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A further purpose is to Space the rotor and 
Stator COnes by a distance transverse to the rotor 
COne face betWeen One and three times the diam 
eter of the mouth of the individual inlet means 
(singe nozzle where there are multiple nozzles), 
A further purpoSe is to provide exit for the 

hotter fraction around the rotor endwise in an 
exit paSSage,the diference between the inner 
and outer diameter of which at each side is 
betWeen One and three times the diameter of 
the mOuth of the individual inlet means(a Single 
nozzle,where there are multiple nozzies). 
A further purpose is to extend the blades on 

the rotor verticaliy farther than the vertical 
extent of the nozzles. - 
A further purpoSe is to employ a diferent 

number 0f blades than nozzleS. - 
A further purp0Se is to pick up gaS or vapor 

from a heat transfer mechanism,preferably 
with condensable fluid from a condensable fluid 
bath in heat transfer relation with the heat 
transfer unit,to compress the Same,preferably to 
eliminate condensable fluid from the compressed 
gaS Or vapor and preferably return the con 
densable fluid to the bath of condensable fluid, 
to Cool the c0mpreSSed gas or vapor,and to Sep 
arate the COndenSed gaS or Vap0r into fractionS 
of diferent heat content as previously indicated, 
providing cooling of the heat transfer unit from 
the Colder fraction and preferably also from the 
cooled hotter fraction,and also providing cooi 
ing of the compreSSed gas or Vapor at least in 
part from the colder fraction and preferably 
also fr0m the cooled hotter fraction. - 
A further purpoSe is to introduce CondenSable 

fluid to the heat tranSfer unit through a porous 
plug and permit return flow through the Same 
Me3JQS? - 

Further purposes appear in the specification 
and in the claimS. 
In the drawings I have chosen to illustrate 

a few only of the Warious embodiments in which 
my invention appears,choosing the forms Show11 
from the Standpoints of Convenience in opera? 
tion, Satisfactory operation and ciear demon 
stration of the principles involved, Figure 1 is a diagrammatic view of a System 
to which the throttling device of the invention 
.may be applied,the form of Figure 1 being 
equally applicable to either Species. 

Figure 1* is a diagrammatic longitudinal Sec 
.tion of a detail of Figure 1 Showing the inlet 
chamber and porous plugS. 

Figure 2 is a diagrammatic tranSwerSe Section 
of the fully Stationary form of my throttling de 
Vice,the Section being taken 0n the line 2?2 of 
Figure 3. 
Figure 3 is a diagrammatic longitudinal SeC 

tion of Figure 2 on the line 3?3. 
Figure 4 is a diagrammatic Central longitu? 

dinal Section of the partially rotary form of my 
throttling device. 

Figure 5 is a Section of Figure 4 0n the line 
5?5. 
Figure 6 is a Section of Figure 4 on the line 

6?6showing a portion of the rotor in Section. 
Figure 7 is a diagrammatic eniarged axial 

Section through one of the nozzles. 
Figure 8 is a,bottom plan view of the rotor 

in Figures 4 and 5. 
Figure 9 is a fragmentary elevation of the 

interior of the stator showing the mouths of the 
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nozzles,with therotorpositioned on the view for? 
placement purpoSeS. 75 

4 
Figures 10 and 11 are vector diagramS which 

aid in eXplaining the invention, 
DeScribing in iluStrations but not in limita 

tion and referring to the drawings: 
The preSent application is a continuation in, 

part of my copending applications Serial No. 
632.825,filed December 5,1945,for Centrifugal 
Dehydrating and Cooling System; and Serial 
No. 706.739,filed October 30,1946,for Dehy 
drating,Liquefying or Cooling Gas and Air,which 
in turn are continuations in part of my appli 
cations Serial No,417,960,filed November 5,1941, 
for Centrifuge and Method,and Serial No. 
464,509,filed November 4,1942,for Separation 
of Fluids by Simultaneous Centrifugation and 
Selective Difusion,Patent No,2,422,882,granted 
June 24,1947,all incorporated herein by ref 
erence. The preSent Subject matter relates to 
thestationary orpartially Stationary Swirl cham 
ber form,whereas my application Serial No. 
632,825,aforeSaid,involves a fully rotary form. 
The present invention reiates to methods and 

apparatus for throttling gaS or vapor to Sep 
arate the use or vapor into fractions of diferent 
heat content. It Will be underst00d Wherever 
reference is made herein to gas that vapor is 
also included,as Well aS mixtureS Of gas and 
vapor. ? 

It Will be evident that the gas or vap0r em 
ployed herein might be air,nitrogen,hydrogen, 
helium,argon, Oxygen(using ordinary precau? 
tions),ammonia,carbon diOxide,fre0n,methyl 
chloride or other suitable medium which would 
remain in gaseous phase under the operating 
Cycle chosen. - 

?t is known that it is possible to change.the 
heat content of a gas by cooling while at the 
Same time reducing the preSSure of the gas in 
a,turbo-cooler,as for example that of Kapitza, 
TJ. S. Patent No. 2.280,585. Such devices in 
volving very high Speeds of turb0-rotOrs,With 
Small clearances,present very Serious mechanical 
problems of construction and maintenanCe, 
which have interfered with the general appi 
Cation of these machineS. There are alSO num? 
erous methods for changing the heat content of 
a gas without any appreciable change in preS? 
sure,as for example the Norst Heat Engine. 
See A,M. Moody,16 J. App. PhyS,551 (1945). 
The present inventor has discovered that gaS 

revoiving in a high speed swiri can be Separated 
.into hotter and colderfractions,and that provid? 
ing certain conditions are met as Set forth herein, 
the separation can be accomplished in a practi 
cal andeficient manner. This result is obtained 
because the hotter and faster moving molecules 
push away from the center of the Swirl,while 
the colder and slower moving molecules are trappedintheswiriandeventualyfindtheirway 
to the Center. The hotter molecules are often 
generating stil further hotter molecules as they 
push away from the axis of the swirl by doing 
workagainst the pressuregradient. - 
The present inventor has discovered that When 

the peripheral velocity of the Swirl exceeds the 
velocity of Sound in the particular gas or Wapor, 
a yery unusualefect occurs,bywhich the colder 
fraction becomes markedly colderand the hotter 
fraction becomes markedly hotter,greatly in? 
creasing the practicability of the device and 
process. It has also been discovered that with 
increase in the temperature diference between 
the hotter and colder fractions a Smaller volume 
of the gas is cooled to the temperature of the 
coider fraction,The present inventor has dis 



5 
covered,however,that machines which are most 
eficient for reducing the heat content of the 
separatedgases operateatsmalltemperature dif 
ferentials. 
For best reSults the gas or vapor Which is to 

be Separated into hotter and colder fractions 
shouid contain no Condensable fiuid Which Will 
produce condensable liquid,For example if the 
gas be air,the CondenSation of Water Wap0rpreS 
ent in the air will reduce the eficiency of the 
machine to a markedextent. 
For most eficient Operation the portion of the 

swirl chamberin contact with the colder fraction 
and the portion in COntact With the hotter fraC 
tion Should be heat inSuiated from one another 
SO that heat fiow through the material of the 
Swirl chamber Wall Will not tend to equalize the 
temperature diferential. 

It is important that the swirl chamber be cir 
Cular (cylindrical)and that it have an open in 
teri0r So that the Swirl Can follow the general 
contour of the periphery Substantiallyaroundthe 
axis of the Swirl chamber without formation of 
eddies whichWill dissipatekinetic energyas heat. 
The inlet Should be So designed that a peripheral 
velocity in excess of the velocity of sound can 
be built up in the swirlas1ater explained,While 
other Suitable inlets may be employed,the pre 
ferred inlet is through a Substantialy adiabatic 
nozzle,having first a region of Sharp convergence, 
then a minimum or throat and finally a region 
0f more gradual divergence,preferably having a 
length about five times the diference between 
the diameter of the mouth and the diameter of 
the throat through which the nozzle discharges 
(see Everett,Thermodynamics,chapter VIII and 
Stodola,Steam and Gas Turbines,Volume I,sec 
tion 19,and chapter X,Section 167),The Criti 
Cal preSSure ratio above which the nozzle must 
functionis1.90forair. 

ff the gas or vapor is introduced into theswirl 
Chamber at high Speed but at moderate tem 
perature,Such as room temperature,the temper 
ature of the colder fraction will be markedly 
higher than if the gas or vapor is cooled before 
introduction. The cycle may be carried out in 
various wayS. The initial cooling of the gas or 
vapor after compression and before entry into 
the Swirl chamber at high speed may be accom 
plished by a precooler using as a coolant a part 
of the colder fraction from the swirl chamber, 
or may be aCComplished by anadiabatic nozzle in 
the inlet to the Swirl chamber or by a turbo 
Cooler or anycombination of these. Bythis pro 
Cedure a Continuous 1owering of the initial tem 
perature of the compressedgastakesplace,which 
is very desirable where the colder fraction is to 
havethe ioWest possibletemperature. 
Inthepreferredembodiment,condensablefluid 

Such as Water vapor will be removed from the 
gas or vapor before it enters the throttling de 
Vice. Conventional devices such as water elimi 
nators may be used for this purpose. 
The Swirl space is circular(cylindrica1)and 

has an open interior so as to permit swirling 
unimpeded. The end wals of the chamber in 
Which the gas or vapor swirls may be straight 
and transverse or may be frustums of a cone. 
Where the Straight transverse ends are used the 
inlet will preferably be tangential through the 
periphery,but Where the conical ends are em 
ployed the inlets are preferably placed not at 
the periphery but in an end Wal1 at a distance 
from the periphery,aad are oriented so as to 
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6 
produce a radial component outwardly and a 
component in a direction parallelto the axis and 
aWay from the end Wall through which theinlet 
is acComplished. 
The conical form will preferably have its axis 

vertical and Will be prOVided With a rotOrin one 
(desirably the upper) end Wall which Wil rotate 
due to the swirl and preferably be Supported on 
the jet or jets,The end wall rotor is suitably 
provided with blades or fiutings on the Conical 
Surfaces which are oriented With respect to the 
direction of the jet or jets So that the gas or 
vapor does Work on the rotor lowering its heat 
COntent. - - 

Tn the various forms a constrictionis provide 
in the exit for the,hotter fraction,preferably 
as a valve which can be adjusted to determine 
the temperature diference and volume relation 
between the hotter and colder fractions,Where 
the rotor is used the Valve will also regulate the 
Speed ofrotation. 
The SWirl Chamber Will have a length Which iS 

Short C0mpared to the diameter,the Critical fea 
ture being that the indet mouth is quite close to 
the end Wall through which the exit for the 
colder fraction1eavesthe chamber. The mouth 
distahCe from the end Wall through Which the 
COlder fraCtion leaves the Chamber Wil1 n0? eX 
ceed three times the mouth diameter,and in 
many CaSes the mouth Will be directly in line 
with the end Wall at one side,or actualy in that 
end Wall, 'he mouth diameter here referred 
to is the diameter of the individual mouth (one 
of Several,where multiple nozzies are used). 
Only in the line of the nozzle mouth is the ve 

1ocity a maximum. As one moves awayfrom that 
region in the direction parallel to the axis near 
the periphery,the velocity of the stream falls. 
In Such region of lower preSSure along the pe 
riphery,the gas becomes hotter due to difusion 
0f hotter molecules out of the high Speed gas 
Stream. In the direction of the hot exhaust,the 
hotter molecules are drained of,but in the di 
reCtiOn of the Cold exhaust the hotter molecules 
WOuld difuse into the cold stream and raise its 
temperature,defeating the purp0Se of the device, 
if Space Were left for them to accumulate. The 
limitation of the distance betweenthe mouth and 
the end Which C0ntains the cold exhaust serves 
to limit the entry of hotter molecules into the 
Colder fraction. - 

The SWiri Wil build up a pressurein the Outside 
due to Centrifugal force which Will exceed the 
preSSure at the aXis of the SWirl by at least one 
half atmosphere and usually by three-quarters 
Of an atmosphere.,This is due to the fact that 
the velocity of the swirl exceeds the velocity of 
SOund,and t0 the fact that at room temperature 
the molecular Weight of the gas underconsidera 
tiOnis leSS than orequalto that of air. The pres 
Sure p at the periphery of the Swirl is related to 
the preSSurep0atthe axisaSfollows: 

??o?T2 
- 2?7° - 

where M is the molecular weight of the gas,R 
is the gas constant,T is the temperature,T is 
theradius of theswirlchamber, 

p=poexp 

? 
27r 

is the frequency in reyolutions per second, and 
wy iS the peripheral Velocity. Hotter molecules 
must do Work against the pressure gradientin 

? theswirl. 
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? The exits from the swirl chamber will extend 
endwise and preferably parallel to the axis,but 
will have diferent areas and extend to diferent 
distances from the diameter. The exit for the 
colder fraction will also be in a Wall which is 
Close to the mouth aS above indicated. Of the 
two exits,the exit for the colder fraction will be 
cloSer to the axis and the exit for the hotterfrac 
tion will extend at least in part farther from the 
axis. Of the two exits,the exit for the colder 
fraction Will have the Smaller CroSS Sectionalarea 
asit 1eavesthe SWirl chamber. The two exits Will 
be preferably,but not necessarily,coaxial with 
the chamber, 
The preferred diameter of the exit for the cold 

er fraction Will be betWeen one-half and one 
third the diameter of the swirl chamber,as it 
has been found that turbulence is minimized in 
this way. The preferred diameter of the swirl 
Chamberis betWeen fourand fivetimesthe diam 
eter of the inlet mouth,in order to obtain most 
eficient resultS,In this Case the diameter of 
the mouth Where multiple nozzles are used isthe 
diameter of the mouth of the single nozzle which 
Will paSS the Same amount of gas at the same 
Speed as the multiple nozzles (called the single 
equivalent n0zzle). Inthe case of a single nozzle, 
the Single nozzle and the single equivalent nozzle 
are the Same. 
ConSidering first the throttling device of Fig 

ures 2 and3,the swirl chamber 20 is cylindrical, 
hawing an axis 21,a circumferential peripheral 
wall 22,a straight transverse cold end wall 23, 
and a straight tranSverse hot end wal?24. The 
interior of the swirl chamber is entirely open 
and unimpeded by vanes,partitions,walls or 
Structure 0fanyother Character. 

Inlet to the Swirl chamber is accomplished 
through the inlet means25,here Shown as a noz 
zle. It Will be understood that anysuitable num 
ber of nozzles may be used,the drawing being 
1imited to the iliustration of two nozzles,rather 
than to one,three,four or some other number 
in Order to Simplify the illustration,and multiple 
nOzzles being Shown in Figures 4 to 9,intended 
to indicate that they may be used in any of the 
forms, 
The preferred embodiment has the nozzle tan 

gentially directed to the Swirl chamber as shown 
So that it will impinge upon the periphery of the 
Swirl 26 Which rotates in the swirl chamber on 
the axis 21. Each nozzle 25 has an approach 
p0rtion 2T through which streamline fowis pref 
erably obtained,a converging portion28,a throat 
29,a diverging portion 30 and a mouth31. The 
nozzle is preferably an adiabatic expansion noz 
zle,in Which case the diverging portion will pref 
erably have a length of approximately five times 
the diference between the mouth and the throat 
diameterS. - 
The adjoining edge of the mouth is distant 

from the Cold end Wal123 not in excess of three 
times the mouth diameter(the actual,not the 
equivalent mouth diameter). Inthe present case 
the Spacing is only a fraction of the mouth di 
ameter. 
The diameter of the swirlchamberispreferably 

between four and five times the mouth diameter. 
In this case,where several nozzles are used,the 
mouth diameter is that for the equivalent single 
110Zzle. 
L0cated relatively close to the axis,having a 

relatively Smaller diameter,and extending 
through the cold Wall endwise,is an exit 34 for 
the colder fraction,Arranged in one of the end 
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8 
walls and preferably in the opposite end wall, 
and extending endwise and preferably axially,is 
an exit 35 for the hotter fraction,which extends 
at least in part to agreater diameter or distance 
from the axis than the exit forthe coider fraction 
and Which has a larger area. When it is Stated 
that the exit for the hotter fraction extends at 
1east in part to a greater diameter,itisintended 
to indicate that the portion of the exit 35 near 
the axis may be optionally open or closed,but 
Some portion of the exit for the hotter fraction 
Willextend fartherfrom the axisthanthe exitfor 
the colder fraction,and the over-all area of the 
exit for the hotter fraction as it leaves the swirl 
Chamberwill be greater. - 
The coaxial arrangement with respect to the 

exits and with reSpect to the chamber is pre 
ferred. 
The relations given for the dimensions of the 

mouth,the Swirl chamber and the exits assure 
eficiency great enough to make the device prac 
tical and the preferred ranges as ab0ve Specified 
inSure that maximum eficiency Will result. 
The material and thickness forthe Swirl cham 

ber Walls ShOuld be ChOSen So that heat conduC 
tivity Will be reduced to a minimum. Thus the 
Walls are to advantage made of plastic,such as 
phenol formaldehyde or acrylic plastic,glass or 
ceramic,where the pressures Will permit,or are 
Conveniently made of metals Such as StainleSS 
steel,NichrOme,0rinconel having lower heat con 
ductivity,or of metals having enameled,ceramic, 
plastic or rubber Coatings to reduce heat con 
ductivity, 
The annular peripheral Wall 22 of the Swiri 

chamber may desirably have a thickneSSSuficient 
so that all orpart of theinlet canbe constructed 
inthe wal,as for example by making the entire 
nozzle or nozzles as ports in the wall,or by form 
ing a portion of the nozzles as SuCh ports. 
In the form Shown,the nozz?es are constructed 

as inserts in the peripheral Wa?122. Ehe length 
of the channel as Compared With its diameter 
and the shape of the channel depend upon the 
particular design uSed. In the preferred form 
foradiabatic nozzles the length of the portion 30 
is about five times the diference between the 
mOuth and the throat diameterS. In order to 
permit the adiabatic n0zzle t0 0perate abOve the 
Critical preSSure ratio betWeen the initial pres 
Sure and the throat pressure of 1.90,the channel 
30 from the throatto the mouth Shouldpreferabiy 
diverge at an angle of about ten degrees,with a 
veryshort rapidly Converging portion28 from the 
nozzle inletto the thrOat,which Should preferably 
have a length of about one-twentieth of the 
1ength of the diverging portion. - 
The paSSage 2T which Supplies thegas or vapor 

to the nozzle or nozzles Should preferably havea 
diameter large enough Compared to he diameter 
of the mouth So that gas or vapor fiows in the 
paSSage 2T at a relatively Slow rate,less than the 
velocity of Sound in the particulargas or vapor, 
and preferably leSS than abOut a,?housand feet 
per minute in air,So that it does not tend to 
heat up by frictionefectS. The approach passage 
2T Will therefore have Streamline floW. The 1im 
iting Value of the Velocity D,for Which Stream 
1ine flow is possible,is given by the expression: 

where p is the density,d the diameter of the ap 
proach paSSage 2T and a is the absolute viscosity, 

=2000 

75 See Marks Engineering Handbook (4th edition, 
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1941),265. Frictional heat should be avoided at 
this stage as it counteracts the cooling efect andrepresentswasteenergy. 

It is very important that the exit Speed at the 
mouth and the peripheral velocity of the swirl 
exceed the velocity of Sound in the particulargas 
or Wapor. Thus in air the exit Speed and periph 
eral velocity will exceed ten hundred and eighty 
feet per Second,the aCoustical velocity. To ob 
tain this ac0ustical veloCity it is best to employ 
the adiabatic type nozzle already described,SO 
thatthe ratio of the initial preSSure to the throat 
preSSure exceeds 1.90(Everett,Therm0dynamics, 
chapter VII),Thusthegas orvaporispreferably 
substantially adiabaticaly eXpanded inthe nozzle 
with resultant cooling and acquisition of high 
Vel0city. 
The feature of reducingthe temperature of the 

gas and increasing the Kinetic energy Can be aC 
complished by devices other thanthe typical adi 
abatic n0Zzle referred t0,Such aS the De LaVal 
nozzie. 
The swirl in the SWir1 chamber 20 Will exert 

centrifugal force when the periphery is moving 
above the acoustical velocity,So that the outer 
Swir1 is Subjected to an inCreaSed preSSure as 
compared to the axis of the Swirl which will bein 
excess of one-half atmosphere and preferably of 
the order of three quarters of an atmosphere 
(these are practical values for Separation into 
fractions of diferent heat contents as eXplained 
herein). 
During the operation of the swirl,the faster 

molecules are compelled to do work against this 
pressure gradient,thus lowering their heat con 
tent, 
The exit 36 of the hotter fraction has a con 

striction 36,preferably in the form of a valve 
to permit adjustment. For most eficient opera 
tion,the constriction Should be located at a dis? 
tance from the swirl chamber not less than ten 
times the diameter of the swirl chamber in order 
to reduce turbulence of the hotter fraction,and 
obtain the best reSults in adjusting the WOlumeS 
of the fractions and the temperatures relative to 
One another. - 

The gas or vapor through the passage 27 will 
normaly be at a substantial pressure,ordi 
narily from 1.9 to 20 atmosphereS,and USually 
greater than three atmospheres. Higher pres 
Sures may be used,The exit of the hotter fraC? 
tion at 35 will normally be at a low pressure, 
usualynot much aboveatmospheric pressure,but 
slightly higher than the colder exhaust. The 
minimum iniet preSSure for efective Operation of 
the device will vary depending upon how many 
nozzles are used and the character of nozzle,but 
it should be suficient to maintain a peripheral 
velocity of swirl inexcess of the acoustic velocity 
and to maintain a diference in pressure between 
the circumference and axis of the SWirl in eXCeSS 
of one-half atmosphere and preferably of the 
.order of three QUarters atmosphere or greater. 
The colder fraction leaves its exit 34at a pres 
sure which will be atmospheric in many applica 
tionS. Of Course,it will be evident that if the 
device is Working on a ClOSed Cycle,the Colderand 
hotter fractions may be exhausted at higher or 
.lower preSSures provided there be a Suficient 
pressure diferential between the pressure of the 
Colder and hotter fractions and the preSSure in 
the approaChpaSSage2#. 
In casethe inlet,gas or vapor contains an ap 

preciable amount of condensable VapOr Such aS 
·water vapor,which is not eliminated before the 
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10 
gas or vapor reaches the inlet mouth,the tem 
perature drop for adiabatic flow in the diverging 
p0rtion of the adiabatic n0Zzle Will be decreased 
considerablysince the heat of condensation is in 
general large aS COmpared to the Specific heat in 
VariousgaseSor Vapors. 
In many appliCations the hotter exhaust Will 

be at a comparatively hightemperature,and heat 
insulation is therefore rather important in such 
CaSes. Where the preSSures are such that the 
Walls of the Swirl chamber and the adjoining 
hotter and colder exhausts must be made of 
metal,it is preferable to aVoid metals of high 
COnductivity Such aS Copper and aluminum and to 
employ metals of lower heat conductivity such 
asstainless steel,Nichrome orinconel. Formany 
inStallations heat conductivity can be further re 
duced without departing from metal as a con 
Struction material by employing ceramic,ename1 
or other coatings of lower heat conductivity on 
the Walls of the interior of the SWirl chamberand 
the hotter and colder exhausts,For installa 
tions Where the preSSure is loW enough,or for 
p0rtionS of the Walls which are Subjected to 
10Wer preSSures,it is Satisfactory and from the 
standpoint of heat conductivity it is very advan 
tageous to construct the device of plastic such 
as phenol formaldehyde,urea formaldehyde,or 
aCryliC reSin,Or of glaSS or CeramiC. 
FOr many types of installations it has been 

found satisfactory to make the diameter of the 
Swirl Chamber of the order of three-quarters of 
an inch,The diameter of the Swirl chamber or 
dinarily Will not greatly exceed one and one 
half incheS. SucceSSful reSults are obtained with 
SWirl Chamber diametersas Smallas one-halfand 
one-third inches,The nozzle mouth diameter 
haS in SOme caSes been One-Sixteenth of an inch 
and in indiVidual installations has Waried from 
one-tenth to one-thirty-second of aninch,The 
peripheral Wall of the Swirl Chamber has in in 
dividual CaSes been one-eighth to one-quarter of 
an inch thick,The number of nozzles equally 
Spaced tangentially around the Swirl chamber in 
the preferred embodiments may vary from one to 
six. The flow in the exits has preferably been 
in the order of about one hundred feet per min 
ute,as contrasted with a peripheral velocity in 
the Swirl in excess of the acoustical velocity, 
In an.individual test on a device of the char 

acter Shown the following data were taken: 
Room temperature,17°C. 
Pressure ofinletair,100p.s.i. 
Temperature ofinletairatambient. 
Volume of free air flow,ten cubic feet per min 

ute. 
Temperature of cold fraction,?4°C, 
Temperature of hotfraction,38°C. 
Volume of free air cold fraction,5 Cubic feet per 
minute. 

Volume of free air hot fraction,5 cubic feet per 
minute, 

It is p0SSible to modify the Shape of the end 
Walls of the SWirl chamber from the Straight 
transverse construction ShoWhin Figures 2and 3. 
This may also include change in the position of 
the inlet jets and Change in the relationship 
betWeen the temperature and quantity of gas 
or vapor in the two fractions. For example,the 
end Walls of the generally Circular or cylindrical 
Swirl space may be conical or conoidal as shown 
in Figures 4 to 9,With or without the feature of 
rotation of a portion of the end wali as there 
ShOWn. 
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Asshown in Figures4 to 9,inclusive,a part of 
the wall of the swirl chamber may move. Thus 
the temperature of the hotter fraction can be re 
duced if the end wall of the chamber through 
which the hot gas or vapor is exhausted is de 
Signed So that the hot stream of gaS 0r WapOr 
can do work upon the end Wall. When Such end 
Wall is made to rotate whie engaged by the gaS 
orvapor jets,the Whole maSS of gas or vapor aS? 
Sume8a 10Wer aVeragetemperature. 
As shown in Figures 10,if the direction of 

rotation of the futing is 3T,the blade Or fluting 
on Which the work is done by the gas is 38, 
and the direction of the gas leaving the fluting 
is39. Figure 11 represents a velocity vector dia? 
gram ShoWing the Work dOne by the gaS Orvapor 
on the fluting,V represents the velocity of the 
gas jet Striking the fluting at an angle a With 
respect to the direction of rotation 3T. Vb is the 
Velocity of the fluting. V1f is the VeloCity of the 
jet of gas or vapor striking the fluting expressed 
with reference to the futing. The angle 6 rep 
reSents the true angle at Which the Stream of 
gas or Vap0r enters the futing. If the gas or 
vap0r enCounters no friction,it leaves the fiut? 
ing at the Same Speed V1f and at the Same an 
gle 6 relative to the fiuting. The absolute ve 
locity of the gas leaWing the fluting is obtained 
by laying out again Vb and closing the triangle. 
The absolute velocity of the gas leaving the flut 
ing is V2 and it makes an angle 6 with respect 
to the direction of rotation of the fluting,The 
force F produced by changing the direction of 
motion of the gas jet involving W pounds of 
gaS per S600nd,Where g is the aCCeleration of 
gravity,is: 

?W(W gos g?W2 cos 6) 
??? 

The work done through the distance Vo which 
the fiuting traVels per Second is therefore: 

work=* ? cos 6), 
This is Work taken from the kinetic energy of 
the gaS Stream, 
The design may be varied in respect to the 

Shape of the end Walls,the Orientation of the 
jets with reSpect to the end Walls and the design 
of the futings or blades which act as the blades 
in a gasturbine? - 
The device of FigureS 4 to 9 functions ingen 

eral in the Same manner as the device of Fig 
ures 2 and 3. The rotor 40 rotates on a gas 
cushion.43 in the swirl chamber 20' provided 
between the rotor 40 and the stator cone 44. 
The periphery of the generaly circular swirl 
chamber is circular at 22',but the cold end wall 
23" and the hot end Wall 24" are conical and 
preferably conform approximately to the same 
.C0he? 
Gas or vapor compressed suitably to a pres 

Sure preferably between 1.9 and 20 atmospheres 
or higher,and usually above three atmospheres 
and preferably C00led to room temperature is 
held in an annular reServoir 45 in the stator. 
FrOm the reServoir the CompreSSed gas flows 
thr0ugh indet means 25",preferably one of a se 
ries Of adiabatic nozzles,as already described. 
In fiOWing through the nOzzles located in the 
Cold Wall 23" in this Case,the high pressuregas 
iowersits temperature and increases its velocity 
to a velQCity at the mouth which exceeds that 
of S0und. 
The distance between the end Wall 23" of the 
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12 
stator and the end wall of the rotor measured 
transversely to the cone face on the rotor should 
not eXCeed three times the diameter of the in 
dividual n0zzle mouth(not the equivalent noz 
zle) and should not be less than one times the 
diameter of the mouth,So that the jets of gas 
fr0m the n0Zzle do not become excessively dif 
fuSe before impinging on the radial fiutings of 
the r0t0r. Since the rotOr is floating this Can 
be adjusted by the Weight of the rotor in rela 
tion to the preSSure. 
In SOme CaSeS it may be desirable to make 

the c0ne angle 46 of the rotor slightly diferent 
from the cone angle of the stator to compen 
Sate for inequalities in air flow,put in the form 
ShOWn the two Cone angles have been made the 
S3M13. - - 

As best seen in Figures 4,6 and 8 the end 
Wall 24" of the rotor is fluted with blades or 
Channels 4T distributed radiaily around the apex 
Of the rot0r,The flutings or blades terminate 
at a distance E from the apex which is small 
as Compared to the diameter D. The flutings 
extend to a height C above the apex which is 
greater than the height B of the nozzle exits 
from the Same,In the preferred embodiment, 
the flutings extend over the bulk of the radial 
extent of the end 24',and extend generally in 
a radial direction along Such end wall. 
With the particular axial 1ength of the flut 

ings and the Speed of rotation,the gas or vapor 
Striking the futings should do an amount" of 
Work which is appreciable as compared with the 
kinetic energy of the gas or vapor. If the num 
ber of nozzies is n,the number of flutings should 
be nm?1,where m is an interger,such as 1,2, 
3,etC. - 

The hot fraction of the gas escapes through 
the exhaust exit 35",provided in the clearance 
betWeen the outside Circumference ?8 of the 
rotor and the tubular Wall 49 of the exit. This 
clearance should conform to the dimensions 
specified for the hot gas exit in the previous dis 
cussion,but it has been found that a clearance 
of a few tenths of an inch (ordinarily not over 
one-half inch) is ample in most installations. 
This Clearance al around the rotor can to ad 
Vantage in many applications vary between one 
and three times the diameter of the mouth of the 
individual nOzzle(not the equivalent nozzle),A 
Constriction 36°in the form of a valve isplaceda 
distance above the rotor which exceedstentimes 
the diameter of the swirl chamber in order to 
reduce turbulence and friction?Adjustment of 
the Valve permits adjustment of the relative 
VOlumeS and temperature of the hotter and 
Colder fractions and of the Speed of the rotor. 
The cold fraction is exhausted through the 

cold exit 34" which joins the stator cone adja 
cent to the apex thereof and extends in anaxial 
direction. 
*he Orientation of the iniet means 25° is such 

that the gas stream leaving the jets does a maxi 
mum of Work on the rotOr. For the flutes shown 
in Figures 4 to 9,the nozles 25 Should desirably 
make an angle of about,45° With the vertical as 
ShoWn in Figure 9,aSSuming that the angle at 
the apex of the rotor is 90° as Shown. The jets 
are arranged with reSpect to the flutings of the 
rotor So that the resultant effect is a downWard 
acceleration On the rotor Which opp0Ses the up? 
Ward force reSuiting frOm the deceleration of 
the gasstream on the lower Surface of the rotOr. 
The rotoris pushed down toward the stator cone 
beCause the atmospheric pressure (or whatever 
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the exhaust pressure may be) on its top is 
greater than the average preSSure on the lower 
surface. At the axis of the rotor the preSSure iS 
close to atmospheric (or to the particular eX? 
haust pressure) whereas at the region of the 
maximum of the Swirl Where the gas is m0Ving 
with high velocity after just leaving the nozzles, 
the pressure is 10W. According to BernOulli's 
theorem,the pressure P and the Velocity V are 
connected by the following equations: 

P,V2 
??? COnStant 

where g is the specific weight of the gas and g is 
the acceleration due to gravity. Where the 
velocity V is negligible,as for example at the 
axis,because the nozzles are direCted OutWard, 
the pressure P approaches the atmOSpheric 
pressure (or the particular exhaust preSSure), 
whereas,where Vis of the order of the acousti? 
cal velocity,the pressure falls a fraction of an 
atmosphere. 
Good results may be obtained with variation 

of the orientation and Spacings of the jets and 
futingsfrom those described above. 
In the partial rotor form,because of the high 

speeds involved,the rotor Should preferably be 
of metal (Such aS StainleSS Steel,NichrOme Or 
inconel)but the other parts of the equipment 
may be of the materials previously mentioned. 
In the particular device in a Specific emb0di 

ment,the rotorisabout one inch in diameter and 
has a clearance from the Stator at the CirCUm 
ference of about one-eighth inch allaround. Tn 
operation the following data Were obtained: 
Number of nozzles,7, 
Numberofblades,8. 
Pressure of the airin the reservoir,50 p.s. i. 
Room temperature,81°F. 
Temperature of the compressed air at ambient. 
Temperature of the cold fraction,64° F. 
Temperature of the hot fraction,86° F. 
Speed of the rotor between 500 and 1,000 revolu 

tions persecond. 
In this form,the rotor floated on gas as it 

turned. 
In both of the forms of the invention as de 

SCribed,the inlet gas or Wap0r is COmpreSSed t0 
a reasonably high pressure,preferably in excess 
of about three atm0spheres,and is Carried to the 
point of inlet to the throttling deVice preferably 
under Streamlined fiOW. Inlet iS aCCOmplished 
through a mouth which is preferably the mouth 
of a nozzle suitably of adiabatic type In the 
nozzle the gaS is COOled and inCreaSed in VelQCity ? 
so that at the mouth of the mozzie and in the 
periphery of the resulting SWirl,the velocity ex 
ceeds the velocity of Sound in the particulargas 
0r Vapor,If a nOzzle is not used,and preferably 
Where a noZzle is used,the gaS Or vapor Will be 
COoled before it paSSes through the nozzle. 
The SWirl Chamber is Open in interior and of 

CirCular Or Cylindrical Shape So that the SWirl 
forms about the axis of the chamber. The pres 
sure in the periphery of the swirl of the sta 
tionary form isinCreaSed by the Centrifugal force 
in eXCeSS of abOut One-half atmOSphere and tha 
faster molecules are caused to do Work against 
the pressure diferential. The mouth of the.noz 
2le is distant from the end Walls through Which 
the cold exhaust takes place not in excess of 
three times the diameter of the mouth of the 
individual nozzle. The cold exhaust takes place 
closer to the axis and over a relatively Smaller 
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area than the hot exhaust which takes place at 
1east in part further from the axis and over a 
relatively greater area. Elow in the hot exhaust 
is conStricted. 
?n the preferred.embodiment the diameter of 

the cold exhaust is preferably betWeen one-third 
and one-half the diameter of the SWirl chamber 
to minimize turbulence. The diameter 0f the 
swirl chamber is preferably between 4 and 5 
times the diameter of the equivalent nozzle 
mouth(the n0zzle which paSSes the Same amount 
of gas or Vapor at the Same Speed as the total of 
?he multiple n0zzles). - 

It Should be emphasized that the throttling 
deVice of the invention does not Cool the gaS 
after it enters the SWirl Chamber through the 
nozzleS. The gas in the preferred embodiment 
is C00led aS it paSSes through the adiabatic noz 
zles,but it will be understood, of course,that 
advantage from the invention Can be obtained 
by c00ling the gas in any other suitable means, 
for example by one of the turbo-expanders 
Known in the art,and then passing the gas at 
Velocity in excess of that of sound directly to the 
SWirl Chamber for separation int0 hot and cold 
Components. The important featureto consider, 
hOWever,is that the function of the swirl cham 
ber is to SOrt Out gas or Vapor molecules into two 
Separate fractions,one with high and the other 
With low kinetic energies. The colder molecules 
With iOW kinetic energies,remain colder while 
those with high kinetic energies become heated 
through degradation of kinetic energy into ther 
mal energy and are exhausted as the hot frac 
tion Of the gas. In the embodiments illustrated 
the inlet channels are so constructed that to 
gether with the entrance opening they function 
8S adiabatic nozzles. ,:° 
Figure l is a fow sheet of a throttling unit 

which may be of either of thetypes shown,ap 
plied to COOling a refrigeration load,in thiscase 
a Water bath. The water bath 54 is contained 
Within a,suitably closed tank 55 which in 
Cludes the Water bath and air or other gas or 
Vapor. Inlet for air and water vapor to the 
System is provided by a pipe 56" from.an inlet 
chamber 56 to a compressor 57 driven in any 
suitable manner by a power unit,58 at a suitable 
Speed t0 run the compressor eficiently. In the 
Wall of the inlet chamber is provided a series 
of Ceramic plugs 59 of any wel1 known char 
acter (as for example the Selastype),porous to 
Water but to a limited extent impermeable to 
air. The porous plugs59 are immersed beneath 
the Water of the water bath and permit flow 
of Water therethrough back and forth between 
the Water bath and the inlet,while retaining 
the bulk of the air in the inlet. Each plug is 
COnnected on the inside to the inlet. - 
FrOm the c0mpreSSOr the air and accompany 

ing Water are conducted through a pipe 60 to a 
Watereliminator 63 0fany Well knowntypewhich 
may if desired be provided With a cooling coil 
64 SO that it can function as a cooler or pre 
1iminary interc00ler if neceSSary. Water taken 
of by the Water eliminatOr frOm,the CCmpreSSed 
air is dispoSed of in any Suitable Way as by 
manual removal,but preferably by drainage 
through a return pipe 65 to the water bath so 
that it can return and replenish the Water in 
the Water bath. [t Will be understood that rea? 
sonably good eficiency in water elimination is 
desirable to obtain high eficiency in the throt 
tling device From the water eliminator the 
compreSSed air is carried through a cooler 66 
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whose operation will be described,and from the 
c00ler the cooled compreSSed air passes through 
a throttling device 61,in accordance with the 
inWention,and Which may be of any of the types 
Shown, From the throttling device 6T the colder 
fraction is Carried through an exit 68 While the 
hotter fraction,after paSSing through the con 
striction,1eaves by the exit 69. In order to 
permit advantage from the fact that the hotter 
fraction has been deprived of part of the Water 
vapor content,it is desirable to cool the hotter 
fraction in an after cooler T0 having a C0oling 
coil T3 to approximate the ambient tempera 
ture The hotter and colder fractions are then 
combined at T4 and the combined fractions are 
first Carried through the jacket portion 15 of 
the cooler 66,using part of the refrigeration to 
Cool the inlet compreSSed air to the throttling 
device. From the cooler 66.the remainder of the 
Combined hotter and Colder fractions are Car 
ried through pipe T6 back to the inlet,where the 
air is again aVailable to go through the next 
Cycle,? 
Excess air may be drawn into the System by 

1eaks at low pressure points which Would result 
eventualy in building up an excessive preSSure. 
A Suitable blow-of device T is prowided on the 
high preSSure side to eliminate air which might 
increase the inlet preSSure above Several inches 
of merCury. It is found to be cheaper and sim 
pler,rather than using a pressure blow-of valve 
of any of the well Known types,to employ a, 
weli-known plug at T which is porousto air and 
impermeable to Water (for example of the Selas 
type) Causing a constant Slight leakage out 
wardly Which will make up for inlet leakage 
at other points. 
ín operation it Will be understood that air 

accompanied by Water Vapor paSSes through the 
compressor and is compressed,and the heat of 
condensation of the water is absorbed by the 
cooling medium in the Water eliminator 63 or 
the cooler 66 or both,returning the Water to 
the water bath as liquid Water. It is not neces? 
Sary to go to the expenSe of making an air tight 
closed cycle,and the air leaking into the system 
is utiiized as efectively as possible. The air 
preSSure in the Water bath is preferably held 
at a level less than two inches of mercury,the 
excess air being ejected from the System,as for 
example through the blow-of means TT. 
In order to evaporate Water in the Water bath 

heat of evaporation must be Supplied. In Figure 
1 this heat is supplied from the water of bath 
54. In the watereliminator 63 part of thiswater 
is condensed and returned to the water bath by 
the pipe 65,which returns only Water,and not 
any appreciableamount of compreSSed air. The 
heat given of on condensingwatervaporistaken 
away by Cooling coil 6? so that the net reSult 
is that the Water bath has to Supply heat and 
thus Cool itSelf in the eVaporation procesS. The 
water bath is also Cooled by the Cooled air re? 
turning by pipe 76. The return of condensed 
water back to the Water bath preVents deple 
tion of the Water in the Water bath. 
In view of my invention and disclosure waria? 

tions and modifications to meet individual Whim 
or particular need will doubtless become evident 
to others skiled in the art,to obtain all or part 
of the benefits of my invention without copying 
the processandstructureshown,and T,therefore, 
claim all such insofar as they fall within the 
reasonable Spirit and Sc0pe of my claimS. 
Having thus described my invention what I 
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Claim as new and desire to Secure by Letters Pat? 
ent is: - 

1. In a refrigerating device,a compressor,a 
heat eXChanger connected to the high preSSure 
Side of the CompreSSOr,Walls forming an open 
interior generaly CirCular Swirl chamber which 
is at least in part stationary,inlet means in 
Cluding a nozzle having an abruptly converging 
portion,8 throat and a diverging portion having 
a length about five times the diference betWeen 
the throat diameter and the mouth diameter for 
introducing gas or vapor from the compressor 
into the Swirl chamber in a Swirl whoSeaxis con 
formS to the axis of the chamber,whoSe pe 
ripheral velocity exceeds the velocity of Sound 
for the particular gas or vap0r and whose pres 
Sure at the outSide exceeds the preSSure at the 
axis by at leaSt one-half atmosphere,the mouth 
being at 1eaSt as ClOSe as three timeS the InOuth 
diameter to One end of the Chamber,Walls form 
ing exits extending endwise of the chamber for 
hotter and colder fractions,the exit for the 
COlder fraction being through Said end Wall and 
relatively Smaller and ClOSer to the axis and the 
exit for the hotter fraction being relatively far 
ther from the axis,a Connection for Carrying at 
ieast a part of the Colder fraction into heattrans? 
fer relation With the heat exchanger and a COn 
8triction in ?he eXit for the hotter fraction be? 
yond the Chamber. 
2,A device according to claim 1,in which the 

wails forming the open interior swirl chamber 
are entirely Stationary. 

3. A deVice aCCOrding to Claim 1,in which one 
of the Walls forming the open interior Swirl 
Chamber is Stationary and another of the Walls 
COmprises a rotOr rotated by the gas or vapor. 

4. A device according to claim 1,in which the 
Open interior Swirl Chamber is of Conical form, 
With outlet for the cold fraction at the Small end 
and for the hot fraction at the large end. 

5. A deVice acCOrding to Claim 1,in which the 
open interior SWirl Chamber is conical,and the 
upper Wall thereof Comprises a rotor which is 
turned by the gaS Or vapor and floatS On the gas 
Or Vapor Swirl, - 
6,A device acc0rding t0 claim i,in Which the 

exit for the Colder fraction and the exit for the 
hotter fraction are in opposite ends of the Swive 
Chamber. - 

7. A device acc0rding to Claim 1,in combina 
tion with means for recycling a portion of Said 
hotter fraction back to the inlet of the Com 
preSSOr. 

8. A deVice aCCording to Claim l,in combina? 
tion With a Supplementary Cooling unit and 
means for reCycling Said hotter fraction through 
the Supplementary Cooling unit and thence back 
to the inlet of the CompreSSOr. 

9. A device acCording to Claim i,in combina 
tion With means for Conveying the Coider fraction 
backto the inlet of the compreSSor afterit passes 
in heattransferrelation with the heatexchanger. 

10. A device aCCOrding to Claim 1,in combina 
tion with means for removing condenSed Wapor 
from the fuid Stream after it leaves the outlet of 
the compressor and before it enters the swirl 
Chamber. 

11. In a refrigerating device,a compressor,a 
heat exchanger Connected to the high pressure 
side of the compressor,walis forming an open 
interior generally Circular Swirl chamber which 
is at least in part Stationary,inlet means includ 
ing a nozzle having an abruptly Converging por? 
tion,a throat and a diverging portion having a 
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1ength about fivetimesthe diference betWeenthe 
throat diameter and the mouth diameter for in 
troducing gas or Vapor from the compressor int0 
the Swiri Chamber in a SWirl WhoSeaxis COnformS 
t0 the axis of the chamber,the mouth being at 5 
least as close as threetimes the mouth diameter 
to one end of the Chamber,walls forming exit8 
extending endwiSe of the chamber for hotter and 
colder fractions,the exit for the colder fraction 
being through Saidend Walland relatively Small- 10 
er and ClOSer to the axis and the eXit for the 
hotter fraction being relatively further from the 
axis,a connection for Carrying at least a part of 
the COlder fraction into heat transfer re?ation 
with the heatexchanger anda constrictionin the 15 
exit for the hotter fraction beyond the Chamber, 

ARTHUR BRAMLEY. 
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