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SPILAY NOZZLE -\SStrfIBLY ]iOR GAS
I)YN'\MIC COI,D SPRAY AND \{DTIIOD OF

CO{ING A SUDSTIL{ U Wtl lI r\ fllGU
'l tt]lt't'lL{t ullD co frl(;

I'1F]I,]) OF THF IN1'FNIION

'l ie sfiay gu nnit ard nozle asslarbly arc illusiral.d in
lIG. I ud hNe ! nnluLr srrucluc lbr eNe olliiblc.rion.
opdalion md clcdiDg. lI . prclcrcd cnbodnnol, l]t sprdy

sun nEhdcs ar lcast dnce nanr conponc'lls: r FarholsiDg.
a1-rcnllousnrg3, rdamzzlcasscmbly5$hchiDclodesatr
oul{iachci 72,.tr isrer ooolinA i.clei 8.nd ile n.7te 6

Rc housnrg cotrl.ins llvo tulc(s. one idr.l lor lhc !i:rs
(0.. odp \ \r.0ll''.tlrr o. h"tr edL, r. lF i

ndlbG ni ht€d metal h.se via gN cntry po't. \l adiNrablc
contlirgalloq cont6l of dreleogriof dreqterdjng!ortion
ofdrc gas cntmnEd powdcr llmDgLloNder litd fube into rhe
mixl.e cnamner ro firc tunc p.rlonancc .lunclcrhdcs of
drc syslc'n.1dill usq licihalcs the hisb sp&1t nrirnrs o llre
he.1ed jnl€r g.s lion llexiblc rclll hosc Yir cnlry lalvc \ ilh
dre r*rs c rined posde. lNn 1!e l{)wd- l+d tub€ i! $e
lonl holsi]€ 3. i le mixiog of llre neded e,s wiln €rrraired
no$deroccuR n' nixi rgcbrnberiitl) eldss into!.dnverg'gl: rd . gi el4',o/,1. o '!dn p.r.oa..cl. r'.
lo lhe grs and entrnred l.ivder lanicles for ulrimdc
impinecncnl npon a bstarc TIE unowcd dca beL\ccn
llie.onverei.g l2 and divcrying 14 arus lonns r Llrturl 13

Dcscribcd snni]a ) aDd allemalively, dre ilidally corverying
cjrcularloe 12 ollhe uozzle nay !€ vid'ed,s f^Nbc.ni.,l
itr shapc shle lle dilL'rgine cncu[r borc l,l of LlLc lo2zle
D.y be viewed.s iNerted frusbc.nic,l in dDte. e,.h ths
r|orl L.pe '!"1 d' ^rrP i

resdcred cnannel r3i and in a prfefcd cmbodnnclt. by
co-ionring ol lnc lhrsloconial slarcs

I'\CKGIiOLTND OLII HIr IN\'l:iN l I ON

Pior a cold j:as d-\'!.mic lDEy $ slen$, sodedmet .lso
rcldrcd to by 1!c rdm cold spmy syslc'mJ', utilize a slny
!un, rhich is in lunl lisl,l c,n ,m!'i.rdnr Nnh a no7lc
assdirlv rhrl boLh dirccrs ud acls urron ! s0pcrsotrjc sat
po$derdixturewbi.llisdne.ledrir relatilelyliigh!€l.cily
and lo\r lcnrlcranuc (conu cd to or[d drcnu] spny !rc
cessetlonnfineeqionasubstrate (o loanacoaling.The$s
is ! scd as a caricr 1br lhe po*1ler dul tums a coalin! or Lhe

bstratc, ard lunhcr, as drc gas is lEalcd and subjccr,cd ro
lcmpuatxrc ald prussurc di1lerolials. LLc carier gas r€aclcs
a velocity lhalcansubjsl LIcfordcr1oa Lhcmal rnd pl.(ic
delonnalion qhqr iI jmpilges ulor lhe sDtsk ie to lelt
.a!se ir to dnere to tle snlsrnre. while t|e gas is !€nemlly
belor LLe Dellilg l€nperal!.c ofdre posd€r, jl is s$j *led lo
liinelic enerpy to .anse i1 10 be pnrlell€n ar supcrsodc .!tr-
dilionstoiinFd nicieri ti.eii. energy t. ihe Fwdcr eiln-
eft cn1hatitNill adlcrc lo and lbrm a con uous coalnrg
on l' u|.. 'r\ \e nt"!.. I{' r "\e're. \+
licatcdft dlunicsrcqnnn1orllislNccrr,drc lc.nu01
LIE mzdc lus . prdisely lucHned conve4irs lnd dilelgilu

hpc ^l . bjc.r r cpo\.l(r;' r i\ r! I

ellat.s il lrdvels rlons lhc no2,leprssrts€
Itr gcndal. & cl$lrical hcflcr is uscd 10 h€1 Lhc h{c

lollne lroce$i.g gas. llle l€.te. nonmlly heats th. gas lo
rshij:Las 800'C. (1,1?2'F.). lle el{1ric lealiilE eleDe.l.
!*duh.rltheri.ress grs,oleralesundcrlighlrcssuru rd
rcnpcranrrc cnviroDrcnL. DuirU {hc spnynrg ol sone matc-
dah such as a[mimm. thc powdcr particl.s gcl dcposilcd
nsidc llr nozzle or lhe walls blocrirq fie :us llol p.dr.

\'!e! nre lozle blocl lmpp€trs, Lhe gas iow is .educed or
cvcn sropp.d, causnrg abnomal nErcasc itr llc rcmpcraLure
,!r!c Fe$nre ofl]r terdng elen€nl lnd ire grn. Snch sndded
nrcmse nr remlrer.ture aM tres$ue ctur damage nre gnn and

i $c nciter. rnd rlso rflect tlie srf€ly of the .])embr
Irtlcpasl. chnozzlcswcr.madcolleo!dv$lorcasc

offalncador. Ar a.taN€ to ihh alt 
's 

sno$. nr U.S. lai.
Nos.6,502.767, and 6,722,58.1. is$rcdlo Lhc sarnc iNcnloN
rs rh€ a€s€nl invenrionAs,r imfrovemen! nre n.zzl€n.s

ro !x cot!unilarypicccolDchl.hlhisdcsigD.thenozzl!is
,!,clied10,I s Dn lhict qzsler..d lbis w,sher is b.lled
onlo re gubody. SoDreof lheis$ks i jtl]dns desigDcaDle
s.lvd n,r mknrg rne ro?zle onl ol a tolynrer Hos'eler, llE
uil.ry co$lnrclion $ ilh. coDvcrgi4 aDd dileeing inrcnr!]

I i nore is exl€nsn€ to rnaNfacdre, aM tle n.zte is qlicallt
madc silha llmgcalthc cDd ofthc nozTlc *hdc lnc nozzlc
abuls rhe gD. Thh co$lnclion pnv cs lbr a rchltuly
sLi,idrLloN! pl.ce lo ioinlhenozle io fiegun, bul as it
!rcvidcs a ltal si.Inr llrc arca bcLind the divcrynu ssrion 01

r0 ho.cln$en.zzle.ili11L,$sfi€rnrrlcnersvt,hui ll'e,€r
cobcqu.rrly rlc nozlc lDs ! Lcnd.'Dcr Lo Lu1 or dlsnrdc !1
lnehjgll g,s leope€ture. requir€d for cenli..o,ting Drar€

rials.Th€IresentiN€rtionprovid.s.nozzlcascmblt rich
urilizes,t.lyme.no/7leqnnacooling'ne sinthe"€rol

2i llc nozdc up suann ol dE div.ignrg borc sccliotr ald s hich
las conl)llne scdior rith a drcrmallm€lEnical dsign.

Thc prescnt invdnioD reprcsenls a lnnLer advance Ior lhc
usc .ful lft high LcmpcraLurc allots (i.c. rllLrys havinrj mcllnrg
lenpenlures of Dore lh.D .boLn 800' C G.172" 1.1). 11r

r0 li€serr inventior nrv.lves ile rse of a unirary .tlind.lc.l
la])ered nozzle. whj.li is r!de, such as by ncchilnB, &orn a

single blockofr non rnetrlllc material. suc.h as polymer The
. rr' . ^e,ifr p , ,. f . F, i..\ l1apd ". '"r' ,

.Id divcrgilg lalcr to inducc ntxirg. rclocily tud kinctic
3r encrB/ oI$enosdera.dcir sLrL"Jm olrle sn.Jy mixlu.e ln

.clord cc wilh lle !r.\c nrvdlion, pior ..t lNblqns
Nilh 1te .ozzle Nnen ns€d $idr prrti.ulff tosde^ are innni
iLed. tu lhe past \'heD sLeel lozles tr erc use4 LIE hper could
6ddnre.logged, oausnig louling .l€xtensn€ n.z7le. ,.d

a! F$nrilu i'1 dos niin€ tirr dre troducli.n,ppanus,.nd p.s
sinb risk.fhann ro the gnn aod hcarei substnre ard N.n
lo$iblt 10 $orkcrs. ln conlmsl shcn polylrs rczzld uc
uredin $epriorart assdrbly, dre nozles cdr be 

'bicct 
10

rhemal des{LnioD iD LLe !.ea !l aDd Dear Lle rbral oI Lhe
a5 borc (i c. shcrc thc cotrvdgillg aDd rhcdivcryi,u esjoiD).

1]1e prescll irLverliotr l(lps to solvc UEse nrublenLs by Fro
vidinjt a nolel no/rlc .sscmlly Blich includcs a polyme.
nozTle rnd . nrerD,l/mecllnical .onthrg qnn a c.ohig
jactcr drd nolcltoccs*swhlchnr.hdcth.n.Tzlcassdrbly

ii olthet.€sent irN€nriontolemn Nperalloys and high redi
ptralUreallors to bespmted o o! subslnlc.

SLN{IIAR' OT TI Itr INVENIION

55 Thc ilvcnlion climnralcs truy ol lhe nnrcrdL linjtalions
ofthe Prnrr.\n by trcvidirg a n.77le a$cnbt nEt nnribirs
''ir- l '.1'f|lb".,l'11., -l. bjiLior .r.

eosioD aod desEdrdorof the fu zzlerrthe.ooiuriioo ofihe
rczzle a lhe gu exit pNsage, Fardcrlara( higls lcn

d ncrrlrtres neoc*rry nrdqr.sllnrD olligh tcinl€mture ,llLrys
and $pcr.lloys. lhjs ncq dcsjg! uscs lLlcxrcrnrlly hrcr.d
!-lnrdncal lolyner rozle. a co.ling jact ard a noTzlc
lolder dri $nrs rczle doNnstranj iion tlie abnttue.t otuie
nozzle and lhc gun mixnrg chan$er cril lasslge (i.c doM-

6j srr-am ol dre coDyerynr,j scclion olrhe nrlemll prssase, and
{hcrc thc lr$agc bcgiN 10 xi&n rgain) which ailox s thc
eoolins nLcdia to be i! LlEmrl ronllet qnh d,e lo2zle
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upsLeen of fi€ fi o.i of dre nrter.al nore of dre n.7zle. l'he
crltudrical lozzlc ji |eld in phce b) ! crlnidriil nozdc
b.lder $idr a liidion ft. tbr cxanllc a conllcndrtary il]rcF
nll laFc.lo llxrl.l lle Lxtcnral l.p.Jol thcno/zlc,holdingLhc
nozzlcnllosilio! ad scalnrg lhcioin($nLanalplicationof
!ressure pasl lhe clLlvelgdt s€clion oI lhe inlemll l.per li
liglt ofihe f.ct thal rhe oozde holder ls in drem.l cort.ci
qitll 1]]e coolnlg j.ctc! it rcrnanN .oolcr dr.r ihc nozlc.
{,lc\T d.dr..o '. of !d.L'icr"l) ,crc 

'.nrei€by ddiinarally f..ilirdnrg the I*k troof 6r of nre
nozrc to 1he nozzlc lnkld dd ol Ll( nozzlc {., lh. gun.

lr h ar otjLri ofthh nrvc.ti.n to nqrovc th. dnid dynanl

lL is anobiccLolLhis irNsrlio l. inruo\c 1!e sell,lljlcol
Lhe !ozl.. rhiclcrnbc quilc cosdy. Thc incnliotrlnrdrcr
imF.v€s lhe .penting €1li.i€ncy .M s.fei' of ine s ay
alp rlus. as {ell as emciency of thc Dtud!.lion olcorLed

jt is.n.nreL.bldt.f rhe inveDti.d i. eD,hle die nse of nre

Fr_scrt amar.trs lbr high rdrpcmturc allo,ys ad ro allow a

Dovcl prcccss afsupcrlkrt surLcc ftrhenl usnrg. cold

nrcse and orhu objccLs olllns invcnfid will tc cviJol
{hc! vicBcd in li$L of lhe dru{nrgs. dcrailcd dcsdiplnm.

tsRlEt DttSCrNr'1lO\ ot r)RAWTNCS

The nrventior may take lhysi.al fonn in cefiain parls and
drargonctris oflans. a lrcl-crcd cmbodnnon of{licll$ ill
bedescritudnrdetail nrnre$ecincarionandillusrratcdi.rie
.ccorlFrtryiDg d.arirys rlrich lnm . pra h!rcoI, aDd

FIG. I is a schemllic oI Lle cold las dynrDic spray sys

Flc 2 is i side!idr. sh.qn i| trni,l coss s€dion..fr
spray eur md nozzlc assmbly uscd nl drc pracllcc of rhc
nrlentio. nro\rn in flC. I andinrcco.drnce$itndrep€sent

FIC 3 h m enltuged cro$ se.rional vien of a snrgle

DET]ULED DDSCR]PTION OI TI]L IN1'DNITON

Itclanins now 10 thc ihsirss shcrenr thc shosnrss r
for pufoses .f i lirN!'ating tne tFfer€d embodimeft of nre
irvenlion ody lnd not lor rrurposes of ljmjdng l]t sane. dr
f ignres sliow ilietr..es ard atFairs rs€d nr dEtmces lo
erTdl dcl.sjdnr olvrn{)us niiG;rls.dtr r slbstDlc

ln thc Fmccs ilnNiratcn i! FIG. 1. nro hlg! prcsnrc gas

rocans ,8, lt, *hich slreams can cillru be lhe sxDc or
ditrcrcrt. oi ocn mixcd slrqN of lic t$o higb pressurc

srses.lrclednr!prdclined lio llrisFrio jsd.'lcmnnedby
r nurbd of]itctor. nrluditrg lhe nlc oIpN der dclivery. lhe

sls and panicle !€loci\,, Ue di.Derer of rlF tubins, Ll€
lrcllnrg clDEclcdslics ol llc powdcr. T[c eas sl.can is ]cd
ino no{'dc. hom$ 26 rnd pns hcaring c]Dnbci 2{ lt is
recogriTcd tbar rhil. nno s.1)darc nigh trcssnrc gas strcans
!F sboNr, il is rossillelo onlignre rhe svsieo to use only
one nru.€ .l hign frcs trr gas wilh a stliLlcr valvc, not
droqn ln dris c.nfiguati.., t|c conrFsirion ofnrc ligl
F1.. r p r. ir4 'o ! po\ l-r Lupp- o, !.s lcr r,-r

clamb.r$o drtlh.s.mc.Thc gaslcatire.lImbcrmaybc
3 emighl plss dmugl lur ce r ircl c a lcDcnlinc or
helic.l t,ln I le nertnrg m€ms .rl' be L,v cenmic canridge
heaLers, lrme, hellercllngerrltes. elccln.!]!e!ling, o.by
r'ry othei kn.Fd h*tide nr€ars Lhe he.ted gas exlis dre

4
liotervia exir nexible in$nared meral hose 120 into dr. r.zzle
.ssdtly 10 vi. gu l.dy t8, shel€ it .o!1li'€s *ith ,
tr€deternrnred quadtiry of N*dcr*hich has b.entickednt
lloD Lhcposrluhoppd 26 !h llcxitlc porvtlu hop!{ Ic.\l

5 tubc 17. Cold slra,w slstcns trc availablc undcr thc tuadc-
!.tnc Kinelilsi'! itn.\SB Induslrics iD llE US.{. and liom
Cold Cras T€hnoloey Gnnril in Gcrmany. Suilablc syslcns
lor LLc nrcs.nr inv.nlior iD.hdc rlc KitrcdLsrL 4000 .ld
Kuer , k -000 it Jbl( .. I fr . r.o lb! r'( i d

rD cln !e snNlied ,s .d OEM I€.u!e or exisljng cold spra)
equlpnefi can be retoiil \ridr the nozzle lDlder ald coolnre
asscnrhly .finc u.scnr iNolion

Tlc stmy gMnon aod rozzlc as.mblt arc il[Nrmtcd n]
llc 2 rnd hr€ , rlodnlr stu.tru€ lor else of f.bi..iior

15 o!{nrionud cl.Dn€.lnr pr.lcncd cn$odinc ,drcsFmy
gur incnrdcs at lcasfilre runr cornponcr$: a rctu lonsi4 1.
alNntlD snr! l. dd a lozre asselrlly 5 $ hicL nrcludes llc
.ozzlc6 Rerr|.nsnig1.o r,nN tu. i nleh, .d€ inl€t itu ll'e
g.s enmined nosd.r 7 ,nd lhe onrer 1or rhe healcd las

a Fsidenr in ne{ible insulated metal hosevia grs ertt t.it 9.
Ar ldjusuLrle.olrlirg s rlloss cotuolofdre lengLhollle
exlcnding lor(nnr 13 ol lhe eas enlrained Frvdcr tlu gh

F$'der feed irle ? inlo llie mixnrg clrnrber l5i. nne tune

lcrlbmrarcc charactcrlsllcs oflhc syslor. ,\ di1tuso 2 ficili-
:j laLcs Llc hjgh sr*d nixing oI llrc hcrLcd inlel gas ]iom

llcxiblc nrckl hosc via cnlry v!]rc 9 widr tlc g.rs cnlrunr.\l
lo$'dq f.oin lhc loNd$ l@d tul,c 7 in ihe fionl honsing 3.
lL.rru\u'. tL.l^...n!,..rLl'.rr.od( p -J.. ...r' o

.rixing cb.mber ls $ilh egre$ i o , .oNqging 12 aM
rr dnersirs 14 n.zz c (,imn3rt\urer$nic vel.cilics lo (nc gls

aM .nrnined Firdc. Fdicles tur trltimaie nnlineem.nt
?or 'rbitc. Lc,'rc\cd. -'b.l,c. 'r,c o,.cr- ,e

l2drddiverging l.t areas f.nrN a tlrmt 13. Des$inedsimi-
lady lnd rllcnrnvcly, lhc inilirlly coDvc4jilg ciruhr bore

r5 12 of rhc mzdc mly bc vicwe{L as llasloconial nr shalc
$]rjle Lhe dire+itrg cieuhr borc 14 oI lhe nozzle Day le
vi.{en !s hveded lrusloc.nical nr shee. each lrunoconiel
slr.lei i connimicllion silh er.n.nBr!i, reslnd€d chrn
ncl13. ard nr a prclciicd cnbodh.fi. by co-joinnrgofthc

ai frustoc.ni.al shatrs.
In a prcfcn.{ cnrbodiincnt, (hc nozzlc holdcr$sdrbry 5

incnrdcs a nozlc collar ? which is in lh.rmal-nohari..1
corullnication *ilh llL cxlcrior surlacc ol drc nozdc 6 so as

lo lNld {E nozzle in nuid liBli1 .otuulic.lio! lg.irln Ur
aj cxilsirlc50olttcelressrortolltcsliEysu. lhcc.ll.rTIas

a cyli ndrical Frtnrn s2 sidr a ceftnl 6ore s4 nrt h.r . dDle
llat.ooesnords 1o tle exre.ior shpe, lnd prefer.bly 10 1he
laler.fdre nozzle nrrh€ area in wliichnreMo ti{es nxer
Lr.c i1,e c,)lL.? ludl'eri.cludes rn r.nuLr lDse56lluL

a nalcs FnI a corrcspoding dxnne r€css 58 in dr. coll.r
holdcr 6 0 or Lhc c@lingjackctnozzlc hold.'r asscDrbly 5. Thc
collar holdd o. nozzlc nnr. 60 n nrtcrnal to the cooline
iackl/Iozle Llder and iNllde Fss.ges 6210. lle com
nunicalionola coolilgDedia, sucLasnilrcgol ah or gases

15 ororhe.fl ujdstullding{areroroil,Nnh.laryercha rer64
r' r'o 'J ' 

r u' r.l! ror rr'.rolzl.r'- 'plicn] r sDiaonrds thc dtc.ior srrtn.c .f rhc noTilc *ii.!
'.crd c'rr cc'9 1.. r//c r'rt '.. ..ro:,o
torrioo ofnleh)re. of conse, di€ ch.nlber crn €xend lle

60 cnlnclon$holthcno//le. lncchambcr64isdenn.nonone
crd by drc .ntidc surfacc ofthc eM adatrcr66or nrclat.rl
sulhccs by (hc nncriorloiionol lhccooling chaDcl68 and
atm olposing.nd btnrclhntvall t0ofthccoolnre clannel
6$. lhe1rcnl \'.1170 iDclLdcs a holc lnr Lhe p.ssrsc ol llc

6s n.nlerd.lnrenozTl€6 lhec..lingclarnelish€ldinflnid
comuniclrion wiLh. cooliq racker ?2 UrLlar !tr idd ?4
ard rr onrlerT6 forllietnnisnrr.frhe...lnre Dedi.. lh€
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.o1l.r s2 .onstdins nre mzlc at a leneth a$ ay li.m iic jont
beLsetrrhe sun ad.pterandrle rozzle nrgress l'refera6ly,
dris loc.ti.r is l)asr the .am\r j.h ofihe coN{€nrg and
divcrgnlg rccllons ol drc nncnal p! ssrgc { idri! fic mzzlc 6.
I he coliar exiends lcss lban drc cdirc portion of lhc rczlc, i
and somclling lkc lirm rDouL 0.20 to alout 0.15, and p.ef
enhly fmn abonl0.25 t. aboft 0.5 oflb. lcDs1n .l lhc noTzlc.
Thcnozzleloldcris posnjoncdso.s ro sud.nnd ard slpton
drc nozzlc in rlrc a.ca itr rLjch jL is $rbier Lo lrrger lredal
.d D{ladc.l lo.ds as fte g,Vposde. n,i\ture coNe,ees ,o
and iDtacrs rbe nxernal prssage ard lunherlo allorvrcccss 01'

ftc cooling.i.di. to ihc r.zzlc This hclls lo disslpalc a

srlD.n tt€ no77lc ard ro itrhibir crosioD and dGlorLior jioDr

D'rgroni. NrG 10 mcxsurc.Id conlln gls !rcss]L_rnd ti
ieqrcr.tur and rr. nrc.goratcd at thc nixn€ clanbcr
Ilieh-prcssurc (20 lo 45 ba/100 150I si) grs (rir ljlroser
lreliu, n Jd thci. nixtu€t is nsed ,s lne *dlrnrg g.s. I n.r.ler
kr onpcns.le Jbr rhe cooliog .sso.irled $idi lne rafid
extiansionrl the ro77le. an el.dric hcatcr 24 isuscdlo nrc- :o
herL Lhe n odiing gas L ,bou1 200 800' ( r. (rbont .100 I 500'
F.) .\ |igh tressrc towdcrnotfcr lc.\ls tolvdcrmalcrial in
rL. '-'. '!. fln r,' i,1 . r\, i ,,'j "1. dirp
systcms cn as rcbol. a-y Dradlula ror. lallF. clc arcu$dlo
scan r[c spray bedr o\€r the s]Lrstralc surlt.t lo ptudlce {t ri

'1Lc trozdc 6 fud mzzlcnolddrsscNny s arc altach.d io
rhe eubody using ! large dimension.irg 4 wiih.$ociar€d
bolls lndNts 19. tosni.nnrgof rne m7z1ernd..z?le|older
J,r.n I or.'l /I .rr"r'Lr' rJ, fr' " 'engagemefi vith cjrctrlar lip 25 nhich ls inscrtcd al lca*
tdially inlo nozzlc borc nncl. TID nozle ring Dol only lus

lFcieft stengnr lLr { irhsrard drc n.cbarical slrc$6 (u!-
likc lncwashuol lLc Pno.,{n),bul.]so scdes..s,he.lsnrk
so thal lhc trozlc 6 hrs a lox cr (or!.'rdlure dun dre gutrbody rj
lrcper Lenpe.ature dilleFndal lelN€! lre gun liody rnd nre
n.z/le xlnMr $e rhemral dtarsion ol rcgunb.dy bgnnv
ini.nie noztese,l em.!e rnd enfian.elh€ sealargnn body,/
o.zzb nrrcrt:lcc ard avoid arl lcalaec oi eas. T[us. dns
l-.e c \,n,e. e,rnr-.1.D.r. '\n. 

' ,-l. Ic. i',s {
lcmNnlLrrcs. Imnl lousing 3 and u{housnrg arc {llacb(l
nsjlllt a scr ofnuis r irh asso.iatcd boltswhichlhciliratcs casy
ald quic! dhasscnbll. olead!9. ald rssrcnbly oILbe gm.

Rea. hlsnig .omiins botlt g,s od poq der i nlets. lt ako
conlainsFi s for monil(in ns lbe rErlie ind lcnrperrr ue o f 4i
nreli.c€ss!.s The exad Fsiiior .frhe por dcr nncr can bc
rdj!sledby us oltlie.djr$rrle colpinrg nur.A difi,ser2 Nt
only hehs n,nrefornr.rnr,.f a prc1)crj.r butalso cosurcsrh.t
Lrr^ . J.r.J \,.\.,"r" , ll. , \ .\ '!rcoronbly .ollplcs Lhc gas and FoNdcr nrlcls Lo rc convcry- a
nrg'divd€nunozzlc.llsenes10lomdL-g.sieLa properly

',t ,. Io\dfl "dCn.. 
.o r. rl. poir pr... tc 

'

T1L hearer 24 colsjns ola hi$ leDr!.'.alure he.litrg coil
e!$dded nr.n iNullljns cooloiier., larirble roser rrly 55

14 and a prcpramnrblc LeDlcr"lure conlrolier 16. A sinple
!o$cr snmly 34 is uscdb...rgizcr|.lcalnrgc.'! Ascalcd
tnermoconplc 38 n nNcrtcd nrro ihcgas nronnrclosepro{-
irtri1y of nre gnn h.dy t mersnre rle teml)entur€ .f tle
tnrcessingeas.r\nighln Llhcmxrcouplc40isnrs1!lledonlo fl
nrc he.drg .oil v.ry clo$ ro hc ontlL'r. s. nmt i1 nlll nasur.
dr. walt tcnlcrahtrc o1 lhe lLrling coil. tus Lhemocou!lc is
. ',o .d r'cli- i.'i .. 

',p. 
. r. irpu o ' jl ' i

A solid st,te presnre ser*r I'r is nrcoryontcd.mr tbe .j
suD body. lhis s€.!or is connected ro a nr.snre i€gnlrt.i,
,dd \rner rhe gun p€sru€ qcceds rh€ set prcsslue, ihG scnds

6
a sigoal to rlrc hie[ pr.s!rc nrpul 01 rfu higL hnir conrrollcr
42. Nhen dre high It r co.rr.llcr t2 rcccircs cidrd rhc
prcs rc or lle leDpcr.Lure signal, iL iDredjrLely srilches
oll rnc hnLjog n.Ne. s!m]y 14 rdd gnes ,. rudnJvisu,l

  hiei essure r€le,se venl is incor|oratcd onl{r tbc gun

body. lvlEn drc nozzle llockse oc(rs ard Lhe Ljgh pre$ure
signal sclsoll thcalmn,16, dcsas nncL \rlvers Drnenla.il_v
clNed. ron open€d ard $en tlE gas uh€ .pered.g,ir 10

llle .o7zle of t|e tFscrt iN,.nti.r can bc mdc thm
vruious mal(yirls. cDd nr dr brudcsl iDlcrp.clrdrr iDclLLdcs

sLc€1, lLDrjrsren c.rlid€, uduon deulli.. Dateri.ls, sldr N
hipL lcrpcr.luru. ..lstutr rc$ndl polYoe , jlcludilj: 1or
ex,trrtl€ (relezel'M sold by BASF .r les])elJv sold hy
DulonL. \rlrich ir a lligh lcmp€FtuF. creeprcsislar polynn
idc.ll is cnvhioncd thal othd polymdr haring suilablc lcn-
rerallF. sLreng!! qea. ,rd corosbn clanderisli.s, r.d
nr€n.es \ri rhe narticulare aod ca icr gas could aho bc

'lhc nrvcnldr also rclales nr pulicullr lo a prccess dr.l
p.mr. rl. 1p/1.. .r r.vilhlh "rn- r.o. i ' 

...
llnl nrltcri{l lo ! subslrule lbis mrldrl ircld€s d-suljeF
,lloy or "nign Nrfornran.c alloy" niich is an a11o,! thai
exhitirs ex.elle.r meclnric.l streDerli ,rd.req esi {ar.e ft
lien tenl)eralrrrcs. good sudacc srabilnyi aid corrosion alld
.xi{hlnrn resislrce. sut€alloys lypically have an dustcnilic
lhcc-ccdcrcd cubic cryslal slmclLtrc 1 Dcralloy s b$c
altrynrq eleDenr js fsually d.kel, colall, or cl€l jrcr
Snpcmlloy do clopmcnt lar .cli{l lcavily o! bolh chc'nncal
.rdtro.e$ j.n.\anols.ndli,sh€en d.ilen trnmnlylrylhe
fr.J ff 1'lo.dD\.Jr.+ ..r!.l,ool.-r. ' J(I

n1e .emsl)lce. industirl gas turbnre and Daline turhine
nrdustry, e.g. lor (ulninc blail.s Io.Iol scclnnrs ol jclcDgincs
FI.iDles of per.lloys lre Haslelloy, hconel. Wasp.loy,
Rcnc alloys (e.g. Rcne 4l. Rc'ne 80, Rde95).I]alles allqs,
I.coloy, MI93T, TMS all.ys. ald CMSX siDglc crynal

Tnc linlowiru cx.rDplcs illuslntc llc proccss 01 llc
r\ r0 r. .'. or' r.l . nur rbJ.Jrp. t . 'r..Etur.ri
rls. lle €xamtles are me.d ro he illnstmtive ard not hniring

Lxrnitle I

h tnis examtLc. a subsinrc comtrising alumn n $as
coalcds nh a:50nndorlayu of obalt clrcDrnu alunirum
yrrtur usnrgacold gas.lyndrlc spnypnrcss nrcldirydre
rczzlc arsenlly all in.ccodanccsiL!turreseDl iNdlion
!s lolbws: fte slbsltule { as a rdilngll.r pllqu. raelsuring
l2 ilclEs by 6 clesby tsnrchiDLhiclIess. Thellaquewrs
treF.€d bt clea re rirh alco|ol and gri b h$nrg $nn ah
DiIa git lhe srr.t ,pFr.lus x'.s , Knr€dl<siC 4000 spoy
sy$em nDdified wilfi 1he noTzle assenrbll of dre treseil
ilvediul 11E nowde. hnner oflle spdy syste]n wls lorded
{fth.nc kllognn of.obalt clronnu! ahnnrum ytrnu.
Thc lroccss gas vas drrugcl whcre llE lenpdaluc ald
pres rc nr rhe gu Ncrc 700" C. and .10 Da6 rcsp.divcly.
'ftc slmplevls lixcd in r ijg rndtre nozrle rlr scl l(i srray
lhc sanplc 11 a dislrulcc ol 1 ifth nilh r srjlicion drcll 10

Druvide a unilonn coaliDr: ov{lhe s!rf!.eofdre surnle 1o

lhc dcsircd 250 nicrotr dnckrcss. ftc mzlc asscnblyjrcl ed rl'ec.olinsjrcl€t Ged lnh ! dL€r'n olc.r'rirc\sed
nnrogcr gas. Th. coarcd bstralc was sccljon.d nr rcprcscr-
lative lo.alioN. and thc quali5 oldrc.. nrE *as .lEked
rinrC oplical licrcscopy. Th.lolrrlcr lozzlc *as visually
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nrslecled ar ro sigDs of derernrdnor * e€ obscncd ard a

prcsJurc strcdn was drccled lrcugh Lte noTzle drd no

\"t')

Ir rhh extuntlc, a bstralc conFrisiDg dumiNrn rls
corLc{ \idr! 250nijd.r l,tf of c.halr.hrornu alLnirul
ynriln $nrg a coLd dymnic sFr.y !rcccs rvilhout Lhe

nozzlc a$.rnly.frh. trcscrt nrvcfii.n TIEloz2c rvas a 'o
sleel n.77lc. .\ll of thc olhcr proccss pamneLers rver€ fie
saDc Tic Do/rlc inuled beirc n,€ c.!li.g ihicknes qas
achieved, .!d otr hspccliotr. rhc cross s{lional dictnes
sLoxcd hcL!'rcscDous dorntini ,.d nnsatisfa.lort micb-

Example 3

In dis cx.Dple, sde.rl,riemfis \reE mrde to spray $rb-
st t€srntles codtdsl1rBaluminlnNilha 250nicroDlaver,o
' ..br| . rc ". ' ,:'. Ldd,.'ro'c
sr.!y ttuces *nhoul drc no77lc a$cnrbll ol lhe frcsqn
nrcdion. Thc nozzlc szrs a polymcr Dozzlc All ofnre oth.r
lFccss Fmndcrs wcrc drc sane. h rhis ex,nple, tte Dozzle
bcga! 10 dct{ionLcly }lqring lnd disnrnnre rl dre frdrC. :5

.ioinnrg lhc no//.lc ol llc snfty strD sh, l] tr ncr lne l€ml)era
Lur.ofUrgudcxccedcdj00!C No ftrdrcr sanplcs cou ld bc

Extunplc 4

ln dris exanFl., I rbnnrc compisilg ncel N.s cored
q,itl a 2OO micrcn laycr of niclcl c!rcniurn alumilum
yttiuD usnrg a cold gas dyunic spEy noce$ qi$oft dre
.fzle r\seI'nl'v olthctresentnrvenln r.'lhcnozlclvas a ir
s(ccl nozzle. -All oI nre onl€r lroces t,nmerere were dre
s!me. lle noTzle foulcd bclbrc rhc coating lhiclorss was
achieved. aud otr inErection, the cros'sational nricloc$
sh.* ed nn,ccetlah le micnrsruc1urc.

FxaDtlc5

Fnftn r .r?.rlnuxs $iL[ natry oLLc. Duteri.]s $rh ,s
llcotul 425. llcorcl 718. srhericll litdriud. etc. slio$ed drai
all (lrcsc nralcrials rcqui.. ttc q,ld 5nrry sn' l. oreritc 11 4s

lempeeLure.bo!e 500'(r and tr.sue ab.rc30 bds. and
'Lrrb..Nld //l(.. r.J.r 

'ltsd' .' 
/--" 

'rrurir e
Ll.( I' JL (..'rerr 

' 
r 'ar'J .fe' (qc ! rl'' o r | |

thiclncss couldbe rdris€d) s lile r.lydrer doTzles gor dan-
rAed due ronign iempcrairrrc \'arFhg md dinonior C{od j:l
qnalitw co.ri+s of rcquircd Llricl{lrcss olall these !!d o{t.
rnrt€nrlssereachised usnre llcnozzlc mscnbly olpresenl

Tl]crclbrc. \rhar nas bcdr desibed i! a pEIereJ edtodi
mcn1. is anappa.ahs lhichcorDprises nNllitlel)ails iddrd- $
inga honsile (slnch Dra] ilsellconlisenullille s!lr!nt.
'dr.LLrl s.n rr'lnvsn. 'rl1n g ."i'ir'q
..rruL' e'r. li' '.irpo'b.po\ ! 1.J.I'
conurmicrLior {ith dre EsFclir nn€is tn€€forc, th. caviry
!r!ingrnexitlor€gressollhecoDbincdgas,rpowdcrstcrm il

f,. '. ., \li. l. 1d pre . L,lr'

.po)'ii"i'.t+. .0r... r''rJLu .'!

.rJ r\.Lrfr,\J ,.ttrt,,,,.t ,!
iac\eL .!d lulnrg r tle.ed +-lnrnrical borc ccntrally dis- ,5
poscd dFrcllNugh and spaced apad lroD dre.ndet of thc
husirg or !u body or rd,lier. T|e no77lc holdcr is rcDDv

8
ably dLachcd Lo sajd horsitrg {i1h . rastning .,eans rvd
callyabolt rd a srcw aldrouCr oller Dodes of alLlclretu
arc qrvisnDrd. es. elinior!.r.lthe b.ltv] an nriernrlly
thrca.tcd b.re $ni.h alllnvs nrc gcscnt nNcfiiotr ro bc hr.d
r!(rr.LL lr) 'rn', uF. I l frice f I.c
..cordtur.e$ilhrleprcseff nrvcntion. Thc spmy gu Dozzlc
isnreleiblJ ruil!rydece.f p.Lymernrarhas acotnlly
dispos.d borc drrclhmugh.

l|e ..zz.]c borc has an inlcl cnd ad atr cxiL end and a

corstuictio! nnqposcd beL\cctr drc t\o €lds ll r preleGd
dnbodidenr, rlE inlet end hrs a nelrl iastoco.'c.l drale
cxrcndnu prnray rhcrellrolgh.nd in connnuiolion qith
u invefled ilibr Las1ocori..l sl[ted h.re dit ar an.moscd
-11 rd. rlKL.J(0.{( r(j-r -roxr;!lr.rt
in! c.\'ity dit ,.d le.k lnarf engrgement is e1l{lcd by
posnionils olrh. !ozzlc xmrnrtlc bo.c.f ti. n.77lc hold.r,
,r iniedortaFr.flhc mzrc holdcr Golla, borcsscDlnny
ralcling an cxlcnortancrol&c nozle

Tlelonsing1br lnc spray lllnralLrs lypicnlly hrs sercFl
slbpans spdiiically ilcluding a.ooliilgchlttel,.d a.ool
nrg jackct *hich codains a coolirg neiia in llennrl com
municaLnD r ifi d'e r,TTlc dl tlc srr,y rtt!fllus. l he nnels
lbr thc. ftrnL{ po\ dc. and huLd lrs .re conlri ned q'ihin
lre re.. honsiig wlile the mixnrg cniry is $llnnr a dctacL-
able fonr housnrg. sccnrc cngaecmcrn ol {hc lio and rcar
lo sings bcnrg ellecledviaan allachnrcll nr.aDs wtich may
bc a N r dxl a bol1. or dlmarivcly atr nrlcm.lly lbr.dEd 1iotu
for rccen in!1mting cxlcriorly 1br€dcd boll.

lI ordd lo lacililalc the hrslr'rins oI Lhe housing sirh 1l€
nozzle. lhc cxit ol drc ni\ing ca\ ny has I Drolrudins lip lor
iDsennrn lo.!illeiendofslidrozzlebore ftealrinrde(a
De.slt€ oftle leigh of t|e fruslorconical sccrion as nrca-
,' ql cr^<<'Ll'rrq. hlc, .l L e,nlerlru oc, :-"lbor- -
le$ thm rn llilxde of th. cxil hrnocLuicll lorc

' ' r'r 
p r -n h.d ,.ar. h, o,/ c o lcr irco dF

mcms is a lous'Dg Lravnrg .l lcasl t* o nnernal djaneLe$, dre
snrllcrdiudcr incl ins n,GdLrl nlss,gcs firla$ageola
.oIo?d'-[. r'rl'r..0,.'ir.'. 1,^n"'",''
\nh a solre ol{r€.oolnrg redi.. The nozzG noldf firnhcr
nEluding a Nzzle collr which IoroN a n]€mi,l indnanical
inlc.fresitlr lne e\teirl surlace.f lhe nozle. vhcrc thc
urlcrlacc is spa.cd lnrn IoD thc c.noging ssctior of c
inrerml Fsagc alo.gdrc lolleltudnul dis of drc nozzlc to
lo{ oo d< 'tra ruLr r'LJU roL.'r.r.1...(1r'r

nns iDvednrn has been descnhd in d€t,il nirh refere.".
ro spccilic cmbodnnc s llc.eo l inclLr dnr.s t he respecLive bes l
nodcr Ior cunirs ouL cleh elLbodidett.ll shall be urder
sl nl dul drc$ illL'sllr(nnrs lrc ly *!y olexrq,lc rr d nn by

Wnile nr accordancc slrh drc p.rcnt stalx lcs. Lhc bcsl Drodc
lid F.€leiied eDrbddiment have been sei fonn. drc sco!. of
lhe tuveDLiotris mlliniul rlucro.lulrrhq by dre scope ol

I A nrethod for gas dyrtu c cold tlmynrg a substra(c wilh
a IigL lcnle.alure oalnu coDpnsnrg $c stcris.l

G) prvidirg a $'bstu,te
(b)lNyiding a Fo\dcr {Ljdlhn5 a D.lLilgldrpeEturc of

xft $rn rlnrtrt d|700! c. $hich t.\rder h to bc
.pplicd 1o rhc snbstotci

(c) tm dnrg an aprdahrs naviog a honsnrg wilh ar inlct
lor! g.s .!d , Nixnrg.avil,! dht.sedriihin thc hon$
i,o1 ',\ir!r'' p. .,, '.lrl(Ed o. rro '{. i r

wnL dG nneN, dE c.vit! luvnu ar exit tlerefonrl
(d) rrov ns a nozlc asscnbly irclL,rljls r Nzle holder

ha] nrg u rozzlc ell!. $[dr it.]rdes, ho€ cenhlLy



us 8,192,799 82
9

disposed tbreLbrolgh, and eid nozzle a$o$]y flrilFr
itrchdins a cooliry jacket j,rcludiry a coolins media,
aM a non metalijc lozle nali.g ar derior $rrfac€. .
ccnLnl longilldnral axis md a ccnlrally disposcd horc

(i) said mzrle bo.e laving an inlemal psssagc drlDing
r .onve.gjng sdtion extendi.g l3rftat fier€i!mngh
ldn. a. inlet ol dre noTzle bore and a diverging
scdion cr:tcrding towardar o lcr cnd ofdrc mzzlc

(ii) rhe rczzle bore inlet in coDludcatioD vjlh sid

(iii) L\e nozle colld foming a themal nr€hanical
inrerface winr tle drdior surface of dre nozle,
sherc llc i erlace is slaced apdt fion the convqg-
ing seciion of the inler.,l pss.ge al.rgfie central
lolsitudiral dis of fie oozzle lo allos ihe cooling

10
nedia 10 le in tlenMl colt cl wit! Lhe e erior sDF

,cc o rlc mz2lc co re'por.drog lo 
' 

c co rcr6ior
s{lnrn olrne tr.zle ,nd

(.) !pJi'g idloqd.r o dJb. lL r' ' n:.ire
c,vity rhrclgh tle nozzle oftle trozde a$erabbr

I \m. od lo g.'dyra'.\flrv'gdss. .n, .lnr'
I wlier€iD the porvder is , snterall.y.

I { d- l od lo gps/"tu...'pr')ir.g f s. r onl io.lnio
2 *!crci! thc pNder G orc or nrorc allots ol nickel chrc-
DiuD aluninu ylliun, cobalt clroniun alLrDinun

'trrnrm. 
no. cbominin alnninun ttlrjum.

,l A tu,rh"d to. s .d er..pru)rnbaiil I nL.oil.' tu

1 wler€in lle powder is a lig! iemp*ltue alloy.
5A u,'o lfu...l euc ga)rlgas$ u1l].oclatu

1 qlerein rle powder conprises one .i nror€ ofnrrninm,


