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@ Cylinder liner for a uniflow type two cycle internal combustion engine.

@ An improved cylinder liner for an uniflow type two cycle
internal combustion engine of the type including a number
of scavenging holes formed thereon in an equally spaced
relation in the peripheral direction is disclosed, wherein the
improvement consists in that the centre line (Y, - Yy)
extending across the outer opening of the scavenging holes
on the outer peripheral surface of the cylinder liner is
inclined in the opposite direction to that of the swirl flow S
and the upper swirl angle (8,) is determined larger than the
lower swirl angle (6’,) so that an air passage extending
through each of the scavenging holes is twisted away from
the vertical plane. Further, another improved cylinder liner
for an uniflow type two cycle internal combustion engine is
disclosed, wherein the improvement consists in that each of
the scavenging holes comprises a combination of plural
circular holes arranged in an end-to-end relation in the
substantially axial direction of the cylinder and the linear line
(Y, - Y,) extending through the center (0,) of the lowermost
hole part and the centre (0,)} of the uppermost hole part on

the outer opening of the scavenging holes on the outer
peripheral surface of the cylinder liner is inclined in the
opposite direction to that of the scavenging swirl flow S,
wherein the upper swirl angle.(9;) is determined larger than
the lower swirl angle (8;) so'that an air passage extending
through each of the scavenging holes is twisted away from
the vertical plane.
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The present invention relates to a cylinder liner for
an uniflow type two cycle internal combus?ion engine and
more particularly to improvement of or relating to a
cylinder liner of the type including a numbér of scaveng-
ing holes formed thereon in an equally spaced relation in
the peripheral direction so as to assure improved scaveng-
ing efficiency.

To fécilitate understanding of the present invention
it will be helpful that a conventional cylinder liner for
an uniflow type two eycle internal combustion engine will
be described with reference to Figs. 1 to 4.

Pig. 1 schematically illustrates a part of an uniflow
type two cycle internal combustion engine, wherein reference
numeral 1 designates a cylinder liner, referenve numeral 2
does a number of scavenging holes, reference 3 does a
cylinder, reference numeral 6 does a piston, reference

numeral 7 does a cylinder jacket, reference numeral 8 does

-2 cylinder cover and reference numeral 9 does an exhaust

valve,

As illustrated in Figs. 2 to 4, the conventional
uniflow type two cycle internal combustion engine usually
has a number of scavenging holes 2 arranged in an equally
spaced relation along the cylindrical wall of the cylinder
liner 1 at its lower part by way of which fresh air is

caused to flow into the interior of the cylinder 3 thereby
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to expell combustion gas upwardly in the axial direction.
Thus, combustion gas is replaced with fresh air reguired
for next combustion. Specifically, each of the scavenging
holes 2 is formed in such a manner that the center line 5
extending on the lower edge surface 2a is directed toward
the center 4 of the cylinder and the upper edge surface 2b
is offset from the lower edge surface 2a as illustrated
in Fig. 3 while the direction of extension of both the
upper and lower'edge surfaces 2a and 2b is maintained
unchanged. As a result the whole air passage extending
through the wall of the cylinder liner 1 is inclined in
the same direction as that of swirl flow S. Accordingly,
the upper edge surface 2# of the scavenging hole extends
inwardly in the radial direction with a certain offset
from the center 4 of the cylinder egual to a radius R as
illustrated in Fig. 4. Due to the arrangement of the
scavenging holes made in that way fresh air flows into the
interior of the cylinder 3 toward the center 4 tﬁereof at
the lower part of the scavenging holes 2 bﬁt it flows
thereinto at the upper part of the latter while it swirls
in the horizontal direction.

Since the conventional cylinder liner has the scaveng-
ing holes 2 formed in the above-described manner,it has
been found that scavenging flow in the cylinder 3 is

achieved as illustrated in Fig. 5(a) and thereby the
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exhaust stroke is completed with a2 part of combustion gas

staying in A, B, C and D sections in the drawing. As is

apparent from the drawing, the section A occupies the largest

space in the cylinder and acts as a significamt factor of
adversely affecting scavenging efficiency. Furfher, the
A section is an area where comparatively stable gas flow
is achieved and the higher pressure difference between
both the inside and outside of the c¢ylinder 3 is, the
bigger the space occupied by the section A becomes. A4s far
as an internal combustion engine employing high scavenging
pressure is concerned, it is an essential requirement that
this section is reduced or minimized.

To obviate the foregoing problem of exvelling residual

exhaust gas staying in the section A there was proposed a
method of extending the upper edge surface 2b of the
scavenging holes inwardly in the radial direction with
substantially increased offset from the center of the
cylinder 3. However, when the proposed method is employed
in accordance with the conventional arrangement of tﬂe
scavenging holes 2, it results that ribs 2c between the

ad jacent scavenging holes 2 are caused to incline at an

increased inclination angle which leads to reduction of

their mechanical strength. uUn the other hand, when

the ribs 2C has a wide width to compmensate for reduction

of mechanical strength, there is no fear of causing a
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problem relative to mechanical strength, but another
problem is that there occurs shortage in total area of the
scavenging holes 2.

Thus, the present invention has been made with the

above—-mentioned background in mind and its object resides

in providing an improved cylinder liner for an uniflow type
two cycle internal combustion engine which assures that
improved scavenging efficiency is achieved while ribs
between adjacent scavenging holes are configured properly.

Other object of the present invention is to provide
an improved cylinder liner for an uniflow type two cycle
internal combustion engine which assures that ribs have
a sufficiently high mechanical strength and scavenging holes
have sufficient area in total while the configuration of
the ribs on the inner wall of the cylinder is designed
so that good lubrication is achieved when a piston passes
by the scavenging holes.

Another object of the present invention is to provide
an improved cylinder liner for an uniflow type two cycle
internal combustion engine which can be manufactured
with reduced working hours.

To accomplish the above objects there is proposed in
accordance with the present invention a cylinder liner for
an uniflow type two cycle internal combustion engine of the

type including a number of scavenging holes formed thereon



10

15

20

25

0108706

in an equally spaced relation in the peripheral direction,
characterized in that the center line (Y1 - Yl) extending
across the outer opening of the scavenging holes on the
outer peripheral surface of the cylinder liner is inclined
in the opposite direction to that of swirl flow'S and the
upper swirl angle ( 92 ) is determined larger than the

lower swirl angle ( 9'2 ) so that an air passage extending

through each of the scavenging holes is twisted away from -

the vertical plane.

Further, there is proposed in accordance with another
aspect of the present invention a cylinder liner for an
uniflow type two cycle internal combustion engine of the
type including a number of scavenging holes formed thereon
in an equally spaced relation in the peripheral direction,
characterized in that each of the scavenging holes
comprises a combination of plural circular holes arranged
in an end-to-end relation in the substantially axial
direction of the cylinder and the linear line (Yi - Yl)
extending through the center 0l of the lowermost hole part
and the center 02 of the uppermost hole part on the outer
opening of the scavenging holes on the outer peripheral
surface of the cylinder liner is inclined in the opposite
direction to that of scavenging swirl flow S, wherein the
upper swirl angle ( 0 ) is determined larger than the

lower swirl angle ( el ) so that an air passage extending
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through each of the scavenging holes is twisted away from
the vertical plane.

Other objects, features and advantages of the present
invention will be apparent by reading of the following
description which has been prepared in conjunction with
the accompanying drawings.

The accompanying drawings will be briefly described

below.

Fig. 1 is a vertical sectional view of a part of an
uniflow type two cycle internal combustion engine, schemat-
ically illustrating how a cylinder liner is fitted into a
cylinder head.

Fig. 2 is a fragmental vertical sectional view of the
cylinder liner with a scavenging hole formed thereon,
shown in an enlarged scale.

Fig. 3 is a front view of the cylinder liner as seen
in the direction as identified with reference numeral III
in Fig. 2.

Fig. 4 is a cross-sectional view of the cylinder liner
taken in line IV - IV in Fig. 3.

Fig. 5(a) schematically illustrates how scavenging is
effected with the conventional cylinder liner while a part
of exhaust gas resides in several sections in the latter
after completion of exhaust stroke.

Fig. 5(b) schematically illustrates how scavenging is
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effected with the cylinder liner of the invention while

very few exhaust gas resides in several sections in the

cylinder liner after completion of exhaust stroke.

Figs. 6(a) to (c) schematically illustrate a cylinder

liner in accordance with the first embodiment of the

invention, wherein Fig. 6(a) is a front view of the cylinder

liner illustrating both the outer and innmer openings of a

scavenging hole formed on the bylinder liner, the buter

opening being shown in real lines and the inner opening

being shown in dotted lines, Fig. 6(b) is a fragmental

cross-sectional view of the cylinder liner taken in line

A - A in Fig. 6(a), and*Fig.PG(c) is a fragmental cross-

sectional viéw of the cylinder liner taken in line B - B

in FPig. 6(a).

Figs. 7(a) to (c) schematically illustrate a cylinder

liner in accordance with the second embodiment of the

invention, wherein Fig.-7(a) is a front view of the cylinder

liner similar to Fig. 6(a), Fig. 7(b) is a fragmental

cross—sectional view of the cylinder liner taken in line

A' - A' in Fig. 7(a), and Fig. 7(c) is a fragmental cross-

sectional view of the cylinder liner taken in line B' - B!

in Fig. 7(a).

Figs. 8(a) to (c) schematically illustrate a cylinder

liner in accordance with the third embodiment of the

invention,

wherein Fig. 8(a) is a front view of the cylinder

AT
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liner similar to Fig. 6(a), Fig. 8(b) is a fragmental
cross-sectional view of the cylinder liner taken in line
A" — A" in Fig. 8(a), and Fig. 8(c) is a fragmental cross-
sectional view of the cylinder liner taken in line B" - B"
in Fig. 8(a). . .

Figs. 9(2) to (c¢) illustrate results of experiments

which were carried out under such & working condition that

the lower swirl angle el is fixedly determined to 5 degrees

and the upper swirl angle 62 varies in the range of 10 to
40 degrees, wherein Fig. 9(a) is a fragmental cross-
sectional view of a cylinder liner schematically illustrat-
ing how the swirl.angles 91 and 92 are determined, Fig. 9
(b) illustrates by wa& ofﬂdiagrams a relation betﬁeen air
intake ratio f and scavenging efficiency ﬂg, wherein the
angles 8, aﬁa @, serve. as a parameter, and Fig, 9(c)
does é relatiqn between swirl anglé 02 and scavenging effic-
iency ﬂg, wherein swirl angle €, is fixediy determined to
5 degrees and air intake ratio Ff is fixedly determined
to 1.1. - |

Figs. 10(a) to (d) schematically illustrate a cylinder
liner in accordance with the fourth embodiment of the

invention, wherein Fig. 10(a) schematically illustrates

-an inner opening of a scavenging hole comprising three

circular holes arranged in an end-to-end relation, shown

Dby dotted lines, Fig. 10(b) does an outer opening of the

- 10 -
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same, shown by real lines, Fig. 10(c) is a fragmental
cross—sectional view of the cylinder liner taken in line
A - A in Fig. 10(a5 andﬂFig. 10(d) is a fragmental cross-
sectional view of the cylinder liner taken in line B - B
in Fig. 10(a).

Figs. 11(a) to (d4) schematically illustrate a cylinder
liner in accordance with the fifth embodiment of the
invention, wherein Fig. 11(a) schematically illustrates
an inner opening of a scavenging hole comprising three
circular holes arranged in an end-to-end relation, shown
by dotted lines, Fig. 11(b) does an outer opening of the
same, shown by real lines, Fig. 11(c) is a fragmental
prossfqectional view of the cylindef liner taken in line
A - A in Fig. 10(a) and Fig. 10(d) is a fragmental cross-
sectional view ofrthg_cylinder liner taken in line B - B
in Pig. 1ll(a).

Figs. 12(a) to (d) schematically illustrate a cylinder
liner in accordance with the sixth embodiment of the
invention, wherein Fig. 12(a) schematically illustrates
an inner opening of a scavenging hole comprising three
circular holes arraﬁged in an end-to-end relation, shown
by dotted lines, Fig. 12(b) does an outer opening of the
same, shown by real lines, Fig. 12(c) is a fragmental
cross-~sectional view of the cylinder liner taken in line

A - A in Fig. 12(a) and Fig. 12 (4d) is a fragmental cross-

- 1] -
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sectional view of the cylinder liner taken in line B - B
in Fig. 12(a).

Figs. 13(a) to (d) schematically illustrate a cylinder
liner in accordance with the seventh embodiment of the
invention, wherein Fig. 1l3(a) schematically illustrates
an inner opening of a scavenging hole comprising three
circular holes arranged in an end-to-end relation, shown
b& dotfed lines, Fig. 13(b) does an outer opening of the
same, shown by real lines, Fig..l3(c) is a fragmental
cross-sectional view of the cylinder liner taken in line
A -'A in Fig. 13(a) and Pig. 13(d) is a fragmental cross-
sectional view of the cylinder liner taeken in line B - B
in Fig. 13(a).

Figs. 14(a) to (d) schematically illustrate a cylinder
liner in accordance with the eighth embodiment of the
invention, wherein Fig. 14(a) schematically illustrates
an inner opening of a scavenging hole comprising three
circular holes arranged in an end-to-end relation, shown
by dotted lines, Fig. 14(b) does an outer opening of the
same, shown by real lines, PFig. 14(c¢) is a fragmental
cross-sectional view of the cylinder liner taken in line
A - A in Fig. 14(2) and Fig. 14(d) is a fragmental cross-
sectional view of the cylinde? liner taken in line B - B
in Pig. 14(2), and

Figs. 15(a) to (c¢) illustrate results of experiments

- 1l2 -
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which were carried out under such a working condition that
the lower swirl angle 91 is fixedly'determined to 5 degrees,
the central swirl angle €2 is fixedly determined to 10
degrees and the upper swirl angle 03 varies ‘as a parameter
in the range of 20 to 40 degrees, wherein Fig. 15(a) is a
fragmental cross-sectional view of a cylinder liner
schematically illu;trating how swirl angles 64, 6, and 63
are determined, Fig. 15(b) illustrates by way of diagrams

a relation between gir intake ratio £ and scavenging
qfficienéy 75; wherein the upper swirl engle 03 varies

in three steps of 20, 30 and 40 degrees, and Fig. 15(c)
does a relation between swirl angle 63 and scavenging
_gfficiency.ﬂs, wherein sﬁirl angle el is fixedly determined
to 5 degrees, swirl angle 6, is fixedly determined to 10

degrees and,a%r inteke ratio S is fixedly determined to
1.1,

- 13 -
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Now, the present invention will be described in a
greater detail hereunder with reference to Figs. 6 to 15
which illustrate several preferred embodiments of the
invention. In this commnection it should be noted that
the same or similar parts and components illustrated through-—
out the drawings as those in the conventional cylinder
liner illustrated in Figs. 1 to 4 are identified with
the same reference numerals,

First, Figs. 6(a) to (c¢) schematically illustrate
the construction of a cylinder liner in accordance with
the first embodiment of the invention. As is apparent from
the drawings, the center line Yi - Yl extending across the
outer opening 2d of the scavenging hole on the outer
peripheral surface of the cylinder liner is inclined at an
angle of O(\reiative to the axis line Z - Z of the same.
The difection of inclination of the aﬁgle K,is oriented
opposite to that of the swirl flow S. On the other hand,
the center line Y2 - Y2 extending across the inner opening
2e of the scavenging hole on the inner peripheral surface
of the cylinder liner is inclined at an angle of K, relative
to the axis line Z - Z of the same, wherein said inclination
angle™; is determined less than that of the conventional
cylinder liner, as is readily seen from Fig. 6(a). It
results that the center line Yi - Yl on the outer opening

formed on the outér'peripheral surface of the cylinder

- 14 -
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liner is inclined at an angle of X, + X;( > 0) relative
to the other center line Y2 - Y2 on the inner opening
formed on the inmer peripheral surface of the same.
Incidentally, Fig. 6(b) is a fragmental cross-sectional
view of the cylinder liner taken in line A - A in PFig. 6
(2), whereas Fig 6(c) is a fragmental cross-sectional view
similar to Fig. 6(b) taken in line B — B in Fig. 6(a).
As is appérent from the drawings, the swirl angle 92 at
the upper edge surface of the scavenging hole is designed
substantially larger than the swirl angle 91 at the lower
edge surface 2, of the same and the swirl angle ©', at the
central part of the scavenging hole is designed appreciably
larger than the swirl angle el at the lower edge surface
2a of the cylinder liner. Thus, the following inequality

will be established.

92> 9'2> Ol
Thus, the scavenging hole extends through the cylinder
liner while it is.increasingly twisted away from the
vertical plane in the above-described manner.

Next, operation of the cylinder liner as constructed
in accordance with the first embodiment of the invention
will be described below.

At the beggining time when the scavenging holes are
opened as the piston is displaced downwardly during its

downward stroke scavenging air is caused to flow through

- 15 «




10

15

20

25

0108706

the upper part of each of the scavenging holes. Since the

scavenging hole extends at & large swirl angle ©, across

2
the aforesaid upper part thereof, intensive siwrling flow
is produced whereby residual exhaust gas in the A section
as illustrated in Fig. 5(b) is blown away. As the piston
is displaced downward further, the swirl angle 92 is

gradually reduced. When the upper surface of the piston

becomes flush with the lower edge surface 2, of the

scavenging hole, it assumes the minumum swirling angle el

-and thereby the swirling flow S is weakened with_scaveniging

effected toward the center of the cylinder. As a result
residual exhaust gas staying at the cetral part of the
cyiinder is scavenged. Thus, remarkably improved scavenging
is assured for residual exhaust gas in the interior of the
eylinder, as schematically illustrated in Fig. 5(b).
Further, since each of the scavenging hole ribs 2c has a
reduced inclination angle X,on the inner surface of the
cylinder liner, it is assured that excellent lubrication
is achieved when piston riﬁgs pass- by the scavenging holes
2. '

Next, Figs. T7(a) to (c) schematically illustrate
the construction of a cylinder liner in accordance with
the second embodiment of the invention. In practice, this
embodiment corresponds to the case where the inclination

angle A, in the first embodiment as illustrated in Fig. 6
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liner becomes zero and therefore the center line Yl - Yl
extending aross the outer opening of the scavenging hole 2
on the outer peripheral surface of the cylinder liner is
inclined at an angle of K- Ky( > 0) relative to the
center line Y2 - Y2 extending across the inner opening on
the inner peripheral surface of the same. As is apparent
from Fig. 7(a), thé center line Y2 - Yé is superimposed on
the axis line 2 - Z of the cylinder.

Next, Figs. 8(a) to (c) schematically illustrate
the constructidn of a cylinder liner in accordance with
the third embodiment of the invention. In this embodiment
the center line Y2 - Y2 extending across the inner opening
of the scavenging hole 2 on the inner peripheral surface
of the cylinder liner is inclined at an angleOQ relative to
éhe center axis 2 - 2 of the cylinder in the same direction
as the center line Yl - Yi extending across the outer
opening on the outer peripheral surface of the same, the
latter being inclined at an angle K31relative to the center
axis 7 -'Z of the cylinder. In this case the center line
Y, - ¥; is inclined at an angle of X,- Xz( > 0) relative
to the-center 1ine_Y2 - Y2 but the cylinder liner in
accordance with this embodiment functions in the substant-
ially same manner as in the first embodiment.

As described above, the cylinder liner in accordance

with any one of the first to third embodiments is construc-

- 17 -
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ted in such a manner that the center line Yl - Yl extending
across the outer opening of the scavenging hole is inclined
in the opposite direction to that of the swirl S.

Figs.. 9(a) to (c¢) illustrates improvement in scaveng-
ing éfficieney which can be achieved by the construction of
the scavenging holes on the cylinder liner in accordance
with the first to third embodiments of the invention.

Figs. 9(b) and (c) show results of experiments which were
conducted under the operating conditions where swirl angle
el at the lower edge surface of the scavenging hole is

fixedly determined to 5 degrees and swirl angle 92 on the

upper edge surface of the same varies in the range of

.10 to 40 degrees, as illustrated in Fig.9(a). Specifically,

Fig. 9(b) illustrates by way of diagrams a relation between
air intake ratio f and scavenging efficiency‘?s, wherein
the angles 8, and eé serve as a parameter, and Fig. 9(c)
does a relation between swirl angle 62 and scavenging
efficiency Ne, wherein swirl angle 87 is fixedly
determined to 5 degrees and air intake ratio £ is
fixedly determined to l.1l.

As is apparent from FPig. 9(c) where sir intake ratio f
is determined to 1.1 and swirl angle 91 is determined to
5 degrees, scavenging efficiency tends to increase when
swirl angle 62 at the upper part of the scavenging hole

is determined to 10 degrees or more or less and it reaches

- 18 -
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the highest level when swirl angle 32 is determined to 30
degrees or more or less, In this case of experiments
inelination angles o, and Kzof openings of a scavenging hole
on the c¢ylinder line are determined as a function relative
to height of scavenging hole, number of scavenging holes
and swirl angle 6'2.

As is readily understood from the above description,
a cylinder liner for an uniflow type two cycle inner
conmbustion engine in accordance with the first to third
embodiments of the invention is constructed such that the
center line Yl - Yl extending across the outer opening of
each of the scavenging holes on the outer peripheral
surface of the cylinder liner is inclined in the opposite
direction to that of the swirl flow 5 and the upper swirl
angle © o is determined larger than the lower swirl angle
6'2 so that air passage extending through the scavenging
holes is twisted away from the vertical plane. Thus, it is
assured that scavenging efficiency is substantially improved
while the configuration of ribs between a series of
scavenging holes is determined properly.

Next, Figs.10(a) to (d) schematically illustrate a
cylinder liner in accordance with the fourth embodiment of
the invention, wherein Figs. 10(a) and (b) are a fragmental
view of a scavenging hole as seen from the position located

outwardly of the peripheral surface of the cylinder liner,

- 19 -
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As is apparent from the drawings, the axis line Yl - Yl
extending across the outer opening 2f of the scavenging
hole on the outer peripheral surface of the cylinder liner
( linear  1line extending through both the center 0, of the
lower hole and the center Oq of the upper hole) is inclined
at an angle of ¢ relative to the axis line Z -~ Z of the
cylinder. It should be noted that the axis line Yi - Yl

is inclined in the opposite direction to that of the swirl
S as illustrated in Figs. 10(c) and (d4). Further, the axis
line Y, - Y2 extending across the inner opening 2e of the
scavenging hole on the inner peripheral surface of the
cylinder liner is superimposed on the axis line Z - 2 of
the cylinder as is apparent from Fig. 10(a). Accordingly,
the axis line Yi - Yl extending across the outer opening
on the outer peripheral surface of the cylinder liner is
inclined at an angle of o, relative to the axis line Yé - Y2
extending across the inner opening on the inner peripheral
surface of the same.

Incidentally, Fig. 10(c) is a fragmental cross-
sectional view of the cylinder liner taken in line A - A
in Fig. 10(;) and Fig. 10(d) is a fragmental cross-sectional
view of the same taken in line B - B in Fig. 10(a). As
illustrated in PFigs. 10(c) and (d), the swirl angle 63

at the upperhole part of the scavenging hole is determined

substantially larger than the swirl angle el

- 20 -
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part of the same. PFurther, as illustrated in Fig.1l0(e),

the swirl angle 8, of the central part of the scavenging

hole is determined appreciably larger than the swirl angle

e of the lower part of the same. Accordingly, the

following inequality will be established

O3 > 85 > 9y

Thus, the scavenging hole extends through the cylinder

liner while it is increasingly twisted away from the
vertical plane in the above-described manner,

As is apparent from Figs. 10(c) and (d), the centers
(Ol, 0‘1), (02, 0'2) and (03, 0'3) of both the outer and
inner openings of the scavenging hole are located on a
plane extending at a right angle relative to the axis line
Z — Z of the cylinder respectively.

It should be noted that as is apparent from Figs.
10(c¢) and (d), the inner opening on the inner peripheral
surface of the cylinder liner at each of the upper,
central and lower parts of the scavenging hole has the same
width B as measured in the peripheral direction.

Next, Figs. 11(a) to (d) schematically illustrate a
cylinder liner in accordance with the fifth embodiment of
the invention. In this embodiment the center O2 of the
central part of the scavenging hole is located in alignment
with the axis line Yl - Yl which extends through both the

center O1 of the lower part and the center O3 of the upper

- 21 -~
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part as is the case with the fourth embodiment illustrated
in Fig. 10(1b).

Next, Pigs. 12(a) to (d) schematically illustrate a
cylinder liner in accordance with the sixth embodiment of
the invention. This embodiment is substantially same %o
the foregoing ones as illustrated in Figs. 10 and 11 with
exception that each of hole parts constituting the scaveng-
ing hole has the same inner diameter. Assuming that each
of the hole parts on the inner peripheral surface of the

cylinder liner has the same width as measured in the

peripheral direction as in case of the foregoing embodiments

illustrated in Figs. 10 and 11, it results that the inner
diameter of each of the hole parts is caused to decrease
as each of the swirl angles 91, 92 and 63 increases. On
the other hand, when each of the hole parts has the same
inner diameter as in case of the sixth embodiment in
illustrated in Fig. 12, the rib between the adjacent
scavenging holes has a width which varies in dependence on
the position on the latter. Therefore, in view of the
above-described embodiments an intermediate case may be
proposed where the width of the rib between the adjacent
scavenging holes varies appreciably in dependence on the
position on the latter and moreover the inner diameter of
each of the hole parts varies appreciably in dependence on

the position on the scavenging hole.

- 22 -
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Next, Pigs. 13(a) to (d) schematically illustrate a
cylinder liner in accordance with the seventh embodiment
of the invention. In this embodiment the cylinder liner
is constructed in the different manner from the fourth
embodiment as illustrated in Fig. 10 such that the axis line
Y2 - Y2 extending across the inner opening 2e on the inner
peripheral surface of the cylinder liner is inclined at an
angle ozrelative to the axis line Z - Z of the cylinder in
the leftward direction while the axis line Y; - Y, exténding
across the outer opening 2f on the outer.peripheral surface
of the cylinder liner is inclined at an angle X, relative
o the axis line % — % of the cylinder in the righthand
direction as seen in the drawing. Accordingly, the axis
line Yl - Yl on the outer opening of the scavenging hole
is inclined by an angle &, + A, ( >0) relative to the axis
line Y, - Y, on the inner opening of the same.

Finally, Figs. 14(a) to (d) schematically illustrate
a cylinder liner in accordance with the eighth embodimeﬁf

of the invention. In this embodiment the axis line Y2 -Y

extending across the inner opening 2e on the inner periph-

2

eral surface of the cylinder liner is inclined at an angle
of ofzrelative to the axis line 72 - Z of the cylinder in

the rightward direction and the axis line Yy - Y, extending

across the outer opening 2f on the outer peripheral surface

of the same is inclined at an angle of X, relative to the
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axis line Z - Z of the cylinder in the rightward direction
as seen in the drawing, that is, in the same direction as
that of the axis line Y2 - Y2. In this case the axis line
Y, - Yl is inclined at an angle X - A,( > 0) relative to_
the axis line Y2 - YZ'

As is readily understood from the above description,

the cylinder liner in accordance with any one of the fourth

to0 eight embodiments is constructed such that the axis line

’Yi = Yl extending across the outer opening of the scaveng-

ing hole is inclined in the opposite direction to that of
the swirl flow S as in case of the first to third
embodiments.

Next, operation of the cylinder liner as constructed
in accordance with each of the fourth to eighth embodiments
of the invention will be described below.

At the beginning time when the scavenging holes are
opened as the piston is displaced downwardly during its
downward stroke scavenging air is caused to flow through
the upper part of each of the scavenging holes. Since the
upper part of the scavenging hole extends through the
wall of the cylinder liner at a large swirl angle 63,
intensive swirling flow S is produced whereby residual
exhaust gas staying in the A section as illustrated in
Fig. 5(b) is blown away.

When the piston is displaced downward further until all
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the scavenging holes are completely opened, swirl angle is
reduced to an angle of GIWMBreby scavenging air is caused
to flow toward the center of the cylinder, resulting in‘
residual exhaust gas in the central part of the cylinder'
being scavenged completely.

On the other hand, with respect t0 ribs between the
ad jacent scavenging holes the cylinder liner in accordance
with the fifth embodiment as iilustrated in Fig. 11 has
no inclination relative to the axis line Z - Z of the
cyllnder and the cyllnder liner in accordance with the
fourth and sixth embodlments as illustrated in Pigs. 10
and 12 has a certain inclination less than that of the
ribs on the conventional cylinder liner. Owing to the
arrangement made in that way it is assured that excellent
lubrication is achieved when piston rings pass by the
scavenging holes, 7 . o

Figs., 15(a) to (c¢) illustrates improvement in scave-

nging efficiency which can be achieved by the construction

~ of the scavehging holes on the cylinder liner in accordance

with fhe fourth toreighthrembodiments of the inventibn,

wherein Fig. lS(al is a fragmental eross—-sectional view

of the cylinder liner particularly illustrating how

swirl angles 8;, ©, and 6, are determined and Figs. 15
(b) and (c) show results of experiments which were

conducted under the operationg conditions where swirl
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angle e1 at the lower hole part is fixedly determined to
5 degrees,-swirl angle 62 at the eentral hole part is

fixediy determined to 10 degrees and swirl angle ©, at the

3
upper hole part varies at three stages of 20, 30 and 40
degrees. Specifically, Fig: 1S(b) illustrates by way of
diagrams a relation between air intake ratio £ and scaven-
ging efficiency M with swirl angle 0y fixedly determined
as a parameter and Flg. 15(0) does a relatlon between

K

SW‘.‘LI‘l angle 93 and scaveng:.ng effic:n.ency "25 when swirl

angle el is flxedly determined to 5 degrees, swirl angle

9, is fixedly determlned to 10 degrees and air intake ratio
F is fixedly determined to 1.1. As is apparent from

Pig. 15(e), .scavenging efficiency'qsincreases as swirl
angle 63 increases in the range of 20 to 30 degrees and it
reaches the highest level when swirl angle 93 is determined
to 30 degrees or more or less.

Incl:.natlon angles X, and o(z of the scavenging holes
are determined as function relative to height of scaveng-
ing holes, number of the latter and swirl angles. Since
each of the scavenging holes on the cylinder_liner in .
accordance with the fourth to eighth embodiments of the
invention is construeted by a combination of plural circular
holes, it is assured that it has a large swirl angle 63
at its upper hole part and a small swirl angle'el at its

lower hole part while each of the ribs between the
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adjacent scavenging holes has a proper configuration with

wo?kipg hours'requirgg for forming them be;ng reduced to
the minigum, resulting in improved scavenging efficiency
guaranteed.

As described above, a cylinder liner for an uniflow
type two cycle internal combustion engine in accordance

with the fourth to eighth embodiments is constructed so

_that each of scavenging holes comprises a combination of

~ plural circular holes which are arranged in an end-to-end

relation in the substantially axial direction of the
cylindgriliner in such a manner that the axis line Yy -
¥y extending through the cgpter of the lowermost hole
part and the center_of the uppermost hoie part on the
outer opening of the scavgnging hole on the outer periph-
eral surface of the cylinder iiner ig inclined in the
opposite direction to that of the scayegging swirl flow S,

wherein the upper swirl angle'63 is determined larger

than fhe lower swirl angle 91 so that the center line

exteﬁd;hg through the center of each of the hole parts
constituting the scavenging hole is twigted away from the
vertical plane, Owing tq the arrangement made in that
way it is assured that each of the scavenging holes is
formeq wiﬁh the'minimized working hours required while
ribs between the adjacent scavenging holes have proper

configuration and sufficiently high strength and moreover

- 27 -

R



10

0108706

remarkably improved scavenging efficiency is achieved

with excellent lubricating function being maintained when

the piston passes by the scavenging holes.

' While the present invention has been described above
with respect to several preferred embodiments, it should
of cource be understood that it should not be limited
only to them but vérious changes or modifications may be
made in a suitable manner without any departure from the
spirit and scopé'of_the inventibn as defined in appended

claims,
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WHAT IS CLAIMED IS:

(1) A cylinder liner for an uniflow type two cycle
inte;na; pombustion engine of .-the type including a number
of scavengiﬁg holes fbrmed in an equally spaced relation
in the peripheral direction, characterized in that the
Vcehter line (Yl - Yl) extending across the outer opening
on the outer peripherai surface of the cylinder liner is
inclined in the opposite direction”to that of swirl flow
S and the upper swirl angle ( 6, ) is determined larger
than the ?ower swirl angle ( 6'2) so that an air passage
eiténding through each of the scavenging holes is twisted
away from the vertical plane,

(2) A cylinder liner for an uniflow type two cycle
interna} combustion engine as defined in claim 1,
characterized in ﬁhat each of the scavenging holeg has

a substantiaily rectanéular éfoséésebtional configuration.
(3) a éylinder Iinér for an uniflow type two cycle
internal combustion éngine as‘aefined in claim 2,
characterized in that the center line (Yo ~ Y2) extending
aéréss the inner opening of the scavenging holes on the.
iﬁnerlperipherai surface of the cylinder liner is inclined
in the same direction as that of the swifl flow S relative
to the axis line (Z - Z) of~th§ éylinder.

(4) a cylindef liner for an uniflow type two cycle

internal combustion engine as defined in claim 2,
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characterized in that the center line (Y2 - Yz) extending
across the inner opening of the scavenging holes on the
inner peripheral surface of the cylinder liner extends

in parallel to the axis line (Z - Z) of the cylinder.

(5) A cylinder liner for an uniflow type two cycle
internal combustion engine as defined in claim 2,
characterized in that the center line (Y, - Y2) extending
across the inner opening of the scavenging holes on the
inner peripheral surface of the cylinder liner is inclined
in the opposite direction f; that of the swirl flow S
relative to the axis line (Z - Z) of the cylinder and

its inclination'apgle o is deterﬁiﬁed smaller than an
inclination angle A, of the ou%ér opening of the scaveng-
ing holes on the outer peripheral_surface of the cylinder
liner,

(6) A cylinder liner for an uniflow type two cycle
internal combustion engine'of the type including a number
of scavenging holes formed in an equally spaced relation
in the peripheral direction, characterized in that each
of the scavenging holes comprises a combination of plural
circular holes arranged in an end-to-end relation in the
substantially axial direction of the cylinder and the
linear line (Y1 - Y1) extending through the center ( 01 )
of the lowermost hole part and the center ( 03 ) of the

uppermost hole part on the outer opening of the scavenging
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holes on the outer peripheral surface of the cylinder liner
is inclined in the opposite direction to that of scavenging
swirl flow S, wherein the upper swirl angle ( 93 ) is
determined larger than the lower swirl angle ( 8, ) so that
an air passage extending through each of the scavenging
holes is twisted away from the vertical plane.

(7) A cylinder liner for an uniflow type two cycle
internal combustion engihe as defined in claim 6,
characterized in that the linear line (Y2 - Yz) extending
across the inner opening of the scavenging holes on the
inner peripheral surface of the cylinder liner extends in

~ parallel to the axis line(Z“- Z) of the cylinder.

(8) A cylinder liner for an uniflow type two cycle
internal combustion engine as defined in claim 6,
characterized in that the linear line (Y2 - Y2) extending
“across the inner opening of the scavenging holes on the
inner peripheral surface of the cylindéf liner is inclined
in the same direction as that of the scavenging swirl flow
S relative to the axis line (Z - Z) of the cylinder.

(9) A cylinder liner for an uniflow type two cycle
internal combustion engine as defined in claim 6,
characterized in that the linear line (Y2 - Y2) extending
across the inner opening of the scavenging holes on the
inner peripheral surface of the cylinder liner is inclined

in the opposite direction to that of the scavenging swirl flow
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S relative to the axis line (Z - Z) of the cylinder and
its inclination angle (X, is determined smaller than an
inclination angle o of the linear line (Y, - Y;) extending
across the outer opening of the scavenging holes on the
outer peripheral surface of the cylinder liner.

(10) A cylinder liner for an uniflow type two cycle
internal combustion engine as defined in claim 6,
characterized in that the inner opening of each of the
scavenging holes on the inner peripheral surface of the
cylinder liner has the same width as measured in the
peripheral direction.

(11) A cylinder liner for an uniflow type two cycle
internal combustion engine as defined in claim 6,
characterized in that each of the scavenging holes has the

same inner diameter.
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