


I ssm 

O A K  R I D G E  N A T I O N A L  L A B O R A T O R Y  

Carbide and Carbon Chemicals 
for the 



?: ... . .... .i.v_ ........ 

.-.:.. 



POSSIIBZE AFPXICATIOH TO ISUTOPE SEPARATION 

Xallace G, S t m e  and Temple A ,  Love 

f3TMmRT 

It has been found experbtm%a3ly that a separation of: the components 

of a mixed gas can be oNafned by the use of a modified HiEsch tube (knawul 

variously as the hobcord %ube, the W&irbeIrohren, vortex tube e t c , )  . This 
separatfon is  a function of t w o  or more effects which in te rac t  i r r  s m h  a 

manner that variations in adjustments determine whether or not separation does 

occur, and if so, which of the f'rac%fons, l i g h t  or hea.ay, is eoncentrated in 

the  hot e x i t  stream, 

are consisLent with the belfef tha t  the separation is 8 m e t i o n  of  both 

centsffhgal farce and 0% regenestMve diffusion of a special kind across 

boundary maintained ?&y the c eatrj fugd force. 

ObsenratSons made &th many rncdificatians in design 

The separations definitely established at this timime are small but 

there  appears mason t o  belieare tha t  these @an "be e;Pea.t;Lr %nereased, 

of the models which were tes ted  were designed t o  determine the principles of 

operation, primarily by means of tempratme measwments shwe khese can be 

made easlly and con%%nuously, 

done t o  t e s t  a tentative theory of the mot%? af  operation which was arrfved at 

a8 the msult of temperatwe measmeme 

results of tihe %e&s for separat ion were consistent wi%h the theory. 

reporb, though fimnsl, cannot be considered 8 repor% of a completed project t o  

investiga%e the possibjilftes of sepmatfnn wi%h this device. The pressure of 

other work prevents l e t ion  a% least a% thio t i m e ,  It is sincerely hoped 

by the  authors t h a t  soneon@ fn the future w % l l  extend Ghls investigation and 

that these data be of some assistance. 

A I 1  

The more c3iffiauJ.t t e s t s  of septkration were 
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INTRODUCTION 

The authors8 i n t e r e s t  i n  the  Hilsch tube was aroused primarily by the  

suggestion by Carl Green a t  Y-12 that t h i s  device must be a separator and by 

h i s  finding of a "hot spot" between the  j e t  and the hot end ba r r i e r  on a 

tube of h i s  own design, 

allow M r ,  Green t o  explore fully the p o s s i b i l i t i e s  which might be inherent i n  

the  device, The authors were awaiting the  completion of laboratory f a c i l i t e s  

f o r  other work but had avai lable  some faci l i t ies  f o r  such an investigation. 

Published theories  of the  mode of  operation of the Hilsch tube were not, i n  

our opinion, consistent with the presence of a "hot spot" and it was d i f f i c u l t  

t o  conceive of any mode of operation which would not r e s u l t  i n  at l e a s t  some 

separation of a mixed gas containing components of d i f fe ren t  molecular weight. 

The volume of gas handled by a small device of t h i s  character is so great t h a t  

only a r e l a t ive ly  small separation f ac to r  is necessary f o r  it t o  become an 

important t o o l  for isotopic  separation. 

c r i t i c a l  investigation of how the Hilsch tube might r e a l l y  function. 

It did not appear probable t h a t  other du t ies  would 

These factors  appeared t o  j u s t i f y  a 

DESCRIPTION OF !THE BASIC M(BIEL 

The model with which most of the temperature measurements and a l l  of 

the separation measurements were made is shown i n  Fig. 1. This model was 

designed primarily for f l e x i b i l i t y  of adjustment and interchangeabili ty of 

par t s ,  

and by the inside face of a conical depression i n  a head, which fits t i g h t l y  

over the cone (see Fig. 1, section a t  assembly). 

t i p  of the cone j u s t  en te rs  a transverse cyl indrfeal  hole i n  the  head, i n  such 

a manner tha t  t he  j e t  en te rs  t h i s  transverse cyl indrical  hole tangentially.  

By making the cone and conical depression i n  the  head have a large angle a t  

The j e t  is defined by the space between a slot i n  the s ide  of a cone, 

As seen i n  the figure the  
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t h e i r  apex the j e t  w i l l  enter  t h i s  transverse cy’Eindrfea1 hole almost tangenti- 

ally t a  the wall surfaee even when the  head is ro%a%ed 30 

from the position s h m  i n  the figure, 

hole through the head is  enlarged for  a distance of about one-half inch t o  permit 

the f n s e d f o n  of the end of a thin-walled fang brass tubee 

t o  40’ e i t h e r  way 

Each end af the transverse cyl indrical  

After assembly of 

conep head and tubes, the inside of the assembly was ground and polished t o  

a mirror f in i sh ,  

Smaller Lc’Lescoping tubing mrrying interehangeable r e s t r i c t ing  

barriers of various kinds mere made whieh were movable t o  any position along 

the  tube. 

and clamps were prwrided for locking the  telescoping tubing i n  place, 

outer ends of the teItxm@xig tubes were plugged and they have a hole i n  the 

a ide  near the plug, Sleeves ~ 5 t h  holes can then serve as simple valves to 

control t he  air flow, Afier some experirnentatfonft was found t h a t  such 

valves are neither necessary  no^ desirable o n  the cold end; the  annular 

bar r i e r  is now held in pasltt lon In the larger tube; arrd the telescoping tube 

is no longer used on the cold end, 

The outer ends of the  la rger  tubes were s p l i t  for a short  distance 

The 

Constantan xfires are sot% soldered along the  bass  tube a8 desired f o r  

temperature measuzgemmts, the other end of the eonstantan wires going t o  a 

switch in a metal can whose temperature is rneas-ued eovltainuously by a mercury 

themometer, 

i n l e t  tube t o  a gaI.vanc?meter, 

points using icep boiling water and melting solder of known melting point, 

Accuracies of va~ioeas measurements are shown on the appropriate figures,  

Copper wires are used to connect the &%ch and the brass aiP 

Caltbrations were d-one by establishing three 



CONDITIOBS FUR OBTAINING ~ A T ~ ~ ~ - ~ ~ ~ N ~  EFFECT 

With this madel certain th ings  were noted almost fmmedla"cely t h a t  are 

not menst5oned in any of the l imi ted  amount of Ifleratwe we have found, 

BlTfth the: tube ~ ~ m p l e % e Q  spa a% both ends a ~ i d  Jet perpendicular to %he axis 

of tube ( p o s i t i o n  shown in Fig, 1, section et% assembly), air *om the j e t  

divides sub&umtPally equally between t h e  two ends a d  these is DQ appreciable 

temperature ef fec t ,  

as @L f inger  held l i g h t l y  over the  end, causes the temperature to rise i n  that 

end whfPe the other end eoals, 

Obstructing the flow from one end by any meanso such 

K t h  both erds open and unobstructed the head m a y  be turned a few 

degrees from perpendicular and the etjr fram the jet K L ~ P  dLvlde anequally so 

that more air flaws fram one end than from the other, En this pos i t ion ,  the 

temperature of the end carv ing  the csmaller ~ o l m e  of air may rise 30 t o  35' C.,  

while a SfPatP1%Bl.l%QUS drop of 10 t o  15' C. occurs in the ead carrying the 

larger amount of  si^^ 

temperatwe differenee is fouradland tuming the head a few degrees farther 

i n  the same di rea t ion  e ~ u s e s  a gPea%er difference in p r o p o ~ t i o n  of ail? flowtrig 

from the  %ao ends b& a gradual decrease i n  ternperat- difference; obtained, 

A d d i t f o m l  turning of" the Plead even.tually r e s u l t s  i n  a small amount of air 

from the room being d r a m  in one end along the axis. 

there m y  still k discern jb le  a difference of 4 or 5' C, between the two 

ends, with the hfgher ternperatwe being found on "che end where air is bejng 

dram i n  from the room, 

w h i ~ h  subs%antially all a% the aErs has been Plowing so %ha% most o f  the air 

must flow back and out o f  Lks cother end, %he tempratwre difference reverses 

and becomes much greater, so much so, +%at the f i v g e r  my become unbearably hot. 

~t 1.0 to 20' of angle from perpendicular a maximum 

Under these conditions 

If now a finger is held tightly over the end pk-am 
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These observations indicate t h a t  t he  special shapes OS hot-end and cold- 

end 'barriers normally used i n  Hilseh tubes are merely refinements t h a t  increase 

the heating and cooling e f fec t  i n  some secondary manner but are not e s sen t i a l  

t o  the; general mechallism, 

const i tut ing the  cold-end barr ier  is important, however, i n  obtaining maximum 

temperature effeets, 

j e t  (1/6.4 to 3/6& inch) and the best diameter f o r  the hole i n  the barrier is 

dapandent upon the type of act ion desired, 

l a t e r ,  

The s ize ,  shape and posit ion of the annular rin$ 

The best posit ion for t h i s  barrier is very near the  

This dependence w i l l  be discussed 

The valve on the  cold end appears t o  be unnecessary; the a i r  flow 

beyond the  cold-end barrier should be uPllgeslrieted. 

the gets from the cold end is best accomplished by varying the dfameter of the 

hole f n  the barrier; an i r is  probably being the most desirable  barrier f o r  

an experfmental H5Lsch tube 

The cont ro l  o f  the flow of 

On the hot end, the tube should be vary smooth and clean, The distance 

&om the j e t  t o  the hat-end barrier and the total .  res t r ic t ion  of the flow 

of gas from the hot e 

depends upon the type of operation desired, 

lowest temperature at the eoXd end consists of placing the hot-end barrier 

far from the j e t ,  openirsg completely the hot-end valve, and leaving B small- 

opening i n  the cold-end bar r ie r ,  

the hot-end barrier is moved toward the je t ,  the hot end-valve papt i rskly closed, 

and a l a rge r  opening l e f% i n  the  cold-end barrier. 

temperature differences are obtained by moving the  hot-end barrier far from j e t ,  

closling the  hot-end valve alrnost completely, and using 

intermedia%e size, 

are important variables and their optimum adjustment; 

Proper adjustment for obtaining 

Ta obtain highest  temperature a t  the  hot end, 

613. .the &her hand, mmlmum 

cold-end barrier of 

This adjustment praducss an intensely hot spot on the .tube 







g e & E e e a  Analyses of" Temperature Distributions.--It was noted 
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to pressure haad, etc., rtslses the  effective pressure of the 

that o f  the core su %ha% S ~ Q W  takes place frcm stream to core, 

of velocity he& 

jet stseam above 

H e m  again the Lempemtwe evidence indicates that the molecules leavil2g the 

g e t  stream carry  more than the4r p3por&fonata share of therm1 energy, Here 

also &)rdfmry diffusion w a f d  produce ab el"fee%; of the r ight  sign buL of 

insurf5 cient magnitude 

Refemfng again to Fig, 8, the j e t  stream seiectfvsQ~ ga%ms hot n o l ~ c u l e s  

as it qqmxx&ms the "hot spotfig seleeLf9eLy loses hot  malecu3les as it f lows on 

down toward the closed (of almosC closed) end, The COW s2;seam flowing 'back 

from the closed end gathers the hat rnLl@cuB@ -m%S, ii; reaches the "hot 

and is %hen seSec&ively depleted of hot moXeeules ulzt5.9 2% passes the jet, The 

relatively lang time constant on start-up as seen in Figse 2 and 3 is indicative 

of a regenerative e f f e c t  by &%ch the average temperature of  the #hot spofn 

builds t ~ p  to such a p0ln.t; that %;he ,%herma1 energy of the gas firrally leaving 

the dev-rfee i s  consistent ~ 5 t h  the energy of the i n l e t  gas despite the fact? t h a t  

both the jst streaim and the core are se3.ectimd.y depleted of hot mo1eeLles as 

they f low &way from the a h a t  spot1* and tornard an exit. 

One of the most interesking and significan-b thiws about the "hot spot" 

fs %hat the dris"cncts beLo~een it and the j e %  is a h o s t  independent; of (1) angle 

of entrmese of %he j e t ,  (2) supply presswe of the gas, ( 3 )  %ha distance of 

barriers f ~ o m  the j e t  and ( 4 )  %he v 8 1 ~ e  adjustment (as long as 15% or less of 

the  air 2eaves %e hat end), 

close t o  the je% and "cakes about 40 saeonds Lo mom out two-;hff.ds of the way 

t o  its uLtSw%e positfon, 

elbe ais to leave at the hot end, the flhQ.t; 

farlher .k.om the j e t ,  

end t'le "hot spotn 

On sta&-txp, howbrser, the "hot spot" is very 

BP.9t.h valve adjustmen%s which allow more than 1% of 

k o & a n s  greatly and moves 

%ith about 30% ~f the air ax'owed t o  l cwe a%ths bot 

i s  no longer a spot but, as s e m  i n  Fig, IO, the ternperatwe 



a, b and c w e  constants. 

f n  contrast to t h e  reh t5ve  id@p&ence nf the pos i t ion  of the nhot 

spotin, its %emperatme r i s e  above fn.Ie-b gas tempera%ure is dependent upon 

many things. Pi? a21 oondffifons other than smpply pressure a m  held constant 

'h,S.= 

0 
where Thes C, of %at spof;" above temperature of supply gas . 

Pi z suppxy pmsszlre of gas 
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flows back along the axis of the tube inside the spiraling As the 

gas flows back its temperature rises by some amur& not tscwately measwad 

and then falls unfcil 191 passes the ja l ,  f i n a l l y  leavjng the tube a t  Bbmt 

the same temperature as that  of the srtpp2y gase 

6fre8ma 

1% is deduaed that the sapfd r5ss I n  temperature 02 the jet stream is 

due to Eneorporatiozl of gas f rom %he counter-flowing core stream by some, as 

p% unslpeeiffed 

average veloc%'by t ha t  is rnore than P , ~ . s ,  veloef.t;y, 

mechanism which prefePsntfally se lec ts  molecules hmdng an 

It is further deduced 

that  the subsequent drop in temperature of the jet; strean is due to th0 flow 
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of 120'" with respect t o  the a 9 s  on the hot end, the j e t  stream t rave ls  

about 18 em. going from %be J e t  t o  the Rho% spotft,  At 330 m/sec, t h i s  I I P O ~ A  

rsquiret only -55 d11fse@ondsO 

cannot decrease by any W g e  faator before i t  reaches %he shot spot" because 

ft was observed that; %he cross seetion of the j e t  stream perpelldicular 

to the axis does no% greatly change from jet to nhot spotn ,  

able slow5ng up i n  this distanm it probably requires less than  E dllFsecond 

for the air to travel. fkom the j e t  to the  hot spot, In th i s  iin%erval of t b e  

the j e t  stream r9ses in %emperatwe something l ike  POO' C, 

temperature requipes between 37' avid 24 calories per gram. 

to be a fri@%ion effeel even if the over-=aXL operation sf the device admitted 

t h i s  interpretation of %he heating, The only eq%nation of this rise in 

temperatul?e %bat fs; @onsfsfen% wi&h the observaeiona i a  elhe lncorporettion 

of hot  gas f m m  the ecnvo 

raechanisrn giving prsference to the hot molecules because that  gas in t h e  

core whieh runs the gant le t  from mho% spoi;" %a jet IKWXX& being captured 

emerges with a tt3mperattwe eclual $0 QT Lower than %he fnle%, gas temperature, 

If the heating is due ta incorporation of h ~ t  gas the .temperature 

Tha axial. cmponent of t h i s  veloc i ty  

Even ~ 5 t h  consider- 

T h i s  rise in 

This is tm large 

The gas from the core must be selected by a 

changes m m t  proceed according to the eqw%iora"* 
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energy from the axis to the boundary layer in this length of time unless the 

temperatwe a% the boundary is assumed to be much Power L h n  measured, 

possfb%lEtfes present; themselves here 2 

unifoma thema1 d i s t r ibu t ioa  from axis to boundary layer, seleetfon of the 

hot moleesules occurring at the b~t~idary  layer. 

,a boundary corditfan (ar both) exists under these cond5tfons, which makes 

possible the ‘cransp&lw of t h e m 1  energg radially outward several times 

as fast as in ordinary diffusion. 

se lec t ion  or boundary conditllon accmplishes the transfer, 

Three 

(1) Turbulence operates t o  keep 8 

(2) B select ion mechanism OF 

{ 3 )  Same combfm%%on of Lwbulence atld 

The first poss ib i l i t y  is eliminated ty %Re probe measurements which 

show a temperatme gradien t  f ~ o a  axis t o  boundary Payer, 

t he  authors  permit a definite choice betwee;n (2) and ( 3 )  e 

clue t o  the only mechanism which appears to be aapab3.e af producing the effect 

observed is the t h e  element. 

ture of %he gas fn the core drops by about 100° C .* the gmatest drop in 

temperat;me occurring a t  the periphery, 

essen t i a l ly  flexplosivefl and the action mus% be comparable to an %xploaionn. 

Le% u9 assme that one has &I cglinds9eal vessel, E f l l e d  with gas at   om 

presswe P andl temperatwe T suspended In a PBCZZUII~ and revolving rapidly on 

Its axis. Nos let us assume t h a t  one is able to completely remov0 the con- 

f h i n g  ey99drBeaZ wall for  a 

restore the  confiairg wall and measure t h e  ins%ar&ansous tampesature 

distx5lyu”cion fn the gas which has not esca-ped. The rapidly moving molecules 

near tihe cyl.indricetl wall have a larger chance: of‘ e s ~ a p b g  In t h i s  short t h e  

than do the rapidly moving ones a% %be cen%er QT the s1owe3a moving mo1eculBs. 

These r a p i d l y  moviag molecules w i l l  carry more 5han t’hei?? proportionate share 

No data taken by 

The essenth l  

In less than .Off3 SSCO&S the average tempera- 

The speed with whl& thEs drop occurs 9s 

short i n t e rva l  of“ time y, and then 
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m o v i n g  particles &dm the j e t  sfream. If the proposed 

tube is v a l i d ,  enhancements much larger than any shown 

may be obtained. 

theory of the Hilsch 

in these four t e s t s  

Tn a d d i t i o n  to persons already mentioned, the authors are indebted to 

E'lartisz Kum, Rend Bolomeg, A, T, Cfef ig  and E* C, Johmon for their 

gas analyses. 

d a m  stti E-25. 

\Ve wish to thank C. X.  Beck for enablhg 
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