16 June 2005 GAS | NJECTOR SYSTEM AND I TS FABRI CATI ON d'hi-$nd yedy i on
relates to the angled injection of a gas such as cooling air and, nore
particularly, to an injection apparatus and its fabrication. BACKGROUND OF
THE INVENTION It is sonetines necessary to inject a gas froma thin-walled
gas plenum through a relatively | ong passage, and at an inclined
injection angle intq n_the turbomachi nery of a

gas turbine englﬁ%S EHHEFﬁaRaFFSFEM ﬁFBgEig’g%Bgﬁcﬁﬁgpphed angle from an

annul ar plenuminto the cavity between the plenumand a rotating shaft.
The cooling air must- be injected at an angle to the axial direction to
avoid turbulence that would lead to |ocal hot spots, and the air. must

flow dowmn a tube to ensure that it is flowng in_a stable manner in the
i nt ended d|ré%ﬁ#%wﬂnﬁﬁ%Fhﬁmerﬁéﬁéeérqﬂw?h%m?Wﬁ#%%elﬁéﬁPtéPntﬁ@ f enum

does ”Ot%;g g i hel‘s[e @8%'1&%?; Taclined Tl owdi ?_D%&Itll%l yupformty.

Afitti e théfern may be ’‘wel ded into the wa I o t he pl enum
but theimﬁeﬁutpnﬁappduaﬁu&tam@ ifss efkgpmnistatei@and ti me- consum ng. | n anot her
approach to the injection problem the wall of the plenumis nade
sufficiently thick, and inclined passages are drilled at the required
| ocations and angles. This solution is operable but requires the use of a
t hi ck-wal | ed pl enum that adds unnecessary weight 1 16 June 2005

BACKGROUND OF THE INVENTION

It is sometimes necessary to inject a gas £from a
thin-walled gés plenum, through a relatively 1long
passage, and at an inclined injection angle into a space.

.As an example, in the turbomachinery of a gas turbine
engine, cooling air is injected at an inclined angle from
an annular plenum into the cavity between the plenum and
a rotating shaft. The cooling air must be injected at an
angle to the axial direction to avoid turbulence that
would lead to local hot spots, and the air must flow down

- a tube to ensure that it is flowing in a stable manner in

the intended direction.

A simple hole or orifice in the wall of the plenum
does not produce the desired inclined flow direction and
iflow uniformity. A fitting with a hole theréin may be
welded into the wall of the plenum, but the welding of

the fitting is expensive and time-consuming.

In another approach to the injection problem, the
wall of the plenum is made sufficiently thick, and
inclined passages are drilled at the regquired locations
and angles. This solution is operable but requires the

use of a thick-walled plenum that adds unnecessary weight




to the structure. In yet another approach, a ring havigigguddedgiegressary
passages drilled therein is welded into the wall of the plenumto form
part of the wall. This approach is operable but costly to inplenent
because of the required welding and al so adds unnecessary wei ght.
Changi ng the sizes. and orientations of the passages is  difficult, and
requi reCt kB EREVELHGShe TepyRted@NONBRE SPPERECEXi st i AgPSohaviBAs to the

gas 1 nj&el | 0ce B OPY ePLRESqRL Oed 1 ALl ¥psallis! AGl apdsadfier gl sigeneed for
an i nproved approac ot he rnjection of gas froma plenum The present

i nvent ivenl I uwbf ithes pidsumeed, fand piuttbertpeowades Thliat egpaduaht ages.

BRI EF SUMVARY OF THE | NVENTI ON Thi s invention provides gas injector systens

and a et HRP¥PLE t Pabrieativn. tan LRBLETFRht BECERESgasT i AP&ctor
syst em wor ks, o4 t h,085; § pmééﬁjtQiQtha@dglemﬁﬂecé%ggkfs @e&éb@i“ﬁlled

pl enum The gas injector may provide an elongated gas Tl ow passage with an
i nclingthamjiecd | the anies. And dervantetiomd sifapebe Jazssmgesndis
arrangenents of gas flow passages may be utilized and fabricated. The gas
inj ect ﬁ%ﬁ%&r@dﬁéﬁ%ﬂl%ﬁﬁ%ﬁelvq oM Be Fes@ncedand then affixed to
the plenum It may al so be detached fromthe plenum and replaced if
necessary. A gas injector systemconprises a plenumhaving a plenum wall

wi th an ext éfarer sfir thee,exd dtwical sahgendnal todivhectgan pafjattébnto the

exterior rface, and a |o normal _directio erpendi cul ar. to the

xt o | GIE RS Tifor o8] oo robA DALY 1 HRReols BUECEJFEal Iy i s

rel ativgly st veleebppebakbn ThErechs &P LAUWBPOP)E NGas from a
plenum. The present invention fulfills this need, and

further provides related advantages.
BRIEF SUMMARY OF THE INVENTION

This invention provides gas injector systems and a
method for its fabrication. An embodiment of the gas
injector system works with gas supplied through a plenum,
such as a thin-walled plenum. The gas injector may provide
an elongated gas flow passage with ‘an inclined injection
angle. A wide variety of shapes, sizes, and arrangements
of gas flow passages may be utilized and fabricated. The
gas injector may be fabricated separately from the plenum
and then affixed to the plenum. It may also be detached

from the plenum and replaced if necessary.

A gas 1injector system comprises a plenum having a
plenum wall with an exterior surface, a local tangential
direction parallel to the exterior surface, and a local
normal direction perpendicular to the exterior surface.
The plenum may be of any thickness, but typically 1is
relatively thin sheet metal. There is a plenum opening

in the plenum wall. An injector is positioned at a




in the plenumwall. An injector is positioned at a 2 46rJdne®i05

| ocati on overlying the plenum opening. The injector conprises an injector
bl ock affixed to the plenumwall, a joint between the injector block and
the plenumwall, and at |east one injector passage extending through the
injector block froman injector passage inlet to an injector passage

out | et .1 FERI-9Thj eRTRF L PR agERBut PACTIVE! RREHTEH at T ihPé%FEBﬁ angl e of

mor e t cebrogubbe Legal pornml i f;g,ﬁémﬁ @Qﬁr}oyard the

| ocal taﬁg%htlal di rection. e plenumis nade of eet netal. The
i-nj ect groipas Sagewaeaerh ethanynhectarr edoskr ywnal tthd hel erpiremuan] bpeandg. I n a
typi cal enbodi nent, the, plenumhas a plurality of openings in the plenum

val | ath a Y&&ect?We PhRjCOr fRFSEALH of*ERRALPENI HGECUPR ohBSform the
I nj ect o, PASSIANE Y1 JUbSLAR | 3l ¥ § ngkaight pa@gagfe copstent cdi aggter. In

ot her forms, however, the Injector "passage nmay be curved and/or of a
non- constarttali apeseage nomtdietculBaclecr bsjeseati passage muttle: f osm of a

nozzl e. There be one, or. nore than opne injector_passage in the injector
D ook T b A G 10 QST aor BT ReCht ot ST peSEaBbtl) may be

at any r.operablee 9bkant ahheRa1 bubs toPi LAk | Yarl floum@bowhe501dggrees to
‘about 70 degrees fromthe local normal direction. The joint is preferably

a brazadrjgsEnitidlordiheéghicmnpéhat prlerappl i<anbdas oforstmetadnesave joint for
| ow-t enper at ur e ﬁgglications,, th of ich . are nore convgﬂjegﬁeand | ess

b
expensi t hBASE V\@atﬁsr?@%s%ﬂf?‘ﬁ may be 1in registry wi

plenum opening. In a typical embodiment, the plenum has a
plurality of openings in the plenum wall and a respective

injector for each of the openings.

In one form, the injector passage is substantially
straighf and of constant diametef. In other forms,
however, the injector passage may be curved and/or of a
non-censtant diameter, non-~circular c<¢ross section, or in
the form of a nozzle. There may be one or more than one
injector passage in the injector block. The injection
angle of gas leaving the injector passage(s) may be at any
operable orientation, but typically is from about 50

| degrees to about 70 degrees from the local normal
direction. The Jjoint is preferably a brazed joint for
high-temperature applications, or an adhesive joint for
low-temperature applications, both of which are more
convenient and less expensive than the welding used in

conventional approaches.

In an application of particular interest to the
inventor, the injector system injects gas into the cavity
between a gas plenum and a rotating turbomachinery shaft,

so that the gas is injected toward the direction of




conventional approaches. In an application of particHarpijdes®es to the
inventor, the injector systeminjects gas into the cavity between a gas
pl enum and a rotating turbonmachinery shaft, so that the gas is injected
toward the direction of 3 16 June 2005 rotation. In this aspect of the

invention, a gas injector system conprises an annular plenum having an
annul arrotaintR i fe, thipl 8ABRCRalOf Vilth WKt ora strfads]egtorocal

e reunt sy onbh alehANGRNd aladl Lechhol panalhal HaGhng e eahanayw face, and

a | ocal "nornal rection perpendicular to the exterior surface.
pl ur al i¢gntoérl pleenum opganngs wakEl f oridd bBn tdetewd dr ofsudfacannukar
pl enum_ t he pl _enumP eni ngs. bei ng spaced al on circunferential band of

: , a
the anmfSfL pFEHeHT tiad charderinta bl db’é?lﬂgb?ntﬂér%%%%jr aFoplF8Rum

typi caldecdases igueedly, tovard the anpybas cepberbine. qlbgcthghect or
systemincludes a plurality of injectors, each 1njector being positioned

at a | qeatpeormdiowerdyi rig onbeof extéaelplensumr Dpeni ndgs. plEack liinjyecbdr

conpris an injector block affixed.to the plenum wall, a joint between
the | M Setsr BPEERTERA THo PSSR il | BaWal i 86t Wi SPAPLEfor passage
ext endigng i oughnkhe dini Rt or oBLASKGET OBe By | NkEGELE PaSsage 18l et to an

i njector passage outlet. Each i1njecfor passage outlet is oriented at an

i nj ect iwircuarg rerdfiator e dmgh 0 odegr éde awaypnilem t hplkooml nofhal

direction and-loverd the logal girgurterential tapgential gdirgetion.
faces inwardly toward the annular centerline. The
injector system includes a plurality of injectors, each
injector being positioned at a location overlying one of
the plenum openings. Each injector comprises an injector
block affixed to the plenum. wall, a joint between the
injector block and the plenum wall, and at least one
injector passage extending through the injector block from
an injector passage inlet to an injector passage outlet.
Each 1injector passage outlet is oriented at an injection
angle of more than 0 degrees away from the local normal

direction and toward the local circumferential tangential

direction.

According to another aspect of the invention, a gas
injector system 1is prepared by fabiicating an injector
block having an injector passage therethrough extending
through the injector block from an injector passage inlet to
an- injector passage outlet, providing a gas plenum having a
_plenum wall with an exterior surface and a plenum opening
through the plenum wall, making the phenum wall from sheet

| metal; and affixing the injector block to the plenum wall
at a location overlying the plenum opening. The injector

passage inlet may be in registry with the opening through




According to another aspect of the invention, a gas {@gjggiorogystemis
prepared by fabricating an injector block having an 1njector passage

‘'t her et hrough extending through the injector block froman injector passage
inlet to an injector passage outlet, providing a gas plenum having a
plenumwall with_an exterior surface and a plenum opening through the

pl enumREEIUM nHRiLAg e PhéAtTwel 10 oﬁh@hé@tlecl’@trall?l%%ﬁ BRYi ®Reng t he

| 0] ect Oferlax G LRRRIBRIM YRkl aalnd,! OEALd AN OVEHINNG LG PLenum
openi ng. e 1njector pasSagée inlet may bedin registry wth the opening
t hr oughdigfdfeduine 205 gydagmiion wablf. Atha | dtrgreddare, pheshppdetor bl ock
may be repoved if desired, and a_new injector block with a different

confi guitlat1%%d oftQ hELENj REGHIN p¥sddge(Ehe dFiecd®rt oPLaekpIHUNPRal | . The

i nj ect - conyenieat ky. 1 | 1y .ect pr. e defined
t her ei %Orp%ér}%l%ﬁe{ql)&n?%csgc o?gggsgggehﬁﬁgeﬁr ‘%%.ﬂslat ed (ilér%lglcﬁcﬁéc q%%%gg? or bl ock.
Cast i ngoof théeinhgetdor pbbsshe wnbl bee nachined intcegrtad injector passages
al | ovvsskgglea]t§ flexibility_in the, selection of the shape, size, and form of
the passages: ARSdBHHi fEnttht LRdemTe@Tentlaphr sdH pPBFI deS BOgSs

i nj ect ofn Syt Lm W &y d.s convenl entd yoand ké‘%pfﬂéﬂﬁﬂi\tAgaPB' gaked. Gas
may be i njected as required froma pl enun? even a thin-walled plenum

O her fsstertmiorand datharsleges fzdherpt dsemt diénrt iprsseidds.be appar ent
fromthe followi ng nore detailed description of the preferred enbodinent,
taken in conjunction with the acconpanying draw ngs, which illustrate, by

way of examyf, edt®diment of the present approach provides a gas
injector system which 1is conveniently and inexpensively
fabricated. Gas may be injected as required from a plenum,
even a thin-walled plenum. Other features and advantages
of the present invention will be apparent from the
following ﬁore detailed description of the preferred
embodiment, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the
principles of the invention. The scope of the invention

'1s not, however, limited to this preferred embodiment.
BRIEF DESCRIPTICON OF THE DRAWINGS

Figure 1 is a perspective view of a gas injector

system;

Figure 2 1is a schematic sectional view of the gas

injector system of Figure 1, taken on line 2-2;

Figure 3 1s a sectional view like that of Figure 2,

showing another embodiment;

Figures 4-6 are plan views of other embodiments of

the injector block of the gas injector system,




principles of the invention. The scope of the inventi ' however ,
limted to this preferred enbodi nent. BRI EF DESCRI PT?%\II@E;@EO W NGS

Figure 1 is a perspective view of a gas injector system Figure 2 is a
schematic sectional view of the gas injector systemof Figure 1, taken on
line 2-2; Figure 3 is a sectional view like that of Figure 2, show ng

h Fi 4- | f th
anot her ;qnbodi e ghghe' QULes éoakggﬁkaeleghsm 1@% née}%zogg%gcl%ﬁgs of the

|njector bl"ock o gas injector system rating
ot her cenfsisgugeat i ons of the injector passage; Figure 7 is a schematic side
sectional view of a second enbodi nent of a gas |nJ ector system and Figure

8 is a block _flow di ramof a.preferred. .appr f actlcn t he
i nventi on. T‘ﬂuﬂ:@D SfRIﬁTI eﬁﬁtﬁ% PN@E %% %%ie E¥an Z%depl ct a

gas inj eelmds veR@idRitolof iR iitg gavatsytdmcldmed angle. The gas

I njector system 20 includes a hollow gas plenum 22 having a plenum wall
24 with an exterior surface 26, Thejglenun1mall 24 may have any operable
constructi onFiSWEs nBa Jt%placaple‘a’ge J 3 dlepxEmy ePY t% Rr&hesEeetal . Gas.

i's supplied Lemy qﬁh(tqu RNV drP, the plenum 22. The gas
be fur

I nj ector ystem 20 er described by reference to a |ocal
tangential direction 28 that lies parallel to

DETAILED DESCRIPTION OF THE INVENTION

Figures 1 and 2 depict a gas injector system 20 for
injecting gas at an inclined angle. The gas injector
system 20 includes a hollow gas plenum 22 having a plenum
wall 24 with an exterior surface 26. The plenum wall 24
may have any operable construction, but in a typical case
is a relatively thin sheet metal. Gas is supplied from a
gas source (not showh) te the plenum 22. The gas
injector system 20 may be further.described by reference
to a local tangential direction 28 that lies parallel to

- the exterior surface 26, and a local normal direction 30
that lies perpendicular to the exterior surface 26. The
) ~ local tangential direction 28 is the vector projection
onto the exterior surface 26 of an injection vector 32,
which is the direction that gas flows from the gas
injector system 20. Because the gas injector system 20
may be used in relation to curved exterior surfaces 26,
the term "local" is used to refer to these directions 28
and 30 at a specified location on the exterior surface
26. The 1local tangential direction 28 is preferably
parallel to a local gas flow direction 33, where, as is

usually the case, there is an ambient gas flow past the




the exterior surface 26, and a local normal directiongOy,fhadghdes
perpendicular to the exterior surface 26. The |ocal tangential direction
28. is the vector projection onto the exterior surface 26 of an injection
vector 32, which is the direction that gas flows fromthe gas injector
system 20. Because the gas injector system20 nay be used in relation to

curved gyl syEf acemmbplehhf bOr Mad 0galyh digiHsesed tndeher ;0 these
directions 28 and 30 at a specified location on the ‘exterior surface 26.
The | oc&het @igevm adaldi raktion 28 is preferably parallel to a |local gas
flow direction 33, where, as is wusually the case, there is an anbient gas

flow past th 6 1 00 I nj ector » pl enum_ 22 S .a pl enum
openi ng 34 iﬁjuﬁhe§%#§§g%$waﬁﬁ 22#§Th§092?58$%§ Séﬁ?sn%osﬁg15ﬁgéﬂgt a

| ocat i owved gty Nnctde plenum opeanigg 3434The | mhect dhj3Gtomcligles an

I njector, bl.ock 38 affixed to %he | enu 24 with a_joint 40 between

|1
the inj dECIHIDHAR 38N ARAPRePLBF n&ﬁ:aﬁﬁﬁﬁﬁg HPet]Bi RLCBYY ¥jrleferably a

braze jgignty; cwhed sBengagdol MeeGlen R SRt Sr tR19PLT 3be Ry hih
tenperatures, or an adhesive joint when the gas injector system20 is to
oper at e pdentworaiadnp4 at UFlee ofoint 49 isl praefedabdyper braze JjAirntnj ect or

passage 42 ext.ends through the interior..of, the injectqor block .38 from an
inj-ecto?"'hﬁgss%%% T %t lnﬁﬁc%%rar?yisnjeénct%? 6§ss§8e SUti%et™ 4%8 :%{lq
pref er r edmpeiratures Sige andadhesiot tjkdnd efsn opeai aes34Bedtyger

system 20 1is to operate at room temperature or mildly

elevated temperature.

An injector passage 42 extends through the interior
of the injector block 38 from an injector passage inlet
44 to an injector passage outlet 46. It is preferred
that the size and area of the plenum opening 34 be-largér
than the size and area of the injector passage inlet 44,
so that there is some tolerance for misalignment of the
injection passage inlet 44 and the plenum opening 34
during manufécturing operations. The injector block 38
closes and seals the remainder of the plenum opening 34.
The injection vector 32 is the direction in which gas
-passes from the injector passage outlet 46. 1In order to
stabilize the flow of gas through the injector passage
42, it is preferred that a ratio L/D of a length L of the
injector passage 42 to a diameter D of the injector
passage 42 be at least 2/1, and preferably,is even

greater than 2/1.

The -injector passage outlet 46 is oriented at an
injection angle I between the local normal direction 30
and the injection wvector 32. The injection angle I 1is

more than 0 degrees away from the local ncormal direction

7




than the size and area of the injector passage inlet 44, 7,50 $hat there is
sone tol erance for msalignnment of the injection passage inlet 44 and the
pl enum openi ng 34 during manufacturing operations. The injector block 38
cl oses and seals the remainder of the plenum opening 34. The injection
vector 32 is the direction in which gas passes fromthe injector passage
outlet 46 drdofdeintoinstiakidwaze tdiee flovadf tgagehhranaghiite-tdiyrect or
passage 42, it is_preferred that a ratio L/D of a |ength L of the

i nj ect orBpas¥age Ebato LS ARetet 1en o aHen n:}%cPBPJeﬁg%é@%r“@Z“@é at | east

2l 1, andUel enablnday eVegeRt P21 Claiblialt ol Bhe 1eheClafihassage outl et

46 is oriented at an 1njection angle | between the | ocal rmal direction
30 .. and aligd & nj etsi prefechdl y3Xrdiheabojbc Gilomegdes | to sabwote tthan 0

degrees away fromthe |ocal mal, directign 7 16 Juypne 2005 30 and is
"ncl i no 1 RS R TEg R TS, RcErgReeSs, ~ Thien IHACTIAN | nj ecti on
vect or 3Adll0j ECthaROriERl k¥l et tike doeatmird@enti alndi gast ifawe8. The

injection angle | is 'preferably from about 50 degrees to about 70
degr ees TS OpIeaTtEr ably HBBut SEOtEBgriekat THerp@Emten Wyl gasthat is

sel ect eq s detergyned, by, 1he0as, fLout ¢ ' eBULESEENE S b01tNR IRV HEM that
’es thesg)s s?’é %#he

I ncor pora a I'nj ect or tem an present approach 1s suitable
for anpngf f va deidangengé i eojiemt ignglasyles The | Fhectimjeqamsage i nl et

44 | ically .in regjst Wi num_ , openin 4, al t hough that need
notlzet é%@csgggg_ln eteg448tir§/ ty;gahcaﬁ yleLI’? geglg ry wgtﬁ the p en%m
' opening 34, although that need not be the case.

_ In service, gas flows from the gas source (not
shown), through the plenum 22, through the plenum opening
34, through the injector passage inlet 44 and into the
injector passage 42, along the injector passage 42, and
out of the injector passage outlet 46 in the direcéion of

the injection vector 32.

‘In the embodiment of Figures-1-2, the injector block

38 projects into the local gas flow as expressed by the
local gas flow direction. A leading edge 48 of the
injector block 38 may be tapered to reduce the air flow

} regsistance and occurrence of turbulence induced by the

injector block 38, as illustrated.

In another embodiment shown in Figure 3, the
injector block 38 1is recessed to be flush with the.
exterior surface 26 (or it could be below the exterior
surface 26). In this case, the joint 40 is made to an
interior surface 4% of the plenum wall 24. The recessing
of the injector block 38 eliminates air flow resistance
and turbulence induced by the injector block. Where

appropriate in Figure 3, the same nomenclature and

8




In service, gas flows fromthe gas source (not showyg Fhougdyd he pl enum
22, through the plenum opening 34, through the injector passage inlet 44

.and into the .injector passage 42, along the injector passage 42, and out
of 'the injector passage outlet 46 in the direction of the injection vector
32. In the enbodiment of Figures-1-2, the injector block 38 projects into

the | ocal fl.ow ( .es b e .l.oc flo irectio A | eadi ng
edge 48§8F%?%gceinfg@Fgéaglo%%%38$§%? bgotagégggggg rggggg%%%e %Fr flow
resi st agecevandreccunmencesofht thbukebodimadiuced [Bidiweesi bfect andbl ock 38,

as illustrated. In another, emhodi,nment shown in Figure 3, the injector
bl ock 3§%ﬁspFé855 FEPhE O d&h THOFRF@teskfies®or surface 26 (or it coul d

be bel ow the exterior surface 26). In this case, the joint 40 is nade to

an interior rsyiirage ¥U% ofiepher plagnuinyédto?4padhegeewes siigch Ofist he
injector block 38 elimnates air flow resistance and turbulence induced by
the i nj 8&kedgbtock. cWReREaTapprafpili at@f | nspbgtpatialidye sgpBsSHeREnc] ature

ot ruct ureaTHEEs SR (SR8 CACE IR TLTo R0 MR 10y LORRECLRBAEEON S O
- descri ptagn bes amgc osper @b bel ferm, Ehgumhrebdbthﬁﬁcépaﬂabhéeébmmspassage 42
which is straight, ciycular, and of spbstantial.ly constant i aneter and
cross-s@EFidﬁiégﬁ € k%?iﬁP@cﬁ&@ﬁx&%%ﬁ% oﬁafﬁﬁgﬁﬁW bper abP&Tform and
three other jeperaRlie df¥dBge structure is shown in dotted lines.
In Figure 4, there are three injector passages 42 with a
common injector passage inlet 44 and three separate
injector passage outlets 46 which may or may not be
- parallel to each other. The injector passages 42 may'be
circulér or non-circular in cross section. In Figure 5,
the injector passage 42 is not of constant cross-
sectional diameter and size, and in this case diverges
from the injector passage inlet 44 to the injector
passage outlet ‘46 such that the gas flow from the
injector passage outlet 46 diverges to form a diverging
nozzle. In Figure 6, the injector passage 42 is not of
constant cross-sectional diameter and size, and has a
shape that first converges and then diverges from the
injector passage inlet 44 to the injector passage outlet
46, so as to form a converging-diverging nozzle. These
and other forms of the injector passage 42 may be
selected to impart particular flow characteristics to the

gas that passes through the injector passage 42.

Figure 7 illustrates an application of the gas
injector system in the turbomachinery of a gas turbine
engine. Some of the elements are common to the gas

injector system discussed earlier. Where appropriate,
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are illustrated in the plan views of Figures 4-6, whefe gide dgu=rnal
passage structure is shown in dotted lines. |In Figure 4, there are three

i nj ector passages 42 with a conmmon injector passage inlet 44 and three
separate injector passage outlets 46 which may or nmay not be parallel to
each other. The injector passages 42 may be circular or non-circular in
Cross seetl Aind M ERONES:Puret DR4 NgRLa RASSAdE, 7,1 5 004 0f gepstant
Cross- sectiona Ianeter and si'ze,” an It h s case” df veérgés fromthe

I nj ect orhpaskageudsiel 44 tFiduhe i4)) eghdr theassader odiketis4boaudly that the
gas flow fromthe jnjector passage outlet 46 diverges to forma diverging
nozzl e. IEOEPGEPESE k{‘q’]’éei nj @ct%%rqﬁd%a‘abshz 505 ifot SWpPorhadt 9Rt @

Cross-s i dj ergand sphze, . aich has ng{g@p t fHar ver ges
and the(r%% ia\%g?igeséfﬁfggtr:n tSh%' [ n}%ct%r pa{‘&iaggﬁ nl et §ﬁ4k5fa§o t lg%%r?%ggt or
passage agutingt a 4£®rtsiomot o-lorshal tt o er giol- dhaer gheg piendme 54These  and
- other forns _of _the.njector ssa 42 may be_ sel ected. to,i npar.t

ar 1| CUPBR AP0 TN (T TSTT aTs o Heh A ASSEREE Ao LEE™ RPSLBR Che
i nj ect obfpassagd 2. of | gHéeshakEk| gotr atB@se alod@P! heainkhdn dafrellta oiias
I njector systemin the turbomachinery of a gas turbine engine. Sone of the

el ement $0arks CBAFRANHACEABTGES i ekl Afstehn dhecpknreabti at. Where
approprlgﬁ_ e, 1o%a3:§oﬁun%f.20%1e the {828 nomg@;ﬁt Ylge anda‘in%f eRgneg numeral s
Fi & g and t

are used in the discussion of ure e prior di'scussion is
‘i ncorpotangenhénd. Aitrecbioe diskl56si sabupportdhed surfiace of the
plenum 54. There are a plurality of injector blocks 38

arranged along a circumferential band 55 defined on the
wall 24 of the plenum 54. In this case, the
circumferential band 55 and the injector blocks 38 face
inwardly toward the annular centerline 56, but other

arrangements may be used in other situations.

In service, cooling air flows through the plenum 54
and out through the injector block 38 along the injection
vector, which 1s not depicted in Figure 7  but which
projects onto the local tangential direction 28. The
injected cooling air enters a cavity 58 between the shaft
52 and the plenum 54 with its major component. of momentum
parallel to the direction of rotation of the shaft 52.
This arrangement avoids undesirable turbulence and

windage effects within the cavity 58.

Figure 8 depicts a preferred approach for
fabricating the gas injector system 20. The injector
block 38 is fabricated, numeral 70. The injector block
ig fabricated by any operable approach. In the preferred
approach, the injector block is cast to size and shape,

with the injector passage 42 cast in place. To make such
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rotating shaft 52. An annul ar plenum 54 is disposed pf£opndk a@@pestion of
the shaft 52, such that the plenum 54 has an annul ar centerline 56 that
coincides with the axis of rotation of the shaft 52. The |ocal normal
direction 30 is perpendicular to the wall 24 of the plenum54 at the

| ocation of the injector block 38. The local tangential direction 28 |ies

al ong t he gdiane, ok thetipberwrecdbr Tharetar @ca RIfUrghdt ¥iok igdgect or
bl ocks 38 arranged along a circunferential band 55 defined on the wall 24
of the pPeREMH4.theh IhisCtQs@aggrge c4f cinf ppehtianredans 55 madd t he

| nj ectogofl ke haesn IAWALdly towal dehbe gl 4g CeRIGLIFR PO, but
other arrangenents may be used In other situations. |In Sérvice, cooling
ai r - f1 oWbet hrasiging heopkermum §dartnd mad ibr aegbhvede | hgeeinyg hibeck 38

al ong the.injecti vectqr, which is.not depicted jn Figure 7 but which
proj ect $78f theq&83a$ tgﬂgeﬁFi d%P@cti YN ERCE nj dBIEFEC30l i ng ai r

enters pagauigky 58 Met V\@ﬁﬁebl’!@rsr@iéck52383nﬂla§/heirﬁ)é@é‘ékﬁn e Wkl ts maj or
conmponent. of nonmentum parallel to the direction of rotation of the shaft

52. ThfsrgprfangeireRachiards agndesiscdiide piedrl eand avite Wnigsgereffects
ithin ity,5 [ I Cf hreferre roagch fo
Fabri caPREsSBE, 422%adHiee TulBP ChE Al CHIBRR D2ED L one

fabricating e gas I njector Sys
f abri catedt ingreiah-¢0reTheppnpachoridl gutefdirddbincakpgrbpraayeoperabl e

oppronchaclh e g slerfed, oper ach, fe Lncalon bl ock L cazhelo, o1 2s
formation of non-cylindrical interior passages such as
shown in Figures 4-6. The injectcr block 38 may be made
of any wmaterial appropriate to the gas injection
application. Alloy Inco 718, Rene 77, and A286 are
preferred for intermediate-, high-, and low-temperature
applications, respectively, but there is no limitation on

the type of material that may be used.

The gas plenum (22 or 54) is provided, numeral 72,
with the plenum opening(s) 34 wachined therethrough at
all places where gas injection is required. The
locations of the plenum openings 34 are dictated by the
gas flow requirements of the system, and establishing
these locations is not within the scope of the present

invention.

Injector blocks 38 are affixed to the gas plenum (22
or 54} overlying each of the plenum openings 34, numeral
74. As discussed earlier, the plenum openings 34 are
preferably made oversize relative to the injector passage
inlet 44 of each injector block 38, so as to be tolerant
of slight misalignments during the affixing process 74.

The injector blocks are affixed by any operable approach.

11




16 June 2005 a casting, a casting core or quartz rod;ofgthe sp@e and
shape of the injector passage 42 is positioned in a nold, and nolten netal
is cast into the nold and solidified. The casting core or quartz rod is
removed, |leaving the injector block 38 with the cast-in-place injector
passage. The injector block 38 may instead be cast, forged, or nmachined as
a solid poechighntdemperanjpeet appliassdensdSurcisathd ngast Berbphect or

bl ock 38. The casting-wi th-core approach is preferred in appropriate

cases, bBEEHR® PPRLS B iBnePlc BTt Al sGhgertmiectns Hoadks | 9k of
non- cyl | BPe Gale detaNOr pPESEAIS, SUER G51eOWRaNA FLOU espdify pThe

f
i njector bl ocke38 may “be made any al appropriate T0 €7 gas
i nj ecti onatapprleatindn. t@thnyghesoazes, wRdnekddwnanich APBE ane: poeferred

for interpediate-..high-, and_| ow.tenperature, applications, respectively,
but t her 8- TSE nBPPHHTE & PBR- on BXeAE1E) BA 16M s, 1L SHHAT nabo®e thed. The
gas pl enumn b2 (A£i2d | Soprdd degh atiweT@l th2n Wl biRe Pl eppegpeni ng(s)
34 machi ned therethrough at all places where gas injection 1s required.
The | ocRt e a\adt%eogl ePRAEBpiftifys 34 Wekdinat andl e hesegast f1 ow

require e n tahl i ShLRY | ocati,ons is not within
t he scoggé%}?aﬁ%é%re%%é{%%€eg%ﬁn$l n?gégorl%%]g(é: g 3 gartgr%ﬂlfg('ed to the
-gas pl erntheg2technbdhesyverdey i fgr edebsofsutiaiileenfinr opgiiinghg34heruner al

74.. As discussed rlier, the plenum openi ngs 34 are _preferably nade
over si ze Ty T Re 3Pniec tor b el ed plentm, bUt they day

be the affixing method of choice for other applications.

The gas injector system is complete, and may be

placed into service.

An advantage of the present approach is that the
injector block 38 may be easily removed by heating the
structure to a temperature above the melting point of the
brazing metal and lifting the injector block 38 free of
the plenum, numeral 76. The removal of one or more of
the injector blocks may be required to repair the
injector block(s) or to replace the first set of injector
blocks with another set of injector blocks having a

J - different pattern or type of the injector passage 42.

Although a particular embodiment of the invention
has been  described in detail for purposes of
illustration, various modifications and enhancements may
be made without departing from the spirit and scope of
the invention. Accordingly, the invention is not to be

limited except as by the appended claims.
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inlet 44'of each injector block 38, so as to be tol ergptg,0f shdght
m sal i gnnments during the affixing process 74. The injector blocks are
af fi-xed by any operabl e approach. 11 16 June 2005 For high-tenperature
applications such as the gas turbine engine application of Figure 7, the
injector blocks 38 are preferably brazed to the plenumwall 24. Brazing
mat eri al s andhakthhs qaésimed wsl:l known in the art for other applications.
Brazing allows the injector block 38 to be affixed to the relatively thin
wal | of a typical plenumnade of sheet netal. Wl ding and the use of
mechani cal fasteners may be used instead of brazing. These techniques are
far |ess suitabl e & 73R FXERGOFNEYSHec G beke938 to a thin-wal | ed
pl enum but they may be the affixing nethod of choice for other
applications. The gas injector systemis conplete, and may be placed into
service. An advant of_t resent o] is_t.hat the _inject bl ock
38 may be eagiléﬂf%ﬁg%eéuﬁeﬁﬁgagingﬂfﬁgﬂﬁsﬁﬁﬁt UPEH?b y eﬁﬁgfﬁﬁﬁgé above
the mel td,ngepoint Of 140 bféﬁgeﬂt yal 4apd lc&%tn' n%afrgflb@] ech orfy ock 38
free of the plenum nuneral 76. The rennvaF of one or nore o t he
i nj ect ore bt OEksr MysBersedyi regnbo repai 1othe i Aberkar bheckl®ipnr to
replace the first set of injector blocks with another set of injector
bl ocks heantpwn @i cdl htetenthpakb@idt idr typertet he i nj ector passage 42
Al t hough a particul ar enbodi nent of the invention has been described in
detail for purposes of

a plenum opening in the plenum wall;

an injector positioned at a location overlying the

plenum opening, the injector comprising
an injector block affixed to the plenum wall,

a joint‘between the injector block and the plenum

wall; and

at least one injector passage extending through
the injector block from an injector passage inlet to an
injector passage outlet, each injector passage outlet
being oriented at an injection angle of more than 0
degrees away from the local normal direction and toward
the local tangential direction;

Wherein the plenum is made of sheet metal.
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il{ustration, various nodifications and enhancenments {@yy,he s@ge w t hout
departing fromthe spirit and scope of the invention. Accordi ngly, the
invention is not to be Ilimted except as by the appended clains. 12 16
June 2005 What is clainmed is: 1. A gas injector system conprising a
pl enum havi ng,a plgnumwal I. with an exterior_ surface, a_.local tangenti al
direction parallel 1% PRE EXEEH 6r ssyusrtfeé[(]:e?faﬁgaéml cal "HorSH direction
~ perpendi che atnjectde wxdidgorisuniiaceinta 4l Bnwnogiestitng i n the pl enum wal | ;

an injector positioned at a |location overlying the plenum opening, the
injector conprising an injector block affixed to the plenumwall, a joint
bet ween the i3 ectTie blaackndmctdrneyptenui Aalil; 1acd Bt weaséione i njector
passage e%(let3 endi ncqtt hrough the injector block from an i njector passage

n

R T e orP Pasi iy et DUt Fack! i H ¥ o1° Pasitge outlet bei ng

inlet to
oriented at an injection angle of nore than O degrees away fromthe | ocal

normal directjon aﬂge t quar d. IehC | ocal ]Ljange ial directi gn; wherein the
pl enumis made of s eetPHet Hl- 18Y3 68 5378 “fife 8 S Wﬁ ector system
of clai pAecediei@ialdings,| njleatain passages +sectubsidnts add wstited ght .

injector passage is not constant.

5. The gas injector system of any one of the
preceding claims, wherein the injection angle is from about

50 degrees to about 70 degrees.

6. The gas 1injector system of any one of the

preceding claims, wherein the joint is a brazed joint.

7. The gas injector system of any one of the
preceding claims, wherein the plenum opening is larger in

area than the injector passage inlet.

8. The gas injector system of any one of the
preceding claims, wherein the plenum has plurality of
openings 1in the plenum wall and a respective injector

block for each of the openings.

9. The gas injector system of any one of the
preceding claims, wherein the or each injector block is a

cast structure.

10. A gas injector system, comprising

an annular plenum having an annular centerline, a
plenum wall with an exterior surface, a local

circumferential tangential direction parallel to the
' 14




3. The gas injector systemof claim1l or 2, wherein {heniddesdqy passage
is circular in cross section. 4. The gas injector systemof any one of the
precedi ng clai ns, wherein a cross-sectional size of the injector passage
is not constant. 5. The gas injector systemof any one of the preceding
clainms, wherein the injection angle is fromabout 50 degrees to about 70
degr ees.e¥-eTERE ga8u¥ifceet or a8¢st et of La@RL on@oghaihe dpFeeiedithg cl ai ns,
wher ei n the(!oﬂntljs a bggzed %oint. 7._Jhe gas injector system of any one
of the Preceiig & ai-fs whefeFht The®'Bisttin opening is larger in area
than the injector passage inlet. 8 The gas injector systemof any one of
the preceding clains, wherein the plenumhas plurality of openings in the
pl enum wal | andpaurssiggcteyeplapect openitigackid otheachlaf dthetlmpeni ngs. 9.
The gas injector system of any one of the preceding clains, wherein the or
each i njBEBALbIFGERTs &PecRIENGHr QREDIRIS 19e1W gBRAGS] BB syst em

compri sing an-anmulan plenup baving, an.anpular, centerline, a  plenum vall
Wi th an exterior surflace, alocal  circunterertial tangential direction
parallel to the 14 16 June 2005 exterior surface, and a |ocal nornmal
direction perpendicular to the exterior surface; a plurality of plenum
openi ngs i n téhe waltaloktyt h@f injectors, each injector being

positioned at a location overlying one of the plenum
openings, each injector comprising

an injector block affixed to the plenum wall,

a joint between the injector block and the plenum

wall, and

at least one injector passage extending through the

- injector block from an injector passage inlet to an
injector passage outlet, each injector passage outlet being
oriented at an injection angle of more than 0 degrees away
from the local normal direction and toward the local

circumferential tangential direction.

11. The gas injector system of claim 10, wherein the

annular plenum is made of sheet metal.
12. The gas injector system of claim 10 or 11,

wherein the injection angle for at 1least one of said

injectors is from about 50 degrees to about 70 degrees.
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annul-ar pl enum the plenum openings bei ng spaced al ongg ay,&d r£4dd erenti al
band of the annular plenum a plurality of injectors, each 1 njector being
positioned at a |ocation overlying one of the plenum openings, each
‘injector conprising an injector block affixed to the plenumwall, a joint
between the injector block and the plenum wall, and at |east one injector
passage extenti-ng T dlffh ¥hiecton)j sgebembPbcklpt®mi@n 1hj 8t 2. passage

inlet to.an .injpector. passage.,outlet, each_injector. passage outlet being
Ras3p9e, 0 Leptor, ba

ori ent ed St °5h PR} etFi0n KhgliE of*For &% hah gr'eEs SR8y *5F rdm t he | ocal

normal dif8ed 9piand toward the local circunferential tangential
direction. 11. The gas injector systemof claim10, wherein the annular
pl enumis made of sheet metal. 12. The gas injector systemof claim10 or
11, wherein the injection angle for at |east one of said injectors is
from about 50M%tegr€®s 985 4BdGELTD TEJEBeoT #BY16m9uRE 2685 10 The gas

i ect or. syt ey Al 6l A Whorkh Shed g WS 0 Hec] SLOUGLOL pl | cast one

of said Tnjed he gas I'njector system of any

one of cigjedold ikO 1b¥gevwhameidrchhaRherin® opepergiter iatebeast one of
said injectors is larger in area than the respective injector passage
inlet. ImssEge gadeinjector systemof any one of clains 10

15. The gas injector system of any one of claims 10
to 14, wherein a cross-sectional size of at least one of

the injector passages is not constant.

16. The gas injector system of any one of claims 10

to 15, further including

a turbomachinery shaft disposed to rotate adjacent to

the annular plenum.

17. The gas injector system of any one of claims 10 to
-16, wherein the cirumferential band of the annular plenum

faces inwardly toward the annular centerline.

18. A method of fabricating a gas injector system,

comprising the steps of:

fabricating an injector block having an injector
passage therethrough extending through the injector block
from an 1injector passage inlet tc an injector passage

outlet;
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to 14, wherein a cross-sectional size of at |east one @f;,ihedgy ector
passages is not constant. 16. The gas injector systemof any one of clains
10 to 15, further including a turbomachinery shaft disposed to rotate
adjacent to the annular plenum 17. The gas injector systemof any one of
clainms 10 to 16, wherein the cirunferential band of the annular plenum
faces i nwardiprovédand eh@agnipdkarn charErd | aepladim Avaddt bidhofarf abri cating a
. gas injector ,system_ conprising the steps of; fabricating an injector
block hawitsg ah FHFEaEe: * hassAYE tRePRER BhgFNERIEhdi Y THIOHYN ¢ he

i nj ector,hock froman injector passage inlet to an injector passage
outlet; 16 16 June 2005 provi ding a gas plenum having a plenumwall with
an exterior surface and a pl enum opening through the plenum wall; naking

t he pl enum wadadkihgonhs heleinumetvalll &ieh ahkkexi mgtdhe danmaj ect or bl ock to the
plenumwal |l at a |ocation overlying the plenum opening. 19. The nethod of
claim 18, wherein the step of fabricating includes the _step of casting the

i njector bl o@EMFERIt FBSI APAREHT JASSHYEC dets nelfter@ilh. 3302 The net hod
~of claim 8y ;uheseln Jihe $heR P bhhxi A9, i ncludes the step of

19, The method of c¢laim 18, wherein the step of

fabricating includes the step of

casting the injector block with the injector passage

defined therein.

20. The method of claim 18,  wherein the step of

affizxing includes the step of
brazing the injector bleck to the plenum wall.

21. The gas 1injector of claim 10 wherein the

injector block is a cast structure.
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brazing the injector block to the plenumwall. 21. Theg gag.d Hi@ed or of
claim 10 wherein the injector block is a cast structure. 17 16 June 2005
GAS | NJECTOR SYSTEM AND | TS FABRI CATI ON ABSTRACT OF THE DI SCLOSURE A gas
injector system (20) includes a plenum (22) wth a plenumopening (34) in
the wall of the plenum (22). An injector (36) is positioned at a |location
overlying the plenum opening (34). The injector (36) includes an injector
bl ock (38) affixed to the exterior surface (26) of the plenumwall (24), a
joint (40) between the injector block (38) and the plenumwall (24), and
an angularly inclined injector passage (42) extending through the injector
bl ock (38) fGam aNJEIOR Svspasisaye Imd enppd4rnTtionan i nj ect or passage
outlet (46) The injector block (38) is preferably brazed to the pl enum
wal | (24) for high-tenperature applications, or adhesively joined for

| ow-t enperature applications. Fig. 1 18

ABSTRACT OF THE DISCLOSURE

A gas injector system (20) includes a plenum (22)
with a plenum opening (34} in the wall of the plenum
{22} . An injector (36) 1is positioned at a location

overlying the plenum opening (34). The injector (36)
includes an injector block (38) affixed to the exterior
surface (26) of the plenum wall {24), a joint (40}
between the injector block (38) and the plenum wall (24),
and an angularly inclined injector passage (42) extending
through the injector block (38) from an injector passage
inlet (44) to an injector passage outlet (46). The
injector block (38) is preferably brazed to the plenum
wall (24) for high—temperéture applications; or

adhesively joined for low-temperature applications.

Fig. 1
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