SPRAY DEVICE FOR SPRAYING CRYOGENIC LIQUID AND SPRAYING METHOD
ASSOCIATED TO THIS DEVICE CROSS-REFERENCE TO RELATED APPLICATIONS This
application Sims the benefit of Provisional US Application Nos. 60/840,816 filed August 28,
2006, and 60/851189 filed October 12, 2006, both entitled 'Nozzle, System, and Method for
Cryogenic Impingement which are Incorporated M their entirety herein 5 by reference,
BACKGROUND [0001] The present invention relates to a cryogenic nozzle. In particular, the
present Invention relates to controlling the flow rate of a cryogenic liquid through a cryogenic
nozzle. A nozzle is a constriction of the fluid line at or near the exit or termination point 10
from which that fluid is ejected into open space that is at a lower pressure than the pressom in

the supply "”%JFEW';HE\%'E‘#@% SPRARINE R HEcRARPLANG D RS FRATIIEME PHOD
the nozzle and those figures do not shgaghe gurety ToesHstpEyazele. 100021 Fig 1A shows
the conventional method for controlling the flow rate of a 15cryogenic liquid through a nozzle.

In particular, a valve V is installed upstream of the nozzle that restricts the flow of the -
cryogenic liquid L when the desired fl r he design
cayp:city of (t:]he nozzle. A prob%%ﬁ%&%&%ﬁﬁ%&%ﬁn@%ﬁﬁ t%%ﬂ)}?gs%ure dro% the liquid
incurs across thealySIUNHLERNSAS BorRAUGHIBRVRIINE! Sy ARXIRLIBINGOIINDG Fiatiermore,
the pressure drgp Gaaes sROMiPB s VeI gl dn k) do el sai gila HabuasBikfen
plug the nozzle ERaTor thé nozzie passage, thereby causing flow rate Puls tions. It1s
important to un@afdrethedfariarasalel! ?Qﬁ'@%ﬁﬁﬁ’)@miﬁﬁ’ﬁ‘m&ﬂ@&ei’s %81%?8&58‘& S

increasing the $izeetdréneenozzle orifice to quickly vent the boll-off and thus eliminate the
resulting flow rate pulsations. In 25patrticular, %Laggg[_ﬂ ?@e orifice In the conventional
method would require a higher degree of valve restriction to achieve an equivalent range of
flow reductionsgyad)thtfecplBE8RTiNGRRA RISIRN@E SrdRniBEIBOIngfirf 008 ihBiR:camstraint
on increasing the foealfcsles 1D e CARY SN RAARYLCGRMR RERUREIFEBIgdRIne
conventional method when the nozzle and the delivery line heret&énelﬁtotg?eco,oaq down from

room temperatfRFHefStOGERIS B CAISTAHIRY RS ne fluid line at or near rmination point

10  from which that fluid is ejected into open space that is at a lower pressure than the
pressure in the supply fine. The fluld passages shown in Figs 1C, 2A-2D and 3 are the
constrictions within the nozzle and those figures do not show the supply lines to the

nozzle.

[0002] Fig 1A shows the conventional method for controlling the flow rate of a

15  cryogenic liquid through a nozzle. In particular, a valve V is installed upstream of the
nozzle that restricts the flow of the cryogenic liquid L when the desired flow rate through
nozzle N is less than the design capacity of the nozzle. A problem with this conventional
method is the pressure drop the liquid incurs across the valve which causes a reduction

in the spray velocity.

20 [0003] Furthermore, the pressure drop causes a portion of the liquid to boil
downstream of the valve which can plug the nozzle and/or the nozzle passage, thereby
causing flow rate pulsations. It is important to understand in this regard that the
conventional method is constrained from increasing the size of the nozzle orifice to
quickly vent the boll-off and thus eliminate the resulting flow rate puisations. In

25 particular, a larger nozzle orifice in the conventional method would require a higher
degree of valve restriction to achieve an equivalent range of flow reductions, and thus a

larger pressure drop and even more boil-off.
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oversized nozzle is required to quickly vent the lame quantities of vapor that evolve 5during
such a cool-down. Consequently, the conventional method is faced with the dilemma of
choosing between the time-consuming task of changing out the oversized nozzle before
commencing normal operation, or the complexities of designing a system for temporarily

increasing the ogificg sige gf the nozzle during cool-down. [0005] Finally, 3pethehppvisign with
the conventional method is the valve itself. In 10particular, valves that must handle cryogenic

liquids are costly and tend to break down. The present invention provides a method for
controlling the flow rate of a cryogenic liquid through a nozzle that avoids the above described

problems. [0006{4€R$H BT GRS ARS QOL B HSHREE SR B F ISR YR VP PR R A dpads
boiling-low rateblp kycitiigrealem v hiesorreatinameiRetasheorihenessisiiang ths detveanvezle
discharge and thusr@ssegiate sz piiagingds avaieeturt) béasieisately. thigatedification

would be impracficalin MAo% ARRIGALIONS aﬁﬂtrwﬂmghﬁp&%mm@mmﬁm@am big

and bulky to fit in manutacturing machines. Furthermore, movm% spure dr,aptﬁo the

) \ th
nozzle dischiargd HBESHD HraYtR e FRURTSHEN 1 T Lpreny O o@ﬁ%‘ frg AN ®20[0007]

Related art includites'RelréghersPheweeN36s Esc WL ARG kst eftcAPNgIsIPatdit ¢/8Eier9;
Germain et al, UssRatestof; @3dH4daiantbifunketretial, &) $:2602/0:x804 26JBRIEE SLIMBMARY

OF THE INVENTJQMNR098) e aikserd daverdiandaim method.ang aprasatus for controlling
the flow rate of a cryogenic liquid through a nozzle. The flow rate is controlled with a

"throttling" gas 28988§ind agivessethergreiten it equedtionshangheddeiree optiraiteeffodenic
liquid, a temperaiuiR@seatavdb matthedemprsaiusgealdheyaeenitfiguideand araailigmoint
es than or equal{p.the IeMRGLAME RIS SHRIRAIHIGHELIRG AR RRASHICALINZ AKGHRN
provides a process comprising providing a cryogenic liquid; providing a throttling gas having a
pressure greater T4 %?f&§ &%&ﬁé°ﬁifge@§&%°§°o§ﬁ?{@%‘lr§6%é‘ﬂ?é liquid, a temperature
greater than the jep§ieraiyie ehshg £84P0EMISnal modification to Figure 1A to reduce the boiling-

induced flow rate pulsations by locating valve V at nozzle N. In this fashion, the boiling

15  occurs in the nozzle discharge and thus associated nozzle plugging is avoided.

Unfortunately, this modification would be impractical in many applications as the

controlling valve makes the nozzle too big and bulky to fit in manufacturing machines.

Furthermore, moving the pressure drop to the nozzle discharge does not prevent the

reduction in the spray velocity from occurring.

20 [0007] Related art includes Kellett, US Patent 5,385,025; Brahmbhatt et al, US Patent
6,363,729; Germain et al, US Patent 6,070,416; and Kunkel et al, US 2002/0139125.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention is a method and apparatus for controlling the flow rate of
a cryogenic liquid through a nozzle. The flow rate is controlled with a “throttling” gas

25  having a pressure greater than or equal to the pressure of the cryogenic liquid, a
temperature greater than the temperature of the cryogenic liquid; and a boiling point less
than or equal to the temperature of the cryogenic liquid.

[0009] Specifically this invention provides a process comprising providing a cryogenic
liquid; providing a throttling gas having a pressure greater than or equal to the pressure
30 of the cryogenic liquid, a temperature greater than the temperature of the cryogenic
liquid; and a boiling point less than or equal to the temperature of the cryogenic liquid;
introducing the cryogenic liquid and the throttling gas into a contact zone and contacting
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liquid; and a boiling point less than or equal to the temperature of the cryogenic liquid;
introducing the cryogenic liquid and the throttling gas into a contact zone and contacting WO
2008/027900PCT/US2007/077010 the liquid and the throttling gas to form a resulting fluid;
and discharging the fluid through a nozzle while continuing to introduce the cryogenic liquid
and the throttlingygagoiniershe contact zone. The method includes the stepetesfisndimneshe
gas and liquid flows for a period of time and adjusting the mass flow rate, and/or temperature,
and/or pressure of 5the gas as desired between from maximum flow to no gas flow to adjust

or maintain the rpass flow Eﬁh OQ%QB?JJ%%E%UL JTPJJ” “%l%[:%%??n ERIES oul% they

n
invention, the CI’yOgeanC? as are |ntr UCG |nto a CO ta tzone W

are contacted to¥0RF4 v@s‘am@wm ter Wé’ e rraRpRCriid argdep daralign gRe 'RiosoR
while continuing ¢onattadoee Theaukditioriadiedpe tertetighidrdindinb tbeing Wudiordtiditdoad

cryogenic liquid, ;sarnasief'tdm{éadﬁ@ ERftlinE RS niaean@maty aarer W&%&WSH@@W@&%\% gpntact
zone, into thg coptagct zon es‘IPeS’E%§nﬁé“ﬁ?r§ L Bl RCES 5 RINP R RRRb IMVERURNK e

process further com%nses contr sc arge mass flow rate and the mass ratio

of the d|scharged‘ﬂﬁﬁd‘%%fﬁﬁc?@d?n%?ﬂﬁqt%qﬂ? gaseous component as a function of the
15throttling gas pEEHHUIE: M%égsgBﬁmwmr%m@wm@vmlam mtmne@@tus

comprises a condwt havm strea q downstregm n head qp d‘
introduc contac Z are conta orm d {eﬁu n?h ujd
communication With & Rozsle

e ap ara ‘flur%e omprises a II‘St sup @

connects a pressiiZestjas f&[ﬁbﬁl? W@W?ﬁ@’@tﬂﬁ‘dﬁﬁ %'%W&&th'gli'ﬁﬁl MEHER connects
the cryogeni@ liqadigfsl pryhgtinie ftquitiercohditing v dischiigelendgsnib éagls sadpitjohak is in

head-on flow conrguiigaHONibB 8 RSERaI-ENGHSkSaR 6PRdUntahilerhianisliiel ssapply line
e ookSs i ofe TBAIRNa W B e B HE B ERAREMIE COR b AREPd from

the conduit). 100121 In'a secon t& paratus embodimen present invention, t

apparatus 25coripreaes caratinera s s ey 5%@%@%3}? RS EANA Bhiien may
be an opposing féiechagel fvid sliadd zemponsptitsiitg geservotopmnsng sy erfustionallihe slit)
along at leagt a pRdinnQfdherdength of the wall of the conduit. The apparatus further
comprises a first supply line having a discharge end in head-on flow communication with at
least one of the f98d1&ndsaoetprERegiRRT OhhE BressRbRUesliph I iREPRERSFABSas & genduit

having an upstream end and a downstream end in head-on flow communication with a
nozzle. The apparatus further comprises a first supply line that connects a pressurized
gas supply line to the conduit and a second supply line that connects the cryogenic liquid
20  supply line to the conduit. The discharge end of the gas supply line is in head-on flow
communication with the upstream end of the conduit, while the liquid supply line is in 45-
135 degree flow communication with the upstream end of the conduit (measured from

the conduit).

[0012] In a second apparatus embodiment of the present invention, the apparatus

25  comprises a conduit having a first feed end and a second feed end which may be an
opposing feed end, and a nozzle comprising a row of openings (or optionally a slit) along
at least a portion of the length of the wall of the conduit. The apparatus further
comprises a first supply line having a discharge end in head-on flow communication with
at least one of the feed ends of the conduit, and a second supply line having a discharge

30 endin 45-135° flow communication with at least one of the feed ends of the conduit. The
angle is measured from the conduit. In one embodiment of the second apparatus, the
first supply line that is in head-on communication with the conduit connects a pressurized
gas supply to the conduit, while the second supply line that is in 45-135° flow
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30end in 45-135 flow communication with at least one of the feed ends of the conduit. The
angle is measured from the conduit. In one embodiment of the second apparatus, the first
supply line that is in head-on communication with the conduit connects a pressurized gas
supply to the conduit, while the second supply line that is in 45-135' flow communication or
90-135" flow coysidigatieg with the conduit connects a cryogenic liquid sepRly2i@76€o010
conduit. [0013] In a third apparatus embodiment of the present invention, the apparatus
comprises an annular space defined by an outer conduit concentrically surrounding an inner
conduit containing a plurality of openi in its wall. The annylar space has a first feed end
and an opposingc% ugl‘fat\%h?&gi?{e‘l’?én%%vevgﬁ\rpew e Jg%%‘ﬁvfr&t\o%ae ﬁ?é%?’rll S 2{1%% R8pposing
inlet end of the ifiAdd eBpriute trmecapyhratus further comprises a nozzle comprising a row of

openings (or optely IR AUNGLAHEIARRRNAK S BRI B walghii outer

conduit, a first supply’line in flow communication with at 10least one of the feed ends of the

annular space, afT'a"S&8 3AAEHAIRPARR IRTABPY S ANRACARTLH CoRAear IElldERRUB ket
ends of the iAnerncendeituificonieivnsizorlTaétaPrsaithih 4pparatlike BReURSSRANSIIFIMEH
flow communicatisyy eith-an aH a5 RRMGEANE QIRich pressspicediyas]stpply toitbieréetratar

space, while the secang SRR IR BRveSRrBRAURIERLGN YERRR INDRKS ABARHEARNects a
cryogenic liquid su%)Iy to the inner conduit. 00}4|]O-§}HISI venH n furth
e

: I provides an
apparatus compffiits S TREEING A YR SRR GBIy c\’/’l‘g[e?yeaascﬁﬁlgeﬂw%{e'gg f(tagﬁo_cr)ts'r?é' ,otatgelnlet in
fluid communicatfgtvitine weheidbe ewer eendul st m%#’%g@ﬂwmﬂlmﬁ@“ﬁmﬁﬂ at
communicati®n watatthe: oo niaeiedonds ibfehecamtatirapaeshandg sethnd sepiyinaiodton with at
least one nozzle g @ gak SRR 22Ol Wik corYBHRIE AN sithieashef the at least
one gas inlet whercln he gz suhply contiol spdapied s shabisadusImenL ahat st one of
temperature and PIeSsUe of gas supp‘ff’eda 0°each of the at least one gas inlet 1o achieve a

first desired flow 2REHIBAFSFERNEHE FiABRPYIIERT 878 SHREXLP BisPRYY2IaRAFR AV RIe Hif 8BCGRd
cryogenic liquid atgpfirtneirefsy cersmonicatiedwith dzecihred tooduitleesteoise cryeagaitidididdiid inlet.
25[0015] This in@pigiolindhaiePEaMigRs an apparatus comprising; an outer conduit; an inner
conduit positioned within the outer conduit and defining an annular space between the outer

conduit and the if§8#coRdsinvEnan fsined ROV asAM R RAL BOBIRE DRI IFgSH SR RiEHRIE S
enable the cryogssiy liguick i fonavndiallly dsoondlyes metirctuid ainintontbetianwithar spéee; at
least one nozzle jgrmed 0N theiAntessMilliERAAG eI AR AR FARezEe Reibe iy id
communication wih the annuiey space, & st dasdniel i carmunisation withhe gifer
conduit, the first ggsc?rrf &t Zémlneg Al g[')rfeclf ?o Cconnected 1o a pressurized gas supply; a
first cryoger® ligeratiel By THdieeanEwRTAT ARSI Rifh the at least one gas inlet; wherein the gas

supply control is adapted to enable adjustment of at least one of temperature and
pressure of gas supplied to each of the at least one gas inlet to achieve a first desired
flow rate of cryogenic liquid through the at least one nozzle when a source of cryogenic
liquid at a first pressure is provided to each of the at least one cryogenic liquid inlet.

25 [0015] This invention further provides an apparatus comprising: an outer conduit; an
inner conduit positioned within the outer conduit and defining an annular space between
the outer conduit and the inner conduit, the inner conduit having at least one opening
positioned to enable the cryogenic liquid to flow radially from the inner conduit into the
annular space; at least one nozzle formed on the outer conduit, each of the at least one

30 nozzle being in fluid communication with the annular space; a first gas inlet in fluid
communication with the outer conduit, the first gas inlet being adapted to be connected
to a pressurized gas supply; and a first cryogenic liquid inlet in fluid communication with



the inner conduit, the first cryogenic liquid inlet being adapted to be connected to a cryogenic
liquid supply. [0016] This invention further provides an apparatus comprising: a conduit having
an upstream end and a downstream end; a nozzle in head-on flow communication with the
downstream end; a first inlet that is adapted to be connected to a pressurized gas supply line,
the first inlet hayjrgagisagrae end in head-on flow communication with gbe/ugstre@miend of
the nozzle; and a second inlet that is adapted to connect to a cryogenic liquid supply line, the
second inlet having an outlet end in 45 - 135 degree flow communication with the upstream

end. 10[0017] Thie ioveaion b iaskRovees A dRiing sananiising: bpiaadgegenic
liquid at a first pressuré an _Lfn’s fempératiire to a contact zone that is in fluid communication
with at least one“Ae22Mis KHRAPRYa gas at a second pressure and second temperature to the

contact zone, the,§egOne RTESSHIG RGHAG: BRIRRS AR ASLPRERSHES HARRAIMNIG an
temperature being greater than the first temperature, and Ehe as 15having a b |I|n\9. R%nt atl
% f ¢ pdsts g e e Wite

atm that is no griaTEFann A0 $iPct QRS e RGPS: ?e"g?ﬁq (o' TRE GaE LU e tee Contact

zone in orde? to eeieteas gadirelirsiduet et radaripkinegicRnaatipe g A RaeH traheassinpix
one nozzle. BRIkfe BH=SisRERT Hah§dEHarRRANN eSS -fO0Tb8] dagrivhishimvsvghdbaventional
cryt()j%_ergcl spray a&z@&no 3 QR 1]@9;.]&%&@9% &be&{bvd_ .ﬁmimflsﬁqam@mis M@émyﬁ%ﬁi@r
modified location. i shows one emhodiment, of t sent.i n. ig
2 10 5D Show LT BN B T T A L e o R e et
zone and/or nozSREEBRIFGLPANEIRSISBRSHSFT B3 shows an additional embodiment of the

present invaptiof JaA2Shiiq oneHe ARPBAGIRA R AIMENLAISD! CasiR eaagbgving
multiple spray nozzles. [0024] Flg 5 shows a smglet-copdun S ra%tubﬁletrlrgt?rc‘)glriq)ent of the
present inventio 9419 2jGo¥EPETRR A0 BT LENPLEEFAP ASIBIRCANGUNS praY tibe
embodiments of ¢heBOPseiRs Vit 6 HONVOZZe 0B P TIGIIRE 78 2P0 PRGESe and

second temperature to the contact zone, the second pressure being no less than the first
pressure, the second temperature being greater than the first temperature, and the gas

15 having a boiling point at 1 atm that is no greater than the first temperature; regulating the
gas supplied to the contact zone in order to achieve a desired flow rate of cryogenic
liquid through each of the at least one nozzle.

BRIEF DESCRIPTION OF THE DRAWINGS
20 [0018] Fig 1A shows a conventional cryogenic spray nozzle.
[0019] Fig 1B shows a conventional cryogenic spray nozzle with a modified location.
[0020] Fig 1C shows one embodiment of the present invention.

[0021] Fig 2A to 2D show various other embodiments of the present invention having
different contact zone and/or nozzle configurations.

25 [0022] Fig 3 shows an additional embodiment of the present invention.

[0023] Fig 4 shows another embodiment of the present invention having multiple spray

nozzles.
[0024] Fig 5 shows a single-conduit spray tube embodiment of the present invention.

[0025] Fig 6A to 6l show several double-conduit spray tube embodiments of the
30 present invention.



[002611 Fig 7 shows a spray tube system that is adapted to !rack a moving heat source.
[0027] Fig 8 shows another embodiment of the spray tube of Fig 7 in which the spray tube
encircles a substrate. [0028] Fig. 9 shows another alternative spray tube embodiment.
S5DETAILED DESCRIPTION OF THE INVENTION [0029] As used herein and in the claims,
the following terms ShgdbB@edefined as follows: 0) A "cryogenic fluid" mearsrasshod /bevoing a
boiling point less than 73C at 1 atm pressure. 10(ii) A 'cryogenic liquid" means a cryogenic
fluid in liquid phase a boilThg point less than -73"0 at 1 atm pressure.  (iii) A "nozzle" shall

mean one or m enings for di ' ' i rict f id line
at or near the e%@ﬁeﬁﬁ?gé?&%v %%%rﬁ%%lr%v%{%%%hﬁ?gﬁ%ip{egfgggﬁég“ %ﬁg% g%géﬂﬁét is
at a lower pressgretharrie pressaretinritretadppyt lf éheldpi) tibe atF oY iflowidotm sardzation
between a condyjt apskA-ReZAeskal mean the flow path at the discharge end of the conduit
merges into the flow path through the nozzle without a change in direction. Similarly,
"head-on" flow cifeslunfiatfoh detweshea diaidadinel sarep tithgiesRafiMee4an the flow path of the

lfghwithout a change in
in

fluid merges,into the flow path at the. feed orupsiisan, ead ?LE‘R]\‘}EF‘F e and a conduit shall

direction. Fiﬁr'ally, "head-on" 20 flow communication between a supply

mean the flow paghoaj thes dischanes andietibesmepiyetioRmes gesindmie Heivgedl at the
feed or upstrea of the conduit without a change in direction. (v) "45%135" flow

communication’ between a fluid and a conduit shall mean the flow path of the fluid merges into
the flow path at the (fpedrengaktitefonh dwitrat afudiglnfernoibd Sotat B85 thSinTifaAyat 45tm 35
flow communication betwgpégs@,gupply line and a conduit shall mean the flow path at the
discharge end of the supply line merges into the flow path at the feed end of the conduit at an
angle from 4% to 13610. Poicsoaseielinpiddingents wiecanuieflvd BrigwdmoarepibRiigasitdette
liquid into the contact zone&f the merzlerasasiired by openings, supply lines or other

connections, is from 0' to 180, 0' to 90' or 3045' to 900, and the conduit may_ or mﬂl] not he in
head on flow comm@Hicéth?Fﬁﬁﬁ?'fﬁ@mea” one or more openings for discharging & fluid. ozzle is

a constriction of the fluid line at or near the exit or termination point from which that fluid
is ejected into open space that is at a lower pressure than the pressure in the supply line.

15 (iv) “Head-on” flow communication between a conduit and a nozzle shall mean the
flow path at the discharge end of the conduit merges into the flow path through the
nozzle without a change in direction. Similarly, “head-on” flow communication between a
fluid and a conduit shall mean the flow path of the fluid merges into the flow path at the
feed or upstream end of the conduit without a change in direction. Finally, “head-on"

20 flow communication between a supply line and a conduit shall mean the flow path at the
discharge end of the supply line merges into the flow path at the feed or upstream end of

the conduit without a change in direction.

(v) “45°-135° flow communication” between a fluid and a conduit shall mean the flow
path of the fluid merges into the flow path at the feed end of the conduit at an angle from
25  45°to 135°. Similarly, 45°-135° flow communication between a supply line and a conduit
shall mean the flow path at the discharge end of the supply line merges into the flow path
at the feed end of the conduit at an angle from 45° to 135°. For some embodiments the
direction of the flow of the gas into the liquid into the contact zone of the nozzle, as
defined by openings, supply lines or other connections, is from 0° to 180°, 0° to 90° or
30  45°to 90°, and the conduit may or may not be in head on flow communication with the

contact zone.



contact zone. WO 2008/027900PCTIUS2007/077910 [0030] The present invention is based
on Applicants discovery that when a cryogenic liquid and a pressurized "throttling” gas are
introduced into a "contact zone" and the resulting fluid discharged through a nozzle, the
discharged fluid's liquid-to-gaseous ratio, and therefore the flow rate of cryogenic liquid, can
be controlled asyfbhasiioneaf the Spressure of the throttling gas. In this fasbiom2thegpresent
invention can alternate between an impingement cooling functionality, when the discharge
fluid may comprise a majority (51-100%) or higher percentage up to 100% liquid (for example,

75-100% liquiid) (fg;a? o, Aseannsdhnnienalbs e ibe A sflmen tidima Aangse @

majority (51- 10 percentage up % gas (for exam

75-100% gas),
without any 100H8H6é§%?k?é?slﬂ’éﬁ% fh@tﬂ'f@s%?@r&f'ﬂtftgdﬂfﬁ%‘{mag n ﬁ‘glzeoé‘ﬁe?"fgg 'hybrid
functionality™ featsus))d00@ Hjsbathedthoregha ad’!z]t%tyetdﬁe"‘@@ﬁ@(ﬂd‘#ﬁﬁt‘@f‘ﬂ'@ﬁﬁ@'@f%'o

invention, ApplicanisBavssiavalaperoaragiaitonganicalliagheolsprayariuatien of the
discharged flid's Jaue WA@@%{;@@@ "YnGioRAidh pesling A REE SR fgparer, the

"spray profile" 1 eature ion, the resentlnv nt| c n mat A su bstrate's

"cooling profile” REGXFPREPRERIEN |?f6"5}96ﬂ3%1tl?8ﬁ“\/¥h 1€ FRGERI3 fhemr%tcé)lms?”se :
requires more coudingfititah 1S aukipoer SrEFRAKUR W?%ﬁl&%@df%@?@'ﬂ?é& Wﬁ%’tl‘fl}"ﬂi a
substrate (such asdn adbensmalspiayingAppliceiior, docrexgafipie ndisctoseddr idjeinéd1-

Deposition Coatifgdehg "elié?’@e%é%&fﬂ?@1'8@‘&?%7%29%rﬁ@'ﬁiﬂmwiﬁgymm\é@ona'
20application 60; E?O 497 2005 d e ontro Net Rr Thgrmal Deposition
Coating Ope(?atlé; gn%ﬁl%theé aB ﬁ@o‘?}s:)scl)’fgt% ere|n| fiei er%re?les %y eference herein.

[0032] In generafunsteaidedapiyffe throttling gas pressure between a pressure equal to the

| genere
ceryogenic. ré%lg flﬁgﬁgﬁm@@%m%@% ﬁfb&fsaﬁyaﬁn@%%m Féb%ﬂ{ tieRak &55&% fegses in

to-gaseous ratio. The com osmon dischar e vary
between 100 per@¥FtIfyEIRPEd i@l?'ﬁ@?cfgh‘f‘ﬁ‘ggl"%g’l‘? ge{,agafggg n‘mge g g’s e vﬂ'f?pé%ult
in a proportional eeurenesédn afienctieal ahthsdhiilinegesoTresaugidepraried wglcww&eﬂe
relationshipssarerghisgupsadnis ardrendntagrittwvention can match a substrate’s “cooling profile”
(such as in a cold rolling application where the middle of the metal strip requires more
cooling than the ends) or even track a dynamic heat load that is imparted to a substrate
(such as in a thermal spraying application, for example, disclosed in “Thermal Deposition
Coating Method” 11/389,308 filed March 27, 2006, claiming priority to provisional
20  application 60/670,497, filed April 12, 2005, entitled “Control Method for Thermal
Deposition Coating Operations, which are both incorporated herein in their entireties by

reference herein.

[0032] In general, increases in the throttling gas pressure between a pressure equal to
the cryogenic liquid pressure and a maximum gas pressure result in proportional

25  decreases in the discharged fluid's liquid-to-gaseous ratio. The composition of the
discharge fluid may vary between 100 percent liquid to 100 percent gas. Such increases
in the gas pressure will result in a proportional decrease in the total mass flow rate of the
discharged fluid. These relationships are discussed in more detail below.

[0033] An important advantage of the present invention is ability to control the

30 discharged fluid's liquid component is achieved without a conventional flow-restricting
valve and the associated pressure drop. Consequently, unlike the conventional
methods, the liquid spray velocity in the present invention does not decay as the liquid
component of the discharge is reduced (hereafter, the “spray velocity” feature).

<7 -



[0033] An important advantage of the present invention is ability to control the 30discharged
fluid's liquid component is achieved without a conventional flow-restricting valve and the
associated pressure drop. Consequently, unlike the conventional methods, the liquid spray
velocity in the present invention does not decay as the liquid component of the discharge is
reduced (hereafgas 2th60230@RY velocity” feature). WO 2008/027900PCT/w8R08200767010
[0034] Another important consequence of the absence of the conventional flow-restricting
valve in the present invention is the ability to use larger nozzle sizes than are possible with

conventional meiodp. SOIRSIHEON U ARETEERBI hiAARITIH QUK

respond to gas re increases In terms of achieving the desired 5liquid-to-gaseous
f J e Slg %

discharge ratio (eF&dRaratyem B e seP SHER R S llFR FoRRE FRETR IPTHRE TR naLaig

iS INCreased nozzle size
also functions topqesiskéywitbisotiventinmt meiapditicS P GasHE thite HE AR AT ARACIFREH 18e? sy stem
must be started-gigsfremanbient iemperatyse fresadtatrdas:siapithataftadiiéiegtbesesif@D35]
The above hybrig nelionalie saimty Al Rkl alRiip RRBRP ARG AN dISAEIRH!
start-up features make the (Present Jnvelnn?n yni L{eléi S I'ta\F)|r(]3t meqawgeu%a}‘rtllggs%; ap Olrl%\gtons
including, but nofIfHIFSPE8Y IREFSIRRRIAG |Une 'Or%)% NETthaT Spraying dpplication, particalarly
using high-velociti exgefaedMeothy sy irasmishs slanefuipstemembient tampaiatmgreraalisy;
hardening; nitridihg;repidostazing; ftasee)glazing; induction heat 15treating; brazing; extrusion;
casting: finish-rolling; forging; embossing; engraving; patterning; printin ,scr,i(i)in or slitting of
metal strip, tape,[%:?ﬁlb : e%&ﬁ@eﬁﬁm@}'%%rﬁ%ﬁ5’8?'%@‘?&%&%"%@&% 5‘?%8{%?853 nts;
and (19) processingysadhcasgnaiedse eratsiytinvention eniiyeatdirhiestodomsisiapee of
medical, electronigsicanshopticaligdustiiesm2eie03ad taladdyion to the pressure of the
throttling gas, the temperature of the throttling gas also plays a role in the present invention. in
particular, the boil-off thét Fhfenet sReyiDgRAPIFRSIAAr BRITR YN VBRI BS99 Al c liquid
contributes to the¢H\WoGttkinglaftecspiypigalistetee temperature of the throttling gas introduced

into the contact zone is ambient (as this ensures asgjtable oil-off Yvithou.ft the need.to ﬁit er
heat or cool the (i) welding; fusing; hardening; nitriding; carburizing; laser glazing; induction hea

15 treating; brazing; extrusion; casting; finish-rolling; forging; embossing; engraving;
patterning; printing, scribing or slitting of metal strip, tape, or tube; cryogenic cutting and

grinding of metal and non-metal components; and

(iii) processing, surfacing, or assembly in the metals, ceramics, aerospace,

medical, electronics, and optical industries.

20 [0036] In addition to the pressure of the throttling gas, the temperature of the throttling
gas also plays a role in the present invention. In particular, the boil-off that is generated
when the throttling gas contacts the cryogenic liquid contributes to the throttling effect.
Typically, the temperature of the throttling gas introduced into the contact zone is
ambient (as this ensures a suitable boil-off without the need to either heat or cool the

25  throttling gas) and the gas pressure functions as the preferred “control lever” in the
present invention. However, in terms of regulating the boil-off contribution to the
throttling effect, the gas temperature could also function as the control lever, either by
itself (i.e. such that the gas pressure is held constant), or in combination with
adjustments in gas pressure. Also, noting that any amount of heat added to a saturated

30 cryogenic liquid will cause at least some boil-off, the temperature of the throttling gas is
preferably greater than the temperature of the cryogenic liquid. Finally, regarding the
temperature, it is possible to reduce the pressure required for any particular throttling
rate by using a temperature higher than ambient, but if the temperature is too high, the
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25throttling gas) and the gas pressure functions as the preferred "control lever" in the present
invention. However, in tents of regulating the boil-off contribution to the throttling effect, the
gas temperature could also function as the control iever, either by itself (i.e. such that the gas
pressure is held constant), or in combination with adjustments in gas pressure. Also, noting
that any amountyad beabadeled to a saturated 30cryogenic liquid will causecEtrisasy soTme
boil-off, the temperature of the throttling gas is preferably greater than the temperature of the
cryogenic liquid. Finally, regarding the temperature, it is possible to reduce the pressure

required for any parlielanduRKiNgRIE dusing QJE%H%’MM&%Q%&&%@R@@L but if the
temperature is too high, the WO 2008/027900PC111152007/0771}10 ability to fine tune the

Hole componentRE' B ?01R&5bn of the gas pressure can be compromised. [0037] In order to
ensute the thrgtt_p&ﬂaardaﬁarmgsﬁandwﬁrmﬁ@g@m@ﬁadtwﬂméh@wuagm@&quwitmh@e
throttling gas boiling point. s e less than ic liquid, lling point.
Consequently, if ?Wg%%h Ll'ﬂ'l%%&l?l]ao II@% ?Srsat%é?# ﬁ%ﬁ%&%&%@ﬁﬂ%ﬁﬁﬁ%ﬁ oggaéglr? ((J:Dtc?r%prise
nitrogen but Aot AR thPfé"BWéniE%Eﬁ?é“?@tg’aith&t%Q&F@M!q{‘H BN gas can
comprise either mitrogrem toe trgthimgBasicalgpwessaniticasaikabiltlafacto rhiavichéi§iiepemitogen
as the cryogenic||&q.mqg§agrg@aegag§qmﬁ@@mm§ the &Bﬁ%ﬂﬁ}gi@a@th&sﬂrd@@ﬁm@dkmﬂhe
oxygen Componﬁg)ﬁrorgfa@r éo@t%%u'%wﬁaskw&f{ﬂ%l¥ £o8A ﬁﬁ!ﬂo% 99%9%%89&@\[&%8%@ a

flammability conceérn, air is typically undesired as the throttlin s. Finally, re%ard'{ng the
choice of fluids irg?ﬁ%°B?é‘ét5?9Pﬁ1%%ﬁch,°ﬂHig Q@ié\lﬁ%lrﬁ%%%ﬁ%ﬁg YBicaAN anaAtEptable as
the cryogeni8 liqeihdémsysaentyseneenemielisaosiont aeie angycrerin 3de PIoRRlinsRIss B Ale.
[0038] The exactise}piiamsiiripcorpédeeménpritiiofting Famiyasgaringrick(@hdlve safiddsfithiee

15discharged fluid s liquiddargasanus massirwdaiess(isreafiaracpabandnd d{gdatal
mass flow rate of the Slschar%efd fluid (hereafter Ir?é:n} W Ar(rjnelggnp on a.numbqé of factors
thro

including, but no ITHACE R ShE TeRRL PR BT RS TR DR Y &S BN Sl BhAE the choice of
the cryogenic liqyid)d grsetha siracabilitoanesieratheaniachi prasard tie cnafigiiation
petween iha 024 ARAANIBE RAR% ALacsilinRsesedis fivlting dapsormnpheracted

to incur at least a moderate pressure drop in the sull%glé/‘§ ine q:orlr e pressun%n??dﬁ} s

supply of the thrdfRH g4 phe diseharsss Wiqme ésuli’)u’é H 'pg’r%g]g% 53 WESKS
account. Accordiimglyditiseexaetiraieditn gt termsismiles b uatieneamee ettahihed ficany
particular systemeHarseribraigelRnc hewexer gasetibeinbsaneadratatianshipstkase dianthe
Applicant's experimantation ¥itleSAMEABLLIcLHE ZrRItioBRE &5 4h6r QBRBIRd HHifiAR das
ambient temz%eraglajrr\ebg 'é&% gtgdatg itrbceurtg{ Petgslp g n‘ﬁ:g(?erate pressure drop in the supply line connecting
the pressurized supply of the throttling gas to the contact zone, this pressure drop must
also be taken into account. Accordingly, the exact relationships should be
experimentally determined for any particular system. Described below, however, are the
observed relationships based on Applicant's experimentation with saturated liquid
25 nitrogen as the cryogenic liquid and ambient temperature nitrogen as the throttling gas
over a range of liquid and gas pressures between 10 and 350 psig, and a range of
nozzle sizes and contact zone configurations. Note the relationship between the
throttling gas pressure and the introduction rates of the liquid and gaseous nitrogen into
the contact zone (hereafter, “F.", and “Fg" respectively) are also included as these

30 relationships also provide insights into the present invention as further discussed below.

[0039] The relationships for one embodiment of the invention referenced above are as
follows. With respect to increases in the throttling gas pressure between a gas pressure
equal to the cryogenic liquid pressure (hereafter, the “un-throttled condition”), and a gas
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over a range of liquid and gas pressures between 10 and 350 psig, and a range of nozzle
sizes and contact zone configurations. Note the relationship between the throttling gas
pressure and the introduction rates of the liquid and gaseous nitrogen into the contact zone
(hereafter, "FL", and "Fe" respectively) are also included as these 30relationships also provide
insights into theweesesnbimeention as further discussed below. [0039] Therelattmstipwior one
embodiment of the invention referenced above are as follows. With respect to increases in the
throttling gas pressure between a gas pressure equal to the cryogenic liquid pressure

(hereafter, the "up-thrpitied, 6endigon’.«and Adas. R %%EQQ@J@Q%E&TM%Z@&?@J*W
pressure equal to 1.05-1.3 times the cggo%?nlc Irlgl%l(g]lr E!oressurelatgté\%e ereafter, the "fully

throttled conditioh*§ eI YLD e 84 3R RIEYEE MESEREY T (1) Broportional decreases in

Dun between 1.0 and negfibg&Rnal decredlidPFOPQY ie@ledecoenserdnyRErbetween the
maximum Dr that occurs in the un5throttled condition, and the minimum Dr that occurs in the

throttled condition whichiisrechertiao drcseasmainPadipomesn the Rl Mgt ocours ffjihe un-
proportional slecteasts isbiditibetwaehethénimaxi Miha Fdcthatioteusdtiet eonditforotthéch is a

condition, and the_misigum,qL Rakiesceisimikathieitied condition which is a small fraction,
e.g. 10-15%, of the maximum FL for some embodiments: and 10(iv) proportional increases in

FG between the minimufii) B@rbréiowat caeseasen én i betweeticbecoatitien huiiehdscesiatie Wbout
0-11% of the maxirpusa EshditishAedarxdminai € thateeotss nditedisattedidonditicmisvhich is

equal to 10-35% g the makinum ELsler iAoy emRAEERR S me9ABO B AllerRative

embodiments, the ratio between the gas pressure and the liquid 15pressure at their respective
inlets into thi® contact zofhe pbtioeionet ilerenses reFarbetvakrety eatisnthds harasraysiatye un-

between greater ihaich tndiibh kbl Asuseassied-abe\e tHomabaue relakianshipsdpiovide a
pumber of Ins4 NS 100 408, RIR ST ANEIIBRARIUNNS: cquol iPRBARPALSAIHR AR aleve

the fully throttled condition IS advantageously modest, namely only 1.05-1.30 times the
pressure of the cRAYSAILIHTUREN a gage pressure basis. The higher gas supply pressures
oo Suen 10T SR LIRSS TR I OTAI eSSy RINE AN s
specifications described here, e.g. the preferred jmpingement angle of the iqui
streams inside th‘g‘ﬁfﬁrﬂé’té&?{ﬂr gg?%ﬁ%ﬁﬁ%r?ﬁ%@tgo |v°r%6)83eo?g‘r?d] (r)lzozt'fenﬁsg t%r ttgﬁiug gas
pressure and 25tREBRG ATV OANYEES ARPEAWATYS iy correspond for a specific

design and [0041] As suggested above, the above relationships provide a number of insights into

the present invention as follows:

(i) The gas pressure to achieve the fully throttled condition is advantageously

20  modest, namely only 1.05-1.30 times the pressure of the cryogenic liquid on a gage
pressure basis. The higher gas supply pressures are even more effective but not
necessary if the nozzle is designed within the other specifications described here, e.g.
the preferred impingement angle of the gas and liquid streams inside the nozzle
conduits. Also, pursuant to (iv) above, and noting the throttling gas pressure and

25  throttling gas introduction rate will always directly correspond for a specific design and
geometry, this translates into a modest throttling gas introduction rate required to
achieve the fully throttled condition, namely only about 10-35% of the cryogenic liquid
introduction rate that occurs in the un-throttled condition.

(i) Pursuant to (jii) above, the cryogenic liquid feed rate is not zero in the fully
30 throttled condition as might be expected, but is instead about 10-15% of the flow rate of
the cryogenic liquid introduction rate that occurs in the un-throttled condition. This
means that the boil-off is contributing to the throttling effect even when the discharged
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geometry, this translates into a modest throttling gas introduction rate required to achieve the
fully throttled condition, namely only about 10-35% of the cryogenic liquid introduction rate
that occurs in the un-throttled condition. (if) Pursuant to (iii) above, the cryogenic liquid
feed rate is not zero in the fully 30throttled condition as might be expected, but is instead
about 10-16% oWieoékmervate of the cryogenic liquid introduction rate that6&ainzeamotielo
un-throttled condition. This means that the boil-off is contributing to the throttling effect even
when the discharged WO 2008/027900PCPUS20071077010 fluid contains no liquid. Also,
mithﬁS :Ee ?t?v?m@ecﬁ@m@ﬁaiﬁat{ﬁg Aﬁh%,ﬂﬁ%ﬁ?d’%ﬁtﬂ&&ﬂﬂ%'éer@fﬂ&iﬁ%‘ﬁﬂgﬂﬁ?pf@@éh'fﬁm@fﬁiﬂnfﬁom
e fully throttled condition since the cryagen id introduction rate ve.fo.pe
turned off and rer-%%grgt%sff.onseqe (lah r?’%"r%ﬁ%%?tﬁ)ﬁ‘?i‘\%hﬁ?g\)}g?gri\%?égiﬁ%nt '?8%3 ﬁ}%@ﬁg@%gﬁ&@ﬁe can

be as high as 1104 BRSRD letrsrnt (@redp ke difhaicdrtstl4rture) from the un-throttled
condiion occurs. his AR 6 s RS YRSLh YaUNEE  918e g and

contact zone, [0042] Applicants experimentation provid ﬂa itional characteristics specific to
the two broad ca%éé’&’rﬁg‘geo? ARG AR %%'Eﬂ/%%arﬁ EPROHIATIBE 5?\’(?' ﬁ%@ez e in the

10present inventierdiiarieectirst Chiklgoplptetiekrdriadudtar ghitve dyatieratdRh, thss daitact
zone comprises ineandudnwbicbra@ischarges the fluid head-on through a single opening
nozzle. In the second category, hereafter the "spray tube" configuration, the contact zone

comprises a contfidftZhaf eriedn RO THREN RN M PALRE PARLRH T RGRI AR CoRRAGIEHiRMRh a
nozzle along thettengitadiivaid dergsthf dialsenfigurabibsdeivyae therrantashspns atsitaee & tbov of
openings on@ slip-&enarbhmsic variahiensa@igde, sprayénbe amafigurationdgaretidisehesed

herein. In one vagiglion, (ReLSAIALe{FcoRMAGAIRSsASIBUOME HOR ROLARNIFIM'] 8Rgle
throttling gas are introduced into one, 'Oﬁﬁ%plca” g%th,é%nds of the contact one-comprising
e -

f th .
conduit. In anothF0LHRGATH ST ESHEEFIH4a R/tgﬁa?%%,?? & { orﬁﬁﬁﬁad%nas 5
introduced into offataetzeRs errteriestac oDl ALY Ispacet BR ki yacEdBeAtAEIATES) WRile
cryogenic liquid it diueash itoihe aomyiles Ispgicelitardangkh afsesiesiofftEetingstithdhe inner

tube that argsin ragigLflowHRBmHAIRHRSWID I SO NERG ZPRRIEOIBTIID G WA S0RCE.
The characteristics S ecg.ﬂc to %ach of these c?ng%l\r/atlons e deﬁg}l_qﬁjeln .th? fotl)gyving

n uer ICE!S&JIB | erea sin

discussion of thecﬂg 4°‘§|st geer?ﬁ odiment 6 t{?ﬂé resent mventlgneélﬁown in Fig 1C
is an example ofMHEUHOLARIPNQSRAIGUHRILINBEPBIEN 838 REBYCLYHEMEthe WYY in Fig
1C, the contact both, ends of the contact zone-comprising conduit. In another variation (hereafter, the
“tube-in-tube” variation), the throttling gas is introduced into one or both ends of the
20  annular space defined by concentric tubes, while cryogenic liquid is introduced into the
annular space through a series of openings in the inner tube that are in radial flow
communication with the contact zone-comprising annular space. The characteristics
specific to each of these configurations are detailed in the following discussion of the

figures.

25 [0043] The embodiment of the present invention shown in Fig 1C is an example of the
shot-gun configuration between the contact zone and the nozzle. In Fig 1C, the contact
zone comprises a conduit 31¢ (identified by the cross-hatching in Fig 1C) having a
downstream end in head-on flow communication with nozzle N, and an upstream end in
flow communication with a supply of both the cryogenic liquid supply L via first supply

30 line, and the throttling gas G via second supply line. The cryogenic liquid and the
throttling gas are introduced into the contact zone through their respective supply lines
and contacted to form a resulting fluid. The resulting fluid is discharged through the
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zone comprises a conduit 31c (identified by the cross-hatching in Fig 1C) having a
downstream end in head-on flow communication with nozzle N, and an upstream end in flow
communication with a supply of both the cryogenic liquid supply L via first supply 30line, and
the throttling gas G via second supply line. The cryogenic liquid and the throttling gas are
Introduced into twe smetaetoaone through their respective supply lines andecantsmiedhtmiorm a
resulting fluid. The resulting fluid is discharged through the nozzle while continuing to
introduce the cryogenic liquid and throttling gas into the contact zone, [0044] Fig IC also

embodies Appiica,niis pRREryANaMm nat RS ALITR 19y JIRrYRS: e ﬁ*'%‘&hﬁé%%g Htiehs

liquid-to-gaseous ratlo in the shot gun configuration’is enhanced when: I) from a process
standpoint, the c?y?)@%rﬁ%"ﬁqwd and throttling gas impinge each other upon their introduction
into the mixing a[o@ﬁg@“?@ yd@%mauég%aﬂwpweéufs BBemamplﬁathﬁf&vssm@ & tandt0nerthom 0
to 270, or O to 18 t for.so odiments is from 45 to 135 or_from. 45" t0 90 (an
oreferably 90 as Al i S TR aaees § auhg shP e e S B nen:
liquid conduit and the g@sfd&rmnduasstbah@othetaﬂgmmmdmamtmagcbaemmgé the
flow of the gas as%m@ﬁumménwraa@c&mﬁ%uwrﬁmﬂgea% 9&5@,}%%5@9&%&1@ The

direction of the flow of th id an n olndl ted hy arrows adjacent to
the L and 0.); anfor N ? I%Lfﬂvg)m a%%%%%ratus stan? 0|r'1 e I1e%n(9th xe%of fi%e Contact zone

conduit 31c 15(|&§WRH@EPI?}§ ﬁw@oﬁi&siﬁéﬁnﬁbﬁi‘?ﬂ'—ﬁé i@?ﬁ)néaﬁﬁeraﬁyavma%,mh%y'b@g
between 1.0 andi4( tiThesathte diasnsbt@mdsofidhe gie fuluidbatwearr dweigtidaniddODdbhd\yate that

the Figu reS1©h0%&%@%“&%@@@%%&!%&@6 g WirbBFcaas HBeR B RE OFLYVAT the

discharge end of J16 nogele. The ngzals ofhe Inventian e oL limited 9 ihe emaedypents

shown, and this |nvent|on rowdes elig UId and gas congwts %Wl in the nozzre can be
configured so thAPHERkRE Rk HELDR W&\N‘WHPI ‘ﬂfédtﬁg@ﬁ%@"e?f&lﬂ? iR hgband

examples, the cr§dgemnic liquid conduit and the gas conduit and the contact zone could be

arranged in the nozzle 2 from each o hert ordthg-:-t 0 en{c Ilg(rld contdu t and th%ﬁﬂf’?
conduit could be 90 apa i' and the oA 38? ZEHERaUn F@cafe tfggcfn o ¢

conduits. tn'altefiaRIan by Hrents aidiae mﬁr@@a@zs %W@@oﬂl‘&%@'ﬁ%‘?ﬁ&ﬁ?”n‘t@ each
cryogenic liquid eothdbidrirestinodzlecttris grdtecoaduivhenravovwssipoiet.gas conduits are used
within the nozzle that they are spaced 451' to 90' from the cr%/ogenlc liquid conduit, although

any angles may B847ed'a Hatimnideresrhiar ats ey RaL e RibsT e rryid e @?E@B‘fsche
orientation of theheehphwitrézndissorrosend st nozeie doatarAzicopidhedminioBIxnGimigied by
the cross-hatchingtia Eighadhhists shown, and this invention provides that the liquid and gas conduits

20  within the nozzle can be configured so that neither is in head on flow with the discharge
end of the nozzle. For examples, the cryogenic liquid conduit and the gas conduit and
the contact zone could be arranged in the nozzle 120° from each other, or the cryogenic
liquid conduit and the gas conduit could be 90° apart and the contact zone could be
located 135° from both of those conduits. In alternate embodiments, two or more gas

25  conduits could be provided into each cryogenic liquid conduit in a nozzle. It is preferred
when two or more gas conduits are used within the nozzle that they are spaced 45° to
90° from the cryogenic liquid conduit, although any angles may be used as described-
earlier.

[0046] Fig 2A is identical to Fig 1C except the orientation of the supply streams with

30 respect to the contact zone conduit 32a (identified by the cross-hatching in Fig 2A) is
reversed. In this respect, Fig 2A embodies Applicant's observation that the fine tuning in
the shot gun configuration is further enhanced when the impingement angle is oriented
such that:
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reversed. In this respect, Fig 2A embodies Applicant's observation that the fine tuning in the
shot gun configuration is further enhanced when the impingement angle is oriented such that:
(i) from a process standpoint, the throttling gas is in head-on flow communication with the
conduits upstream end; and m an apparatus standpoint, the conduit of the
pressurized gasvanppB/e®in head-on flow communication with the contacrasp@7amile the
conduit of the cryogenic zliquid supply L is in 45%135 flow communication, or 90-135" flow
communication with the contact zone (and preferably 90 as shown in Flo 2A). [0047] Fig 23 is

identical to Fig 2A excepj {hg, %r}gg,gggggtgqg‘igiﬁnmghﬁ;ggﬁng SasarmierueRd into the

contact zone Cor(l:grlfl]it 3% aﬁignevrv'ﬁﬁ'ﬁ% lc)%/nmﬁ,%osgéralat%ng) ig Fin 23) in parallel and head-on.
Applicants observed that Impingement angle féss Than 45" 10between the gas and the liquid

(and especially impingegnerihaagippLauaktonapsms e casdin bithe 3)dendest tgasasipliincas

narrow, on/oft-like funing, anae - WhaRLHASHN RS RILEsE-BON B RE DG SHIRIRARRNKic
un-throttled 8rs bstantially fully throttled condition, they tend ulsatin |s,<t:hharge

Ibs ly fully throttle d to have a
from the nozZle. WH’&%&HB%Z@S’E%%@&?&WW"é‘?ﬂ & ﬁﬁﬁﬂ%eﬂ?@'n‘fo rﬁﬁﬁ'@gﬂ%ﬁt"‘f"s less
than 45 betweerihtheonasidentdans riels bl WiraetHas oA Hdddero scale into the contact zone)

would be useful y for lications.t it chan W h ' -Throttled
and substantiall;_[afkg thpr?gtggp (';%er? Pﬁ?(ﬁ}?rs? ﬁ) 4§Tg§PP{§% ?ﬁ&éﬁc@ﬁ(g@%@% Ie};#(g:é%% f%%e
contact zone cortiefussd '(]H’e‘ﬂﬁﬁ@ﬂﬁﬁt/z(ﬂ’ée&%’gglﬁﬁ&ﬂﬂ?ﬁtmﬁﬁ' HE T MR N R ZRE
modified such thiatpgtelletanduitsododrntirerd mobeeivgiy tajdvnings adargegiezsicsinddh order
to provide agnoreethispetseg-spiaythdRAY] (i EbésitnenticabimbigAd earpt iheorosiact

zone conduit 32d ({denriker by dle, GLagHhaGINAY, 1B A RELFRIYAINS:2 WARRHea.Ghamber at
its upstream end. In this respect Fg{éﬁD embodies Arﬁepllcarclgs ObSﬁf\é@FO rt]tjt the %ne tuning

I L t
ability is also 253A8C0CH B RS BRFHRIEN B oA R RS R A é}?‘rt% edismaterp of

the chamber is phefceagRa febaiten PLIsatRG d6 O aigrBomdndinpReter ORI €OPRFAIERL it
narrowest point fab&l]r&dgvinisndesticaiigerrignlén gxcapst is less than 45° between the liquid and

15  gas flow directions on a macro scale into the contact zone) would be useful mostly for
applications that change between the substantially un-throttled and substantially fully

throttled conditions.

[0048] Fig 2C is identical to Fig 2A except the contact zone conduit 32¢ (identified by
the cross-hatching in Fig 2C) and the nozzle N are modified such that the conduit's

20  downstream end diverges into a larger nozzle size in order to provide a more dispersed
spray.
[0049] Fig 2D is identical to Fig 2A except the contact zone conduit 32d (identified by
the cross-hatching in Fig 2D) contains a spherical chamber at its upstream end. In this
respect, Fig 2D embodies Applicant’s observation that the fine tuning ability is also

25 affected by the diameter of such a chamber. In particular, the diameter D of the chamber
is preferably between 1.0 and 6.0 times the diameter of the conduit at it narrowest point.

[0050] Fig 3 is identical to Fig 2A except:

(i) the shot gun configuration between contact zone 33 (further identified by the
cross-hatching) and nozzle N is vertically oriented;

30 (i) the contact zone, the gas supply line G1, and the cryogenic liquid supply line
L1 all comprise % inch diameter carbon-fluorine polymer tubing (which retains a degree
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() the shot gun configuration between contact zone 33 (further identified by the
cross-hatching) and nozzle N is vertically oriented; 30(ii) the contact zone, the gas supply line
G1, and the cryogenic liquid supply line L1 all comprise Vti inch diameter carbon-fluorine
polymer tubing (which retains a degree of flexibility even when cooled to cryogenic

temperatures) awe aigstvalsled from mechanical damage by a 3/4 inch desgiehéteiie
stainless steel hose Ht and (i) a soft foamy plug SP is used at the entry point to the

stainless steel hose to prevent accumulation of condensed water inside the hose. Alternate

materials known & eipen-Ladl Indhs At ganhe used JoRsILINGS feleamgnes shown

in Figs 1C, 2A-2 fe the CONStRCLONS In t e nozzle and those res do not show

the supply lines fBeﬁli‘é’}‘R?iQRé“T%BﬁfIiﬁ‘d”&r‘sﬂmeéﬂqﬁaﬁﬁﬁﬂ%‘iﬁ/&tﬁ%'rﬂﬁse 1i%nd cleaning

system comprising five g gQ%&HY@aﬁwWém%k&% thieughtABomhic hateaidendisrkiadheto
apparatus in Fig 3. The

ystem c ses ousing the cr
components, an8"QF A AETET 'f"et'r%n ‘{?JrS"bS @eﬁgﬁéﬁ%‘fh S¥fird Fﬁnga teaé gec;'r?'\'s Iérﬁ%wrfs The
inlet cryogenic liguer %ﬁt@‘ré‘s"thé‘ &ﬂ@’b@@@\ﬂa?%n liquid valve LvM and a conventional vapor
venting valve VayyBigh graviia Fé’é%!é d% ! &eﬁﬁsz%‘%n\éa:PQFef{mmrm%ﬂng

stream, Pressure relief valve at the inlet side for safe[ﬁ/'i Th e bottom-pouring

outlet Vb of the i'%‘?/ﬁ?f&fe\i’é}qttf?%%mﬁéj& RSN BEHBRIG MRS 1S RFESigh H5 via
respective interm@sgte SgRANNRSH Ha&@frwg@d&@@@bb@ﬁ@@ﬁ&%&ﬂh@@%ﬁ%%ﬁ% five
through Lv5. Typ'ca'e}épvté‘% °?°"Pﬁe"rﬂﬁ% ok r?{é%.“ﬁ Ie.8RCh o OP‘eter‘gé‘%’a WER®, Xeﬂ?

long so that the opgra Ofs Can easiy move the lines 1o the point of use as may be re quwe

Since the pAlym&ri§BIRgTRPRS 858 Boﬁl‘l:i—:’shﬁHﬂ"é%V‘ﬁl{’Wﬂ%ﬁ'%F%pﬂ?ﬁﬂtih@gﬁﬂaﬂmﬁ?ﬁg
20stainless steeldmaseative bobBRHoasing dre theotowlges ioosaadtihéd soldeigidagaivie §dgid Li

extended by an apgdidanabsdneRer iardetito aeveM drasile sicasses hgsrwentidhadiesvise
build on the t“b'%@ﬁ eSFaS‘?ﬁJoﬂQW@eS%FQ%%%ﬂl&*&@ﬂétﬁ&%‘é&'ﬁ&%é*ﬁs%grﬁﬁ%&éﬁx%t exgassive

tensile stresses on thée tub I% suchasas I’II’]#t loaded, contracting, bellows- type stainless

steel hose. The & YH¥ERY AU HRRATARIBE SafiYe HECoHeB ORYTRARITA VR S5t
Here, the g48 stresan yerliigidethastedrieshe drecdstiaadinesiH1 through HS via respective
intermediate supply lines L1 through L5 and respective solenoid valves Lv1 through Lv5.

Typically, the cooling lines H1 through H5 are each from ten to twenty five feet long so
that the operators can easily move the lines to the point of use as may be required.
Since the polymer tubing in the cooling lines will shrink much more than the surrounding

20 stainless steel hose, the tubing between the cooling lines and the solenoid valves is
extended by an additional 3 inches in order to prevent tensile stresses that would
otherwise build on the tubing after cool-down. Other solutions could also be used to
prevent excessive tensile stresses on the tubing such as a spring-loaded, contracting,
bellows-type, stainless steel hose. The inlet gas Gi enters the ambient temperature box

25 B2 via main valve GvM. Here, the gas stream is divided into respective branched
streams G1 through G6. Stream G6 leads to a manually adjustable bleed valve Gv6
which discharges a minute quantity of gas into the cold box via port p6 in order to inert
that box and prevent internal moisture condensation. Each of respective streams G1
through G5 is directed to a respective pair of solenoid valves Gvta/Gv1b through

30 Gvba/Gvbb.

[0053] The function of the respective first solenoid valve Gv1a through Gvba in each
pair is to open or close the flow of gas needed in the fully throttled condition. The
function of the respective second valve Gv1b through Gv5b in each pair is to open or
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streams 31 through GB. Stream G6 leads to a manually adjustable bleed valve Gv6 which
discharges a minute quantity of gas into the cold box via port p6 in order to inert that box and
prevent internal moisture condensation. Each of respective streams G1 through G5 is directed
to a respective pair of solenoid valves Gvla/Gvlb through 30Gv5a/Gv5b. [0053] The function
of the respectivaviirggoiesoid valve Gvl a through Gvba in each pair is tPEP@N20876168&0the
flow of gas needed in the luny throttled condition. The function of the respective second valve
Gvlb through Gv5b in each pair is to open or WO 2008/027900PC1713.520071077010 close
the flow of gas tidhe resRAGMR M MdatyReiveashvalyesiiiwa tarigh (zyhruihearening of

the manually adjysted valve is a Hus&% %Hr?r% Ppsra (grsa gg!fo?(%{;a% nggrgrgrbgq&gtg% the

throttling gas flow Fate. {haq correspon e deS|re ra 100 scharged fluid

liquid-to-gaseouS"f4fits. e H@§ﬁ@5'%ﬁ??€ﬁé’c@?ﬁ'@h‘&?fﬁ?§?%lfﬂéhﬁé‘ﬁlslrﬁférWﬂr8r1t'2:‘°an be
rapidly reduced tisgengedfiddisdnuigiicikdgseousteatied Dysaiseindgatie ctfedtrihhareicetira GO a
through Gy5a valye -Ataalifiedarancheripredieé eades i auginenicnpting:ard bjagiénghg or
operation, both tQSS (%rﬁ% F%?géjdﬂ% %?aatﬂ%J&t‘&yglyaq\ﬁeSWXIIQlQéGQn@%@L#&“H’Eneeded ina

programmable controller IS housed In the am mntteg% %ure oxt atrol the desired

valve opening aflY¥18mIg St RIARE B rRPTa e0rHPRIA{AE 13 V19988 2R ISP SR & Hnd,
optionally, to remiegsdeArpeleatirersramontblamen eten Sofsishevesdit@masTiRet @%ﬁ@éfﬂ‘\@fﬁllrng
valves, the gas lsrsdockyiensniztimicaiesiiieing saspestieseqaling ines Etbhdbeadgh thib via

respective pgrts %&Qrglegmreﬁpa{t?éréﬁh Tdaﬁo%mpqg'r@ﬁete%mwam%I&wé/we@mﬁé%t%@rysmg

stainless steel nBzzIes havin |nc ram E{r B{ f‘%contact zo Saturated
Iq

liquid nitrogen Li PREERY dg?c§88nd%'n>9 ]'neS%u'd tavaive Y\_' Wh le

PSig Vi mal
room temperatuféﬁﬁﬁ%\g%??@ﬂwa@%ﬂﬁﬂh@ﬂ%Wﬁé"ﬁfﬁﬁ?@?ﬂ%ﬁ?ﬁéﬁtm@%ﬁéz at 100 psig via

main gas valve G BalL Less ANES WG DRSNS ABEASH QAR b6 SYRiam 1o o
e-cool t

standby mode a e cry enic components housed in cold

operation. In therﬁé'ﬂf@tgﬂ ipgRgiay 8r\73R/@§ Bylc'tHPJi&éﬂ“ﬁ%%ﬂé‘te%%%rﬁ 5 ﬁg%ﬂqm&?ﬂrj@ the
maximum fléw ratessttivelidaicditoy@hahidogh teeneisfiedtdveobiMgiiiesad through H5. A
uniform liquid sprayperasesiadlishesl witcsuasedhamaamssieanespersandboxigh sheolinsigtast-up

temperature wammgma.wérm %Qﬂﬁm%I%W%%%Zéqm@ﬂ%ﬁéﬁ@d%%ﬁ@fﬂ@@?ﬁ%
4-inch long, fine dro ets a{ggfl owed wrth 6- |nch angbfasta d white tail 8]:?% og nic.

temperature vapBI’ .98‘\%&8%° nr'(%u e Svr\'/célr%egr')r(‘a%ed
throttled conditiol® e94i ﬁEPthé”da% WRN\FF%ReF?éQﬁﬁ'erﬁi"ééht’/éﬂt"fl’t@'%b}‘é)‘l"ﬁr%@%'?@% fhto
ambient teraperateeauniitog eraxirantfitsveratd ottina dojdinérdgattmotitin the eegpetivgasaiimass flow

rate measured wWagslfg tprsngmts pﬁ?hﬁtﬂ%ﬁl%&@@&@‘ﬁﬁyé%ﬂ%‘ﬁé&mh&dmbntb@ distdicss,
nitrogen inlet rate in the |.§%1 tr]rottl d no%zle condltlon wa ﬁ \te per %&J%\r Next,
t resu

ure
respective valves éV I’OU Pe C osedaw?t In the regtoratlon of a

visible liquid nltr@d@dbs/mmute an comprlsed a 4-inch long, fine droplet spray, followed with a 6-inch

long, fast and white tail of cryogenic temperature vapor. Next, respective valves Gvia

25 through Gv5a were opened to the fully throttled condition to find the gas flow rate
required to convert the spray discharge into ambient temperature nitrogen. For this
embodiment, the full-throttling nitrogen gas mass flow rate measured was 1.0 Ib/minute
per nozzle. Additionally for this embodiment, the liquid nitrogen inlet rate in the fully
throttled nozzle condition was 0.3 Ibs/minute per nozzle. Next, respegctive valves Gvia

30 through Gv5a were closed which resulted in the restoration of a visible liquid nitrogen
spray within a couple of seconds. Next, the respective valves Gv1b through Gvsb were
opened and the respective valves Gv1c through Gv5c were adjusted to obtain larger or
smaller gas flow rates into the respective cooling lines H1 through H5. The manipulation
of the gas flow rate using respective valves Gv1c through Gv5¢ resulted in the expected
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spray within a couple of seconds, Next, the respective valves Gv1b through Gy5b were
opened and the respective valves Civic through Gy5c were adjusted to obtain larger or
smaller gas flow rates into the respective cooling lines H1 through H5. The manipulation of the
gas flow rate using respective valves Gvlc through Gv5c resulted in the expected WO
2005/027900PCY(8R0¢72(077010 partial throttling of the liquid compone REBUFL0ZHTZR0
discharge with the consequence of warming-up the discharge and a rapid transition between
the cooling and gas-blasting function a llti as [0055] After a substrate part has been processed
ba/ the nozzle's Cﬁﬂiagh%ﬁﬁw&iqﬁmﬁoﬂ%ﬂﬁﬂﬂﬂefwwGB@H&YQ@&W@%&S&%&QJW@@SG
the part's temperature to rgpm temperature to avoi tian o [ ]

thereon. Altho ugﬁatrmg] %33?&) gt%sr?rhsrg% E}[PfJe’ acé)gﬁ‘ntgaﬁﬁ%%ﬂ%%ﬁ%éﬁﬁecéor% t@)?l grgll}b% gt)hrﬁet%':li(})?1 r? troller
PLC based on trfé"m'@ﬁ?{%l?ﬁﬂput from external temperature sensors, the system may comprise

any number of diffgsentxized £RFIRY JINGS IMBANEIRRT BYARY 3 MAiRhTEhAYRARY,

Also, 10each coogling line may be controlled by the PLC independently. from the gther cooling
ines and ced 1o SOAF AT TO0BETT He SFDBUTHERE B A B i SR e o

the single spray te/BeeeBRdaRsheRYdRespias ahe Ml tRaistisdhsiison- AlthougliYiise contact
zone comprises evennatiunituséshiswinngaditst Sddh teally 3batrate an the oppadird (€cuhexto8 Fix
I(ii) the golele Comﬂﬁﬁmtlﬁf?rnaeﬁ%aﬁgns&ms% ea?s%mm@ Byéfé& ﬁ)awcarﬁdﬁsflﬂgﬁ\%ﬁhﬁ?ler

ongitudinal lengt the wall of the.conduit; i) as supplied. The. in flow
communication V\.??tﬁ&a? R thI S('azr?fg: ?§Idri] érbeﬁp%fom el B mani’ ﬁ%@ﬁ%%s%ﬁt%ﬁ@eﬁ%ﬁ the

{ y, the cryogeni \
conduit throllgh 58f8£8PHISE 5 TRY DBEOMERIRS el éh&é"(’&ﬁﬁ“ﬂ%%%ﬁ%%%@ﬁ%ﬂ@g as
shown by L2 in Figedynd use itpvastiserpplisdudy a supply line in flow communication with a

pressurized gas y,the throttling gas Gi is also.introduced intp the conduit through at
least one of the f%#%?ini&%&%?[’é’ﬁ& ﬁfff{/‘b{@ﬁﬂ/%&_ "eeﬁ%'é‘%% %&Wﬁnﬁlﬁ eV ?’nhf}}—)@ 5); and
(v) the fluid is disehiggadamivligPiereHdPArling #Pa@ial direction from the

(i) the contact zone comprises a conduit 35 having a first feed end 35a and an

15  opposing feed end 35b;

(ii) the nozzle comprises either a row of openings (as shown in Fig 5) or a slit
along the longitudinal length of the wall of the conduit;

(iii) as supplied by a supply line in flow communication with a cryogenic liquid
supply, the cryogenic liquid L, is introduced into the conduit through at least one of the
20  conduit's feed ends (and typically both feed ends as shown by L, in Fig 5);

(iv) as supplied by a supply line in flow communication with a pressurized gas
supply, the throttling gas G, is also introduced into the conduit through at least one of the
conduit's feed ends (and typically both ends as shown by G, in Fig 5); and

(v) the fluid is discharged through the nozzle in a radial direction from the
25  conduit as represented by spray profile 85 in Fig 5.

[0057] Fig 5 embodies Applicants’ observation that the ability to fine-tune the
discharged fluid's liquid-to-gaseous ratio, and therefore its liquid flow rate, in the single
tube configuration is enhanced when:

(i) from a process standpoint, the cryogenic liquid and throttling gas impinge
30 each other at 45°-135° or 45°-90° (and preferably 90° as shown in Fig 5) upon their

-16-



25conduit as represented by spray profile 65 in Fig 5, 100571 Fig 5 embodies Applicants'
observation that the ability to fine-tune the discharged fiuld's liquidto-gaseous ratio, and
therefore its liquid flow rate, in the single tube configuration is enhanced when: 0]
from a process standpoint, the cryogenic liquid and throttling gee impinge 30each other at
45*-1351" or 45-90"2pasiekpeferably 900 as shown in Fig 5) upon their W®CT/US2007/077010
2008/027900PCT/ITS2007/0770 10 introduction into the contact zone, and the throttling gas is
in head-on flow communication with the feed end(s) of the conduit; 00 from an apparatus

standpoint, the sipRYdRG FRMAEEERBNRFEHRFIGARB M KPISEHYIaash €85 Supply is in
head-on flow communicatigon vwvi htﬁh efee gnggggﬂh%f th% 5|{;ontact zone, while the supply line
tzone to

. communica e naul T . P ' "
connecting the upsTream end of the contac the cryogenic liquid supply is in 45'-135
or 90"-135" flow commugiiciedin andppdiat.feashessiis xief sbsppontacinzenin fanel dorederabiy R0'

as shown in Fig g), (The aoglehetwsandhediau e aamandis iatihdniadng feyupgkzone
is shown as 80' and may be between 45' and 90' or oth%r valyes as déas ﬂbed Prewouslg.) and
2ot R St

10(iii) also frdm &R SPpAPATuY URHESSRRY e FRN8°SH AR SRETHP t6 fte"cna

t 20
LHEE may
be between 4 anti@Yeasiifd dtidatieeardef Ihaso20r Me o et sAaynBeisiseYEd IeHg®r a
sufficient degreeenti{g)pinigecosiat cantaginkbpoeietibin Ibtamiticien &r €l 6, tdecamgkl igtweei00581

The embodimenyQf fhg RiRsLAL MNERHEAGRIAW N GHIS LA BRiRXAMBIGOhAPHEs#-tube

variation of the Sprey. b CONBIRINRIEI seccrflBRGONRGLEGNE comprises an
annular space 36 defined by an outer conduit 20 concentrically surrounding an inner conduit

10a;  (Wpthe annulafispREe drasrAapiskierdrnebant seaoottiarmaposieg)tfesdsend;
(iif) the inner conglyit hasa,fitst inleLend Apca FEENG B ORRRSIRG BYekhgnd-ZRwhigh are

adjacent to, respectively, the first feed end and the Q,ﬁ 0sing feed end of the _
becometoo long for a sufficient degree of | Emge nt contact to occur in the middle

area of the conduit).

[0058] The embodiment of the present invention shown in Figs 6A is an example of the

15 tube-in-tube variation of the spray tube configuration wherein:

(i) the contact zone comprises an annular space 36 defined by an outer conduit
20 concentrically surrounding an inner conduit 10a;

(i) the annular space has a first feed end and a second (an opposing) feed end;

(iii) the inner conduit has a first inlet end and a second (an opposing) inlet end
20  which are adjacent to, respectively, the first feed end and the opposing feed end of the

annular space,

(iv) the inner conduit contains a plurality of openings 40 in its wall for uniformly
dispersing the cryogenic liquid into the annular space as represented by streams 50 in
Fig 6A (as shown the flow of the liquid into the gas is 90° to the direction of the flow of
25 the gas on a macro scale as indicated by the arrows labeling streams 50 and the arrows
labeling the flow direction for G4 and G),

(v) the nozzle comprises a row of openings 60 as shown in Fig 6A (or optionally
a slit) along the longitudinal length of the wall of the outer conduit and is selected from
the group consisting of a row of openings and a slit; and
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annular space, (iv) the inner conduit contains a plurality of openings 40 in its wall for
uniformly dispersing the cryogenic liquid into the annular space as represented by streams 50
in Fig 6/1 (as shown the flow of the liquid into the gas is 900 to the direction of the flow of
25the gas on a macro scale as indicated by the arrows labeling streams 50 and the arrows
labeling the flowwliremkieeréor Gl and 02): (v) the nozzle comprises apEmsicopeniigs 60
as shown in Fig 6A (or opticnafly a slit) along the longitudinal length of the wall of the cuter
conduit and is selected from the group consisting of a row of openings and a slit; and WO

2005/027900PCTIUSZO0F1IAZEB10 v o oY AR PRI LN A ARSI o0 gos

communication with a pressurized ggfs su Eéft e throttlin I IS introduced into the

annular space th¥dRRYh BEIRSAHIBR 85 Tn s 1SR4t %“egaﬁwaiéPgﬁa‘Bé°t’aHa%&?6Fé£fg‘7 Bbth
ends as shown bjedeeirerig gAhe annulafipage (G0ppikichioatis apgsyasiakomriiPeriinBAication

with a cryogenic liquid s the c enic liguid L1 |s introduced Into e Inner condui
rhic.ban at least one of tl;\:PeP a%e%' %prll'ggl%)? Upﬁﬂip %'c?nfc?mtc a”r‘{H“é‘S’rar%'é’ mes ot ends "gu'(}

shown by L2%in EigPBlK)the cryogeiis PH%’%W&)@@W@?R‘?&H“&tH?s'ﬁ[é?éé%Pi’th"?FPé‘%Lﬁé?ts%‘ﬁéé
through the plurdtiejirdétepes vidgsdortasnedlin@he seaktofdb edthredeenduiwin &y tadhdlidiBagtion

from the inner conduit; an (|x the fluid 70 is dISCh ed throu the nozzle i radial
direction from the outera%ch ites 98?5? YS! '89 spraﬂ/ ﬁ|8”§%%ﬁ?f’ﬁ‘f§ ékolﬁgég Ff'Hré'llmy
tube-in-tube variﬁfi@ﬁ?@ﬁ@ﬁé@ﬁ?@?qw@%W@élfh%m%md@ﬁ ARt siestopdevdiintpat the
fine tuning abilitycofdhie spray tube embodiment is increased by effecting the impingement
contact between the liquid and the 8as along the length of the 15annular space (or at least

along the lelfyth in whicHeHBedHiZlp fiseharrat BirvR s DR RAEHR Imhiadiakd reciogikam e
increase in the c@ﬁm@pz@meas feprgtisnts d ympt@y refits figminthie 4A20 range of the single tube

variation to a ra 88!4 For dqf rent.ep bog{ ents he range of t e %ameter

d
and length of th contac one Gis betwean orér?d & mnimum diameer. ESB%QO]

The inner and oeEEG AN el UBRInG 20 Wéﬂ%ﬁ@ﬁb‘l"ﬂ?@%%f'ﬁfﬂ@ increased

effecting the impingement contact between the liquid and the gas along the length of the
15  annular space (or at least along the length in which the gas is able to maintain it's
velocity). This also enables an increase in the contact zone's length to diameter ratio
from the 4-20 range of the single tube variation to a range of 4-80. For different
embodiments, the range of the minimum diameter and length of the contact zone is

between 1 and 80 times the minimum diameter.

20 [0060] The inner and outer conduits in the tube-in tube variation of the spray tube
configuration can be made of stainless steel, aluminum, copper, or cryogenically
compatible polymers such fiber-reinforced epoxy composites, ultra-high molecular weight
polyethylene, and the like. The typical diameter of the inner conduit may vary between 1
mm and 25 mm while the typical diameter of the outer conduit may vary between 3 mm

25 and 75 mm. The typical ratio between the outer conduit diameter to the inner conduit
diameter may vary between 2 and 8. As noted above, the typical length-to-diameter ratio
with respect to the outer conduit may vary between 4 and 80. The wall thickness of the
inner conduit depends on the material of construction selected and may be as small as
practical during device fabrication but sufficient to hold the pressure of the fluid filling this

30  conduit. Typical wall thickness preferably ranges may range between 1% -10% of the
inner conduit diameter. There is no need for any special orientation of the plurality of
openings in the inner conduit as long as their distribution inside the annular space is

relatively uniform.
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configuration can be made of stainless steel, aluminum, copper, or cryogenically compatible
polymers such fiber-reinforced epoxy composites, ultra-high molecular weight polyethylene,
and the like. The typical diameter of the Inner conduit may vary between 1 mm and 25 mm
while the typical diameter of the outer conduit may vary between 3 mm 25and 75 mm. The
typical ratio betweaemébeaoter conduit diameter to the inner conduit diametsarvazg MEng10
between 2 and 8. As noted above, the typical length-to-diameter ratio with respect to the outer
conduit may vary between 4 and 80. The wall thickness of the inner conduit depends on the

material of constiygign srleRissb3REHR .P%@@&éﬂ@éhaé.mcars@rmrr@m&wwsn@@rmn

but sufficient to hdc)rectlon pregsure ofaté?e fluid I|n Elﬁ%gpgrdelét Ty. |caI \ﬂ/ﬂ}ll |é:sksneﬁ§e
preferably ranges may range Betheenel/o /gof e inner cond?ut iAme er, Thereis no

need for any speir GARMthiromesTany sRIf t@)PES’ﬁE’ﬁrﬂﬁgffﬁ'?ﬁ%Vﬂ‘?ﬁ%remm shamgh s their
distribution insidéhthaidresititay tspacezis spdatngsiyucifarsoffiaé@ly long channel depends on
20481027909P L2040 | 9&9&@@%@&\%@9%&1@&@&5@9Sbybéhﬁ)mﬁé:engmIt. alehe

preferably aligned l[n one tﬁpec%fsrt% lirection in order to b tﬁ ecgpldri%r}grggnﬁle%q;g\ghg}
e erably se

direction. The wall thickness o outer condult IS pre ecte |tonrovrde a suffi crently

long expansion CRAARGPRANGRVATSS BSMHPRY haHE2218 SiscrTmggimentinr &iefigitsflyisng
channel dependsyoisebvarimithe peraiérmyparasieberacbud it mdDiteaily. Sedestadehiycompdiring
its length, i.e. the-prtatMalhiliraess ik iRRRtRIAERAl thelditehidiealil aagBrdorbameter

ratio of the §922If, AR UGS K3HIES RTLUES RANESuIR N6 CAATHRNBAIGIUR OAul AL

the typical bore o e openings Is between 0 Conseguen

fabrication and p?b%@ﬁé%sarﬁrgrﬂ%ﬂ@ ere'dunionee ﬂ?&"&i&%l"é%aﬁﬁ‘ifﬁ%"f’ M@Mcbtgeﬂ)tal
further selected tadse-sacisast arep pirhaprPotehieikedetingcaduinm! Finaigainkhaibspimn

total cross-section@bagea rafishenpe releapanings mdhewouesieonduit wall to the total
cross-sectional area of the openings in the inner conduit wall is typically 1.0, although an

expanded ratio r&f§&loetirRRPOd RSO X dRdAIEAL Y S[BRFED OB ERTS BRI iie¥PShown in Fig

6A was assé&imblechysimgthandldpedifigaiomponents and specifications, (i) The inner

conduit made of starnles ieel and h@ lr?g the i Iﬂ er dramet r of 0.335 nches dam %ﬁter

diameter of 0,375 inched) AR&'TORGER"SH an! ?js(t:%ntaarnfrrav'%t SR ReIl Oing an

inner diameter oS ¥BinAk¢fogn outer diAmetas @ftﬁéﬁdﬁ@%&%"ﬁ'ﬁﬂ@'b?fé?rﬁé’?"ﬁ?ﬁrﬁﬂ%ed
cryo-cornpatibie epexyifasdre2andhhevickeam étesretunadtto @ 745 imbbes, an outer diameter
equal to 1.1 inches and a length equal to 34.5 inches, and containing 83 nozz|e- openl

along a straight line, eadi FAGPHCAN RSERSITadR2E? g&’ﬁ[é?ﬂf‘iﬁ"ﬁ%§ EREPRHY %%1&%&""}?5}%
another usidg a @rBBriactiasesr @dd9! the it dhesnereLitidibaieletgbeabiatér! diapse®dand the
inner tube outer length equal to 34.5 inches, and containing 83 nozzle-openings along a straight line,

each having an inner diameter equal to 0.035 inches and spaced from another using a
0.35 inch step.

(iii) The ratio between the outer tube outer diameter and the inner tube outer
25 diameter was 2.9. The length-to-diameter ratio of the outer tube was 31.4. The wall
thickness of the inner tube was 5% of its outer diameter. The outer tube wall thickness
was 4.5 mm, and the length-to-diameter ratio of each nozzle-opening was 5. The ratio of
the total cross-sectional surface area of the nozzle openings in the outer conduit to the
total cross-sectional surface area of the openings in the inner conduit was 1.2.

30 [0063] As will be described in greater detail herein, the tube-in-tube variation of the
spray tube provides that ability to adjust the “spray profile” of the spray tube. The spray
profile is defined by the collective liquid component discharges from each of the nozzle
openings. In Figs. 6A through 6, the relative cryogenic liquid flow rate at each nozzle
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25diameter was 2.9. The length-to-diarneter ratio of the outer tube was 31.4. The wall
thickness of the inner tube was 5% of its outer diameter. The outer tube wall thickness was
4.5 mm, and the length-to-diameter ratio of each nozzle-opening was 5. The ratio of the total
cross-sectional surface area of the nozzle openings in the outer conduit to the total
cross-sectional susfaoeared of the openings in the inner conduit was 1.2.F30(0868}/¢30will be
described in greater detail herein, the tube-in-tube variation of the spray tube provides that
ability to adjust the "spray profile" of the spray tube. The spray profile is defined by the
collective liquid component dischroRFIffanRARMIdhaH R HRJePRIRGRINE BigRafMndarough
61, the relative cr age [0 quluid flolw tLat? gt_legtcﬁenso;azIqugeo\%rﬁg}%gstﬁggregenrt&ge%rl)ip)es of
varying length. A o%gnerﬁll%ee gfgsg?ﬁflgs S greafer o rate andice Versa  IA'the tube-in-tube
rrpray tube variaffGAiPHEe#a9 PRSAIRY ©an be manipulated as a function of: (a) the throttling
gas pressure; 5(b) which am}ﬁﬁﬁé&‘?&ﬁn‘?&' L,t&glmr.ottling gas is introduced; and

(c) where the throttling gas is Introduced into both ends of the annular space, a variance in the
pressure of the throttiing gas (stwothhceuriceacteedd) Mad retitposhipitiatdueen thd spray
profile and the above variables is explained in more detail in connection \gith Figs 6A to 81.
10[0064] In Fig 6A, the pressiitd'BithBSAPEHIRG F54siMradredd B tA Sﬁ&g‘%laﬂqgl%‘rnnular
space is equal tHaeeppagsiaresdntihe pigasgerittie tcritinderrceHamecE i eaelsedfithe inner
conduit (he, the un-throttled conq%io?rj) nd the resultin r rofil | ré " as.S nin
Fig GA. [0065] FIY bR N EoR S B BST e e Lt R bl
greater than the é@éﬂf‘@’tﬁ‘ﬁﬂ‘i@’b‘ﬁyﬁ GHENHRRY. As a result, the spray profile 86b is

“squeezed 4910 fyBRPDAIEEBRNAAAGNAIBE 16 Bfid bis UGBTI HRab IS RINREbOI-Off

is being generated at'the ends of tt]e apnular space an UShIP .éhet remai .ir}gtl)i Hid tdoward
the center of the {0BEY KA L& iR aigr@ﬁ?geeoﬂto%cfﬁeq%%%z"% obnehlnuﬁgl{]é%ateo near the
ends of the annuPASpaRe pondhhesbmBStiPieed seNdiRD P ¢HBSrSHEINE S8 aY RIcHe ERAISw
liquid flow rate, Thet'disehawganthpeigh the nozzle openings near the center of the spray tube
contains a larger liquid fraction, and therefore, a higher liquid flow rate. [0066] Fi 6§, is
identical to Fig 6E%W&eTae2 fdssticakiardqSn sqertie ey fidbed ?H?Weqag%% g the
spray profild B6cgrkstehthaathppesssure ¢§theroimopnis dagedd Aadaidd finpstiny RIvfte &SAdktion,
the spray dischargg,iseampletejs@asroiteis shsaam RnBee il eudfass heign6s dstidentical
to Fig 6A except ﬁ?.‘ﬁ&%&gﬁg@%@?&&&% o dHAE S ARLRPORENShat SishINpaR SRR g

which, as shown by spray profi d, is sufficient to assk!rt% the same f?gnq"lmetricalgand

uniform spray pdjﬁ\’édé%"‘iﬁ"ﬂ@eé%te’ of the tubes. As a resu e discharge € nozz
openings located near the ends of the annular space is compose mostly of gas, and

20 therefore, has a relatively low liquid flow rate. The discharge through the nozzle

openings near the center of the spray tube contains a larger liquid fraction, and
therefore, a higher liquid flow rate.

[0066] Fig 6C is identical to Fig 6B except the gas pressure is further increased,
thereby further squeezing the spray profile 86c. As the gas pressure is further increased
25 to the fully throttling condition, the spray discharge is completely gaseous and at room

temperature.

[0067] Fig 6D is identical to Fig 6A except the cryogenic liquid is only introduced into
one end of the inner conduit which, as shown by spray profile 86d, is sufficient to assure

the same symmetrical and uniform spray profile as in Fig 6A.

30 [0068] Fig 6E is identical to Fig 6A except inner conduit 10e is modified such that the
opening are fewer and all clustered around the center of the tube. This resulted in less
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30[0068] Fig 6E is identical to Fig 6A except inner conduit 10e is modified such that the
opening are fewer and all clustered around the center of the tube. This resulted in less WO
2008/027900PCT/US20071077010 controllability of the liquid component of the ischer e as
compared to Fig 6A although a similar spray profile 86e was achieved. [0069] Fig 6F is
identical to Fig &0 exeeptaiee nozzle consists of a single slit 60f in the ouRSTEHIATIOT#iEh, as
shown by spray profile 66f, did not affect the spray profile. 5[0070] Figs 60, 6H and 61 show
the effect on the spray profile when the pressure of the throttling gas Introduced into each end

is varied. As shown-ndoias & anclldetpRilest ti NtndrpiRg dbe ghltimgEassabaigly one
end of the. annu(lz?eltrri] S asc%iepsrﬁgﬁg dn ﬁgéfgage%%_respective spray discharge 869 _and 8_6h to
the opposite end. In |é) , the throttling gas pressure for 02 introduced on the right side is
higher than the tloosdjingigas priessut® thFigredleatmmdhceczda thesisght sidiegmslithel rethating

spray discharge 3l isushRAdn helpwebpiasHsRmids0RTEH Figs 63 Hrpndikl embody

the feature of the spray tube embodiment whereby a desired spray profile can be achieved by
providing thé gaeitheRiEssipléts O Bheh 0 thethert spdaiss yrerodioresan Aot siseatdehe
desired spray proféein3igaanlyodiferidibdasiredisprayaarokiiamaan heigebiueddvy sieriyot
adjusting the gasesaUE A F, AARI AL 61 POHGR: U HOUIARE DRI BMEYRL R the

pressures at G1 and 02 necessary to achieye a cific spray profile may..c e due to
changes in the dB“eF&fﬁﬁ?ﬁ%ﬁ@ﬁf%ﬁfé?ﬁaé?‘%ﬁé%ﬂ}iggﬁb°é,“_&?8§° éetgrﬁqyer}gét' :ée?r%oyﬂ%a 7
shows one emb@airnEss e ZosFraptayiiteas obasalisiesindighen sy e ol SPERISSrEy
tube embodimenss disalaspdddercine Ade systein e ragritessarspisetizag2d® jsoppsbsstribed
tank 218 contaiqm,apgy&ggg&]iquid (LIN in this embodiment), a pressurized tank 220
containing the throttling gas (gaseous nitrogen at ambient temperature in this embodiment), a
vaporizer 222, alpttjrafign&iestdgitl Gomtrodéyr e @l theaswaypeharire oskmes MPe3bY he
spray bar is a spf¥diresshaRbfile can be achieved by providing the gas at the gas inlets G1 and G2

a the respective pressures that will produce the desired spray profile. Similarly, other

15  desired spray profiles can be achieved by simply adjusting the gas pressure at the gas
inlets G1 and G2. It should be noted, however, that the pressures at G1 and G2
necessary to achieve a specific spray profile may change due to changes in the

operating environment of the spray tube, such as temperature.

[0072] Fig. 7 shows one embodiment of a spray system 200 which could incorporate

20  any of the spray tube embodiments disclosed herein. The system comprises a spray bar
210, a pressurized tank 218 containing a cryogenic liquid (LIN in this embodiment), a
pressurized tank 220 containing the throttling gas (gaseous nitrogen at ambient
temperature in this embodiment), a vaporizer 222, a programmable logic controller
(“PLC") 207, a temperature sensor 203. The spray bar is a spray tube of any

25  configuration disclosed herein which is partially enclosed in a solid or semi-porous
casing or box structure. The casing or box structure is opened only in the direction that
the cryogenic fluid is jetted from the nozzles and is purged from the inside of the casing
or box structure with a dry, room temperature gas in order to prevent nozzle icing. The
purge gas may be the same as the throttling gas and sourced from the same tank, but

30 the purge gas flowrate is typically constant throughout the entire cooling operation and
unrelated to the liquid or gaseous flows through the spraying tube.

[0073] In this embodiment, the spray bar 210 includes one cryogenic liquid inlet 212
and two throttling gas inlets 214, 216. A cryogenic liquid supply line 224 supplies LIN
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25configuration disclosed herein which is partially enclosed in a solid or semi-porous casing
or box structure. The casing or box structure is opened only in the direction that the cryogenic
fluid is jetted from the nozzles and is purged from the inside of the casing or box structure with
a dry, room temperature gas in order to prevent nozzle icing. The purge gas may be the same
as the throttlingwgoearwéirced from the same tank, but 30the purge g HORAMIETZ%Fpically
constant throughout the entire cooling operation and unrelated to the liquid or gaseous flows
through the spraying tube. [0073] In this embodiment, the spray bar 210 includes one

cryogenic liquid figltslidrand swanbieibingigaguiniais 2124, R 16eioryagenie tighidaugiphiiine
224 supplies U’\ifw&g%/ 7900PC17 US29071077019 from the tank 218 to the cryogenic
sole

liquid inlet 212. noid v%t ve 226 turns the supply of LIN on and off. [0074] A gas supply

line 228 suppliegtmttimgagasdisarinthz2tasup @2 toditinspaajrdyat218nKT2289 tetbesspphbhine
228 splits into twadranchessaaly Are RAGHOTWINLD braRcrenpesieshie LARMIHKS iEhrottling
gas inlets 214, 216. A justable valve, 234, 236 i ated on each,of |Q gh %30 232
to enable a Just(r:ﬁgrﬁ?cg %gaeoagv%nﬁ]s rglécﬁeﬁl'aggasrgs%aéﬁérﬁgﬂo&rﬁ@ ?ﬁggg}:% oéfa%%e' g?gnches

230, 232. OptiofRaRehossatur hakanGise 2iBvii? & enaase iR IR ARKRIE?RAES of the
adjustable valves&34die28@ tovenzbilecgatsdidw trabehtsrddll 232 afdtioffallithcatenaidiMg o
readjust the adjystablewavasdli2advidabin\Wdnes aprsaieds theagpstinietiingssisearas B30,
232 control (increase, decrease, ar, maintai [eTH]] . : ' ' jguid
Spray pattern asea?s%,)g% %Seq 5“58\98%%%95%% %&%%ggerﬁg%ﬂ%\g@gg 'rgaﬁgp%&?g‘%%giﬂé%%gline

238 is tapped i
228 upstredth fréf R pidhrheRe E&G%H@ﬂﬂg%ﬁ?‘g@‘ﬁr?éozéé%ﬁ%m& N§"&di€noid valve
240 and two 15hearssesonainin) (vhlickiaflovoetacdedingigtetiom e s BEePRIIErvake 240
and each connegittQsaa@ 4bbile gas inlets 214, 216. When operated, the gas purge line 238,
and its branches 242 and 244 supply to the spray bar 210 de-icing gas whichfprevents

frosting of the chf8gBhiAmariPspiayie i rReebibtrel i PeRglY HrerfS HPAY3Er PIH W€ being
used to cool a cylndtiealR3oEtPateh2@as purge line 238 includes a solenoid valve 240 and two
15  branches 242, 244 which are located downstream from the solenoid valve 240 and each
connect to one of the gas inlets 214, 216. When operated, the gas purge line 238, and
its branches 242 and 244 supply to the spray bar 210 de-icing gas which prevents

frosting of the cryogenic fluid spraying nozzles.

[0076] In Fig. 7, the spray bar 210 is being used to cool a cylindrical substrate 201

20 (e.g. steel) that is being heated by a powder spray gun 205. As the spray gun 205
moves along the surface of the substrate 201, the portion of the substrate upon which
the spray gun 205 is acting becomes hotter than other areas of the substrate 201. In this
embodiment a sensor 203 provides temperature readings along the surface of the
substrate 201, which are read by the PLC 207. The PLC 207, in turn, adjusts the

25  adjustable valves 234, 236 to generate a cryogenic fluid spray profile, 209, that will
provide additional cooling in the hottest area of the substrate 201 and less cooling in
other areas. The PLC 207 will change the spray profile as the spray gun 205 moves
along the substrate 201.

[0077] Alternatively, the PLC 207 could adjust the spray profile in response to signals
30 from a position sensor (not shown ) that tracks the position of the spray gun 205 or the
PLC 207 could be pre-programmed to follow a timed sequence of spray profiles which

are synchronized with movement of the spray gun 205.
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20(e.qg., steel) that is being heated by a powder spray gun 205. As the spray gun 205 moves
along the surface of the substrate 201, the portion of the substrate upon which the spray gun
205 is acting becomes hotter than other areas of the substrate 201. In this embodiment a
sensor 203 provides temperature readings along the surface of the substrate 201, which are
read by the PLGY2OWSPRYILC 207, in turn, adjusts the adjustable valveS9BYSPE5010
generate a cryogenic fluid spray profile, 209, that will provide additional cooling in the hottest
area of the substrate 201 and less cooling in other areas. The PLC 207 will change the spray

profile as the spfggrguUNTRO2yMANES alostehiieoauhsirale 2bla (B0 7aniteimatveliothesed.C 207
could adjust thefépmgm&ﬁ P [&SRATRE 49.& gwaf &L&mem Hﬁ&rﬁﬁ'a%%(é}m shown )

that tracks the position of the spray gun 206 or th e

20 r dto
follow a timed s@&”d@ﬂ&%sé?rgﬂ?g)?rﬁjr RAEL G PREFFUYRS sy NP r?fze%l %gstlraﬁrfg{lae%t af"n
gun 205. WO 2008527900 PickT NS Sigaietrean mevsPrrvﬁesegfﬁﬁ@nE%& spgxthate o may,
also, be a rall ordapirmeEiRgJent Bsiachfakpetifgprotital (e manveetait costrast @eofiling such

strip and performingsinHiat. CORIPHOUSHRUMINIRARFLSHARING PRE! Bt aRAG, 'l SHetBthe
forming tool heats dun@ﬁé)eratlon qggls}%lcks ungdeg,Ar%p rgculat %gbns Qn its surface.

The spray bar 2 TR Hi8RH Hasd ogenlcoﬁ"wd‘ln Spec mayebe used to
blast clean the eHesifentstiee coatingrdis RiGfeaes 5%/6W%%Tﬁﬂé%?ﬂ?ﬁ%f'%f'}ﬂé‘ﬁﬁﬂ?g°f
anyone of the spiigynpaitamisyfiraendiyinptzzipsagldive finidige A tentyl batissed tfearoggme
embodimens {05 ¢y PIRIRAIERAILGRNIEAE i5anpliegdsom tesnawls ag his

b A Sl A e b e A L el

minimizing the flow of Cryogenic fom the ends of 0zzle’as shown in Fig 68 or 6C to

the substrate or %‘W?BOB% &?di%'?f'%’ﬁﬁﬁ'@‘ Sitheg i 9%[1%FTB?HﬂWdeﬁ@?A¥.8}?§“%%“c"émra|
portion of the rokirais oftier siibsirtie s hstaddihe@dettest and ends of the roll or other

substrate the coglest. [0 Fig 8 shows S tube compri a wndwt that is.wr ped
|nto a circular 15 e?ﬁg J\?r\?c]ﬁq g(ﬁfaoffﬁ@é H%SE r@ért'rs'é 217t fgtséhm odirer nt, "[?1% %c'rrglil%groflle
88 can be déntr@hé@ietwfﬂﬁé‘(ﬂ@ﬂ?@f}@ﬁé{tﬁw@%t%d{‘ﬁ@?\qﬁﬁ?%@@h%@@W@ﬁ'@tﬁ@ &6 gun
13A circles or patiadyegitclescatoe rdating sotxsisatépeet igknaralige etien thé Ap[@080] Réferring

to Fig. 9,a tube-gpieSpsnRRparaidsbhAd shehopshawipsh 18 similaciedhaspray tube shown
in Fig. 5 in that cryogenic liquid is discharged through openings 20160 formed along the

length of a condi®3012 Refsgetid iy Qi@ tprefevitiprayNpreratusiiddsiehte sphiep iBEIRIO by
a conventional spdysieaubb4nhthenprgss s thepugbge@Oideg ieeislihoved iiGoag dnéoisgs

contact 209 1208 ¥R B EANAL LG T EBHHARHGES &y ByaRLRELRY arsitaBly i 122
having a 90-degree elbow 124 and an |nh?ct|on tube 125 g&dﬁytggmml en nd 128. ;I'mraohrgﬁctlon

n passe
tube 126 extend® PHECHRASBRYT 78 Jr they @ convention W s
90-degree elbow 116 and into a contact zone 120 within the conduit 112. Throttling gas

is supplied by a supply tube 122 having a 90-degree elbow 124 and an injection tube
126 at its terminal end 128. The injection tube 126 extends past the elbow 116 of the

25  cryogenic liquid supply tube 114 and into the contact zone 120, which enhances contact
between the throttling gas and the cryogenic fluid.

[0081] This invention is not limited to the embodiments shown. Nozzles comprising
multiple gas and liquid supply streams and lines can be used, and other modifications
can be made to the embodiments shown, that are still within the scope of this invention.

30
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25cryogenic liquid supply tube 114 and into the contact zone 120, which enhances contact
between the throttling gas and the cryogenic fluid. [0081] This invention is not limited to the
embodiments shown. Nozzles comprising multiple gas and liquid supply streams and lines
can be used, and other modifications can be made to the embodiments shown, that are still
within the scope of this invention. 30 CLAIMS A atus comprising+ at least one
cryogenic spray device each having: a) a contact zone (3k; 32a; 32b; 32c; 32d; 33; 35; 36;
120) for contacting a 5cryogenic liquid (L) and a throttling gas (0) and forming a resulting fluid
tnerehof: b|) atleastnspparatidietiiibriel eRamMisycatiovrdehe foalesévieaedon induathicing
the throttling gas into the contact zong; a,ns ) c)at least gne.cryogenic liguid inlet i él id
communication Wi&& thd %%%tpé%tzfaﬁo é?b %ﬁrééﬁc%%’tr?g §T§§gg§c%%u%§%%rt %né%%{% t%
zone, &) the contact etyagenésniigirdiididl aochentimieisiien gaish( &) leadtformeing 27 Fesuitien)fluid
601:160) for dischargiq\gepggf'resulting fluid through the nozzle; and e a gas supply control
(207, 234, 236) in fluid communication with each of the at least one tgr;]as inlet; 151) wherei%r

the at least one spPay aklfgstienespray el B Lenmyaisrtion with  the contact zone

introducing the throttling gas into the contact zone; and
c) at least one cryogenic liquid inlet in fluid communication with the contact
10 zone for introducing the cryogenic liquid into the contact zone,
d) the contact zone being in fluid communication with at least one nozzle (N;
60; 60f: 160) for discharging the resulting fluid through the nozzle; and
e) a gas supply control (207, 234, 236) in fluid communication with each of
the at least one gas inlet;
15 fi wherein the at least one spray device is a spray device for a cryogenic
liquid; and
g) wherein the gas supply control is adapted to enable adjustment of at
least one of temperature, pressure and flow rate of gas supplied to
each of the at least one gas inlet to achieve a first desired flow rate of
20 cryogenic liquid through the at least one nozzle when a source of
cryogenic liquid at a first pressure is provided to each of the at least one
cryogenic liquid inlet.

2, The apparatus of claim 1, wherein the gas supply control is adapted to enable
25 - adjustment of the pressure of the gas supplied to each of the at least one gas inlet in

order to achieve a first desired flow rate of cryogenic liquid through the at least one

nozzle when the source of cryogenic liquid at the first pressure is provided to each of

the at least one cryogenic liquid inlet.

30 3. The apparatus of claim 1, wherein the gas supply control comprises at least
one adjustable valve, each of the at least one adjustable valve being capable of
adjusting the pressure of the gas supplied to one of the at least one gas inlet to

greater than the first pressure.

35
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liquid; and wherein the gas supply control is adapted to enable adjustment of at least one of,
temperature,pressure and flow rate of gas supplied to each of the at least one gas inlet to
achieve a first desired flow rate of 20 cryogenic liquid through the at least one nozzle when a
source of cryogenic liquid at a first pressure is provided to each of the at least one cryogenic
liquid inlet. 2.The apparatus of claim 1, wherein the gas supply control is adapted to enable
25adjustmeny of thetpeesppar ailitheamisn ppliatépepncheoithatticass onezascongirisearder
to achieve a first desired flow rate qf ceyogenic liquid.t “% I n the
source of cr)fé%[aarﬂfé |?£J'}8%ﬁ%e |résf-f Bge@g Pe Eéllﬂ ogvfigé%%%geac ﬁoﬁ %1e 3?’%%@? élﬁggv gé‘%ggnic

liquid inlet. 308/ TUaRNigdiswidiiBefievanaias afherorenie ipbdigmoduatibecoivphyeef aoedes
one adjustabig by ifafdtinhy e AplRgshrifeadinsabianalyad siigprapahieiokasisptied toe

pressure. of the gas supplied to gne of the at legst one gas inlet to greater than the firs
pressur% 3582.3%% adiusimant gt Efa?ﬁ?ﬁt MFef if‘?fﬂ%egﬁérgs?%éleo 522€ COmprise?® %ﬁed to
plurality of nezdlexfetheh aif idasiphmalgpoimetz e adhievegeafitss shasines fRprayansafienybgaric
lauid, the flout ESPLEER RJIAY ik e aRet PLLLE 0 urBHbVial s el Ollp M AR a0
a spray profile, wherein theé gas supply control is adapted to enable adjustment of at least one
of temperatuf&yaaanrdasitditgas supplied to each of the at least one gas inlet to achieve a
first desired spray profile when a source of cryogenic liquid at the first pressure is provided to
each of the at least one cryogenic liquid inlet. 5. The apparatus of claim 4, wherein the gas
supply control comprises a controller that is programmed to change the spray profile in
accordance with a preprogrammed cooling profile. 6. The apparatus of claim 4, wherein the
gas supply control comprises a controller that is programmed to change the spray profile in
response to signals received from a sensor. 7. The apparatus of claim 6, wherein the sensor
comprises a temperature
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10sensor that is adapted to measure the temperature of at least a portion of a substrate being
cooled by the at least one cryogenic spray device. 8. The apparatus of claim 6, wherein the
sensor comprises a position sensor that tracks the position of a heat source acting on at least
a portion of & substt8fe APREMYTHHISRHY the UPRERIS: S BRF0GERRYS ST B FR@PiEepha

apparatus otetuondr, MBENRIpbgrahlaast Rnetgagdniekcoprpyisesiadliint gesoriaheadvith a
second gas inlet, 2010.Thc<fca aratusﬁ%f claim 1, wherein the at least one cryogenic spray
Ity X

device com[?rri%%?%r%mrpaq 0 }:nr?/(%%nlc spray devices and the gas supply controller

comprises a plurality of adjustable valves, each of the plurality of adjustable valves being in

fluid COB‘mU@jC?‘tiO‘T’H@itBﬁ?ﬁBtﬁi tB? afaiﬁﬁsi,oﬂrﬁé}éﬁn!'ﬂ%t- @%mea_esﬁwuwﬁsﬂ%ié@ 1a
further comprisin I an outer conduit; zaﬁ |nn$r condglt posmone(ﬁwnhln the outer conduit and
defining an 58%%%}5?&%8{%@%% olfte? ult&rtPtRe RIR ‘ecghfﬁﬁﬁ%%ea“?nﬁ\%?@ﬁace

being said ceatgived droe) 3Gsouter conduit having said at least one nozzle formed thereon,
the inner conduit being in fluid communication with said cryogenic liquid inlet and having at
least one opening ﬁ_ositioned to enable the cryogenic Iichuid to flow radially from the inner

conduit into fhe corltA@t RPRFAMSd the it FasARIEIA Al BRPRRIUFREARIGHEHith RERRTRIMre
conduit0 12sehserappricaiidastbalaimads wieieireihscfugirgas #tlekist i gwetchal deubstrate
communicatjon with t nnular,space. 13 The a f claim 11, wherein the outer
conduit includes’a’ |P§%§&%ﬁaa gg%sgoonn end ?ﬁg{g‘l}s %ﬁ%ﬁ ?gl?g'e first end, the first gas inlet
being located at the first end and a second gas inlet being located at the second end, the

second gas glet 1&%’r%asl@%edotocmﬁ@?nﬂ%ﬁe@\ﬁqwepgeﬁwiéeﬁhm§@@wsm%- Jdior

tus of claim 11, wherein the duit and out 6 Dpbsith. o
CPape anl AL BREERATE HSTECT L AQIRALR P o 1" ARASEH, AL Rerh oyt

comprises absiogatiopled by the at least one cryogenic spray device.

9. The apparatus of claim 1, wherein the at least one gas inlet comprises a first

gas inlet and a second gas inlet.

20 10. The apparatus of claim 1, wherein the at least one cryogenic spray device
comprises a plurality of cryogenic spray devices and the gas supply controller
comprises a plurality of adjustable valves, each of the plurality of adjustable valves
being in fluid communication with each of the at least one gas inlet.

25 11, The apparatus of claim 1 further comprising:
an outer conduit;
an inner conduit positioned within the outer conduit and defining an annular
space between the outer conduit and the inner conduit,
the annular space being said contact zone;
30 the outer conduit having said at least one nozzle formed thereon,
the inner conduit being in fluid communication with said cryogenic liquid inlet
and having at least one opening positioned to enable the cryogenic liquid to flow
radially from the inner conduit into the contact zone; and
the first gas inlet in fluid communication with the outer conduit.
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of nozzles arranged in a row. 16.The apparatus of claim 11, further comprising a gas supply
control in fluid communication with the first gas inlet and being adapted to enable adjustment
of at 20 least one of temperature, pressure and mass flow rate of gas supplied to the first gas
inlet to achieve a first desired flow rate of cryogenic liquid through the at least one nozzle
when the source of cryogenic liquid at a first pressure is provided to the first cryogenic liquid
inlet. 2517.The apparatus of claim 1 further comprising: said at least one gas inlet in
head-on flow communication with said at least one nozzle and said cryogenic liquid inlet
has an outlet end in 45 - 135 degree flow communication with said at least one nozzle. 18.

The apparatys of ciaigabpaydis @inciBencrntabzanendanA gaginmetTs thapatesanca length
betweep 1,0 and 40.times th%%igimun%diameter. 19. A method comprising: supplying a
[

cryogenic qucﬁ@rgyal?ﬁg??)rvtva'ssure Y rrs??gﬁ”leperature to a contact zone that is in fluid

communication with at least one nozzle; supplying a gas at a second pressure and
second temperaturede sheLaniack 2RNG. thedrFendil esstredringinaUess et tbedfiinl

, th dt ature bei cater t the first te t th havi
B boiling 10FAREGRY S A A GFL LA AR PRSAPIRL IS SCAGHIEL TG Elgas
supplied to thedcTdacsemre igesriiet toeachiecat el de e detondrarel dheryecnti @Hgumntethrough
each ofghe B IRaSkARRANTE oAty MelhoLkal AL stigjein regulating the gas

supplied to the contact 15zone comprises regulating the Second pressure to achieve the
desired flow rate of cryogenic liquid through each of the at least one nozzle, 21. The method

of claim 19 herein regailasgdhe secantd pregsivieinanirisessegilitimg theesecmidipaessure

greater than 10,100, tmes the. st PLegSyLe I, LA,

15 15 The apparatus of claim 11, wherein at least one nozzle comprises a plurality

of nozzles arranged in a row.

16. The apparatus of claim 11, further comprising a gas supply control in fluid
communication with the first gas inlet and being adapted to enable adjustment of at
20 least one of temperature, pressure and mass flow rate of gas supplied to the first gas
inlet to achieve a first desired flow rate of cryogenic liquid through the at least one
nozzle when the source of cryogenic liquid at a first pressure is provided to the first

cryogenic liquid inlet.

25 17.  The apparatus of claim 1 further comprising:
said at least one gas inlet in head-on flow communication with said at least

one nozzle and
said cryogenic liquid inlet has an outlet end in 45 — 135 degree flow
communication with said at least one nozzle.
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20to achieve the desired flow rate of cryogenic liquid through each of the at least one nozzle.
22. The method of claim 19, wherein supplying a gas at a second pressure and second
temperature to the contact zone further comprises supplying the gas in a 25direction that
impinges the cryogenic liquid being supplied to the contact zone. 23. The method of claim 22,

wherein supp8/ing theegamp naaudicd cligim thatwingisige s e raao genecHiguschiipimyraugiphedeto
the contact Z‘&PF} i ply ' ire ﬂgm I Impipges the cryogenic liquid
being supplie tgﬁtgﬂ%rﬁ)%ﬁé\t%% ibbr?%ggior%@%%&ge%vﬁen gﬁgr@g %g‘s degrees. 24. The

method of claim 19, wherein the supplying a cryogenic liquid step further comprises supplying
a cryogenic lguid as atsbRIesagrriagd first temperature to an inner conduit having at least
one opening in fluid cor)}munication with.the c nt?ct zone, the inn r?t)nduitb irégtlocated

S reto a

within an outer condUPANPAS ST SH'S B ﬁ1J ?685‘?8%%8085 he RNe? an outer
conduits. 25¢PhianhetivedtiudtdtainTluel coheneinichiéoregitihatingasicopadsegiplied step further

comprises regulating, g 8% YHries J08R1 RBL3GHF ARG $IBAREIBERABFLRAIHE contact

programmed to adjust the pressure of gas supplied to the contact zone based on one or more

of: (a) signaloRBniSIESUREP SRS IR B e85 AR dBFAiRhRE S D5 M0 26. The
method of cltdmpbﬁaﬂuﬂ@dveingtbegmeﬂlu@hiwased bmpamammg@hmmﬂiqm the
aroup gbthe gl SpiAXIRt AL, SO0 BRI Lidlag garburizing; laser glazing:
induction heat treating; brazing; extrusion; casting; finish-rolling; forging; embossing;
engraving; patterniﬁ%%ﬁ?ﬂ&&%@ﬁbﬁﬁ’@?@iiﬁﬁb%%%lQﬂﬁ,'@aﬁf&?b?ota%'%% ERied
cutting and grgndiag of Brgtakandigoametilgosapne s, Anshereeessiagesurfacing, or
assembly in the metals, ceramics, aerospace, medical, electronics, and optical industries, 27.

The method of claim 19 wherein said regulating step is used to vary the 20composition of a
fluid through2Bie at Téwsnetiwd oz geimoif, vérwrebnreadatingdba@avnevenimsido S8 FrBtasethod

of claimsl9 whgEelRmBKLESIEIRIAGhS AR iScusRd Pevalydhs dshid darangdationoba g shrough
the at least one nozzle. 25
cryogenic liquid through each of the at least one nozzle.

21, The method of claim 19, wherein regulating the second pressure comprises
regulating the second pressure greater than 1 to 100 times the first pressure in order
20  to achieve the desired flow rate of cryogenic liquid through each of the at least one

nozzle.

22, The method of claim 19, wherein supplying a gas at a second pressure and
second temperature to the contact zone further comprises supplying the gas in a
25  direction that impinges the cryogenic liquid being supplied to the contact zone.

23. The method of claim 22, wherein supplying the gas in a direction that

impinges the cryogenic liquid being supplied to the contact zone comprises supplying

the gas in a direction that impinges the cryogenic liquid being supplied to the contact
30 zone at an angle between 45 and 135 degrees.

24, The method of claim 19, wherein the supplying a cryogenic liquid step further
comprises supplying a cryogenic liquid at a first pressure and first temperature to
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an inner conduit having at least one opening in fluid communication with the contact
zone, the inner conduit being located within an outer conduit and the contact zone
being located between the inner an outer conduits.

25, The method of claim 19, wherein the regulating the gas supplied step further
comprises regulating the gas supplied to the contact zone using a controller that is
programmed to adjust the pressure of gas supplied to the contact zone based on one
or more of: (a) signals from at least one sensor and (b) a preprogrammed cooling
profile.

26. The method of claim 19, wherein the method is used in one of the
applications selected from the group of thermal spraying, welding; fusing; hardening;
nitriding; carburizing; laser glazing; induction heat treating; brazing; extrusion;
casting; finish-rolling; forging; embossing; engraving; patterning; printing, scribing or
slitting of metal strip, tape, or tube; cryogenic cutting and grinding of metal and non-
metal components; and processing, surfacing, or assembly in the metals, ceramics,
aerospace, medical, electronics, and optical industries.

27. The method of claim 19 wherein said regulating step is used to vary the
composition of a fluid through the at least one nozzle from between 100 % gas to
100% liquid.

28. The method of claim 19 wherein said regulating step is used to vary the liquid

to gas ratio of a fluid through the at least one nozzle.
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