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(57) Abstract: A steel piston achieving increased
thermal brake efficiency in an internal combustion
engine is provided. The piston includes a crown
presenting a combustion surface, an outer side wall
depending from the combustion surface, an outer
cooling gallery, and an undercrown cooling gal-
lery. The outer cooling gallery extends circumfer-
entially along the outer side wall beneath the com-
bustion surface. According to one embodiment, the
outer cooling gallery is sealed and filled with air,
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ing media. In this embodiment, the undercrown
cooling gallery is filled with air as a cooling media
and includes an open inlet hole having a diameter
being from 2% to 4% of an outer diameter of the
piston. Alternatively, the undercrown cooling gal-
lery is filled with air, argon, helium, xenon, or car-
bon dioxide as a cooling media, and the inlet hole
is sealed.
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PISTON PROVIDING FOR REDUCED HEAT LOSE USING COOLING MEDIA

CROSS-REFERENCE TO RELATED APPLICATION

RG] This LLE. onlity patent application claims the berefit of U8
provisional patent apnlication no. 62/235,984, filed MNovember 18, 2013, and UL, provisional
patent application no. 62/ 280,971, filed January 20, 2016, and U8, utility palent applivation
no, 153352,418, filed Movember 13, 2016, the entire contents of which are incorporated
herein by reference.

BACKCROUND OF THE INVENTION
t. Field of the invention

18882} This invention relstes generally o pistons for internal combustion

gngines, and methods for menufacturing the pistons,
2. Belated An

REEIXS Pistons used in internal combustion engines, such as heavy duty diesel
pistons, are exposed to extremely high temperatures during operation, especially along the
crown of the pision. Thersfore, 1o moderate the temperature, some pistons are designed with
an open cooling gallery beneath the crown, and cooling ofl is sprayed into the cooling gallery
as the piston reciprocates along a cylinder bore of the ongine. The oif flows along the inner
surfage of the crown and dissipates heat gway from the crown,  Howsver, o coairol the
piston temperature during operation, a high flow of oil must be maintained constantly, In
addition, the oif degrades over Ume due to the high temperature of the intersal combustion
enging, and the off must be changed periodically o maintain engine Hife,  Funbhermore, when
the cooling gallery temperature excesds 350° O the oil tends to burn 81 # higher rate, referred

to as oil coking, and adhere 10 the surface of the gallery.
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10004) Another option is 1o design the piston with a sealed cooling gallery
contalning cooling off or another coolant to contrel the piston temperature. U5, Palent Mo,
9,127,619 discloses an example of a piston including a sealed cooling gallery partinlly flled
with a Hguid containing metal panicles having 2 high thermal conductivity,  The liguid
carries the metal particles droughout the cooling gallery as the piston reciprocates in the
internal combustion engine, and the metal partickes remove heat away from the crown, The
metal particles can re~distribute the heat flow, and thus reduce carbon deposits, coking, and
oif degradation along the crown,

IBOAS] It is also desirable to reduce heat loss from the combustion chamber (o
the piston crown, in order to maintain a high temperature in the combestion chamber and
achieve higher engine brake thermal efficiency.  Thus, a thermal barrier coating can be
applied to the piston crown for additional insulption,  However, engine manufaciurers
cominuously strive o develop new and improved methods to better maintain heat in the
combustion chamber, reduce the operating temperature of the pision, and thus further
improve engine brake thermal efficiency.

SUMMARY OF THE INVENTION

8006} One aspect of the invention comprises 2 piston for an internal
combustion providing the engine with improved brake thermal efficiency (BTE). The piston
inchudes a body formed of @ metal materisl.  The body includes a crown presenting a
combustion surface. The crown includes an outer side wall depending from the eombustion
surface, and the outer side wall presents an outer diameler of the body. The crown alse
includes an owser conling gallery and an undercrown cooling gallery, The cuter cooling
gallery extends chroumterentially slong the outer side wall bensath the combustion surface,
the outer cooling gallery is sealed and comtains a first cooling medis.  The undercrown

conling gallery is surrounded by the outer cooling gallery beneath a first undercrows surface,
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and the undercrown cooling gallery contsing 2 seccond cooling media,  The crown includes 3
lower wall extending along the undercrown cooling gallery, and the lower wall inchudes an
inlet hole 1o the undercrown cootling gallery.

10887] Another aspect of the invention provides s method of manufaciuring a
piston for an internal combustion enging. The method includes providing 2 body formed of 2
metal material, the body including 8 crown presenting & combustion surfsce, the crown
inchuding an outer sids wall depending from the combustion surface, the outer side wall
mresenting an outer diameter of the body, the crown including an outer cocling gallery being
sealed and an undercrown cooling gallery, the outer cooling gellery exieading
vircumferentially along the outer side wall beneath the combustion surface, the undercrown
cooling gallery being surrounded by the outer cooling gallery beneath o first undercrown
surface, the crown including a lower wall exiending along the undercrown cooling gablery,
and the fower wall including an inlet hole to the undercrown cooling gallery. The method
further includes providing a first cooling media in the outer cooling gallery and 8 second
cocling media in the undercrown cooling gallery,

BRIEF BESCRIPTION OF THE DRAWINGS

{008} Other advaniages of the present invention will be readily appreciated,
as the same becomes baiter understond by reference w the following detailed description
when considered in connection with the accompanying drawing whergin

0089) Figure 1 is a side cross-sectional view of & piston sccording 1o one
example embodiment with a sealed outer cooling gallery extending chroumborentislly around
the piston and containing a frst cooling media;

186618} Figure 2 is a side cross-sectional view of a plston according to another
example embodimens which includes a scaled undercrown cooling gallery filled with a

second cooling medis in addition to the sealed outer cooling gallery; and
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EIRY Figure 3 is g side cross-sectional view of g pision according 1o vet
annther exampls smbodiment which includes the sealed cuter cooling gallery and the
undercrows cooling gallery, wherein the undererown cooling gallery includes an open inlet
hole and contains the second cooling media,

DESCRIPTION OF THE EXAMPLE EMBODIMENTS

a1z A piston 2% for an internal combustion engine according to example
smbodiments is generally shown in Figures 1.3, The piston 20 inchedes 2 sealed outer
cooling gallery 26 containing  first cooling media 28 andfor an undercrown cooling gallery
26 containing 2 second cooling media 287 o reduce heat loss from the combustion chamber
through the piston 28, and thus improve brake thermal efficiency (BTE} when the piston 28 is
used In an internal combustion engine.  Brake thermal efficlency is known to those of
srdinary skill in the art as brake power of the engine divided by thermal power of the engine.
The brake thermal efficiency is typically used 1o determine Bow well the engine converts heat
from fuel to machanical energy.

{06131 As shown in the Figures, the piston 28 comprises 2 body 22 formed of
a metal material, such as sieel, extending circumfvrentially arcund 2 confer axis A and
tongitudinally along the conter axds A from an upper end 30 to 2 lower end 32, The body 22
includes a crown 24 presenting 8 combustion surface 34 which is expoesed to a combustion
chamber during use in the internal combustion engine. The crown 34 also presents a finst
undercrown surface 36 facing opposiie the combustion surfuce 34,

LT The crown 24 includes the culer cooling gallery 26 extending along at
fsast a portion of the crowa 34, The crown 24 includes an upper wall 38, a lower wall 48, an
outer side wall 42, and an inner side wall 44 which together define the outer cooling gallery
36. This cuter cooting gallery 26 is disposed along an ouler portion of the first undercrown

surface 36 and extends ciroumferentially around the center sxis A, The outer cooling gallery
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26 is disposed along only a portion of the upper wall 38 of the crown 24 and is spaced
radially from the conter axis 4. The outer side wall 42 and inner side wall 44 are formed by
ribs which are joined together 1o define the outer cooling gallery 26, In this ewbodiment, the
outer ribs are connected by welds 58 1o form the ouwter side wall 43, and the nner ribs are
conpected by welds 58 1o form the inper side wall 44, The ribs could sliernatively be
atiached to one another asing another joining method, such as bonding weld or & mechanival
attachment, At least one of the walls 38, 48, 42, 44, and typleally the lower wall 48, includes
an opening 52 for allowing the first cooling media 28 1o enter the outer cooling gallery 26,
The oponing 52 to the ouler cooling gallery 26 is then sealed, for example by 2 plug, as
shown in the Figures. Alternatively, the opening 32 could be sealed by disposing an adhesive
in the ppening 52, welding & material to the opening 32, or brazing the opening 52,
Aliernatively, the piston 28 could be cast as 8 single plece inchuding the sealed cuter cooling
gallery 26

18018 According to another example embodiment, a5 shown in Figures 2 and
3, the piston 28 includes the undercrown cooling gallery 26° along the first undercrown
surface 36 st the center axis & of the piston 28, This undercrown cooling gallery 267 is only
disposed along 8 portion of the upper wall 38 of the srown 24 and is swrounded by the
circumferential outer cooling gallery 26, The upper wall 38, lowsr wall 48, and inner side
wall 44 together define the undercrown cooling gallery 26°. In this embodiment, the fower
wall 48 includes a second undercrown surface 38° facing opposite the combustion surface 3.
The undercrown cooling gallery 26° s preferably used in combination with the
ciroumierential outer cooling gallery 26, but cen be used independent of the circumferential
outer cooling gallery 26, The undercrown cooling galery 26° is also at least partially filled
with a second cooling media 28° to funther reduce heat flow through the pision 28 andior o

reduce oll degradation.  The second cooling mediz 28° used in the undercrown cocling

iy
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gallery 26° can be the same or different from the first cooling media 28 used & the outer
conling gallery 26,

{0818] in the embodiment of Figure 2, the undercrown cooling gallery 26° is
sealed to contain the second cooling media 28° and so thal no other subsiance can spier oF
exit the cooling gallery 26°, According to another smbodiment, as shown in Figure 3, the
vndercrown cooling gallery 267 is not sealed. A small opan inlet hole 46 is located in the
fower wall 48 along the conter axis A of the piston 28 to allow alr (o enter the undercrown
cooking gallery 26°.  The inlet hole 46 may also allow a small amount of oil from the
crankease in the form of p splash or mist 1o enter the undercrown cooling gallery 26°. In the
embodiment of Figure 2, however, the inlet hole 46 1o the undercrowa cooling gallery 18° i
seated with 2 plug 52, The diameter of the inlet hole 46 is 1% to 23% of the outer diameter
of the piston 28, Typically, the diameter of the infet hele 46 is less than 4% of the outer
diameter of the piston 20, or from 2% 1o 4%6 of the outer diameter of the piston 28, The outer
digmeter of the piston 28 is defined as the largest outer diameter along the skin sections 62 n
the theust discetion. Typically, the outer diameter of the piston 28 is measured where the
piston 20 1o Hner clearance is defined.  For example, the diemeter of the inlet hole 46 could
be approximately & mum or less.  Optionally, the inlet hole 46 can be tapered, such that the
diameter of the inlet hole 46 increases moving from the inside of the undercrown couling
gallery 46 1o the outside, and away from the combustion surface 34, The tapered hole 46
may facilitaie the process of oil entering into the undercrown cooling gallery 26 and/or keep
the second cooling media 287 inside the undercrown cooling gallery 26°. A revered tapered
hole 46, wherein the diameter of the inlet hole 46 decreases moving from the inside of the
undererown cooling gallery 46 to the putside, and away from the combustion surface 34, can
also be used io faciliiate the manufacturing process of drilling from the side of the

undurcrown cooling gallery 26°

&
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THII N in the pision 20 of the example embodiment, the combustion surface
34 of the body 22 presents an apex af the conter axis A, a bowl-shape surrounding the apex,
and a how! rim surrounding the bowl-shape. The outer side wall 42 also includes a plurality
of ring grooves 56 facing away from the conter axis A and extending clrcumierentially
sround the center axis A, The ring grooves 56 are spaced from one another by lands 48, and
the lands 48 presemt the ouler diameter of the body 22, The piston I8 of the example
embodiment further includes at least one pin boss 88, but typically a pair of pln bosses 38,
eoch depending from the crown 24 and extending circumferentially about the center axis A
‘The at least one pin boss 38 presents & pin bore 68 extending perpendicular (0 the conter axis
4 for receiving a wrist pin {not shown), The body 22 also includes at least one skirt seciion
63, but typically a pair of skin sections 62, depending from the crown 24 and exiending
circumfcrmiiaiﬁy about the center axis A, The at feast one skirt section 62 is joined 10 the at
izast one pin boss 58, Typleally, the skint sections 2 are spaced from one another
circumfcrentially about the center axis A by the pin bosses 38, 1t is noted that the body 22 of
the piston 28 could comprise various oiber designs other than the design disclosed in Figures
1 and 2, while still including the outer tooling gallery 26 andior the undercrown cooling
gallery 26° for containing the cooling media 28 andior 287,

U EL The Dirst cooling media 28 located in the outer cooling gallery 28
andior the second copling media 28 located in the undercrown cooling gallery 267 can be in
the form of 3 gas, liguid, solid, andfor a mixture. Typically, when the cooling media 28 or
28’ is in the form of 2 gas, the gas {ills 100 volume percent {vol, %6} of the cocling galiery 16,
360, Various different types of gas could be used for the cooling media 28 or 28, for
example air, helium, argon, helium, xenon, carbon dioxids, another gas, or even a pariial
vacuum,  The gas cooling media 28 or 28" has 8 thermal conductivity which is lower than

solid materials, multiphase lauidigas mixwures, and lguids, such as conventional cooling

s
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oils. For example, st 25° €, air has a thermal conductivity of abowt 0.024 W/im K}, helium
has a thermal conductivity of sbout 0,142 Wilm-K), and argos has a thermal conductivity of
shout £.016 WAmK).  According 10 one example embodiment, the second cooling media
28 which Bills the undercrown cooling gallery 38° is argon, » partial vacuuim, or another gas
that is more efective at reducing heat flow than air. Either argon, air, or another type of firgt
cooling media 28 then fills the owter conling gallery 26.

19019 According to another example embodiment, the first cooling media 28
which fills or partiaily fills the outer cooling gallery 26 andfor the second cooling media 18
which fills or partially fills the undercrown cooling gallery 26° is a Hauld, solid, or a mixture
of solids and Houids. Examples of compositions which can be used as the cooling media 28
or 38 are disclosed in U.S. Patont Mos. S127619, §055486, 8662026, and US Provisional
Patent Application No. 620262,704.  According to one sxample embodimens, 2 coolant
having the trade name EnviroKooi™ is used as the second cooling media 28 which partially
fills the undercrown cooling gallery 26%.  In this case, air or another type of first cooling
madia 28 Sils or partislly fills the outer cooling gallery 26, According to another example
embodiment, the first cooling media 28 consists of alr and fills 100% of a volume af the puter
cooling gallery 26; and the second cooling media 28° consisis of air and fills 100% of a
volume of the endercrown cooling gallery 267

18024 According to yet another embodiment, standard engine ol is the firdl
cooling media 28 which partially fills the cuter cooling gallery 26 andior the second cooling
media 28° which partially fllis the undercrown cooling gallery 267, 1f only one of the
conting galleries 26, 267 includes the engine ofl, then air or another type of conting media 28,
28° fills or partially fills the other cooling gallery 26, 267, In the case engine oil is used 10
partially fifl the outer cooling gallery 26 andior the undercrown cooling patlery 26, the

engine oil may creste a coked oil layer slong the inner surface of the cooling gallery 26, piy
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at high surface temperature areas. Thus, the coked o layer could creaste additional therms!
nsulation and further reduce loss through the piston 28.

LAY The low thermal conductivity of the cooling media 28, 28° maintains
heat in the combustion chamber and reduces the amount of hoat lost through the pision 28, in
other words, the low thermal conductivity reduces heat loss from the combustion chamber
through the plston 20 and increasss the temperature of the combustion chamber.  Thus, the
cooling media 38, 28° can be referred to 85 an insulating media or piston thermal
management. Additiona! energy in the combustion chamber can be reclaimed with this wasie
heat recovery {WHR) system.  In addition, ofl coking deposits along surfaces of the cooling
gallery 26 and the second undercrown surface 36° can be minimized or eliminated
Degradation of cooling ol and lubricating oif which contacts the piston 28 can be redused.
The cooting media 28, 28° can also minimize the temperature of the lower part of the piston
28.

i To provide additional insulation, a thermal barrier coating 84 can be
applied to the combustion surface 34 of the uppor wall 38 of the crown 24, 35 shown in
Figures 1, 2, amgd 3. The thormal barrier coating 54 can also be applied to the first
undercrown surface 36 of the piston of Figure 1 which does not include the undercrown
cooling chamber 26°.  Aliernatively, the thermal barrier costing 34 can be applied to the
second undercrown surface 36 of the piston 28 of Figwes 2 and 3 which includes the
undercrown cooling gallery 26°.  For example, the piston 28 of Figures 2 and 3 can inchude
the thermal barrier coating 84 on both the first undercrown surface 36 and the second
undererown surface 367, or Judt one of those surfaces. The thermal barrier conting 34 has a
thermal condustivity which is lower than the thermal conductivity of the metal used to form
the piston body 22, The thermal barrier costing 54 s formed of an insulating material, such

as a coramic based material, for example viiris sisbilized zirconta, ceria stabilized zireonia, or

&
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arother type of partially siabilized zirconis. The thermal barvier coating 34 further reduces
heat loss through the piston 28 and increases the combustion chamber temperaturs.

184231 Another aspeet of the invention provides 2 method of manufacturing
the pision 28 including the first cooling media 28 in the ouler cooling gallery 26 and/or the
second conling media 28° in the uadercrown cooling gallery 26°. The method gencrally
includes the steps of providing the body 22 formed of the stes] material; and al least partially
filling st least & portion of the outer conling gallery 26 andfor the undercrown cooling gallery
187 with the cooling mediz 28, 28°. The method also typically includes sealing the outer
cooling gallery 26 and/or the undercrown cooling gallery 26°,

{8244 When forming the example piston 28 shown in Figures -3, the step of
providing the body 22 includes joining the upper rib 10 the lower rib 1o form the inner side
wall 44 and the ower side wall 42 defining the ouler cooling gallery 26 therebeiween, The
joining step can include welding, bonding welding, mechanically attaching, or using another
technigue 10 join the ribs,

TS The step of filling the outer cooling gallery 26 with the first cooling
media 28 typically includes forming the opening 52 in one of the walls 38, 40, 42, 44 of the
crown 24, typically the lower wall 48, and then pumping the first copling madia 28 through
the opening 52, In this embodiment, the opening 32 can be formed before or afler the
ioining step, and the siep of filling the cooling gallery 26 ovcurs affer the joining step.
Finally, this method includes sealing the opening 52 to the outer cooling gallery 26 with
plug and fixing the plug, for example by welding, brazing, a screw, or an adhesive. US
Provisional Patent Application Mo, 62/110,191, which is incorporated herein by reforence,
discloses an example method used to seal the cooling gallery 26, Allernatively, the outer
conling gallery 26 can inchude the opening 82 which can be left unsealed, provided that it will

not be aligned with an off cooling jet. The same sieps discussed with regard to the opening
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8% can be conducied 1o 1 and seal the inlet hole 46 to the undercrown cooling gallery 26°,
Alternatively, the undercrown cooling gallery 267 can include the small hole 48 and can be
feft unsealed,

15626} According to another embodiment, the piston 28 could be cast as 8
single piece including the sealed cooling gallery 28, such that gir is the first conling media 28
which fills the sealed owier cooling gallery 28, In other embodiments, a partial vacuum,
argon, helium, xenon, carbon dioxide, oF another gas having a low thormal conductivity, for
sxample a gas effective in reducing heat fow than air, is dispesed in the ouwter conling gallery
36 andfor the undercrown cooling gallery 26° before scaling the cooling gallery 26, The
process used Lo maﬁufacture the piston 20 is much simpler, reselting i lower cost, compared
0 prior methods,

{80271 Cbviousty, many modifications and variations of the present invention
are possible in light of the above toachings and may be practiced otherwise than as

specifically described while within the scope of the fellowing claims.
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CLAIMS
i A piston for an internal combustion engine, comprising:

a body formed of 8 metal material;

said body including 3 crown presenting a combustion surface;

said crown including an ouwter side wall depending from said combusiion
surface, said outer side wall presenting an outer dizmeter of said body;

said crown including an outer cooling gallery and an undercrown cooling
gallery;

said outer cooling gatlery exiending cireumferontinlfy along said outer side
wall bencath said combustion surfoce, said ouler cooling gallery being sealed and
comaining a first cooling madin;

suid undercrown cooling gallery belng swrrounded by said outer covling
pallery beneath a first undercrown surfice, sald undercrown cooling gallery containing
second cooling media; and

said crown including 8 lower wall extending slong sald undercrown cooling

gallery, and said lower wall including an inlet hole to said undererown cooling galiery.

2, The piston of ¢laim 1, wherein said inlet hole to said undercrown cooling

gallery has a diameter being from 1% 10 25% of said outer diameter of said bady.

3. The piston of claim 1, wherein said inlet hole 1o sald undercrown cooling

gallery hus a dinmeter being from 7% 10 4% of sald outer diameter of said body.

4, The piston of claim 1, wherein said inlet hole to said undercrown cooling

gailery is open.

e
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5. The piston of clalm 4, wherein said inlet hole o said undercrown cooling
gallery is lapered such that a diameter of said inlet hole increases or decreases in g direction

moving away from said combustion surface.

&, The piston of claim 1, wherein sald inlet hole to said undercrown cooling

galery is sealed.

7. The piston of claim 1, wherein cach of sald first cooling media and said
second cooling media are selected fromy the group consisting of a solid, a Houid, a gas, alr,

and 8 partial vacuum.

8. The pision of claim 7, whersin said ocuter cooling gallery Is sealed, said first
cooting media is 8t teast one of a solid, a liguid, 8 gas, and air; and said inlet bole to said

unidercrown cooling pallery is open, and said second cooling media s aln

Q. The piston of claim 7, wherein said ouler cooling gallery is sealed, said firgt
cooling media consists of a solid, a Hquid, a ges, air, and a partial vacuuny; sald inlet hole
said underorown cooling gallery is open, said second cooling medis consists of air, and the

air fills 100% of 8 volume of suid cooling galleries,

1. The piston of elaim | further including 2 thermal barrier cogting applied lo at
ieast one of said combustion surface, ssid first undercrown surfce, and 3 second

undercrown surface focaled beneath sald undercrown cooling gallery; and said thermal
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barrier coating has & theymal conductivity belng lower than a thermal conductivity of said

metal maierial of said body.

1t The pision of clalm 1, wherels sald thermal barrier coating is formed of an

insulating material,

12, The piston of clabm !, wherein said body is formed of sicel and exiends

chroumierentially around o venter axis and longitudinally from an wpper end 1o & lower end;

said crown includes an upper wall presenting sald combustion surface and an
inner side wall;

said wpper wall, sald lower wall, sald outer side wall, and said inner side wall
together define said ower cooling gallery:

said nuter conling gallery is spaced radially from said center axis;

said outer side wall and said inner side wall are formed by ribs jolned together;

at least one of said ocuter side wall, said inner side wall, und said lower wall
inciudes an opening for alfowing conling media 10 enter said cuter cooling gallery, and said
opening is sealed;

said lower wall presemis a second endererown surface beneath  said
undercrown cooling gallery;

said combustinn surface presents &n spex al said conter axis, a bowl-shape
surrounding sald apex, and a bowl rim surrounding said bowl-shape;

said owter side wall includes a plurality of ring groves facing away from said
center axis and exiending circumferentially arcund said center axis, saiid ring grooves being
spaced from one another by lands, and sald lands presemting said outer diameter of said

body;

14
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said body includes a palr of pin bosses esch depending from sald crown, gach
of said pin bosses presenting 4 pin bore extending perpendicular to sald center axis;

said body includes 2 pair of skin sections depending from sald crown and
spaced from one ansther by sald pin bosses;

said first cooling media fills 100% of a volume of said outer cooling gallery,
and said first cooling media consists of g

said upper wall, said lowsr wall, and sald inner side wall togsther define said
ungdercrown cooling gallery:

said undererown cooling gallery s disposed at sald center axis and extends
radially ourwardly to said suter cooling gallery;

said second cooling media fills 100% of @ volume of said undercrown cooling
gallery, and said seeond cooling media consists of air

said inlet hole to sald undercrown cooling gallery has a dlameter belng from
2% 1o 4% of a largest outer diameter of said body along said skint seotions, and said inlet
hole is mpered;

and funther incloding:

a thermal barrier costing applied 1o at lesst one of sald combustion surface,
said first undercrown surface, and sald second undercrown surface; and

wherein said therma! barrier coating is formed of an insulating material, said

insulating material including e partially stabilized zirconia,

13, A mothod of manufecturing 2 piston (o sn internal combustion engine,
comprising the sieps:
providing 8 body formed of 3 metal material, the body including a crown

mesenting a2 combustion surface, the crown including an omter side wall depending from the

nne
%)
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combusiion surface, the ouler side wall presenting an ouler diameter of the body, the crown
including an outer cooling gallery being scaled and an undercrown cooling gallery, the outer
cooling gellery extending chroumierentially along the outer side wall benesth the
combusiion surface, the undercrown cooling gallery belng surrounded by the cuter cooling
gallery bensath a2 first underorown surface, the crown including a lower wall exiending
slong the undercrown cooling gallery, and the lower wall including an inlet bole o the
undererown cooling gallery; and

providing a first cooling media in the outer cooling gallery and a second

cooling media in the endercrown cooling gallery,

i4, The method of claim 13, wherein the first cooling medis consists of air, the
step of providing the firsst cooling media in the outer cooling gallery includes fHlling the

puter cooling gallery with the air, and further including sealing the owter cooling gallery,

5. The method of claim 13, wherein the step of providing the first cooling media

in the ouler cocling gallery includes filling the outer cooling gallery with at least one of

argon, helium, <enon, and curbon dioxide.

16.  The method of claim 13, wharein the {irst covling media includes a multiphase
mixture of Hauid and gas, and the step of providing the first cooling media in the outer
cooting gallery includes disposing 3 liquid in the outer cooling gallery, and further including

sealing the outer cooling gallery.
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17.  The method of claim 13, wherein the second cooling media consisiz of alr, and
the step of providing the second cooling media in the undercrown cooling gallery includes

filling the undercrown cooling gallery with the ain

18, The method of clatm 13, wherein the infet hole to the undercrown cooling
galery is open, snd the inlet hole has a diameter being from 2% 10 4% of the outer diameier

of the body.

19, The method of claim 13 including applying & thermal barrier conting o ai least
one of ihe combustion surface, the first undercrown surface, and a second undercrown
surfuce located bensath the undercrown conling gallery; and the thermal barrier coating bas
a thermal conductivity being lower than a thermal conductivity of the metal material of the

body.

28, The method of clabm 13 including sealing the inlet hole o the undercrown

cocling gallery,

2t The method of ¢laim 20, wherein the sealing step inchsdes at least one of the
fellowing steps: disposing a plug In the inlet hole, disposing an adhesive in the inlet hole,

welding & material to the inet hole, and brazing the inlet hole.

23, The method of claim 13, wherein the siep of providing the body includes
forming the outer cooling gallery and the inner cooling gallery by joining an upper £ib
extending circumibrentially around & center axis 1o a lower rib extending cirvumivrentially

around the cenier axis.
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