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Thisinvention relatesgeneralytogas conditioningap 
paratus,and more specificaly to a new and inproved 
System for Supplyingagasat controled flowratesand 
regulated temperatureconditions? 

Theinventionis particularly concernedwith providing 
a portable aircColing system capable of Supplying Cool 
airat controlable fow rates to the protective clothing 
Worn by Workersin yarious haZardous GCCupationS. By 
way of example,the portable coolingapparatus compris 
ingtheinyentionis particularlyadaptedto beattached to 
the protective suitsworn by workersinaluminün reduc 
tion operations,foundries,chemical?lants,andotherin 
dustrieswhereprotectionisrequiredagainsthightempera 
tures,toxicand/orcorrosiveVapors,dust,orfinepowders? 
Theinventionalso Satisfesthe existingneedforan efec 
tivesystem forsupplyingcoolairtothe helmetsWorn by 
sandblast personnelin the performance of theirduties? 
Inadditiontotheseproductionapplications?thenoveland 
improved portable coolingapparatus can be used to ad 
vantage in cooling the emergency protective Suits worn 
by fire-fghting personnel,miners,mine rescue workers, 
decontamination personnel,andthelike? 
Aneed foran efective portable coolingapparatus ca 

Dable of beingusedin the mannerdescribed has existed 
in variousindustries formany years,Heretofore?it has 
been customary to suppyair for cooling and breathing 
purposes from a centraized Source,Such asfrom an air 
compressor,through long hoses which trail after the 
workerandare connected to hisSuitorto a mask,Since 
the heat of compression and the high ambient tempera 
turesoftenresultinthe supply air being?1excessof120° 
F,it hasbeennecessarytoresortto comparatively crüde 
cooling devices,suchascolsimmersedinatank of cold 
water or to aircycle turbines which are complex,noisy 
and eXpensive,Notonly are sone of these devices in 
eficient,but,because they are not portable,it has been 
required to locate the coolingdeyices nearthe airsource 
ratherthanatthe Suit orotherenciosureintended to be 
cooled,Suchanarrangementalsoisineficient,since the 
air passingthrough theiong hosescan?ick Upheatfron 
the surroundings before reachingthe suit,Moreover,it 
has been dificultto maintaina desired fow rate because 
ofthe highfriction losseswhichoccurduringthe fow of 
airthroughtheSupplyhoses, 
While the portable gas conditioningapparatus of the 

invention has been described as beingparticularly suit 
ablefor usein coolingprotective clothing,itwi herein 
after becomeapparent that the novelapparatus can be 
usedforotherpurposes??nadditiontoprovidinganefec 
tivecoojing system,the apparatus also can be used for 
heating?Thus,the portableapparatuscanbeconnectedto 
clothingorotherenclosUresintended to be used8s?rotec 
tionagainstcoldambienttemperatureS. 

Accordingly,itisan objectCftheinvention to provide 
a portablegasconditioningapparatuscapable of Supply 
inggasatcontro?edratesandregulatedtemperature con 
ditions? 

Anotherobjectoftheinventionistoprovideaportable 
aircoolingapparatuswhich may beattachedto protective 
clothingsuchasworninapplications ofthetypedescribed 
above? 
Amorespecific object oftheinventionisto provide a 

portablegasconditioningapparatusadaptedtobeattached 
to aprotectivesuitorthe like and to be SUpplied bya 
centralairsource,whereby the gas from the Source is 
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condtionedandexhaustedintothesuitinamannerwhich 
canbeseiectivejyregulatedbythe Wearer, 
Afurther objectof theinventionisto Provide a port 

ablegasconditioningapparatus whichiscapable of cool 
ingor heatinggastoobtain desired temperature condi 
tionS? 

?naccomplishingtheforegoingobjectsandovercoming 
the disadvantages ofthe priorart,theinvention contem 
plates a preferred system which utizes a piurality of 
Ranque or Hilsch vorte?tubes,Vortextubes have been 
knownforanumberofyearsandthephenomenainvolved 
hayebeenextensivelydiscussedin the priorartliterature? 
The deviceistheessence of simplicity and consists eSSen 
tialy ofastraightpiece ofpipeinciudinganairinletfor 
tangentia?y introducingair or othergas into the pipe 
and creatinga high speed vortexflow,the yortex being 
characterized by anaxialy movingshel of relative? hot 
airanda core of relativelycolderair?Because of this 
vortexphenomenon,twofractions ofgasmaybe caused 
toissue from the pipeattemperatures which areabove 
and belowthetemperature ofthesupplygas. Forthepur 
posesofiustration,onecommercialyacceptabjeembodi 
ment ofavortextubehereinafterwilbediscussedin de 
tail? 
When apluraity ofvortextubesare combinedin the 

noyel manner contemplated by the preSentinvention,a 
gas conditioning apparatus is provided which is light 
weightandthus can be convenientlyattached to protec 
tiveclothingorthelikeand carried bythe wearer Fur 
thernore,the operating characteristics of the portable, 
vortexgasconditioningapparatus whichis provided Can 
be selectively regulated by the user even though the 
supplyairisfurnishedfromacentra Source which alSO 
maysupplyairtosimilarunits,aswelastoothertypes 
of apparatus?More particularly,itispossibleforeach 
user toreguiate both the temperature and fow rate of 
the gasissuing from the gas conditioning apparatus to 
suithisparticular workingconditions?In the past,this 
individualcontrolhasnotbeen?OSSible? 

Sincevortextubesdo notinvolveany movingpartsand 
are ofarelativelysimpleconstruction,thegasconditioning 
apparatusoftheinventionisinexpensiveandisSubstantial 
iymaintenance-free,Eurther,the disadvantages of the 
Drior artsystems described above in which the cooling 
devicesareusua?y1ocatedatthe sourceareavoided with 
?heinvention because ofitsportab?ity. 

Although,as noted above,vortex tübes have been 
known andused priorto the presentinvention,the prin 
ciple of operation remainsin dispute and hasneverbeen 
clearlyunderstood,Because of the factthatno Onecan 
cogentiyexplainwhythe tubeoperatesin themannerthat 
itdoes,itisnotatalobvious how toimprove the rec 
ognizedineficiency of the tube and how to adaptitto 
specifccommercialuses,Foreach proposedapphcation 
of a vortextube,itis usualy necessary to thoroughly 
investigatetheoperatingconditionsandrequirementsand 
thentoconstructnewtubearrangementswhichwilsatisfy 
these operatingconditionsandrequirementsin the most 
optimum manner,For these reasons,commercial ap 
plicationsofthe vortextube principle have been limited? 
Inthespecificalydisclosedappicationsofthe presentin 
yention,itwas foundthatasingle vortextube designed 
tooperateeficientyfromstandardindustrialcompressed 
airsystems did not possess the required characteristics 
forsupplying cooled airto protective clothing?More 
Particularly,it was found that,when the conventional 
Vortextubewasadjusted to obtain a desired outletfow 
rate ofcooledair,thetemperature ofthecooledairusualy 
wassolowthattheaircould notbeintroduced comfort 
ablyinto the clothing,Forexample,at desirable outlet 
fowrates,thetemperature ofthe cooledgascouldbe30° 
F. or lower. Conyersey,it was found that,When a 
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singlevortextube wasadjustedto Obtain cooledairata 
usabletemperature,thefowrate usuayWaseithertoo 
1ow ortoo high,Further,since the temperature of the 
cooledair depends upon the temperature of the inkt 
airto the vortextube,itwas foundthat with relatively 
1owinletairtemperatures the air?urnished tothe Suit 
wastoocoldforcomfort,regardess of howthetube waS 
adjusted? 
The presentinvention overcomestheforegoing prob 

lems by providinga novel arrangement of a plurality 
ofvortextubes,preferablytwo,whichare uniquely com 
bined and controled to provide desired outlettempera 
turesandfowratesthroughoutawiderange of Supplyair 
temperatures,In thismanner,a Satisfactory Suittem 
peratureand fow ofairto the Suit can be maintained 
regardessofthe supplyairtemperature? 

Other objectsandadvantages of the invention wilbe 
come apparent from the folowing detaied deScription 
andtheaccompanyingdrawings? 
?1the drawings: 
FIGURE1isaviewillustratingonespecificappication 

of thenovelgasconditioningapparatus provided bythe 
inyention; 
FIGURE2isa cross-sectional view of aniustrative 

Vortextubeassembly; 
FIGURE3isa cross-sectional Viewtaken on the line 

3—30f FIG.2; 
FIGURE4isa cross-Sectionalviewtaken on the line 

4?4 of FIG.2; 
FIGURE5isanisometric view,with portions broken 

away,ofoneembodimentof theinvention? 
FIGURE6isaviewschematicalyilustratingthevortex 

tubearrangementembodiedinthe construction shown in 
FIG.5; 
FIGURE7isaviewschematicallyillustratinga modi 

fedvortextubearrangement; · 

FIGURE8isagraphshowingtheoperatingcharacter 
isticsofthe preferredembodimentofthegasconditioning 
apparatus;and, 
FIGURE9isaviewschematicaly?lustratingstillan 

other modification ofthe vortextubearrangement? 
Referringnowtothe drawings,and to FIG.1 in par 

ticular,thereisshown asystem embodyingthegascon 
ditioningapparatus 19of the invention for Supplying 
cooledairtoaprotectiveSuit11,The Suit11isshown as 
inciudinga knee-lengthSmockorcloak?2and anintegral 
hoodorhelmet13,Thegasconditioningapparatus10is 
carriedon the back of the wearer14 by Straps15and 
is operatively connected to the neck of the suit by a 
conduit16,Asupply conduit17connectsthe unit10to 
asource ofairunderpressure(not shown)Such as an 
aircompressor?With this novelarrangement,itwilbe 
seenthatthe coolingunit10isconvenienty carried by 
the wearerimmediately adjacent the protective Suitin 
steadofbeinglocatedatthesource ofair,asiscustomary 
inthe priorartarrangements? 
?tistobeunderstoodthatthe systemshownin FIG.1 

ismerelyiustrative ofoneapplicationto which thein 
ventionis?articularlyadapted,andthatitisnotlimiting 
ofthenewandnovelconceptshereinsetforth?Similarly, 
itistobe understoodthatthespecificalyiustrated Suit 
11isonlyone form ofprotective clothing knownin the 
industry,and thattheinvention can be usedwith equal 
advantage with other types of ckthing? 
Referenceisnextmadeto FiGS.2,3and4which show 

a knowntype ofvortextube constructionsuitable foruse 
inthegasconditioningapparatusprovidedbythe present 
invention,The vortexassemblyshowninthesedrawings 
includesatube25havinganairinietassembly26at One 
end forintroducingairinto the tubeand creatinga high 
speed vortexcharacterized byan axialymovingShel of 
Telatively hotairandaninner core Ofrelatively colder 
air?Anaxialydisposedcoidairoutlet27jsprovidedat 
theinletend of the tube25forreleasingthe coldair 
fraction ofthe vortexandathrottlevalve28isconnected 
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4 
to the oppositeend ofthetube forreleasingatleast part 
of the hotair fraction? 
The airinletassembly26is shown toinclude atop 

cap Structure 29 whichisthreaded to engage atubuiar 
headmember30 thatformsanintegral part ofthe tube 
25,Thetubular head30supportsajetbody31Within 
the top cap Structure 29 So as to define an annular 
chamber32. 
Thejetbody3?hasa plurality ofjetpassagewayopen 

ings33whichareformedtoreceiveairfromtheannular 
chamber32 and directtheairtangentiallyintothe bore 
34 ofthetubularhead39?Airissupplied tothecham 
ber32bythefexibleconduit17(FIG.1),The conduit 
17eithermaybedirectlyconnected tothetopcapstruc 
ture36 Oritmaybe connected to anippie35whichis 
threaded through the wal of the cap,As shown,the 
jet body 3l also definesthe coldairoutlet27whichis 
10catedupstreamfrom the openings33? 
Thethrottlevalveassemby28mayincludeacoHar40 

thatisrigidy connected totheendofthetube25,This 
collar4?is?ormedwith a plura?ty ofoutlet ports41 
andisinternalythreaded toreceiveanaxialyadjustable 
Valvestem42?Thevalvestem42isprovidedwithahead 
43 which cooperateswith the outwardyfangedend of 
the tube25to provide forthe peripheralescape of hot 
air from thetubefromthe ports4?? 
? use,it wilbe understoodthatairunder pressureis 

introducedinto the chamber32through thesupplycon 
duit7and?henipple35,From thechamber32,theair 
tangentialy entersthetubular head3@andthen the bore 
of the tube 25,In thismanner,a high speed vortexis 
Created whereinashel of continualymoving,relativey 
hotairfowstowardthe throttle end of thetube,whie 
a core ofrelativey colderairflowstowardtheoutlet27. 
The coldairfraction may pass throughthe outlet27into 
atubular extension 44 of the top cap structure29,A 
coupling45 may be used to connect the conduit16 

(F?G,1)tothetubularextension44sothatthe coldair 
nay passintothe Suit?1, 
The construtcion oftheunit10isbestshownbyFIGS 

5and 6,As shownin FIG,5,the unitincludesapair 
ofVortextubeassemblies59 and5?whichmaybe ofthe 
typedescribedabove,Thesevortextubeassembliesare 
nountedwithinaight-Weighthousing52whichisformed 
ofaSuitablematerial,Suchasaluminum ortheike,The 
housing52is providedwithlongitudinalyspaced parti 
tions53 which define hotand coldendareas54and55, 
respectivey,withinthe housing,Vents56(FIG.1)are 
providedin onewalofthe housing52topermitthehot 
airfrom the area54to escapeto the surroundingat 
mosphere. 

Airis Suppled totheinletassembly60 ofthe vortex 
tubes56and51bymeansofamanifoldarrangement61? 
Themanifold6?inchudesapipe62whichextendsthrough 
the end ofthe housingand towhich supplyconduit17 
may be connected,Ashut-of valve 63preferablyis 
Providedin connection with the pipe62,Asshown,the 
operating hande64 ofthe valve 63extendsthrougha 
Walofthe housingsothattheunitconvenientycanbe 
connected and disconnected from source atthe wil of 
the user? 
The cooled airissuing from the cold ends of both 

Vortextubesisjoined by means of an outlet manifold 
connection7@whichalsoincludesa pipe7?thatextends 
throughtheendofthe casing52?The actualconnection 
ofthe Unit1?tothe suit1?may beformedin theilus 
trated mannerbyarelativelyshortiength offexiblecon 
duit?6thatisconnectedtotheppe71,or,alternatively, 
the manifold7$ maybeconnected directlytothesuit? 
Accordingto the preferred construction,the coldend 

area55Surroundingthe vortexinletassemblies60andthe 
coldairmanifold7?isinsulatedtoincreasetheeficiency 
of the Unitand to prevent condensaticn,Asshown,the 
coldendinSulationisformed by means ofafoamed-in 
place urathanerubber72orsimilar material?ItwiH be 
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apparent,however,thatotherinsulation maybeusedfor 
theindcatedPurpose? · - 

Thehotairoutletvaives73and74ofthetubes50and 5??reSpectivey,arelocatedinthehotendarea54ofthe 
casing,Sincethetemperature oftheairissuingfrom the 
valves 73and74may bein excessof20G°F.the hot 
area 548lsoisinsulatedasindicatedat75in orderto 
reduce the outsidetemperature ofthe cookingunitto a 
Safe Value,As notedabove,the hotairis permittedto 
escapetothe Surroundingatmospherethroughthe vented 
Cpenings56(FIG?1)in the casing, 
Asis known,?e temperatureandfowrate oftheair 

fractionsissuingfrom the coldand hotendsofavortex 
tubecan becontroledbyadjustmentofthe hotairthrottle 
Valve?In general,with the throttle valve in a nearly 
closed position,the hotairfractionisatmaximum tem 
Peratureand minimumflowrate,whilethe coldairfrac 
tionalsoisatmaximumtemperature butatamaximum 
fowrate,ASthethrottle valveisopenedfromitsnearly 
cioSed position,thetemperatures ofbothairfractions,as 
welas the fow rate of the coldair fraction wil de 
crease,whiethefowrate ofthe hotairfraction in 
CreaSes?Atanintermediatethrottlesettingwhichis de 
pendent upon the particular construction of the vortex 
tube,thecoldairfractionwireachaminimumtempera 
ture beyond whichfurtheropeningofthe throttie vaive 
wilagainproduceatemperaturerise. 
As has been previously discussed,theoperating char 

acteristics ofasingle vortextubeare such thatthetem 
perature ofthe coldairfraction varieswidelydepending 
uponthe Settingofthe throttlevalveandthetemperature 
of the Supplyair?Thus,when the throttlevalveisset 
toobtaintherequiredfowrate ofairto theprotective 

5 

20 

25 

30 

Suitorother cooled Space,the temperature ofthecold 
airfractionisoftentoolowtobecomfortable, 
inaccordancewith thepresentinvention,thedisadvan 

tageous operating characteristics of conventional vortex 
arrangementsareavoided by pre-Settingthevortexas 
sembly5@to obtainmaximum foweficiency from the 
airoutletwhich,inthe?ustratedembodiment,isthecold 
airoutlet,By“maximum fowefciency.”itismeantthat 
thethrottlevaive73issetsothatthe temperature ofthe 
cold air fractionis slightygreater,in thedirection of 
greater fow rates,than the minimum temperature ob 
tainable,Stateddiferenty,maximum foweficiencyis 
obtainedwhenthe hotairthrottlevalveissightyclosed 
from the setting whichachieves minimum temperature 
ofthe coldairfraction,Whilethissettingdormaximum 
foweficiencydiferswith the particularvortextubecon 
struction,itisusualysuch thatthe coldair fractionis 
in therange offrom65to85% ofthetotalairsupplied 
to{hevortextube,and,preferably,80%. · 
The operatingcharacteristics of the other vorteXtube 

assembly5?are controlableand to thisend,the stem 
75 of the throttleyalve74isextended throughthe end 
waH of the housing52 andisprovided with a control 
knob 76, · - 

The resultingcharacteristics ofthe cold airfow from 
the pre-setvortexassemby5?andthe controledvortex 
assembly51aregeneralyindicated bythegraphin FIG? 
8inwhich thetemperatureandfowrateofthecoldair 
fractionareplottedagainstvariousthrottlesettingsfor 
the variableassembly51,Aswilbe Seen inthegraph, 
asupplyairtemperature of120°F. providesanadjust 
ableoutputtemperaturerangingfromapproximately63° 
F.to 85° F,andafowrate offromapproximately11 
to30standard cubic feet perminute?The volume of 
coldairfow which can be obtained with this arrange 
mentissubstantitalytwicethatobtainable with asinge 
tube;however,the characteristic temperature curve is 
substantialymodifed sothatitis possible to obtain a 
desired coldairtemperatureatthe required Outktfow 
rate,Forexample,itwilbeseenthatwiththe 120° 
airsupplytemperature,itispossibleto obtainanoutlet 
fow rate ofapproximately 17 standard cubic feet per 

3 5 

6 
minute bysettingthethrottlevalve74approximately80% 
closed? - 

Atlowerinlettemperatures,thetemperature curve of 
the Coldairfraction retainsits shape and moves down 
ward,asindicated bythe lowertemperature curve pro 
ducedbyan85°F.airinlettemperature?Withextremely 
1owinlettemperatures,thetemperature ofthe air may 
be too cold for comfort when used in the ilustrated 
Suitcoolingsystem?In orderto overcomethisdificulty, 
thereisshownin FIGURE7amodifedarrangement of 
the vortextubeassembies56 and5?,Thismodfed arrangementisessentialythesameasthatshowninFIG. 
6except thata by-pass valve80isprovidedintheinlet 
airmanifold 6?upstream fromtheairinletassembly69 
ofthefxedtube59,Asshown,the by-passvaive80is 
athree-wayValve whichmay be connectedtothe outlet 
pipe7?throughapipe81? 
When the by-pass valve 8G is in the positionius 

trated,the vortexassembiyarrangementwifunctionin 
the Same manneras that discussed above in connection 
with the arrangement of FIG.6?However,by rotating 
the valve 90°,itis possibie to disconnect the fxed or 
uncontroHedvorte?assembly5?from sourceandtoper 
mit a portion of the Supply air to pass directy into 
the outletairmanifold70,The efect of thisarrange 
mentisgeneralytofattenthetemperaturecurvesshown 
in the graph of FIG,8 and to displace them in an 
upward directionto thereby provide satisfactory suit 
temgeraturesatsupplyairtemperatureswhicharelower 
thanshowninthegraph… 
Aswilbeapparentfrom the foregoing,the novelvor 

texassembly of the invention provides fora newand 
usefulappication ofthe vortexprinciple??n particular, 
theuse of afxed vortextube,whichissetto Cperate 
atmaximum foweficiency,in combination with a con 
trolable yortextube provides unique operating charac 
teristics,wherebyitispossible to obtain a coldairfow 
at desiredtemperaturesandfowrates? 
Thearrangement ofthevortextubeswithinthepar? 

tialy insulated housing 52 forms a portable unit ió 
?which can beconvenientlycarriedand controled bythe 
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user?Morespecifcaly,the user can controlthe tem 
peratureand outletfowrate of his unitto Suitthe par 
ticularworkingconditionseventhoughtheunitissupplied 
byacentralsource which also mayfurnishairtoother 
Units under other working conditions,as well as to 
otherapparatus,As noted above,the Unitis relatively 
inexpensive and maintenance-free,sincenomovingparts 
areinyolved, 
FIGURE9iustratesstillanotherembodänent of the 

invention wherein two vortexassemblies85and 86are 
connected to serve as a heating Unit,The VOrtex aS 
,sembHes 85 and 86are generaly of the construction 
described above and wi be understood to include air 
inietassemblies87,coldairoutlets(notshown)which 
areincommunication with ppes88,and hotairthrotte 
valves 89 and 90,respectively?Asin the case of the 
previously described embodiments,the vortexaSSembly 
85maybe consideredafxedtubesettooperateatmaxi 
mum fow eficiency and the vortexassembly 86 as a 
variabletubethatisoperated bythe controlknob 9i? 
Airis supplied to the inletassembies S7through a 

manifold92,Thismanifold mayincludeashut-OfValve 
93whichissimilartothe previouslydiscussedvalve 63? 
Inthismodifedembodiment oftheinvention,annular 

housings94areprovidedaroundthe hotairoutietports 
(notshown) ofthethrottle valves8?and 96,These 
housings 94are connected together bya manifoldar 
rangement95 whichincludes an exhaust line 96,I? 
desired,theinletmanifold92andthe exhaustmanifold 
95maybeconnected byapipe 97,Asshown,another 
shut-ofvalve 98is disposedin connection with thepipe 
97, 

In operation,airissupplied throughthe manifold 92 
totheinietassembies 87ofthe vortextubes 85and 
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36,The hotairfraction of the resultingvortex which 
isSues through the throttle valves 89 and 9@is mani 
foldedintothe exhaustine96whichmaybe connected 
to any enclosure whichisto be heated,Aspreviousiy 
discussed,the temperature of the hotair fraction can 
be controHed underarange ofairsupplytemperatures 
by Suitableadjustment of the control valve 9$. 
Thevalve98maybeusedwhenthetemperature ofthe 

air supply is such thatthe resuitingtemperature of the 
hotair fraction is too hot for the use intended?By 
openingthe valve 98itispossibleto passa portion of 
the supplyair directlyinto the manifold 95So thatit 
is mixed and exhausted with the hotair fractions fron 
the vortexassemblies,Inthismanner,the temperature 
curve of the hotairfraction is lowered So that USabje 
temperaturescan be obtained, · * 
Manyothermodificationsand variations ofthe?myen 

tion wilbecome apparentto those skiledin theartin 
view of the foregoing detailed disciosure?Therefore,it 
istobeunderstoodthat,withinthe Scope oftheappended 
claims,the invention can be practiced otherwisethan 
asspecificalyshown and described? ? 
Whatisciaimedis: · 
1.Agas conditioningapparatus for Suppiyinggasa 

regulated temperature conditions and fow rates con 
prisinga plurality of vortexassembHes,each of Said 
votexassemblesincluding atube,gas inlet neans to 
said tube fortangentialyintroducing Supply gas and 
creatinga high speedvortex,Saidvortexbeingcharacter 
ized byanaxia?ymovingshel ofrelativelyhotgasand 
a core of relatively coldgas,and gas outlet means for 
releasinggas from saidtube,saidgas outlet meansfor 
each tube inciuding a cold gas outlet and a throttle 
valve defininga hotgas outlet,the throttlevalve Of One 
of saidassembies beingsetto obtain a predetermined 
gasoutletfowrate and temperaturefromtheassociated 
outiet mcans and the throttle valve of another of Said 
assembies beingadjustable so as to obtain variablegas 
fowthrough the outletmeans of SaidanotheraSSembly, 
and means forming a gas outlet manifold connecting 
correspondinggasoutletsofSaidvortexasSemblies, 
2.The apparatus as claimedin claim 1 includinga 

gassupplymanifold connectedtothegasinletmeans of 
al ofsaidvortexassemblies, · 

3.The apparatusas claimedin claim2 wherein Said 
gassupplymanifoldinciudesa by-pass valve disposed 
apstream from the gasinlet meansto Said One vorteX 
assembly,wherebysaidoneassemblycanbedisconnected 
from Source? · 

4,The apparatusas claimedin claim 1 includinga 
gassupply manifold connectedto the gasinlet?Pneans 
of al of said vortexassemblies,and controlable by 
passmeansconnectingsaidgassupplymanifoldto Said 
gas outletmanifold,whereby aportion of the Supply 
gascan beselectivelyexhaustedintosaidoutletmanifold? 
5.Theapparatusas claimedin claim 4 wherein Said 

by-passmeansincludesa by-passvalvelocated upstream 
fromthegasinletmeans ofsaidone vortexassembly? 
,6.A coolingsystemincludinggas coolingapparatus 
comprisinganassembiyofatleasttwovortextubes,each 
ofsaidtubesincludinggasinlet meansfortangentialy 
introducinggasandcreatingahighspeedvorteXcharacter 
izedbyanaxialymovingshelofrelativeyhotgasand 
a core ofrelatively cold gas,and a cold gas outlet, 
means connected to saidinlet meansfor Supplyinggas 
to becooied,release meansforreleasing hotgas from 
one ofsaidtubes,saidrelease meansbeingSetto obtain 
afow ofgas from the coldgasoutlet of Saidone tube 
havinga predetermined temperature and fow rate,a 
throttlevalve connectedto anotherofsaidtubesforre 1easing hotgastherefrom,saidthrottle valve beingad 
justable so that the outletfow rate of cold gas from 
said anothertube can be varied,Said system including 
means connectingthe cold gasoutlets of Saidtubes to 
mixthe coldgasesissuingtherefrom. - 
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8 
7?The apparatus as claimedin clain 6 where Said 

neans connected to Saidiniet meansincludesa by-paSS 
valve upstream from said one tube,whereby said one 
tube can be disconnected from source. - 
8.The apparatusas claimedin claim 7 wherein Said 

by-passvalveisconnectabletosaidmeansconnectingthe 
cold gas outlets when Said one tube is disconnected 
from Source, 
9.Aportablegasconditioning apparatus comprising 

a housing,a pair of vortextubes mountedinsaid hous 
ing,each ofsaidtubesincludinggasinlet meansfortan 
gentialyintroducinggasand creatinga high Speed vor-( 
textherein,andgasou?et means,saidoutletmeansin 
cludinga cold gas Cutletand hotgas discharge means, 
fhe hotgas discharge means ofone of Saidtubes being 
settocbtain cold gasoutletfow of predetermined fow 
rateandtemperature,said predetermined fowrate being 
in the range offromabout65% to about85% of the 
gasfowsupplied tosaidonetube,the hotgas discharge 
means ofthe other of Saidtubesinchudinganadjustable 
throttle vave extendingthroughawal of said housing, 
wherebythe temperatureand fowrate ofthe cold gas 
fow from saidtubescan be vaied,and manifoldmeans 
connected tosaidgasoutlet means,said manifoldmeans 
including means connectingthe coldgasoutlets of said 
tubes. - ’,· - 

10.The gas conditioning apparatus as claimed in 
claim 9 wherein Said manifold meansfurther includes 
neans forminga Supply manifold in said housingcon 
inected to saidinlet meansfor Supplyinggas thereto. 

11?Agasconditioningapparatus comprisinga hous 
ing,apairof vortextubesmountedinsaid housing,each 
of Said tubesinciudinggasinlet meansfortangentialy 
introducinggasandcreatinga high Speed vortextherein, 
andgasoutletmeans,said outlet meansincludingacold 
gas ou?etand hotgas dischargemeans,the hotgas dis 
charge meansofone of saidtubes beingdsposedwithin 
Said housingandadjustedto obtaingasfow ofmaximum 
eficiencyfrom thegas outletmeans of said onetube,the 
hotgas discharge meansofthe other ofsaidtubesinclud 
inganadjustablethrottlevalve extendingthroughawal 
Of Said housing,manifold means connected to saidgas 
outlet means,Suppy manifold means connected tosaid 
gas inletmeansforSupplyinggasthereto,anda by-pass 
Valve inSaid Suppymanifold meansupstreamfromsaid 
Onetube? - 

12·A portable gas cooling apparatus comprising a 
housinghavinga coldendanda hotend,a pairofvortex 
tubescarriedin Said housing,each of saidtubesinclud 
inga coldgas outletin Said cold end,gasinletmeans 
connected to each tube fortangentiallyintroducinggas 
thereinand creatinga vorteX,manifold means disposed 
in Said cold end of said housing,said manifoldmeans 
inchdingmeansconnectingsaidinletmeansandmeans 
COnnecting Saidcoldgasoutlets,hotgasdischargemeans 
COnnected to each tube in said hotend of said housing, 
the hotgas discharge means of one ofsaidtubes being 
Set to obtain a cold gas temperature which difers 
froma minimum cold gastemperature obtainablefrom 
Said Onetubeina direction ofmaximum cold gasfow 
rate,thehotgas dischargemeansoftheotherofsaidtubes 
includingan adjustable throttle valve havinga control 
elementextendingthroughawalofsaid housing,where 
bythe outlettemperatureand flowrate ofthecombined 
coldgas componentsfrom Saidtubescan bevaried,and 
Said housing?avinganopeningsothatthe hotgascom 
ponentsfrom Saidtubescan be exhaustedto theatmos 
phere? 
13,Theapparatusasclaimedinclaim12whereinsaid 

hotand coldends ofsaidnousingareinsulatedfromeach 
other. 

14·The.apparatusas claimedin claim13inchudinga 
by-passValve upstreamfrom theinletmeansofsaidóne 
tube,whereby Said onetube can be disconnectedfrom 
SOUTC6? 
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15,Theapparatusasclaimedinclaim14whereinsaid - References Citedinthefie ofthis patent 
one tubeis constructed to obtaina cold gaS discharge ?JNITED STATES PATENTS 
Whichisapproximately80percentofthegassuppliedto 
Saidonetube. 2.650.582 °??????????? Sept,1,1953 
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