engine with a lower
air/fuel ratio within the cylinder facilitates highcombustion and exhaust gas temperatures. The
improved combustion conditions, especially at lowsads, facilitate a reduction in cylinder
misfires and partial burns, and in turn leads torel@sed fuel usage and decreased exhaust
emissions. As such, improved combustion facilgateduced un-burned hydrocarbons and
volatile organic compounds (VOCSs), thereby fadilitg an increase in the operating margin to
regulatory emissions limits. Further, the catalytonverter in the exhaust system also exhibits
improved performance and conversion efficiency ighér exhaust temperatures. In addition,
because the air temperature in the stuffing bdxgker than the air temperature in the air intake
plenum, air bypassed from the stuffing box increae intake air temperature, resulting in
improved combustion. Moreover, the air bypass esystas described herein may be

implemented in two-stroke engines equipped witinéake valve assembly.

[0035] An exemplary technical effect of the methods, systeand apparatus described herein
includes at least one of: (a) improving regulatadnthe air/fuel ratio in a two-stroke internal

combustion engine; (b) defining a flow path fortaiflow back to from a stuffing box into an air
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intake plenum during the expansion stroke of thgirento reduce the combustion air mass flow
rate through the stuffing box; (c) improving comtims conditions, especially at lower loads,
thereby facilitating a reduction in cylinder migf&r and partial burns, and, as such, reducing the
opportunities for generating conditions that leadnicreased fuel usage and increased exhaust
emissions; (d) reducing the concentrations of umédrhydrocarbons and volatile organic
compounds (VOCs) in the engine exhaust, therebifitbiing an increase in the operating
margin to regulatory emissions limits; (e) factiity an improvement of performance and
conversion efficiency of the catalytic convertertlie exhaust system due to the higher exhaust
temperatures; (f) implementing the air bypass sysis a retrofit kit in any two-stroke engines
equipped with an intake valve assembly; and (ge@msing the temperature of intake air.

[0036] Exemplary embodiments of an air bypass systemeserithed above in detail. The air

bypass system is not limited to the specific emimedits described herein, but rather,
components of systems and/or steps of the methagbmutilized independently and separately
from other components and/or steps described heréor example, the methods may also be
used in combination with other systems which rexjain air bypass system, and are not limited
to practice with only the systems and methods axriteed herein. Rather, the exemplary
embodiment may be implemented and utilized in conoe with many other machinery

applications that require air bypass systems.

[0037] Although specific features of various embodimeritshe disclosure may be shown in
some drawings and not in others, this is for coreraze only. In accordance with the principles
of the disclosure, any feature of a drawing mayrdderenced and/or claimed in combination

with any feature of any other drawing.

[0038] Some embodiments involve the use of one or moretrel@c or computing devices.
Such devices typically include a processor, praongsgevice, or controller, such as a general
purpose central processing unit (CPU), a graphiosgssing unit (GPU), a microcontroller, a
reduced instruction set computer (RISC) procesanrapplication specific integrated circuit
(ASIC), a programmable logic circuit (PLC), a figgdogrammable gate array (FPGA), a digital
signal processing (DSP) device, and/or any othesuiti or processing device capable of
executing the functions described herein. The oushdescribed herein may be encoded as

executable instructions embodied in a computeraigiadmedium, including, without limitation,
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a storage device and/or a memory device. Suchuctigins, when executed by a processing
device, cause the processing device to performeast b portion of the methods described herein.
The above examples are exemplary only, and thusarentended to limit in any way the

definition and/or meaning of the term processor jgiotessing device.

[0039] This written description uses examples to disctbeeembodiments, including the best
mode, and also to enable any person skilled inathéo practice the embodiments, including
making and using any devices or systems and peirigrrany incorporated methods. The
patentable scope of the disclosure is defined byctaims, and may include other examples that
occur to those skilled in the art. Such other eplasare intended to be within the scope of the
claims if they have structural elements that dodiffier from the literal language of the claims,
or if they include equivalent structural elementshwnsubstantial differences from the literal

language of the claims.
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AIR-FUEL RATIO REGULATION FOR INTERNAL
COMBUSTION ENGINES

PARTS LIST
100 Power system
102 Internal combustion engine
104 Compression portion
106 Compressors
108 Skid
110 Frame
112 Control unit
114 Power cylinder
116 Fuel supply system
118 Air supply system
120 Crankcase
122 Flywheel
124 Exhaust system
126 Exhaust pipes
128 Exhaust stack
130 Catalyst system
132 Muffler
134 Skid cooling fan
200 Combustion system
202 Air intake system
204 Air intake plenum
206 Stuffing box
208 Intake valve assembly
210 One-way valve
212 Plenum air
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214 Stuffing box air
220 Air bypass system
222 Bypass assembly
224 Two-way valve

226 Duct

228 Air passageway
234 Channel

236 Memory device
238 Processing device
240 Sensing device
242 Input signals

244 Output signals

246 Air flow

248 Bypass air flow
250 Power cylinder wall
252 Air channel

254 Power cylinder bore
256 Exhaust section
258 Piston

260 Fuel

262 Combustion products
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WHAT IS CLAIMED IS:

1. An air bypass system for an internal combuséingine, the internal combustion
engine including an air intake system definingratfair intake chamber and a second air intake
chamber coupled in flow communication with thetfas intake chamber, said air bypass system

comprising:

at least one bypass assembly controlling flow compation between the first air intake
chamber and the second air intake chamber, sdehst one bypass assembly facilitating air
flow from the second air intake chamber into thetfair intake chamber during an expansion

stroke of the internal combustion engine.

2. The air bypass system in accordance with Clainvterein said at least one

bypass assembly comprises a two-way valve.

3. The air bypass system in accordance with ClaiwhErein said air bypass system
further comprises at least one control unit couptedaid at least one bypass assembly, said at
least one control unit configured to regulate sditbast one bypass assembly to at least partially

open during the expansion stroke of the internallmastion engine.

4. The air bypass system in accordance with Clainwvt@erein said at least one
control unit is further configured to regulate satdeast one bypass assembly to at least partially

close during a compression stroke of the interonailwustion engine.

5. The air bypass system in accordance with Claimwherein the internal
combustion engine further includes an intake valssembly coupled in flow communication
with the first air intake chamber and the secomdraake chamber, the intake valve assembly
including at least one one-way valve configuredhannel air from the first air intake chamber
to the second air intake chamber, said at leastgpass assembly coupled to the intake valve

assembly.

6. The air bypass system in accordance with ClainvHerein said at least one
bypass assembly comprises an actuator configuredljtest a position of the at least one one-
way valve to enable bypass air to flow from theosekcair intake chamber to the first air intake

chamber through the at least one one-way valve.
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7. An internal combustion engine comprising:

a frame at least partially defining a first airaké chamber and a second air intake

chamber coupled in flow communication with saidtfair intake chamber;

an intake valve assembly coupled between, andw dommunication with, said first air

intake chamber and said second air intake chambdr;
an air bypass system comprising:

at least one bypass assembly controlling flow comination between said first
air intake chamber and said second air intake ckanshid at least one bypass assembly
facilitating air flow from said second air intakkamber into said first air intake chamber

during an expansion stroke of said internal combnstngine.

8. The internal combustion engine in accordanch ®iaim 7 further comprising at
least one power cylinder coupled in flow communaratwith said second air intake chamber,
said at least one power cylinder housing a pistfigured for reciprocal motion within said at
least one power cylinder, the reciprocal motionluding a compression stroke and the

expansion stroke.

9. The internal combustion engine in accordancé Wdtaim 8, wherein said air
bypass system further comprises a control unit cmimg a processing device and a memory
device coupled to said processing device, saidaat lone control unit configured to regulate said

at least one bypass assembly to at least partipy during the expansion stroke.

10.  The internal combustion engine in accordandk @iaim 9, wherein said at least
one control unit is further configured to regulatad at least one bypass assembly to at least

partially close during the compression stroke.

11. The internal combustion engine in accordandh ®laim 7, wherein said intake
valve assembly comprises at least one one-way alwBgured to channel air from said first air
intake chamber to said second air intake chambeét,a least one bypass assembly coupled to

said intake valve assembly.

12. The internal combustion engine in accordanegk @laim 7, wherein said at least

one bypass assembly comprises a two-way valve.
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13.  The internal combustion engine in accordandd Wiaim 7, wherein said air

bypass system further comprises at least one gedsince coupled to at least one control unit.

14.  The internal combustion engine in accordandh Wiaim 13, wherein said at
least one sensing device comprises one or more @ngine load sensor, an engine pressure

sensor, an engine exhaust temperature sensornarhae exhaust constituent sensor.

15.  The internal combustion engine in accordandk @laim 7, wherein said first air

intake chamber is an air intake plenum and saidrekair intake chamber is a stuffing box.
16. A power system comprising:
at least one compressor unit; and

at least one internal combustion engine coupleshio at least one compressor unit, said

at least one internal combustion engine comprising:

a frame at least partially defining a first airadké chamber and a second air intake

chamber coupled in flow communication with saidtfair intake chamber;

an intake valve assembly coupled between, andwm dommunication with, said

first air intake chamber and said second air intal@mber; and
an air bypass system comprising:

at least one bypass assembly controlling flow comipation between
said first air intake chamber and said secondné@tke chamber, said at least one
bypass assembly facilitating air flow from said a®at air intake chamber into
said first air intake chamber during an expansitoke of said at least one

internal combustion engine.

17.  The power system in accordance with Claim Xéhé&r comprising at least one
power cylinder coupled in flow communication witlicd second air intake chamber, said at least
one power cylinder housing a piston configured rixiprocal motion within said at least one

power cylinder, the reciprocal motion includinganpression stroke and the expansion stroke.

18.  The power system in accordance with Claim 1ferein said air bypass system

further comprises at least one control unit conpgig processing device and a memory device
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coupled to said processing device, said at leastommtrol unit configured to regulate said at

least one bypass assembly to at least partially dpeing the expansion stroke.

19.  The power system in accordance with Claim 1I&rein said at least one control
unit is further configured to regulate said at te@se bypass assembly to at least partially close

during the compression stroke.

20. The power system in accordance with Claim 1Berein said intake valve
assembly comprises at least one one-way valve gumefil to channel air from said first air
intake chamber to said second air intake chambeét,at least one bypass assembly coupled to

said intake valve assembly.

21.  The power system in accordance with Claim lierein said at least one bypass

assembly comprises a two-way valve.

22. The power system in accordance with Claim literein said air bypass system

further comprises at least one sensing device edupl at least one control unit.

23. The power system in accordance with Claim 2#rein said at least one sensing
device comprises one or more of an engine loadoseas engine pressure sensor, an engine

exhaust temperature sensor, and an engine exlensiitaent sensor.

24.  The power system in accordance with Claim 1Berein said first air intake

chamber is an air intake plenum and said secondtake chamber is a stuffing box.
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