
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

30
1 

28
4

A
1

TEPZZ¥¥Z_ 84A_T
(11) EP 3 301 284 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
04.04.2018 Bulletin 2018/14

(21) Application number: 16191417.1

(22) Date of filing: 29.09.2016

(51) Int Cl.:
F02F 3/22 (2006.01) F02F 3/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(71) Applicant: Caterpillar Energy Solutions GmbH
68167 Mannheim (DE)

(72) Inventors:  
• VELTMANN, Matthias

68623 Lampertheim (DE)
• STELLWAGEN, Karl

67227 Frankenthal (DE)

(74) Representative: Kramer Barske Schmidtchen 
Patentanwälte PartG mbB
European Patent Attorneys 
Landsberger Strasse 300
80687 München (DE)

(54) PISTON WITH COOLING ARRANGEMENT

(57) A piston (1) for an engine (100) comprises a
cooling arrangement that allows for an increased cooling
efficiency of an outer peripheral wall (5) of a piston body
(4) including a plurality of piston ring grooves (10, 12,
14). Lubricant is supplied to an outer plenum (22) formed
adjacent to outer peripheral wall (5) via a cooling passage
(26) that extends at an upwardly-inclined angle from a
central plenum (28) towards the outer plenum (22). Lu-

bricant that enters cooling passage (26) is imparted with
a corresponding flow velocity component due to the up-
wardly-inclined orientation of cooling passage (26) prior
to entering outer plenum (22) to flow along an inner sur-
face of the same. A heat transfer between the lubricant
and the inner surface of the outer plenum (22) is in-
creased due to the resulting flow of lubricant.
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Description

Technical Field

[0001] The present disclosure generally relates to a
piston for an engine, in particular, to a piston with a cool-
ing arrangement for cooling the same during operation
of the engine.

Background

[0002] Generally, pistons of engines are configured to
reciprocate within a cylinder liner of a cylinder. Lubricant
between an inner circumference of the cylinder liner and
an outer circumference (also referred to as piston skirt)
of the piston facilitates lubrication and cooling of the pis-
ton and the cylinder liner during operation of the engine.
[0003] For example, US 4,577,595 discloses a piston
for a reciprocating piston internal combustion engine in-
cluding an annular cooling oil space which is supplied
with cooling oil by way of an oil collecting device. The
cooling oil can flow off toward a piston center by way of
bores.
[0004] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
prior systems.

Summary of the Disclosure

[0005] According to an aspect of the present disclo-
sure, a piston for an engine comprises a piston body hav-
ing a longitudinal axis. At least one piston ring groove is
formed in an outer peripheral wall of the piston body. An
outer plenum is formed inside the piston body adjacent
to the outer peripheral wall at a position corresponding
to the at least one piston ring groove. A cooling inlet is
configured to receive lubricant for cooling the piston
body. At least one cooling passage is configured to re-
ceive lubricant supplied from the cooling inlet and supply
the received lubricant to the outer plenum. The at least
one cooling passage extends towards the outer periph-
eral wall at an upwardly-inclined angle with respect to
the longitudinal axis and opens into the outer plenum.
[0006] According to another aspect of the present dis-
closure, an engine comprises at least one cylinder and
an at least one piston as exemplarily disclosed herein,
the piston being adapted to reciprocate within the at least
one cylinder.
[0007] Other features and aspects of this disclosure
will be apparent from the following description and the
accompanying drawings.

Brief Description of the Drawings

[0008]

Fig. 1 is a schematic cross-sectional view of an ex-
emplary engine;

Fig. 2 is a schematic drawing of an exemplary piston;
and
Fig. 3 is cross-sectional view of a piston in accord-
ance with the present disclosure.

Detailed Description

[0009] The following is a detailed description of exem-
plary embodiments of the present disclosure. The exem-
plary embodiments described herein and illustrated in
the drawings are intended to teach the principles of the
present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many
different environments and for many different applica-
tions. Therefore, the exemplary embodiments are not in-
tended to be, and should not be considered as, a limiting
description of the scope of patent protection. Rather, the
scope of patent protection shall be defined by the ap-
pended claims.
[0010] The present disclosure may be based in part on
the realization that cooling of the piston and the piston
rings is crucial in terms of robust engine operation. In
particular, the region adjacent to an uppermost piston
ring has to be maintained below a certain temperature
level. Otherwise, coke from decomposing lube oil may
form and accumulate in the crevices between the piston
ring and the piston, eventually causing immobility of the
ring and subsequent damage to the piston and the cyl-
inder liner.
[0011] In particular, the present disclosure may be
based at least in part on the realization that, when lube
oil is supplied to a set of plenums and ducts inside a
piston to transfer heat from critical regions to the lube oil,
the lube oil will accumulate at the top of the plenums or
ducts when the piston is moving downward. During this
time, while the lube oil will be in contact with those regions
of the piston that are important with respect to cooling, it
has been recognized that the heat transfer from the piston
to the lube oil is dependent on the lube oil motion on the
surface to be cooled. In other words, when the lube oil
flows along the surface to be cooled, more energy per
unit area and unit time can be transferred compared to
a non-flowing lube oil. Therefore, it has been realized
that it is preferred to perform cooling by forced convection
of the lube oil such that the lube oil flows along the sur-
faces to be cooled for enhanced cooling.
[0012] In this respect, the present disclosure is based
at least in part on the realization that a continuous lube
oil flow adjacent to the critical regions to be cooled can
be obtained by utilizing an oil distribution passage that
distributes oil to a plurality of transfer passages that are
equally spread out along the circumference of the piston.
A forced convection of the lube oil is achieved by an ori-
entation of the transfer passages according to which the
transfer passages provide the lube oil to an outer plenum
of the piston under a slight angle, i.e., the transfer pas-
sages are upwardly-inclined with respect to the longitu-
dinal axis of the piston. As a result, a continuous flow of
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lube oil, in particular, in the outer plenum, is obtained to
provide enhanced cooling due to an improved heat trans-
fer at the surfaces to be cooled.
[0013] The present disclosure may further be based
on the realization that it may be advantageous to maintain
a minimum lube oil level in the piston at all times. This
provides an improved initial cooling due to oil remaining
in the piston splashing against the upper region of the
plenum when the piston is decelerating upon reaching
the top dead center. It has been realized that this may
be achieved by providing raised outlet passages at the
bottom of the plenum, such that part of the lube oil in the
plenum is prevented from leaving the plenum during the
upward motion of the piston.
[0014] Further, the present disclosure may be based
on the realization that cooling of the piston top may be
adjusted in an appropriate manner by optimizing the lube
oil distribution system, e.g., the volume of the distribution
passage, the cross-sectional area of the same, the ori-
entation and position of the transfer passages, and the
like. Further, it has been realized that the volume of lube
oil that is held in the distribution passage can be adjusted
by providing raised inlets that are disposed above the
lowest surface of the distribution passage. Accordingly,
part of the lube oil will remain in the distribution passage
as the piston moves upward.
[0015] In addition, the present disclosure may be
based at least in part on the realization that it may be
advantageous to increase the flow velocity of the lube oil
in the distribution passage away from the position of the
inlet to achieve a substantially constant mass flow along
the circumference of the distribution passage such that
each transfer passage receives substantially the same
amount of lube oil during operation of the engine.
[0016] It is noted that a piston as exemplarily disclosed
herein may be used in internal combustion engines, com-
pressors, pumps and other machines comprising a piston
with at least one piston ring groove and a piston ring
(hereinafter referred to generally as engines). For the
purposes of illustration, an exemplary piston is described
in connection with an internal combustion engine in the
following.
[0017] Referring to FIG. 1, an exemplary engine 100
includes an engine block 101 that at least partially defines
a plurality of cylinders 102, a piston 1 slidably disposed
within each cylinder 102, and a cylinder head 104 asso-
ciated with each cylinder 102. Engine 100 further in-
cludes a plurality of inlet valves 106 and exhaust valves
108 associated with the plurality of cylinders 102, as well
as an actuating mechanism 112 connected to, e.g., a
cam shaft 114 of engine 100. Engine 100 may include
features not shown, such as fuel systems, air systems,
cooling systems, peripheries, drivetrain components,
etc. Furthermore, engine 100 may be of any size, with
any number of cylinders, and in any configuration ("V",
in-line, radial, etc.). Engine 100 may be used to power
any machine or other device, including locomotive appli-
cations, on-highway trucks or vehicles, off-highway

trucks or machines, earth moving equipment, genera-
tors, aerospace applications, marine applications,
pumps, stationary equipment, or other engine-powered
applications, and run on any type of fuel, including gas-
eous fuel, gasoline, diesel, heavy fuel oil, etc.
[0018] Referring to Fig. 2, an exemplary piston 1 in a
cylinder liner 2 of cylinder 102 is shown. Piston 1 and
cylinder liner 2 may be arranged within engine block 101
of engine 100.
[0019] Piston 1 comprises a central longitudinal axis
3. Furthermore, piston 1 comprises a piston body 4 with
a piston skirt 6, a piston top 8, and a plurality of piston
rings. Piston 1 is connected via a piston rod 9 to a crank-
shaft (not shown) of the internal combustion engine, and
is adapted to reciprocate in cylinder liner 2 during oper-
ation of the internal combustion engine.
[0020] Piston top 8 defines a combustion chamber 11
together with cylinder liner 2 and a cylinder head (not
shown).
[0021] Piston skirt 6 defines an outer circumference of
piston body 4. A plurality of piston ring grooves extends
circumferentially around piston body 4 in piston skirt 6.
Specifically, an upper piston ring groove 10, an interme-
diate piston ring groove 12 and a lower piston ring groove
14 are arranged in piston skirt 6. The lower piston ring
groove 14 is arranged farthest from piston top 8 com-
pared to the other piston ring grooves. In other words, in
this exemplary embodiment, lower piston ring groove 14
is the lowermost piston ring groove, and upper piston ring
groove 10 is the uppermost piston ring groove.
[0022] Each of a plurality of piston rings is arranged in
a corresponding piston ring groove. Specifically, a com-
pression ring 16 is arranged in upper piston ring groove
10, an intermediate ring 18 is arranged in intermediate
piston ring groove 12, and an oil scraper ring 20 is ar-
ranged in lower piston ring groove 14.
[0023] Piston 1 further comprises a cooling arrange-
ment configured to cool piston 1, in particular, piston top
8 and the region adjacent to piston ring grooves 10, 12,
14, which will be described in more detail below with ref-
erence to Fig. 3.
[0024] In some embodiments, a piston may comprise
a different number of piston ring grooves and correspond-
ing piston rings than shown in Figs. 1 and 2.
[0025] In some embodiments, an engine may com-
prise at least one cylinder, each cylinder having a piston
as exemplarily disclosed herein. Each piston may be
adapted to reciprocate within a corresponding cylinder.
[0026] Turning to Fig. 3, a cross-sectional view of a
piston with a cooling arrangement in accordance with the
present disclosure is shown.
[0027] As shown in Fig. 3, piston 1 includes an arrange-
ment of passages and plenums within the same to circu-
late a lubricant such as lube oil during the reciprocating
movement of piston 1 in the associated cylinder. As used
herein, the term "plenum" refers to chambers or cavities
(spaces) formed in piston body 4, to which lubricant is
supplied to cool piston 1. In particular, an outer plenum
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22 is formed inside piston body 4 adjacent to an outer
peripheral wall 5 of piston skirt 6 at a position correspond-
ing to piston ring grooves 10, 12, 14. Further, a central
plenum 28 is formed at a center of piston body 4 and
separated from outer plenum 22 by an annular partition
wall 30. During downward movement of piston 1, lubri-
cant accumulates in the upper region of plenums 22, 28
to cool the adjacent regions of piston 1, in particular, the
regions adjacent to piston ring grooves 10, 12, 14 and a
bottom 32 of a piston bowl 34 formed in piston top 8, as
shown by the dashed line in Fig. 3. In the embodiment,
the configuration of plenums 22, 28 is symmetrical, i.e.
central plenum 28 is symmetrical with respect to longitu-
dinal axis 3, and outer plenum 22 is an annular space
extending around longitudinal axis 3 in the circumferen-
tial direction. It will be readily appreciated that, in other
embodiments, different configurations of plenums 22, 28
may be used without departing from the present teach-
ings.
[0028] Piston 1 further comprises at least one cooling
inlet (duct or passage) 24 configured to receive lubricant
for cooling piston body 4. In the exemplary embodiment,
cooling inlet 24 is a passage that is provided in annular
partition wall 30 and extends along longitudinal axis 3,
i.e., vertically. More precisely, an opening of cooling inlet
24 is provided in a lower surface of annular partition wall
30 and receives lubricant that is sprayed upwards from
a cooling nozzle (not shown) disposed below piston 1 at
a position that corresponds to cooling inlet 24. Although
a single cooling inlet 24 is shown in Fig. 3, it will be ap-
preciated that any appropriate number of cooling inlets
24 may be provided and arranged along the circumfer-
ential direction of piston 1, for example, with equal dis-
tances from each other. Likewise, a corresponding
number of cooling nozzles, for example, two cooling noz-
zles for two cooling inlets, may be provided.
[0029] The lubricant entering cooling inlet 24 flows
through the same and reaches a circumferentially ex-
tending lubricant distribution passage 36. In the present
embodiment, lubricant distribution passage 36 is formed
as an annular space or cavity within annular partition wall
30 that extends in the circumferential direction. Lubricant
distribution passage 36 is configured to distribute the lu-
bricant entering via the one or more cooling inlets 24 in
the circumferential direction.
[0030] A plurality of cooling intermediate passages 38
are fluidly connected to lubricant distribution passage 36
and extend therefrom to a corresponding plurality of cool-
ing passages 26 formed in annular partition wall 30 to
fluidly connect central plenum 28 to outer plenum 22. In
the exemplary embodiment, each cooling intermediate
passage 38 extends along longitudinal axis 3, i.e., verti-
cally, from lubricant distribution passage 36. As shown
in Fig. 3, the plurality of cooling passages 26 and the
associated cooling intermediate passages 38 are equi-
distantly arranged in the circumferential direction. It
should be noted that, while it is shown in Fig. 3 that cooling
intermediate passage 38 is aligned with cooling inlet 24

in the circumferential direction, in other embodiments,
cooling intermediate passage(s) 38 may be arranged at
a position that is different from that of cooling inlet(s) 24.
[0031] Lubricant that has been distributed by lubricant
distribution passage 36 enters cooling passages 26 via
cooling intermediate passage 38. Cooling passage 26
extends from central plenum 28 to outer plenum 22 at an
upwardly-inclined angle of less than 90 degrees with re-
spect to longitudinal axis 3, for example, an angle of be-
tween 0° and 45°, preferably between 15° and 30°, or an
angle of between 45° and 90°, preferably between 60°
and 75°. As a result, lubricant entering cooling passage
26 via cooling intermediate passage 38 is imparted with
a flow velocity component directed along cooling pas-
sage 26 upon entering central plenum 28 and outer ple-
num 22. Accordingly, upon entering central plenum 28
and outer plenum 22, the lubricant flows along the inner
surfaces of the same in a manner that is shown by the
flow lines in Fig. 3.
[0032] In particular, lubricant entering outer plenum 22
flows upward and outward along the inner surface of out-
er plenum 22, resulting in an increased heat transfer be-
tween bottom 32 of piston bowl 34 and outer peripheral
wall 5 and the lubricant in outer plenum 22. Further, due
to the flow, hot lubricant is displaced by relatively cool
lubricant entering from cooling passage 26 to further in-
crease the cooling efficiency. It will be appreciated that
the arrangement of cooling passage 26 shown in Fig. 3
is particularly advantageous for outer plenum 22, be-
cause it facilitates the flow of lubricant to outer plenum
22 as piston 1 is moving downward. Therefore, by ar-
ranging cooling passage 26 as shown in Fig. 3, cooling
of the critical regions of piston 1, in particular, the region
adjacent to piston ring grooves 10, 12, 14 can be in-
creased.
[0033] It will be appreciated that the amount of cooling
of the central portion of piston top 8 and the outer periph-
eral portion of the same can be adjusted by appropriately
setting the angle of extension of cooling passage 26. Fur-
ther, although it is shown in Fig. 3 that cooling passage
26 extends through annular partition wall 30 along a
straight line, it will be appreciated that in other embodi-
ments cooling passage 26 may have a different config-
uration. For example, cooling passage 26 may extend at
an upwardly-inclined angle from the opening of cooling
intermediate passage 38 towards outer plenum 22, and
may extend at a different angle towards central plenum
28, for example, substantially horizontally, or also at an
upwardly-inclined angle.
[0034] Lubricant that has entered plenums 28, 22 and
flowed along the respective inner surfaces exits central
plenum 28 and outer plenum 22 via respective lubricant
outlets 40, 44. In particular, a central lubricant outlet 40
is formed at the center of a bottom 41 of central plenum
28 and includes a central opening 42 that is opened to-
wards an inside of central plenum 28. Likewise, a periph-
eral lubricant outlet 44, more precisely, a plurality of pe-
ripheral lubricant outlets 44, are fluidly connected to outer
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plenum 22 for discharging the lubricant from outer ple-
num 22 towards a lower end of piston body 4. In the
exemplary embodiment, each peripheral lubricant outlet
44 is configured as a tube-like member 46, for example,
made of metal, that is inserted into a bore formed in piston
body 4 to extend along longitudinal axis 3.
[0035] As shown in Fig. 3, peripheral lubricant outlet
44 projects into outer plenum 22 such that an inlet open-
ing of the same is disposed above a lowest portion (bot-
tom surface) of outer plenum 22. In this manner, when
lubricant is discharged from outer plenum 22 during up-
ward motion of piston 1, part of the lubricant stored in
outer plenum 22 remains therein. Accordingly, as piston
1 is subsequently decelerated upon reaching top dead
center, the remaining part of lubricant moves upwards
and splashes against the inner surface of outer plenum
22 to provide additional cooling, even before new lubri-
cant is supplied to outer plenum 22 during the downward
movement of piston 1.
[0036] Although not shown in Fig. 3, a similar config-
uration can be used for central lubricant outlet 40. In other
words, in some embodiments, central opening 42 of lu-
bricant outlet 40 may be disposed above bottom 41 of
central plenum 28.
[0037] Likewise, although not shown in Fig. 3, in some
embodiments, cooling inlet 24 may have an outlet open-
ing into lubricant distribution passage 36, said outlet be-
ing arranged above a lowest portion of lubricant distribu-
tion passage 36. In this manner, part of the lubricant in
lubricant distribution passage 36 remains in the same
during upward movement of piston 1, and may be sup-
plied to cooling intermediate passages 38 and cooling
passages 26 during the subsequent downward move-
ment of piston 1.
[0038] It will be appreciated that, in case a plurality of
cooling passages are arranged at different distances
from the position of cooling inlet 24 in the circumferential
direction, a velocity of lubricant towards cooling passag-
es 26 decreases with increasing distance from cooling
inlet 24 in case lubricant distribution passage 36 has a
constant cross-section. Therefore, in order to assure that
the velocity of the lubricant flowing through lubricant dis-
tribution passage 36 remains substantially constant, a
cross-section of the same may be varied. In particular,
the cross-section of lubricant distribution passage 36
may decrease away from cooling inlet 24. For example,
a bottom of lubricant distribution passage 36 may be
raised as lubricant distribution passage 36 extends away
from cooling inlet 24. It will be readily appreciated that
many different configurations can be used to achieve a
substantially constant flow velocity of lubricant in lubri-
cant distribution passage 36, depending on the number
and positions of cooling inlet 24 and/or cooling passages
26. In addition or as an alternative, in other embodiments,
lubricant distribution passage 36 may have a downward
slope away from cooling inlet 24, which may result in an
increasing cross-section of the same, to enhance oil flow
to cooling passages 26 as piston 1 approaches top dead

center.

Industrial Applicability

[0039] Hereinafter, functionality of the cooling arrange-
ment of piston 1 is described with reference to Figs. 2
and 3.
[0040] During operation of the internal combustion en-
gine, piston 1 reciprocates in cylinder liner 2. Specifically,
piston 1 reciprocates between a top dead centre (TDC)
and a bottom top centre (BDC) in cylinder liner 2. As
known by those skilled in the art, a velocity of piston 1 is
constantly changing during upstroke and downstroke.
For example, piston 1 decelerates before arriving at TDC
and BDC, respectively.
[0041] As piston 1 reciprocates in cylinder liner 2, lu-
bricant is supplied to the same from a plurality of cooling
nozzles ejecting lubricant into piston body 4. In particular,
the position and the number of the cooling nozzles may
correspond to the position and the number of cooling
inlets 24 formed in piston body 4. Accordingly, as piston
1 moves downward within cylinder liner 2, lubricant en-
ters cooling inlet 24. The lubricant then flows into lubricant
distribution passage 36 to be distributed along the cir-
cumference of piston 1. Via the plurality of cooling inter-
mediate passages 38, lubricant enters the plurality of
cooling passages 26, which are equidistantly arranged
in the circumferential direction. Due to cooling passages
26 extending at an upwardly-inclined angle towards up-
per plenum 22, a corresponding flow velocity component
is imparted on the lubricant flowing into outer plenum 22.
Therefore, lubricant entering outer plenum 22 flows along
the inner surface of the same, as shown by the flow lines
in Fig. 3, to efficiently cool piston top 8 due to the in-
creased heat transfer. Likewise, lubricant enters central
plenum 28 to cool the inner surface of the same.
[0042] After cooling, hot lubricant is discharged from
plenums 22, 28 during upward movement of piston 1. At
this time, however, due to the raised configuration of lu-
bricant outlet 44, part of the lubricant remains in outer
plenum 22 even during the upward movement. Accord-
ingly, as piston 1 is decelerated upon reaching TDC, this
remaining lubricant splashes against the inner surface
of outer plenum 22 to further cool the same.
[0043] With the cooling arrangement disclosed herein,
a cooling efficiency of critical regions of piston body 4, in
particular, outer peripheral wall 5 comprising piston ring
grooves 10, 12, 14, can be increased due to the increased
heat transfer of the lubricant that is flowing along the inner
surface of outer plenum 22.
[0044] Although the preferred embodiments of this in-
vention have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims.
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Claims

1. A piston (1) for an engine (100), the piston (1) com-
prising:

a piston body (4) having a longitudinal axis (3);
at least one piston ring groove (10, 12, 14)
formed in an outer peripheral wall (5) of the pis-
ton body (4);
an outer plenum (22) formed inside the piston
body (4) adjacent to the outer peripheral wall (5)
at a position corresponding to the at least one
piston ring groove (10, 12, 14);
a cooling inlet (24) configured to receive lubri-
cant for cooling the piston body (4); and
at least one cooling passage (26) configured to
receive lubricant supplied from the cooling inlet
(24) and supply the received lubricant to the out-
er plenum (22),
wherein the at least one cooling passage (26)
extends towards the outer peripheral wall (5) at
an upwardly-inclined angle with respect to the
longitudinal axis (3) and opens into the outer ple-
num (22).

2. The piston (1) of claim 1, further comprising a central
plenum (28) formed at a center of the piston body
(4), the central plenum (28) being separated from
the outer plenum (22) by a partition wall (30), for
example, an annular partition wall (3),
wherein the at least one cooling passage (26) is
formed in the partition wall (30).

3. The piston (1) of claim 2, wherein the at least one
cooling passage (26) is formed in the partition wall
(30) and extends between the central plenum (28)
and the outer plenum (22).

4. The piston (1) of claim 2 or 3, wherein the cooling
inlet (24) is formed in the partition wall (30), prefer-
ably, as a passage that extends parallel to the lon-
gitudinal axis (3).

5. The piston (1) of any one of claims 2 to 4, further
comprising a circumferentially extending lubricant
distribution passage (36) fluidly connected to the
cooling inlet (24), wherein the at least one cooling
passage (26) is fluidly connected to the lubricant dis-
tribution passage (36) by at least one corresponding
cooling intermediate passage (38) formed in the an-
nular partition wall (30).

6. The piston (1) of claim 5, comprising a plurality of
cooling passages (26) and a plurality of correspond-
ing cooling intermediate passages (38), wherein the
plurality of cooling passages (26) and the plurality of
cooling intermediate passages (26) are equidistantly
arranged in the circumferential direction.

7. The piston (1) of claim 5 or 6, wherein the cooling
inlet (24) has an outlet opening into the lubricant dis-
tribution passage (36), said outlet being arranged
above a lowest portion of the lubricant distribution
passage (36).

8. The piston (1) of any one of claims 5 to 7, wherein
the lubricant distribution passage (36) extends in the
circumferential direction with varying cross-section,
preferably with a cross-section that decreases away
from the cooling inlet (24).

9. The piston (1) of any one of claims 2 to 8, wherein
the central plenum (28) includes a lubricant outlet
(40) formed at a center of a bottom (41) of the central
plenum (28).

10. The piston (1) of claim 9, wherein the lubricant outlet
(40) includes a central opening (42) that is disposed
above the bottom (41).

11. The piston (1) of any one of claims 1 to 10, further
comprising a peripheral lubricant outlet (44) fluidly
connected to the outer plenum (22) for discharging
lubricant from the outer plenum (22) towards a lower
end of the piston body (4).

12. The piston (1) of claim 11, wherein the peripheral
lubricant outlet (44) projects into the outer plenum
(22) such that an inlet opening of the same is dis-
posed above a lowest portion of the outer plenum
(22).

13. The piston (1) of claim 12, wherein the peripheral
lubricant outlet (44) is configured as a tube-like mem-
ber (46), for example, made of metal, inserted into
a bore formed in the piston body (4).

14. The piston (1) of any one of claims 1 to 13, wherein
the at least one cooling passage (26) extends to-
wards the outer peripheral wall (5) at an upwardly-
inclined angle of less than 90 degrees, for example,
between 0° and 45°, preferably between 15° and 30°,
or between 45° and 90°, preferably between 60° and
75°, with respect to the longitudinal axis (3).

15. An engine (100) comprising:

at least one cylinder (102); and
at least one piston (1) according to any one of
claims 1 to 14 adapted to reciprocate within the
at least one cylinder (102).
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