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(54) Title: UNIFLOW ENGINE WITH FLUID FLOW ARRANGEMENT

FIG. 1

(57) Abstract: A uniflow engine includes a cylinder having a
cylinder wall, an inlet channel, an extension of a central axis
of the inlet channel first intersecting the cylinder wail in a
first portion of the cylinder and next intersecting the cylinder
wail in a second portion of the cylinder opposite the first por-
tion of the cylinder, an intake air gallery, the intake air gallery
having a gallery wall and being in flow communication with
the inlet channel, and a plurality of intake ports extending
between the cylinder wail and the gallery wall, at least some
of the intake ports having different areas at the cylinder wall
measured perpendicular to longitudinal axes of the intake
ports, and wherein an area of at least one in take port in the
first portion of the cylinder is larger than an area of at least
one intake port in the second portion of the cylinder.
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UNIFLOW ENGINE WITH FLUID FLOW ARRANGEMENT

BACKGROUND AND SUMMARY
[0001] The present invention relates generally to aniflow engines and, more particularly, o
arrangements for scavenging of such engmes.

(00021 Most ported engines, which typically operate on the 2-stroke cyele, induce a high degree
of swirl 1o the mcoming air charge tn order o maxamize the available surface area of the mtake
port band for intake charge fow, and therefore reduced pumping work, as well as to assure high
turbutence for good combustion. However, imparting switl to the incoming charge requires a
certain amount of energy, increasing pumping work, results in high heat transter to the cvlinder
walls, causes mixing of the fresh charge with the exbaost gases remaining m the evlinder, and
may entrain lobricating odl from the walls, adversely affecting emissions. In addition, filling of a

2-stroke cylinder depends on the pressure difference between intake and exhaust ports (valves},
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not the absolute flow restriction of the mtake system, and intake port areas are often restricted to
achieve a more favorable pressure differential across the cvlinder.

[0003] Regardless of whether the engine is an opposed piston enging or a single piston engine,
when the intake is at one end of the cylinder and the exhaust is at the other end, the cylinder and
the engine are referred o as having a “aniflow” design or “uniflow scavenged” design,
scavenging being the description of the process whereby intake gas displaces the exhaust gas
from the cylinder under pressure supplied by external means. The typical structure and operation
of opposed piston engines is shown mn, for example, US. Patent App. Pub, US2013/0036%9%
which is incorporated by reference.

[0004] The gas exchange process in a 2-stroke engine/machine ocowrs when the eylinder i near
its maximum volume, Le. bottom dead cemter in a conventional single piston engine, and is
driven by some external means of creating a pressure difference between the intake and exhaost
passages. A process where the incoming charge air enters the cyhinder at one end of the cylinder,
and pushes the combusted gases through exhaust passages in the other end of the cyvlinder can be
realized by mitake ports i a eyvlinder or eylinder liner that are uncovered by the piston, and
poppet or other exhaust valves in the cylinder head in the case of a conventional single piston
engine design, or by intake ports vncovered by one piston and exhaust ports uncovered by a
second piston in the case of an opposed piston engine. In most ported 2-stroke engines, the
intake port can be in the form of a series of slots or holes more or less equally distributed around
part of the circumference of the cylinder bore, generally patterned or shaped so as to cause the
mtake air to swirl about the axis of the evlinder.

[0005] It is desirable to minimize the turbulence of the intake air entering a ported evlinder in

order to nunimize heat transfer, mintimize work needed to induce charge motion, and mininize
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mixing of fresh and burmed gases i order to maore closely achieve "perfect displacement”
seavenging.
[0006] In accordance with an aspect of the mvention, a uniflow engine comprises a cylinder

having a cylinder wall, an inlet channel, an extension of a central axis of the mlet channel first

intersecting the eyhnder wall in a first portion of the eylinder and next intersecting the cylinder
wall in a second portion of the cylinder opposite the first portion of the cylinder, an intake air
gallery, the intake air gallery having a gallery wall and being in flow communication with the
inlet channel, and a plurality of intake ports extending between the eylinder wall and the gallery
wall, at least some of the intake ports having different areas at the eyvlinder wall measared
perpendicular to longitudinal axes of the intake ports, and wherein an area of at least one intake

port in the first portion of the cylinder 1s larger than an area of at least one intake port in the

second portion of the cylinder.

BRIEF DESCRIPTION OF THE DRAWINGS

100071 The features and advantages of the present wvention are well understood by reading the
tollowing detailed descuption m conjunciion with the drawings m which hke numerals indicate
similar elements and i which:

[0008] FIG. 1 is a partially cross-sectional view of a portion of an opposad piston uniflow
engine according to an aspect of the present invention taken at section 1-1 of FIG. 2;

[0009] FIG. 2 is a partially cross-sectional view of 4 portion of a uniflow engine as shown in

FIG. 1
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{00107 FIG. 3 is a partially cross-sectional view of a portion of a untflow engine according to an
aspect of the present invention wherein opposed pistons are at a point of minimum volume in the
cylinder; and

(00117 FIG. 4 is a partially cross-sectional view of a portion of a single piston uniflow engine

according to another aspect of the present mvention.

DETAILED DESCRIPTION

[0012] FIGS. 1-3 shows a portion of @ ported unitlow engine 21 with a thad How arangement
according to an aspect of the present invention. The uniflow engine 21 can comprise an engine
block 23 or other strocture I which a cylinder 25 (e, atleast one) having a cvlinder wall 27 13
provided. The cyvlinder 25 is ordinarily circularty ovlindrical, but mayv have other shapes. FIGS.
1-3 show an opposed piston engine 21, however, it will be appreciated that the wvention is
applicable to a single piston engine 217 as seen in FIG. 4. The opposed piston engine 21 13
shown with the cylinder oriented such that the intake is at the top and the exhaust is at the
bottom, while the smgle piston engine 217 15 shown with evlinder oriented such that the intake 15
at the bottom and the exhaust is at the top, however, in either case, the onientation of the intake
and exhaast at the top or the boitom may be reversed. For purposes of discussion, structures of
the opposed piston engine 21 will be described, however, it will be appreciated that such
structures are also apphcable 1o the single piston engine 217, except where otherwise indicated.
[0013] An inlet channel 29 is provided, usnally formed in the engine block, into which intake atr
{or aiv and fuel, or other gas ~ heretnafter generically referred to as “au™) 1s drawn and directed
toward the cylinder 25, The mlet channel 29 may comprise plural chanpels. An extension of &

central axis Al of the inlet channel 29 first {in a divection of air flow) mtersects the ovlinder wall
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27 in a fist portion 31 (FIGS. 1-2) of the ovlinder 25 and next in a second portion 33 of the
cvlinder opposite the first portion of the oylinder. The first and second portions 31 and 33 may
be but are not necessarily first and second halves of the cylinder 25, The central axis Al of the
miet channel 29 can define an scute angle greater than 0° with a longitadinal axis AC of the
cyhinder 25 to facihitate providing an axial component to the motion of the air entering the
cylinder.

[0014] An mtake air gallery 35 ordinarily extends around at least a majority of & circuniference
of the cvlinder 25, however, the intake air gallery may comprise two or more galleries that may
{or may not be) be separvated by a wall. The intake air gallery 35 has a gallery wall 37 and s 1n
flow communication with the inlet channel 29, if plural channels 29 are provided, they may be
arranged to be in flow communication with respective galleries 35 or portions of a single gallery
at different portions around the circuanference of the cylinder.

[00151 A plurality of intake ports 3%a . . 39h extend between the cylinder wall 27 and the
gallery wall 37. The mtake ports 39a . .. 39h can be formed m a cylinder liner 41, an interior of
which forms the evlinder 25, While FIG. 2 shows fifteen mntake ports, it will be appreciated that
any number of tntake ports can be provided. At least some of the tntake ports 39a and 39b have
different aveas at the cylinder wall 27 measured perpendicular to longitadinal axes A3%a and
A39b of the intake ports. An area of at least one mtake port 39a mn the first portion 31 of the
cylinder 25 is larger than an area of at least one intake port 39b in the second portion 33 of the
cylinder. For example, the area of at least one intake port 39a disposed in the fust portion 31 of
the cylinder 23 can be larger than the area of another intake port 39b located substantially

diametrically opposie the intake port 3%a.
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[0016] The location and dimensions of the intake ports 39a . .. 39h 1s ordinanly designed to
facilitate directing an intake air charge so that it enters the cyhinder 25 i1 a way that achieves
minimum turbulence {and, thus, causing less heat transfer to the walls of the cylinder, requiring
less work to induce charge motion, and resulting in less mixing of fresh and burned gases) while
evenly filling the cylinder across 1ts diameter, and thus facilitating the creation of {(as close as
possible to} a generally cylindrical volume that expands along the axis AC of the cylinder 25 to
push out the spent gases with a minimum of mixing or energy exchange. Ports on the back side
of the cyhinder 25, e.g., port 39b, relative to the central axis Al of the inlet channel 29, ie., the
second portion 33 of the ovlinder, are ordinanily smaller than ports on the front side of the
cylindder, e.g., port 394, relative to the central axis of the nlet channel, Le., the fisst portion 31 of
the cylinder, and are ordinarily fed from a portion of the intake air gallery 33 that has a reduced
cross-section relative to portions of the intake air gallery closer 1o the ports on the front side of
the cylinder. The poris on the back side or second portion 33 of the cylinder 25 are ordinarily
primarily intended to cool the back side of a piston 43 1 the cylinder and to create a small air
curtain near the ovlmder wall to fucilitate completely filling the cylinder.

[0017] The piston 43 can also be shaped 1o facilitite creation of the generally cylindrical volume
by sloping a face 45 of the piston so that a mean face 47 of the piston defines a non-rero angle
with a plane perpendicular to a longitndinal axis AC of the cvlinder 25, The lowest part 49 of
the mean face 47 of the piston 43, te, the part furthest from what shall be referred to as a
position of minimum volame in the evhinder 51 (1.e., the part that extends the least juto the
eylinder), is adjacent the first portion 31 of the cylinder. The position of minimum volume in the
cylmder 31 is defined as the point in the cylinder 25, in a single piston amvangement (FIG. 4), at

which the piston s at top dead center oy, in an opposed piston arrangement (FIG. 3), at which the
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two pistons are closest together. A highest part 53 of the mean face 47 of the piston 43 closest to
the position of minimum volume n the ovlinder 51 (i.e., that protrudes the farthest mto the
cvlinder) is adjacent the second portion 33 of the cyvlinder 25,

(00187 Ordinarily, the total area of the intake ports 39a .. . 39 is chosen 1o achieve the desired
flow rate at a desired pressore change across the aniflow engine. The size of the walls {Le,

thickness between the cylinder wall 27 and the intake air gallery wall 37 and circumferential

length of walls} separating the intake ports 39a . . . 3%h is sufficient to provide an acceptable
tevel of mechanical sirength for the intended operating conditions in the cvhinder. The spacing

of the wtake ports 3% .. . 3% and, thus, the width of the tntake ports, is ordinarily chosen so
that piston tings 55 (FIG. 1) on the piston 43 in the evlinder 25 do not expand mto the ports or
catch on the end walls (top and bottom portions) of the ports when the piston passes back and
forth across the intake ponts. The length and position of the intake ports along the cyhinder axis
AC are selected to function together with the piston, which acts as a valve, to achieve a desired
opening and closing profile, and to obtamn a deswed effective compression ratio of the cylinder.
(00197 It will be observed that, in FIG. 2, the intake ports 39a and 39 are not exactly
digmetrically opposed from each other, however, the port 390 is disposed at about 170%-190° on
the opposite side of the diameter of the cylinder 235 to the port 39a. In the embodiment Hustrated
in FIGS. 1-2, the intake air gallery 37 does not extend completely around the circumference of
the cylinder 25 but, rather, only around a majority of the circomference, with two ports 3%b
defining ends of the gallery, I the intake aw gallery were formed so that # extended around an
entire circwmnference of the cylinder, the port of minimum area could be disposed diametrically

opposite the port of greatest area.
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{00207 Areas of intake ports decrease in area from a maximum area of at least one intake port
39a closest to a center of the first portion 31 of the ovlinder 25 10 & minimpm area of at least one
other intake port 39b located substantially diametrically opposite the intake port 392, While
there are not necessartly ntake ports between the ports 39a and 39b, there is ordinanly at least
one intake port 39¢, 394, 39, 391, 39g, 39 between the intake port 39a and the intake port 39h.
The intake ports 39a . . .39h can be arranged symmetrically around the civcumference of the
cyhinder 25 The intake ports 39a . . . 39h can be but are not necessarily spaced at equal angles
around the circumference. The intake poris 39¢ . . . 36h can have arcas that are the same as one
or the other of the ports 3%a or 39b, bat ordinarily have an area or areas betywesn the maximum
area and the minimum arey, with the areas ordinarily progressively decreasing in size from
largest closest to the intake port 39a to smallest closest o the intake port 39b.

{00217 Longitudingl axes A3%9 and A39b of at least some of the mtake ports 3%a ... 3% can be
substantially comcident with radit Ra, Rb {(FIG. 2) of the cylinder 25 that intersect respective
ones of the at least some of the intake ports. Longitudinal axes A3%a . .. A3%% of at least some,
ordinarity most or all, of the mtake ports 39a . . 3% are substantially parallel, .o, forming an
angle of about 107 or less, 10 the central axis Al of the inlet channel 37, This fhoilitates causing
most of the mitake air flow to enter the first portion 31 of the cylinder 25 while the smaller
amount of flow that passes around to the ports oa the second portion 33 of the cylinder creates
the small air curtain near the cvlinder wall to facilitate conpletely filling the cyvlinder,
Loungitudinal axes of some of the mntake ports may be non-parallel 1o the central axis Al of the
inlet channel, which may be usetul to create a desired flow in the cylinder. It will be observed,
for example, that the longitudinal axis A39f of intake port 39 s less parallel to the axis Alofthe

wilet channel 29 than other longitudinal axes of other intake ports.
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{00221 Asseen m FIG. 1, the mtake ports 3% . .. 39h are ordinarily longer in a direction
parailel to a longitedinal axis AC of the oylinder 25 than in & direction of the circumference of
the cylinder and are generally in the shape of elongated slots. Where the first portion 31 of the
eviinder 25 15 g first half of the cylinder or front of the cylinder closest to the inlet channel 29,
and the second portion 33 the evlinder is a second half of the cylinder on a back side of the
cvlinder relative to the inlet channel, a greater number of the plurality of intake ports 39, 39b,
39f, 39, 39¢, 39g 39h, 3%h may be disposed i the second half of the cylinder than the number
of intake poris 39a, 39¢, 39¢, 39d, 39d, 30¢, e 1n the first half the cylinder while, at the same
time, a total area of all intake ports in the first half of the cvlinder combined may be greater than
a total area of all intake ports in the secomd half of the cylinder combined. To achiave the
minimum furbulence and keep the flow patterns in the cylinder 25 parallel, it is desirable to fill
each slice of the cvlinder corresponding 1o the intake ports 39a, 39¢, 39¢, 39d, 39d, 3%, 3Ve
the first portion 31 of the cylinder proportionately. Thus, the intake port dimensions are
ordinarily proportional to the volume of the shice of the cylinder to which it corresponds and,
thus, the intake port 39z most closely divected toward the axis AC of the cvlinder (and, thus, the
widest portion of the oylinder w cross-section) s ordinarily larger than the others. I will be
appreciated that, in realily, the air streams entering the cylinder 25 through the various intake
ports 39a . . 3%h may not reach completely across the cylinder due to factors such as
interactions with the walls, the piston surfaces, or the wall thickness of the cylinder wall.
Therefore, intake ports farthest away from the center axis, e.g., intake ports 39b, 39b, 39f, 394
39y, 39g 3%h, 39h, and proceeding arcund the back side of the cvlinder may be angled or
speciatly shaped, and in particular shaped to direct the air along the inside wall of the cvlinder, to

“fill in” relatively dead areas to complete the axul-moving charge air surface. While covering
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somewhat more than 180° of cylinder liner, these intake ports will ordinarily only supply a
relatively small ammount of the total charge air.

[0023] A cross-sectional area of the intake air gallery 35 can decrease from a largest gallery area
closest to the first portion 31 of the cvlinder 25 to a smallest gallery area closest 1o the second
portion of the evlinder 33, A portion 37p of the gallery wall 37 closest to the position of
minimum volume in the cvlinder 31 can define an acute angle greater than 07 with the
longitudinal axis AC of the cylinder to facilitate providing a desired direction of air flow into the
cylinder 25, The intake air gallery 35 supplying air to the cvlinder 25 does not, in general, direct
the arr flow toward the ovlinder axis. To the extent that this occurs, it is primarnly a consequence
of the orientation of the intake ports and interaction of air flow from the tntake ports with the
face 435 of the piston 43, The primary purpose of the intake atr gallery 35 is 1o supply a smooth,
refatively non-tarbulent flow of air in sufficient volume to nunimize a pressure drop during
scavengmg so that the ports 39a .. . 39%h and piston face 43 can direct the air appropriately. The
portion 37p of the gallery wall 37 may, however, have sloping or rounded transitions into the
mitake air ports 3% . .. 39h to better utilize the length of the mitake air ports between the gallery
wall 37 and the cyhinder wall 27 add 1o an axial component to air motion before it enters the
cvlinder. This effect may be the same for all ports or may vary to achieve the desived flow
MOton.

[0024] The engine 21 further can further comprise an outlet channel 57, particularly in an
opposed piston engine, an exhanost aiv gallery 59 extending around at least a majonity of a
circumference of the cylinder 25, the exhanst air gallery having an exhaust aiy gallery wall 61
and bemg in flow communication with the outlet channel, and a plurality of exliaust ports 63

extending between the cylinder wall 27 and the exhaunst air gallery wall, The exhaust ports 63 of

10



WO 2016/053253 PCT/US2014/058103

the plurality of exhaust ports can be spaced at equal angles around the ctreumterence of the
cvhinder 25 and can be of equal size, which can facilitate even removal of spent gases as they are
forced toward the exhaust ports by the volume of meoming air.

[0025] In the opposed piston uniflow engine 21, the piston 43 is an intake piston, and the
aniflow engine comprises an exhaust piston 63 disposed in the eylinder. The two pistons 43 and
63 are disposed in the cylinder 25 to close the ends of the cylinder and define a chamber. The
piston 43 or pistons 43 and 65 arve typically not flat surfaces but, instead, are sculpted in order to
create a cavity that is more favorable for combustion. In an opposed piston engine 21, the two
pistons 43 and 65 will ulttmately come together in near proxumity to each other at the pomt of
mininum volume of the cylinder 51 near the center of the cyvlinder. The cavities sculpted m the
pistons 43 and 65 together form a desired combustion chamber. In a single piston engine 217
{FI1(. 4), combustion occurs between the piston face 457 and a cylinder head 777, Angling the
nominal separating plane or mean face 47 between pistons 43 and 63 or the mean piston face 47
{and possibly the cylinder head 637} can facilitate redirecting the flow of the incoming charge
from a radial to an axial direction,

[0026] As shown 1o phamtont in FIGL 3, at least one fuel injector 67 can be provided for injecting
fuel into the cylinder 28, A portion of the exhaunst piston 63 closest to the at feast one fuel
njector 67 can include a recess 69 (shown in phantom) to facilitate introducing fuel injected by
the fuel injector or, as seen in FIG. 3, to receive g portion 71 {shown i phantom} of the fuel
nyjector 67 that extends into the cylinder when the exhaust piston is at the position of minimum
volume of the exhaust piston.

(0027} Histonically, diesel engine combustion chambers were characterized as “quiescent” or

“hugh swirl”, In a quicscent chamber, air 15 intreduced with as little turbulence as possible, and

11
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mixing is accomplished by extremely high foel injection pressure sprays. In swirl chambers, the
intake air is intentionally caused to swirt i the chamber by offsetting the intake ports to the
cylinder, and by shaping the port ronmer walls to induce swirl into the air before it enters the
cylinder. This allows air-fuel mixing with lower injection pressures. The combustion chambers
according to the present invention nught be characterized as “semu-~guiescent”.

[0028] The combination of the geometries such as those of the inlet channel 29, the intake air
gallery 35, the intake ports 39a . . 39g, the pistons 43 and 65, and the exhaust ports 63 can
facititate filling the cylinder 25 with inmtake air through the intake ports 3%a . . 3%9g that are
arranged in the wall 27 of the ovlinder while pushing avother gas {in the case of an mtemal
combustion engine, the exhaust, or “spent”, or burned combustion gases, from the previous
cyvele) out of exhaust ports 63 in the cvlinder. To achieve high power and good efficiency in an
mternal combustion engine, the design goal is 1o provide as much fresh intake air as possible in
the cylinder, which implies aleo removing as much of the burned gas as possible at the same
time. The maximum replacement of the burned gas with fresh air occurs when the two can be
prevented from mixing, The combination of the geometries of the inlet channel 29, the intake aix
gatlery 35, the mtake ports 3% . . . 39, and the piston 43 facihtates introducing the fresh mtake
eas into the eyhinder 25 in such a way as to create a create a plug of fresh gas, witha
predominantly flat, non-turbulent boundary between it and the burned gas in the cylinder 25, that
then expands evenly from one end of the cylinder, and displaces the burned gas evenly along the
axis AC of the cylinder. The conditions that make this distinet boundary possible include: 1) the
pressure i the plag of intake gas bemy essentially constant across the entire cross sectional area
of the cylinder, from edge to center; 2} the velocity vectors of the intake gas entering through the

various mitake ports 39 .. . 39 being essentiglly paraliel 1o cach other, and normal to the

bec
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boandary suwrface; and 3) there being little or no nwbulent velocity components across the
boundary surface. The reduced twrbulence can minimize heat transfer between the incoming an
and the cvimder walls, thus increasing thermal efficiency, reduce mixing between the intake and
combusted gases, resuliing in higher purity of charge, and more closely resembhing what is
considered "perfect displacement™ scavenging for higher power density. With modem high
pressure fuel wjection systems, the charge motion needed for complete combustion can be
achieved with injection spray without the need for inducing swirl for mixing of fuel and intake
air.

{00297 In the specific case of an opposed piston engine 21, the exhaast exits through the exhaust
ports 63 which are also in the wall 27 of the cylinder 25, but at an opposite end of the cylinder
from the intake air ports 3%a . .. 39%h. However, the exhaust gas could also exit through poppet
valves or any other type of valves that might be placed in a ovlinder head or other location i or
near the end of the cylinder oppostie the mntake air ports 39a .. . 39h, depending on the engine
configuration.

10030} The angled mean face 47 of the piston 43 can be beneficial because, if the intake alr were
to be introduced evenly around the entire circumference of the cylinder 25, the streams of gas
from oppostie sides of the cyvlinder would tend to collide at the center and create a tumbling,
turbulent motion that would then canse mixing of gases, reducing the effectiveness of the
scavenging process somewhat. By inroducing the mtake atr primarily directionally from one
side (first portion 31} of the cylinder 25, the angled mean face 45 of the piston 43 can serve to:
1} turn the divection of the incoming air fow from a generally vadial direction toward a divection
along the axis AC of the eylinder 25, normal to the desired boundary surface between the

wcoming air and the gases sought to be exhausted; 2) forms & wadge of inconting gas 1o build an

13
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even pressure plug across the majority of the cylinder cross section; and 3) helps direct the gas
flows that are away from the primary intake flow to also tur paraliel to the cylinder axis, to il
in the fresh gas plug all the way to the edges of the ovhinder.

{00311 Aside from the exhaust piston and related structore, the structure described above with
respect to the opposed piston wuitlow engine 21 can be applicable to a single piston wniflow
engine 217 as seen i FI1G. 4. Instead of an exhaust piston and a phuality of exhaust ports, the
single piston uniflow engine 217 can include one or more valves 737 for opening and closing an
opening 757 in the cylinder head 777, A single poppet type valve ts shown for purposes of
lustration, however, it will be appreciated that phural and/or other types of valves may be used.
Otherwise, the single piston uniflow engine 217 can have structures cotresponding to those of the
opposed piston uniflow engine 21, such as a eyvlinder 257, an inlet channel 297, an mtake atr
gallery 357, intake ports 39a .. . 3%h, and a piston 437 with a mean face 477 disposed at a non-
zero angle to a perpendicualar of the axis AC of the ovlinder 257

[0032] In the present application, the use of terms such as “including” is open-ended and is
mtended to have the same meaning as tenms such as “comprising” and not preclude the presence
of other structure, matenial, or acts, Suntlarly, though the use of terms such as “can™ or "may” is
intended to be open-ended and to reflect that structure, material, or acts are not necessary, the
failure to use such terms is not mtended to reflect that structure, material, or acts are essential.
To the extent that structure, material, or acts are presently considered to be essential, they are
identified as such.

[0033] While this iovention has been iHlustrated and deseribed i accordance with a preferved
embodiment, it 1s recognized that variations and changes may be made therein without departing

from the mvention as set forth m the clamms.
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WHAT IS CLAIMED IS:
oA uniflow engine, comprising:

a cylinder having a cvlinder wall;

an inlet channel, an extension of a central axis of the inlet channel first intersecting the
cyhinder wall in a fisst portion of the cylinder and next intersecting the cylinder wall 1 a second
portion of the cylinder opposite the first portion of the cylinder;

an intake air gallery, the mtake air gallery having a gallery wall and being n flow
communication with the inlet channel; and

a plurality of intake ports extending between the evhnder wall and the gallery wall, at
least some of the intake ports having different areas at the cylinder wall myeasured perpendicular
to longitudinal axes of the intake ports, and wherein an area of at least one mtake port in the first
portion of the cylinder is larger than an grea of at least one intake port in the second portion of

the cylinder.

2. The uniflow engine as set forth in claym 1, wherein the area of at least one intake port
disposed in the first portion of the cylinder s larger than the area of another intake port located
substantially diametrically opposite the at least one intake port disposed in the first portion of the

cyvlinder.

3. The uniflow engine gs set forth in claim 1, wherein areas of intake ports decrease in areg from
a maxunum area of at least one intake port closest 1o a center of the first portion of the cvimder
to a nunimum area of at least one other miake port located substantially diametrically opposite

the at least one mtake port closest to the center of the frst portion of the cyvlinder.

15
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4. The uniflow engine as set forth in clatm 3, wherein at feast one intake port between the at
least one intake port closest to the center of the first portion of the ¢vlinder and the at least one
other imake port located substantially diametnically opposite the at least one mtake port closest to
the center of the first portion of the cylinder has an area between the maximum area and the

minimm ares.

5. The umitlow engine as set forth in claim 1, wherein longttudinal axes of at least some of the
mtake ports are substantially comceident with radit of the cyhinder that intersect respective ones of

the at least some of the mtake ports.

6. The uniflow engine gs set forth in claim 1, wherein longitudinal axes of at least some of the

intake ports are substantiatly paraliel to the ceniral axis of the inlet channel.

7. The yniflow engine as set forth in clamm 1, wherein longitudinal axes of at least some of the

tntake ports are non-parallel to the central axis of the miet channel.

&. The uniflow engine as set forth in clamm I, wherein the intake ports are longer i a direction

parallel to a longitudingl axis of the cylinder than in a direction of the circumiference of the

cvlinder,

9. The uniflow engine as set forth in claim 1, wherein the first portion of the eylinder is a first

half of the cylinder and the second portion the eyvlinder is g second half of the ¢ylinder, and a
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greater number of the pluraliy of intake ports 18 disposed m the second half of the cylinder than

in the first half the ovlinder.

10, The uniflow engine as set forth in claim 9, wherein a total area of all intake ports in the first
half of the cylinder combined 15 greater than a total avea of all intake ports in the second half of

the cylinder combined.

{1, The uniflow engine as set forth in claim 1, wherein a cross-sectional area of the gallery
decreases from a largest gallery area closest to the first portion of the eyvlinder to a smallest

gallery area closest to the secomd portion of the cvlinder.

12, The uniflow engine as set forth tn clanm 1, wherein a portion of the gallery wall closest to a
position of mimmom volume in the cylinder defines an acute angle greater than ° with a

Jongitudinal axis of the cylinder.

13, The umtlow engine axs set forth 1w claim 1, wherein the central axis of the infet channel

defines an acute angle greater than 0% with a longitudinal axis of the cylinder.

14, The uniflow engine as set forth m claim 1, further comprising an outlet channel, an exhauost
air galtery extending around at least g majority of a circumference of the cylinder, the exhaost aw
gallery having an exhaast air gallery wall and betng m flow communication with the cutlet
channel, and a plarality of exhaust ports extending between the evlinder wall and the exhaust air

callery wall,
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15, The uniflow engine as set forth yn claim 14, wherem exhaust ports of the plurality of exhaust

ports are spaced at equal angles arcund the circumference of the ovlinder,

16. The umtlow engine as set forth in claim 14, wherein all exbaust ports of the plorality of

exhaust ports are of equal size.

17, The uniflow engine as set forth in claim 1, comprising a piston disposed in the ovlinder, a
mean face of the piston defining a non-wero angle with a plane perpendicelar to a longitudinal

axis of the cvlinder.

18, The uniflow engine as set forth in clamm 17, wheren g lowest part of the mean face of the
miston farthest from a position of minimum volume in the evlinder is adjacent the first portion of

the cylinder.

19, The umflow engine ax set forth 1o claim 18, wherein a highest part of the mean face of the
piston closest to the position of mmimum volume i the ceylinder iy adjacent the second portion

of the evlinder.

20, The vniflow engine as set forth in clanm 17, wherem the smflow engine 18 an opposed piston

engine, the piston is an intake piston, the uniflow engine comprising an exhanst piston disposed

in the cylinder.

18
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21, The vniflow engine as set forth in claim 20, comprising at least one fuel tngector for injecting
fuel inte the cvlinder, a portion of the exhaust piston closest to the at least one fuel mjector

including a recess.

22, The umtlow engine as set forth in claim 21, wheretn at least a portion of the at least one fuel
injector extends into the cyvlinder, the portion of the at least one fuel injector being disposed in

the recess when the exhaust piston 1s at a position of minimuwm volume of the exhaust piston,

23, The vniflow engine as set forth in clamm 1, wherein the imtake gallery extends around at least

a majority of a circumierence of the cylinder.

24, The uniflow engine as sef forth in clanm 17, wherein the umflow engine is an opposed piston

engine, the piston 1§ an infake piston, a second piston is an exhaust piston, and the intake piston

and the exhaust piston are disposed in the cylinder and define an enclosed chamber.
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