VAPOR ALUM NI DE COATI NG GAS MANI FOLD BACKGROUND OF THE
I NVENTION (1) Field of the Invention [0001] The
present invention relates to an inproved process for
coating the internal surfaces of workpieces, such as
turbine blades and vanes, having internal passageways
and to a manifold wused in the process. (2) Prior Art

[ 0002] Al um nide coatings provide protection agai nst
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cobalt based superalloy articles used in gas turbine
engi nes. In general, alumnide coatings are fornmed by
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oat.i g pass in contact with the surface in
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required thickness and conposition. The ability of the
5 c%ating @rocess to effectively and uniformy coat the
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sod?égfg%egau%E%Sm?agga gt£$§{g£¥ﬁ%nd an inert buffer or
diluent, in the presence of the article to be coated. The
article may be located in out-of-contact relation with the
powder mixture, hence the process is called a vapor phase
process.

[0003] When coating internal surfaces of turbine blades and
vanes to protect the internal surfaces, a sufficient amount of
aluminide ceoating gas must pass in contact with the surface in
order to produce a NiAl diffusion coating of the required
thickness and composition. The ability of the coating process to
effectively and uniformly coat the internal surfaces is a direct
function of the distribution and flow of the aluminum halide
carrier gas through the internal passages. Factors making
internal coating coverage more difficult are: (1) complex
serpentine passages; (2) long distance and/or high aspect ratio
{length-to-width/cross section) passages; (3) very narrow

passages; and 4) an array of different size passage openings.




1 [0004] One such process involves flow ng an al um num
hal i de gas, such as Al F3r under pressure through an
opening in the root of a workpiece allowing the gas to
penetrate all internal passages. Depending upon the
design of the workpiece, there usually are multiple
openi ngs in the base of the workpiece to allow fl ow
into the various internal passages. The gas is
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SUMMARY COF THE INVENTION
[0005) Accordingly, it is an object of the present invention to
provide a manifold which allows the flow of a cocating gas to be
selectively higher to some locations.
[0006] It is a further object of the present invention to
provide an improved process for coating internal passageways of
a workpiece.
{0007] The foregoing objects are attained by the manifold and
the process of the present invention.
[0008] In accordance with the present invention, a manifold for
use in a process for coating different sized passages in a
workpiece is provided. The manifold broadly comprises an
internal chamber, an inlet for receiving a flow of a coating
gas, and means within the internal chamber for separating the
flow of coating gas into a first flow sufficient to coat a full

length of surfaces of a first internal passage set having a
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gas, and neans within the internal chanber for

separating the flow of coating gas into a first flow

sufficient to coat a full Iength of surfaces of a

first internal passage set having a 2 first cross

section dinension and a second flow sufficient to coat

a full length of surfaces of a second internal passage

set having a second cross section dinension smaller
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[0010] Other details of the vapor aluminide coating gas manifold
of the present invention, as well as other objects and
advantages attendant thereto, are set forth in the following
detailed description and the accompanying drawing wherein like

reference numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a schematic representation of a first
embodiment of a system for coating internal passages of a
workpiece using a manifold in accordance with the present
invention; and
f0012] FIG. 2 is a schematic representation of a second
embodiment of a system for coating internal passages of a

workpiece using a plurality of manifolds.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)




[0012] FIG 2 is a schematic representation of a second
enbodi nent of a systemfor coating internal passages of
a workpiece using a plurality of manifolds. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) 3 [00131
Referring nowto FIG 1, there is shown a system 10 for
coating internal passages 12 of a workpiece 14, such as
a blade or vane for use in a turbine engine. The
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adjacent the leading edge 30 may have a cross section dimension
which is greater than the cross section dimension of the cooling
hole 26 adjacent the trailing edge 32.
[0014] The system 10 includes a source 34 of an aluminide
coating gas, such as AlF,; gas. This gas may be generated in a
remote location by a reaction of a halide activator (ie. AlF;,
NH,F.HF, NH;Cl, AlCl; ,etc.) with an aluminum-rich source metal
(ie. CrAl, CosAls, NiAl, pure Al, etc.) at coating process
temperature and fed to the inlet of the manifold by an Ar
carrier gas. A typical aluminide coating process is from about
2 to 8 hours at a temperature in the range of 1700 - 2100°F.
Gas flows for internal coating range from 1.0 to 15.0 cfh per
part with higher pressures being used for longer or more complex
passages.
[0015] The system 10 further includes a flow manifold 36 which

has an inlet 38 for receiving the aluminide coating gas from the
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tenperature and fed to the inlet of the manifold by an
Ar carrier gas. Atypical alum nide coating process is
fromabout 2 to 8 hours at a tenperature in the range
of 1700 - 2100F. Gas flows for internal coating range
from1.0 to 15.0 cfh per part with higher pressures

bei ng used for |onger or nore conplex passages. [0015]

The system 10 further includes a flow manifold 36 which
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[0017] As can be seen from FIG. 1, the flow diverter 42 has a
first portion 48 which preferably has a leading edge 50 within
the inlet 38 of the manifold 36. The flow diverter 42 also has a
second portion 52 which is angled with respect to the first
portion 48. The second portion 52 extends to a point very close
to or adjacent the outlet of the manifold 36. The flow diverter
42 prevents any flow of the coating gas between the sections 44
and 46.

[0018] The flow diverter 42 may be stationary or movable so that
the flow of the coating gas may be apportioned as needed. For
example, the portion 48 of the flow diverter may be laterally
movable within the inlet 38 to apportion the gas flow as needed.
Alternatively, the second portion 52 may be movable relative to
the first portion 48 to change the relative size of the sections
44 and 46 and hence the amount of coating gas flow to the

rearmost passage or passages 12.




portion 48. The second portion 52 extends to a point

very close to or adjacent the outlet of the manifold

36. The flow diverter 42 prevents any flow of the

coating gas between the sections 44 and 46. (00181 The

flow diverter 42 may be stationary or novable so that
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results shown in Table I are for a system where the manifold did
not have a flow diverter in accordance with the present
invention. The trial results shown in Table II are for a system
wherein the manifold had a flow diverter in accordance with the
present invention. As can be seen from this data, hole 12 did

not coat at the outer extremity without the diverter.

TABLE I

PWA 275 Coating Thickness (mils}
Without Manifold Diverter

Distance above _
the manifold Hole Hole Hole 5 Hole 7 Hole Hole 11 Hele
1 2 9 12
10" 1.7 1.8 1.9 1.8 1.8 1.8 0
8" 1.8 1.8 1.8 1.8 1.1
5" 1.7 1.8 1.8 1.8 1.3
0.5" 1.6 1.8 1.7 1.7 1.9 1.7




not have a flow diverter in accordance with the present
invention. The trial results shown in Table Il are for
a system wherein the manifold had a flow diverter in
accordance with the present invention. As can be seen
fromthis data, hole 12 did not coat at the outer
extremty without the diverter. TABLE | PWA 275 Coati ng
Thi ckness (mle) Wthout Manifold Diverter D stance
above Hol e Hol e Fble 5FbI§ABHBIéIFbIe 11Fble the

mani f ol d12942—36"4- ; 94--84-%
5"1.71.81/81.81.3 0. E“‘{téi:fﬁﬁé ﬁlgﬁ qeémlll,&éLE I
Distahde QEaLL Mg T gkmess (T T s) (Wit VaT B
thdinSh A28 @bRVR th@leHclﬁoll-ebhe Ak @ 7H€?:ll% H@xbee ]J.lHoh-ﬁale
the mani fol di2912 30" 3.51.71.[71.61.61.64.0 12
10" 1.5 1.7 1.7 1.6 1.6 1.6 1.0
8" 1.5 1.7 1.8 1.7 1.7 1.7 1.4
5" 1.6 1.7 1.8 1.7 1.7 1.8 1.5
0.5" 1.6 1.6 1.5 1.6 1.5 1.5 1.7

[0021] Referring now to FIG. 2, there is shown a second
embodiment of a system 10’ for coating internal passages in a
workpiece 14. As before, the workpiece 14, such as a blade or
vane for use in a turbine engine, may have a root portion 16, a
platform 18, and an airfoil portion 20. The workpiece 14 may
have one or more leading edge passages 60, one or more midbody
passages 62, and one or more trailing edge passages 64. As
before, there is a scurce 66 of a coating gas such as an
aluminide coating gas.

[0022] As can be seen from FIG. 2, the system 10’ has a first
flow manifold 68 and a second flow manifold 70. The first flow
manifold 68 provides a first incoming coating gas flow to the
inlets of the passages 60 and 62. The second flow manifold 70
provides a second incoming coating gas flow to the passage or
passages 64. Suitable means, such as valves, may be provided for
controlling the quantity of gas which flows through each of the
manifolds 68 and 70. This approach allows each manifold 68 and
70 to flow at é different rate.

[0023] While a single coating gas source 66 has been shown in
FIG. 2, more than one coating gas source may be used. For
example, each of the manifolds 68 and 70 may have its inlet 72
communicating with a separate ccating gas source.

[0024] If desired, one or more of the manifolds 68 and 70 may be

provided with a flow diverter 42 as described hereinabove.
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2, there is shown a second enbodinent of a system 10
for coating internal passages in a workpiece 14. As
bef ore, the workpiece 14, such as a blade or vane for
use in a turbine engine, my have a root portion 16, a
platform 18, and an airfoil portion 20. The workpi ece
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coakSa full length of surfaces of a second internal passage set
having a second cross section dimension smaller than said first

cross section dimension.

2, A manifold according to claim 1, wherein said flow separating

comprises a flow diverter.

3. A manifold according to claim 2, wherein said flow diverter

is stationary within said chamber.

4. A manifold according to claim 2, wherein said flow diverter

is movable within said chamber.

5. A manifold according to c¢laim 2, wherein said flow diverter
has a first portion which extends into said inlet and a second
portion angled relative to said first portion and wherein said
manifold has an outlet and said second portion extends from said

first portion to a point in close proximity to said outlet.




1. Amnifold for use in a process for coating
different sized passages in a workpiece conprising: an
internal chanber; an inlet for receiving a flow of a
coating gas; and neans within the internal chanber for
separating the flow of coating gas into a first flow
sufficient to coat a full Ilength of surfaces of a
first internal passage set having a first cross
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than said first cross section dinension. 2. A manifold
according to_claim1, wherein said flow separating
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claim2, wherein said flow diverter is stationary
within said chanber. 4. A manifold according to claim
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. chagber. 2. A mani fold according to claim2, wherein
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outpéfl BmARifaid Bavbrd Porintarnad Sigsberondsaigdlefri £or

rec%?(rihgnat @18?9% Nfaid &éé’éﬁecﬂ%g,ma% tRa%3 GhieHihetned
. ystemtor coating I nt passages of a
inteenkpi enembepnpor ssegarat soyrde dflew cdatcoad iggsgaa into a

irFRAL0Y SAF ALGOPRDI oc o TG MERGH Bt anioad of &
firkRt ¢hRaknshapRsEaga@nsé | ®iviy a first cross section
dimension and a second flow sufficient to coat a full length of
surfaces of a second internal passage set having a second cross
section dimension smaller than said first cross section

dimension.

7. A system according to claim 6, wherein said source of said

coating gas comprises a source of aluminum halide gas.

8. A system according to claim 6, wherein said source of

said coating gas comprises a source of AlF;.

9. A system according to claim 6, wherein said flow separating

comprises a flow diverter.

10. A manifold according to claim 9, wherein said flow diverter

is stationary within said chamber.

11. A manifold according to claim 9, wherein said flow diverter

is movable within said chamber.




receiving a flow of said coating gas, and neans within

the internal chanber for separating the flow of

coating gas into a first flow sufficient to coat a ful

l ength of surfaces of a first internal passage set

having a first cross section dinension and a second

flow sufficient to coat a full length of surfaces of a

second i nternal passage set having a second cross

section dinension smaller than said first cross section

di nension, .7. A systemaccording to claim®é, rein,
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11. A manifold according to claim9, wherein said flow

diverter 1is novable within said chanber. 9 12. A
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POpELONdE By da Pabitce No £l DSEoaing Halsy t o said outlet.

13. A process for coating internal passages of a

turbi ne engi ne conponent, said process conprising the

st ;- Rrovi di S t:ign : :

B R o SR
coatdagi ggsgasdand $aidavarkwidaqs ec@ad and

separating the flow of coating gas within said manifold
into a first flow sufficient to coat a full length of surfaces
of a first internal passage set having a first cross section
dimension and a second flow sufficient to coat a full length of
surfaces of a second internal passage set having a second cross
section dimension smaller than said first cross section

dimension.

14. A process according to claim 13, further comprising

delivering said first flow to an opening of each of a plurality
of pages forming said first internal passage set and delivering
said second flow to an opening of at least one internal passage

forming said second internal passage set.

15. A process according to claim 14, wherein said second flow

delivering step comprises delivering said second flow to a

10
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separating the flow of coating gas within said manifold
into a first flow sufficient to coat a full |length of
surfaces of a first internal passage set having a
first cross section dinmension and a second flow
sufficient to coat a full length of surfaces of a
second internal passage set having a second cross
section dinmension smaller than said first cross section
pludphih¥i of. inderpaprpresrges domiing =eid gesgend, ingerhat
rispn delivering said first flow to an openi ng of
paségg 8§£agplurality gf pages form ng said firgt )
i nternal passage set and delivering said second flow
to an opening of _at |east_ one internal,passagg form_ng

16.shi Hrgéﬁﬁﬁda?‘ﬁ‘?ﬁlm "b%s%]zfg]é“ de:. .Wﬁ_reAnpﬁéé gtep of
proggﬁgf\}g' R9s5Qr &L a5 1400 C?Z:glfhss%_oqnp%%%_‘é dpfrlog\!ﬁ’di%l?oa source

ring step conprises vering said Second W

of mdumitiOmphatafietgasf internal passages formng said
second internal passage set. 16. A process according
to claim 13, wherein said step of providing a source

17.0h Br68akknNgc88sd LOGPEd SEBa i OMI ik r2 is0Baae SQEF of

al um num hal i de gas. 17. A process according to claim
proy3diffiefePAUEEE dOEt 2CAL iRT GAYIARYPE 186§ P&Oyfding a source
of §9gling gas conprises providing a source of AF3. 18.

A pfocess according to claim13, wherein said

separating step conprises positioning a flow diverter

within said manifold to separate said.inconing flow of
18. cBaPFRGSBaSAPRPEASE d°F 1 TLALT ity SBESTATS FARE PEgarAting
stePl P6RPS1AES0pIL T bRIRd ad 1y dhenRiet skt iPOShiBORBAYfold
Step conprises noving Said flow diverter within said
to sephtatd. said incoming flow of coating gas into said first

and second flows.

19. A process according to claim 18, wherein said positioning

step comprises moving said flow diverter within said manifold.

20. A system for coating internal passages of a workpiece

comprising:

at least one source of a coating gas;

first manifold means connected to said at least one source
of coating gas for delivering a first flow of coating gas to a
first set of said internal passages; and

second manifold means connected to said at least one source

of coating gas for delivering a second flow of coating gas to a

second set of said internal passages.

11




20. A systemfor coating internal passages of a

wor kpi ece conprising: at |east one source of a coating

gas; first manifold neans connected to said at | east

one source of coating gas for delivering a first flow

of coating gas to a first set of said interna

passages; and second nmani fold neans connected to said

at | east one source of coating gas for delivering a
21.sécepdtemoncobrdongi hg ghsin 2@, weoorich stidffigatdmanifold

measy, onePBRACEARACP: faf L hihi TOFFS AReAL CNiodt e &

said beE8hdSAHAEECDE Sahfs COAt ddthdRSedND aSQdéjzo?@C@b%rce of
mani fold neans is connected to a second source of said

saigogPRrA§ngagdas22. A system according to clai m 20,
wherein said first manifold neans conprises a first
mani fol d and said second mani fold means conprises a
22.sacepdtemnatobddsaparateldtmm Gaivhdreist gwd fidlrdt 23nifold
A system according to claim 20, wherein said first

meaﬁ&nFPE‘iF’Hlsﬁﬁaﬁsfé fprieRiiolddnd said B Pandnlé means

compRd s8di g §seeﬂé mgﬁnfépa ds SEARS: £ PRI SRS P 98- Nthani fold.
Section of said chanbe separated fromsaid first

section. 24. A systen1accord|ng to claim 23, wherein

id f LSt and._.seco ctio separa dﬁ%
23R, EvpbeR oB08xaRGETER, SERh B8 ahkefomnttold
mea@l d_oabrllsea_Sh ﬁﬂﬁstsgelé@ﬁox@wpra Scﬂfan&)éiOlé{rﬁiE sfid second
al um num hal i de gas. 12 . _
manifold means comprises a second section of said chamber

separated from said first section.

24. A system according to claim 23, wherein said first and

second sections are separated by a flow diverter.

25. A system according to claim 20, wherein said at least one

source comprises a source of aluminum halide gas.
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