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This invention relates to methods of and apparatus 
for compression distiliation. 

Compression stills in common use generally employ a 
conventional boiler and a tubular condenser immersed 
in the boiling liquid, and the large body of distilland 
presents a relatively large resistance to the evolution of 
vapor. In addition, the undistilled residue contaminates 
the distilland. These stills also require frequent clean 
ing to remove the accumulation of precipitate from the 
heat exchanger surfaces. 

Generally the difference in pressure between the evap 
orating and condensing sides of the heat exchanger is 
about three pounds, and the difference in temperature of 
the distilland and distillate is about 12 F. This dif 
ference of temperature or heat drop between the evap 
orator and condenser is referred to as "dt.' The total 
process of evaporation and condensation has been de 
scribed by Langmuir et al. as occurring in a number of 
readily recognizable steps, each of which is assigned a 
resistance. These resistances are reciprocals of rates of 
process and are additive arithmetically, the total re 
sistance R thus being the sum of il, r, r3, . . . r. Each 
resistance r is associated with a temperature drop t or 
cit. Such resistances comprise a resistance r to the flow 
of vapor through the conduits, a resistance r to the 
fiovi of heat through the evaporating liquid, a resistance 
r8 to the fow of heat through the heat exchange barrier, 
a resistance 4 to the flow of heat through the distillate, 
and a resistance it to the detachment of vapor from the 
surface of the evaporating liquid. 

While compression stills employing gravity falling 
films on the heat exchange surfaces have been suggested, 
they have not so far as I know significantly increased 
the efficiency of this type of still, and the heat pressure 
drop dit is still much greater than intrinsically required. 
This necessitates the use of positive displacement pumps 
or expansive turbo compressors. 

I have found that by diminishing the body of distilland 
and/or distillate to nearly the vanishing point, so that 
the obstructive film is substantially lessened, resistances 
r2, r, and r are greatly diminished and both the heat 
drop and pressure drop can be limited so materially as to 
create a new and useful compression distillation method 
and apparatus which are substantially more efficient 
than those heretofore contemplated. 
A principal object of this invention, therefore, is to 

provide a new and highly efficient compression distilla 
tion method and apparatus in which the resistance to 
the flow of heat through the evaporating and/or con 
densing films, and the resistance to separation of the 
vapor from the distilland are greatly reduced. 

Other and further objects of the invention will be 
apparent from the following description and claims and 
ilay be understood by reference to the accompanying 
drawings, of which there are three sheets, which by way 
of illustration show preferred embodiments of the in 
vention and what now consider to be the best mode in 
which I have contemplated applying the principles' of 
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my invention. Other embodiments of the invention may 
be used without departing from the scope of the present 
invention as set forth in the appended claims. 

in the drawings: 
Fig. 1 is a schematic sectional view of a compression 

still embodying the invention and utilizing a rotary disk 
type of heat exchange and phase separation barrier; 

Fig. 2 is a fragmentary sectional view on the line 
2-2 of Fig. 1; 

Fig. 3 is a view similar to Fig. 1 but showing a modi 
fied type of compression stage; 

Fig. 4 is a view similar to Fig. 1 of a modified form 
of the invention and employing a tubular type of heat 
exchange and phase separation barrier; 

Fig. 5 is a schematic sectional view of a compression 
still illustrating a modified form of the invention employ 
ing heat exchange and phase separation barriers in the 
form of paired conical members; 

Fig. 6 is a schematic view of a further modified form 
cf the invention employing a rotary heat exchange and 
phase separation barrier in the form of a convoluted 
tubular member; 

Fig. 7 is a sectional view taken along line 7-7 of 
Fig. 6; 

Fig. 8 is a modification of Fig. 6 in which the dis 
charge of distilfand on to the evaporating surface is 
employed to effect the rotation of the heat exchange 
barrier; and 

Fig. 9 is a sectional view taken along the line 9-9 
of Fig. 8. 
As illustrated in Figs. 1 and 2, a compression still 

embodying my invention comprises in general a rotary 
phase separation barrier 20 of high thermal conductivity 
forming a heat exchanger, a distilland feed pipe 22, a 
vapor compresser 24, a discharge conduit 26 for the 
distillate, and a discharge conduit 28 for the undistilled 
residue. 
The barrier 20 as illustrated comprises a disk-shaped 

conical element, the hub 30 of which is mounted on a 
drive shaft 32 for rotation therewith, the drive shaft 32 
being journaled in bearing 34. A heat insulated casing 
36 encloses the barrier 20 and forms on one side of the 
disk 20 an evaporating chamber or evaporator 38. The 
heat exchange surface 40 of the disk 20 exposed to the 
chamber 38 forms an evaporating surface, and the op 
posite face 42 of the disk or barrier 20 forms a condens 
ing surface. The outer periphery of the disk 20 is made 
in the form of an annular trough or gutter 44 for collect 
ing the undistilled or concentrated residue, and the end 46 
of the discharge conduit 28 extends into said trough 44 
and opens upstream so that upon rotation of the disk 
liquid contained in the trough 44 will be discharged 
through the conduit 28. The distilland feed pipe 22 as 
illustrated terminates adjacent the center of the evaporat 
ing surface 40 on the disk 20 and forms part of a means 
for continuously supplying and spreading and flowing dis 
tilland on the evaporating surface 40. Rotation of the 
barrier 20 at a sufficient speed will spread and flow dis 
tilland on the evaporating surface 40 in a film substan 
tially thinner than can be secured by a flow of such dis 
tilland of the same throughput on the same surface under 
the influence of gravity alone. I contemplate rotating 
the barrier 20 at a speed such that the flowing film of dis 
tilland will be no thicker than a flow of such distilland of 
the same throughput on the same surface under the in 
fluence of a force at least ten times gravity, although 
satisfactory results may in some cases be obtained by em 
ploying slower speeds, 
A brush 48 may be mounted in the chamber 38 so that 

the bristles thereof may engage or scrub the evaporating 
surface 40 upon the rotation of the disk 20, and suitable 
provisions (not shown) may be employed for moving the 
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bristles of the brush 48 into and out of contact with the 
surface 40. The brush 48 may optionally be utilized 
to dislodge precipitates, if any, from the surface 40. The 
casing 36 as illustrated is of cylindrical form and includes 
an integral back wall carrying the bearing 34 and a re 
movable front cover 50. 
The disk 29 has affixed thereto for rotation therewith 

an annular wall 52 having an opening 54 in its center 
and integrally connected at its periphery by an annular 
wall 56 with the periphery of the disk 20. The condens 
ing surface 42 of the disk, together with the peripheral 
wall 56 and the annular wall 52, form a condensing cham 
ber 58 which is supplied with compressed vapor through 
the opening 54. The vapor compressor 24 which, as 
illustrated, comprises a series of blades 60 distributed 
about the periphery of the disk 20 and mounted thereon 
for rotation therewith, serves to withdraw vapor evolved 
by the flowing film of distilland on the evaporating sur 
face 40 and to compress said vapor so that it will con 
dense at a temperature above that at which it is evolved. 
The compressor blades 60 discharge such vapor through 
a series of volute blades 62 fixed on the periphery and 
back wall of the casing 36 and into a space 64 between 
the back wall of the casing and a partition 66 supported 
in spaced relation thereto by blades 62 and struts 68. The 
partition 66 is disposed closely adjacent to the wall 52 of 
the barrier and has an edge defining a central opening 
in line with the opening 54 in the wall 52. A running 
seal (not shown) is provided between the wall 52 and the 
partition 66 so as to separate the evaporator and con 
denser sides of the still. 
The distillate discharge pipe 25 extends into the con 

denser chamber 58 and into close proximity with the inner 
surface of the peripheral wall 56, and has its end turned 
upstream so that condensed distillate will be discharged 
through the conduit 26. If necessary or if desired, con 
duits 26 and 28 may be arranged in heat exchange rela 
tion with the distilland feed pipe 22 so as to transfer heat 
from the concentrate and distillate to the distilland. 
The shape of the condensing surface 42 separates coin 

densate therefrom as it condenses so as to prevent the 
accumulation of condensate thereon, and the film of con 
densate will be thinner than can be secured by a flow of 
such condensate cf the same throughput on the same sur 
face under the influence of gravity alone, and in any : 
event will be of a thickness of the same order of thick 
ness as that of the distilland on the evaporating surface 
40. The rotation of the condensing surface 42, will, in 
addition to centrifuging therefrom the condensate, also 
serve to further compress by centrifugal force the com 
pressed vapor in the chamber 58 to promote the condensa 
tion thereof. 
The compressed vapor is discharged by the compres 

sor into intimate heat exchange relation with the con 
densing side of the barrier and opposite the flowing film 
of distilland on the evaporating surface 40 so that the 
heat of condensation of the vapor on the condensing sur 
face 42 will be transferred through the disk 20 and will 
promote the evolution of vapor from the flowing film on 
the evaporating side of the barrier. The rotation of the 
disk 20 at the speeds contemplated will also function to 
centrifuge the vapor as it evolves with respect to the flow 
ing film on the surface 40. By greatly reducing the thick 
ness of the films of distilland and distillate in accordance 
with my invention, the resistances r2 and r to the flow of 
heat through such films and the resistance r to the de 
tachment of vapor from the surface of the evaporating 
liquid will be greatly diminished as compared with known 
systems, thereby making possible a great increase in the 
efficiency of this compression distillation system. 

In a preferred method of operaton, a partial vacuum 
equal to the saturated pressure of distilland is maintained 
in the still by a pump (not shown), and the distillate and 
residue may in addition be withdrawn by suction pumps 
connected to the pipes 26 and 28, in which event the heat 
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4. 
exchanger between the liquid in the pipes 26, 28 and 22 
may be dispensed with. 

In operation, distilland supplied through the pipe 22 
to the center of the rotating evaporating surface 40 will 
spread and flow in a thin film of the character hereto 
fore referred to outwardly over the surface 40 and toward 
the gutter 44 where the undistilled residue will be col 
lected and discharged through the pipe 28. 

It will be appreciated that the rotational speeds re 
quired to give adequate spreading of the distilland are 
nuch less than those desired for accelerating and com 
pressing the vapor. It is contemplated therefore that 
the compressor means comprising the fan blades 60 may 
be separated from the rotating barrier, as shown in Fig. 3 
where the shaft 32 rotates slowly, for instance, at 500 
R. P. M. In this modification the compressor comprises 
a frame or disk 146 carrying fan blades 47 and mounted 
on a second shaft 148 rotating in a bearing 49 on the 
casing cover 150. The double walled barrier and asso 
ciated conductors are the same in this modification, but 
a stationary partition 151 is supported in the casing 136 
and provided with a peripheral flange 152 which extends 
adjacent the compressor blades i47 to form a passageway 
53 leading as before into the space between the barrier 

walls. In this construction the compressor shaft i48 
may be rotated at say 3600 R. P. M. so as to increase the 
compressing function. The construction and operation 
of this modification are otherwise as previously de 
scribed. 

In the modification shown in Fig. 4, the barrier is of 
generally conical shape, and I contemplate that the apex 
angle of the cone may vary within wide limits from 
almost 180° to almost 0, and in the latter event the 
barrier would be more tubular than as illustrated in Fig. 
4. In Fig. 4 the barrier comprises a thin outer concave 
wall 254 of high thermal conductivity and a connected 
wall 255 Supported therefrom as shown to leave a con 
densing chamber 256 therebetween, the barrier being 
fixed on the outer end of a shaft 257 rotatably supported 
in a bearing 258 extending through the outlet conduit 259 
of a compressor or compressor fan 260 of any known or 
suitable construction having its intake 261 communicat 
ing with the interior of the casing 250 as shown. The 
outlet conduit 259 of the compressor communicates with 
the chamber 256 and has a running seal with the wall 255 
so as to separate the condensing chamber 256 from the 
evaporating chamber 252 in which the barrier rotates. 
The compressor 269 withdraws vapor from the interior 

of the casing 250, compresses the same, and discharges 
it into the condensing chamber 256. A conductor 263 
for distillate has an angularly turned end located in the 
peripheral portion of the space 256 and is led outwardly 
through the conduit 259 and thence to a vacuum with 
drawal pump and/or heat exchange unit (not shown). 
Distilland fed through the feed pipe 264 is discharged 
adjacent the center of the barrier wall 254 and distributed 
thereover by centrifugal force upon rotation of the bar 
rier by the shaft 257. The thickness of the film of 
distilland on the evaporating surface of the barrier 254 
will, of course, depend upon the rate of feed and the 
speed of rotation of the barrier, and in order to utilize 
the invention herein disclosed it is desirable that the bar 
rier be rotated at a speed so that the distilland will flow 
in a film substantially thinner than can be secured by 
a flow of such distilland of the same throughput on the 
same surface under the influence of gravity alone, and 
as described in connection with the previous modifica 
tion. 
The undistilled residue is slung off the outer periphery 

of the barrier into the casing 259 and withdrawn, if de 
sired, under Suction through a conduit 266. Conduit 
266 may, if desired, be passed along with the distiilate 
263 in heat exchange relation with the distilland feed 
pipe 264. The construction and operation of the modi 
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fication shown in Fig. 4 are otherwise the same as those 
of the modifications previously described. 

In the foregoing modifications the evaporating surface 
and the uncompressed vapor are directly exposed to the 
outer casing of the still, while the compressed vapor is 
contained within a secondary condensing chamber. Fig. 
5 shows a modification where this situation is reversed 
and vapor is generated within a closed rotating vessel and 
passed therefrom through a compressor to the outer con 
tainer where it is condensed on the outside of the rotat 
ing barrier and immediately flung therefrom, leaving only 
the thinnest film of distillate on the condensing Surface 
to obstruct the flow of heat to the heat exchanger. 

In Fig. 5 a casing 367 including a cover 368 encloses 
a pair of rotary paired cones 370. A centrifugal vapor 
compressor 372 and an electric motor 374 for driving the 
same are supported on the cover 368. The rotary paired 
cones 370 form a rotary phase separation barrier and 
heat exchanger of high thermal conductivity and at one 
end are rotatably supported by the bearing and Seal 
assembly 376 and at the other end by the bearing and 
seal assembly 378. Distilland is supplied through a feed 
pipe 380 under the control of a valve 382 and through a 
degasser 384 and feed pipe 386 which extends through 
the bearing and seal assembly 376 to the nozzles 388 
which discharge the distilland at the center of the rotat 
ing evaporating surfaces 390 of the barrier 370. 
The barrier 370 is rotated at such a speed as to cause 

the distilland discharged by the nozzles 388 to spread 
and flow on the evaporating surfaces 390 in a film sub 
stantially as thin as can be secured by a flow of such 
distilland of the same throughput on the same surface 
under the influence of a force at least ten times gravity. 
The vapor evolved from the flowing film of distilland on 
the surfaces 399 is withdrawn through the conduit 392 by 
the centrifugal compressor 372 which compresses such 
vapor and discharges it through the conduit 394 into the 
casing 367. The compressed vapor is brought into inti 
mate heat exchange relationship with the outer condens 
ing surface of the barrier 370 and condensed thereon, the 
heat of condensation thereof being transferred by the bar 
rier to the flowing film on the evaporating surfaces 390 
so as to promote the evolution of vapor therefrom. 
The rotation of the barrier 372 separates condensate 

from the condensing surfaces so as to prevent the ac 
cumulation of condensate on the condensing surfaces in 
a layer thicker than can be secured by a flow of such 
condensate of the same throughput on the same strface 
under the inituence of gravity alone. The condensate 
may be withdrawn from the casing through a pipe 353 : 
inder the influence of suction pump 394. The uildistilled 
residue is collected in the troughs or gutters 396 and re 
moved therefron by the residue discharge pipes 393, the 
ends of which project into the troughs 396 and face up 
stream so that the liquid residue will be forcibly dis 
charged through the pipes 398 which pass out through 
the bearing and seal asserably 376. A suction pump 46 
may have its intake connected to the upper end of the de 
gasser 334 and to the interior of the casing 367 so as 
to reduce the pressure therein. 
The barrier 379 is connected by a spider 402 to a rotary 

drive shaft 484 which passes through the bearing and 
seal assembly 376 where it may be connected to any 
Suitable driving means for rotating the barrier at the de 
sired speed. The de-gasser 384 and the casing 367 may 
be exhausted of residual air by the pump 489 so that the 
still will operate at the temperature of the distilland 
supplied through the feed pipes 335. 
The foregoing modifications show smooth rotating 

heat exchanger Surfaces varying in contour from near 
ly fiat piates through a cone or parabola to a nearly cy 
lindrical tube. Obviously other surfaces may be em. 
ployed which possess the characteristic of extending the 
area of heat exchange surface which can be accommo 
dated in a given volume while providing spreading and 
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flowing of distilland and distillate in films substantially 
thinner than can be secured by gravity with the same 
throughput. 

Another form of such an extended surface is shown 
in Fig. 6 where the rotary heat exchange and phase separa 
tion barrier 453 in constructed of convoluted sheet metal 
fastened hermetically between end plates 452, the same 
being rotatably supported upon a drive shaft 454 jour 
naled in bearings 456 and 458 mounted on the casing 
469. The casing 460 houses the barrier 456. One of 
the end plates 452 is internally formed to provide a hol 
low peripheral gutter 462 to receive and collect undis 
titled residue through the holes 464 which communicate 
with the evaporating chamber 466, the holes 464 being 
located inside the tips of the convolutions of the rotary 
heat exchange barrier 453. A pickup tube 463 conveys 
residue from the gutter 462 through the bearing and Seal 
assembly 458 to the exterior of the casing 468. 
A compressor fan 47 driven from the shaft 454 with 

draws vapor from the evaporating chamber 466 inside 
of the barrier 450 and compresses the same, and the 
compressed vapor is then discharged into the casing 469 
on the outside of the barrier 45 through the conduit 
472. A feed pipe 474 extends into the casing 46 through 
the bearing and seal assembly 455, sprays distilland in 
two even longitudinally disposed sprays or sheets 476 and 
473, one of such sets of spray being designed to impinge 
or one set of the internal surfaces of the rotary barrier 
456 while the other set of sprays is designed to discharge 
liquid on to the other set of internal surfaces of the 
rotor 45 during rotation thereof. The shaft 454 extends 
outside the casing 469 through the bearing and seal as 
sembly 458 where it may be connected with any suitable 
driving means. 
The rotary barrier 456 is rotated at such speed so 

as to spread and flow the distilland on the internal evapo 
rating surfaces thereof, and the vapor is withdrawn from 
the evaporating chamber 465 by the rotary fan 47 of 
the compressor through the conduit 480 which has a 
running seal with the barrier 450 so as to separate the 
evaporating chamber internally thereof from the con 
denser chamber externally thereof. Distillate is fung 
of the outer surfaces of the barrier 45 into the cham 
ber 4.6G, and such condensate may be withdrawn from 
the condensing chamber in a manner previously de 
scribed in the other modifications. This construction 
offers a rigid, inexpensive assembly of relatively large 
heat exchange area. Any lessening of the evenness of 
spreading of the distilland as compared with the pre 
vious modifications is compensated for by the larger 
available area of heat exchange surface. 
A further modification is shown in Figs. 8 and 9 

wherein the convoluted heat exchanger barrier is con 
structed with curved volutes 529 which are rotated by 
powerful sprays of distilland supplied by an external 
liquid pump (not shown) through a pipe 562. In this 
case the evaporating chamber and surfaces are on the 
outside of the barrier 555 and the condensing surfaces 
and chamber are on the inside. The barrier 54 is 
mounted for rotation on a shaft S66 journaled in bear 
ings in the casing 508. A compressor 518 withdraws 
vapor from the evaporating chamber 512 through the 
conduit 54 and discharges the same into the interior 
of the barrier 504 where it condenses on the inner sur 
faces thereof. A condensate discharge pipe 56 is ar 
ranged to collect condensate in an annular trough formed 
in one or both of the end plates 553 of the barrier in 
the same manner as the undistilled residue is removed 
from the barrier as shown in Fig. 7. 
The construction of Figs. 8 and 9 is very similar 

to that of Figs. 6 and 7 except for the manner in which 
the rotary heat exchange barrier is driven and for the 
fact that the condensing surface in Figs. 8 and 9 is on 
the inside and the evaporating surface in Figs. 8 and 9 
is on the outside, whereas in Figs. 6 and 7 these surfaces 
are reversed, 
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It is contemplated that the modifications shown in 
Figs. 6, 7, 8 and 9 may be operated in the same way 
as those previously discussed, and it is further con 
templated in any of the modifications, if desired, that 
the condensing surface may be used as an evaporating 
surface and vice versa, although it is obvious that this 
reversal of the arrangement will not necessarily be ad 
vantageous in all cases. 
The construction shown in Figs. 8 and 9 is particularly 

adapted for the concentration of slurries and fruit juices, 
since any suspended matter in the feed is flung off the 

Rate of Rotation of 
Barrier 
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vapor is produced by ebuliative boiling, splashings will be 
entrained and discharged from the boiler. Where, as in 
my invention, a relatively large area is exposed for evapo 
ration, and ebuliative boiling is absent, entrainment is sub 
stantially quenched at its source. 
As an example, actual experiments performed with a 

still of the kind illustrated in Fig. 4 gave the following 
results with sea water. In Table I the values for K in the 
last column represent the total heat transfer through the 
evaporating and condensing films and the heat transfer 
barrier itself. 

Table I 

Pressure Sr. IDistillate Temp. - , Differ- B. t. u. Kiss 
bish entii, Perily ev, "and Transferred Bt...t." E. percent bec. Oriens. ft. perhr. hirf1 F. 

2.7 4.7 60 6.0 7,700 1,280 
1.45 9.8 40 3.8 4,780 1,260 
2.42 16.5 45 6.7 i8, 550 1,980 

rotor. Also, the construction is partly self-pumping as 
regards vapor and may be made entirely so by mechani 
cally driving the rotary barrier at high speed, as per Fig. 
6 is desired. When the vapor is centrifuged off the out 
side and centrifugally compressed on the inside, as in this 
modification, it may in some applications be possible to 
dispense with the compressor 510. 

in all the modifications it is necessary to supply some 
heat to promote the evolution of vapor initially, and to 
reduce thermal losses insulation may be appropriately ap 
plied to the still. 

It has been calculated by the known Langmuir-Knudsen 
equation that the gross rate of evaporation of water at 
100° C. is 97.7 litres per second per square meter of ex 
posed liquid surface. When no steam is withdrawn, the 
same quantity of vapor condenses each second, and vapor 
and liquid are said to be in equilibrium. Suppose, now, 
that Ao litre of water is withdrawn each second in the 
form of steam, then the equilibrium will be disturbed by 
1 part in 1000. The evaporating vapor pressure will be 
760 mm. Hg and the condensing pressure 759.24 mm. 
The difference in boiling points corresponding with these 
two pressures is less than 2/100° C. If we allow 2 C. as 
temperature drop through the separating wall and liquid 
films in the stills of this invention, as their thinness and 
extended area permit us to do, the total temperature differ 
ence at the rate cited is less than 2.1. C. 
The more useful situation, however, is when a rela 

tively strong salt solution is evaporated and the steam is 
condensed to substantially pure water. As a useful sim 
plification, it will be considered that the dissolved solids 
of sea water lower the vapor pressure of steam at 100 
by 4.3 mm. for each 1% dissolved. To concentrate sea 
water from approximately 3% salt to 15% salt will re 
quire a minimum pressure difference between evaporator 
and condenser of 65-1-2 mm. Hg, or 36' of water, or 1.7 
lbs. gauge. At the other extreme, brackish water contain 
ing 4 of 1% of solids will require 2.2-1-2.1=4.3 mm. Hg, 
or 2.33 inches of water pressure difference. The construc 
tion according to my invention, while embodying real 
economies of first cost and low pressure differential for 
the distillation of heavy salt solutions, shows its greatest 
relative economy in purifying brackish waters of moderate 
salt content. The pressure differences required by other 
compression stills are much greater because of the con 
struction of still and the difficulty of detaching vapor from 
the surface of the distilland. 

in a compression still there are thus two drops in pres 
sure to be considered, one due to the intrinsic difference 
in vapor pressure of pure water and concentrated salt 
solution, the other due to difficulty of detaching vapor 
from the distilland. Where high pressure differentials are 
used, as in connection with conventional boilers, high 
velocities of vapor are automatically involved, and, if the 
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The figures for Ki are thus seen to be better than the 
very best hitherto known in steam boiler and condenser 
practice, and the temperature differentials are lower than 
reported in existing compression distillation of sea water 
at reasonable throughputs. This new, useful and remark 
able result has not heretofore been realized with thin film 
compression stills utilizing stationary or slowly rotating 
barriers. 
The compression still, according to my invention, is par 

ticularly useful in connection with the purification of 
water, such as brackish water and sea water. There are, 
however, many other impure liquids which are distilled in 
large volume and where the cost of heat for distillation 
is a major item, and I contemplate the use of the various 
forms of still embodying my invention for the distillation 
generally of organic substances, including particularly 
petroleum distillates, alcohols, ethers and esters, which 
are manufactured and handled in large quantities by in 
dustry. I do not, however, limit the use of my invention 
to these substances and contemplate purification of any 
mixtures of liquid material where the use of extended 
surfaces lowers thermal exposure and where substantial 
conservation of vapors is important. 

It is to be understood that the vapor should be com 
pressed to an extent sufficient so that it will condense at 
a temperature on the condensing surface just above that 
at which vapor is evolved from the film of distilland on 
the opposite side of the barrier, and preferably the vapor 
is compressed to create a pressure differential of less than 
20% of the absolute saturated vapor pressure of the dis 
tilland at the temperature of the film thereof. 

it will thus be seen that the invention accomplishes its 
objects and while it has been herein disclosed by reference 
to the details of preferred ent bodiments, it is to be under 
stood that such disclosure is intended in an illustrative, 
rather than a limiting sense, as it is contemplated that vari 
ous modifications in the method steps and their order and 
in the construction and arrangement of the parts, will 
readily occur to those skilled in the art, within the spirit 
of the invention and the scope of the appended claims. 

This application is a continuation-in-part of applica 
tion Serial No. 295,246 filed June 24, 1952, now aban 
doned. 

claim: 
1. In a compression still, at least one rotary heat ex 

change and phase separation barrier of high thermal con 
ductivity having integral evaporating and condensing sur 
faces disposed in heat exchange relation and so that upon 
the rotation thereof centrifugal force will be applied to 
liquid disposed on said surfaces, means for continuously 
supplying distilland to said evaporating surface on one 
side of said exchanger at a rate in excess of that required 
to wet said evaporating surface, said evaporating surface 
being arranged so that upon rotation thereof such dis 
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tilland will be free to spread and flow on such surface 
under the forces applied to such distilland, means for 
rotating said barrier at a specd sufficient: to continuously 
spread and flow distilland on said evaporating surface in 
a film substantially thinner than that which can be secured 
by a flow of such distilland of the same throughput on 
the same surface under the influence of gravity alone; 
to maintain the distilland on said evaporating surface 
continuously under forces many times greater than grav 
ity; and to centrifugally discharge the residue from said 
evaporating surface of said barrier, means for withdraw 
ing vapor evolved by such flowing film of distilland and 
compressing said vapor so that it will condense at a 
temperature above that at which it evolved, means for 
directing said compressed vapor into intimate heat ex 
change relation with the condensing surface on the other 
side of said rotating barrier so as to condense said com 
pressed vapor on said condensing Surface and to transfer 
the heat of condensation thereof to said flowing film on 
said evaporating surface to effect the evolution of vapor 
therefrom, said barrier being constructed so that such 
rotation thered f separates stich coridensate from said con 
densing surface as it condenses thereon so as to prevent 
the accumulation of condensate thereon and to maintain 
such condensate on said condensing surface in a film Sub 
stantially thinner than a film of such condensate of the 
same throughput on the same surface flowing under the 
influence of gravity alone. 

2. A compression still according to claim 1 wherein 
said, means, rotate said barrier at such a speed that said 
flowing film of distilland will be no thicker than a flow 
of such distilland of the same throughput on the same 
surface under the influence of a force at least ten times 
gravity. 

3. A compression still according to claim 1 wherein 
said barrier comprises a disk. 

4. A compression still according to claim 1 wherein 
said barrier comprises a conical member. 

5. A compression still according to claim 1 wherein 
said barrier comprises a tubular member. 

6. A compression still according to claim 1 wherein 
said barrier comprises a convoluted tubular member. 

7. A compression still according to claim 1 wherein 
said barrier comprises paired conical members forming 
a closed compartment therebetween. 

8. A compression still according to claim 1 wherein 
said barrier is in the form of a hollow member, the 
inside of which forms the evaporating surface and the 
outside of which forms the condensing surface. 

9. A compression still according to claim 1 wherein 
said barrier is in the form of a hollow member, the inside 
of which forms the condensing surface and the outside 
of which forms.the evaporating surface. 

10. A compression still according to claim 1 wherein 
said compressing means are constructed and arranged to 
compress said vapor so as to create a pressure differential 
of less than 20% of the absolute saturated vapor pressure 
of the distilland at the temperature thereof. 

11. A compression still according to claim 1 includi 
ing provisions for centrifuging said vapor as it evolves 
with respect to said film. 

12. A compression still according to claim 1 wherein 
said vapor compressing means comprises an axial com 
pressor. 

13. A compression still according to claim 1 wherein 
said vapor compressing means comprises a centrifugal 
compressor. 

14. In a compression still, at least one heat exchange 
and phase separation barrier of high thermal conduc 
tivity.having integral evaporating and condensing surfaces 
disposed in heat exchange relation, means for continu 
ously supplying distilland to said evaporating surface at 
a rate in excess of that required to wet said evaporating 
surface, said evaporating surface being arranged so that 
stich distilland is free to spread and flow on such evapo 

5 

30 

40 

50 

60 

65 

70 

75 

10 
rating surface, means for applying force of a magnitude 
many times in excess of gravity to such distilland so as 
to spread and flow such distilland on said evaporating 
surface in a film substantially thinner than that which 
can be secured by a flow of such distilland of the same 
throughput on the same surface flowing under the influ 
ence of gravity alone thereby to substantially reduce the 
resistance to evolution of vapor from said distilland and 
forcibly discharge the residue from said evaporating sur 
face, means for withdrawing vapor evolved by such flow 
ing film of distilland and compressing said vapor so that 
it will condense at a temperature above that at which 
it evolved, means for directing said compressed vapor 
into intimate heat exchange relation with said condens 
ing surface so as to condense said compressed vapor on 
said condensing surface and to transfer the heat of con 
densation thereof to said flowing film on said evaporating 
surface to effect the evolution of vapor therefrom, and 
means for separating such condensate from said condens 
ing surface as it condenses thereon so as to prevent the 
accumulation of condensate thereon and to maintain said 
condensate on said condensing surface in a film substan 
tially thinner than a film of such condensate of the same 
throughput on the same surface flowing under the influ 
ence of gravity alone. 

15. A compression still according to claim 14 wherein 
means are provided for rotating such barrier at a speed 
Such that said flowing film of distilland will be no thicker 
than a flow of such distilland at the same throughput on 
the same surface under the influence of a force at least ten 
times gravity. 

16. A compression still according to claim 14 wherein 
distilland discharged by said distilland supplying and 
Spreading means is utilized to effect the rotation of said 
barrier. 17. In a compression still, at least one rotary phase 
separation and heat exchange barrier of high thermal con 
ductivity having integral evaporating and condensing sur 
faces disposed in heat exchange relation, said evaporat 
ing Surface being so disposed that liquid thereon will 
be forced against and caused to spread and flow over said 
evaporating Surface due to the rotation of said barrier, 
means for continuously applying distilland to said 
evaporating surface at a rate in excess of that required 
to Wet said surface at the speed at which said barrier is 
rotated, means for rotating said barrier at a speed suf 
ficient to continuously apply to said distilland force of 
a magnitude many times in excess of the force of gravity 
acting on said distilland, so as to spread and flow such 
distilland continuously on said surface in a film sub 
stantially thinner than that which can be secured by a 
flow of such distilland of the same throughput on the 
same Surface under the influence of gravity alone and so 
that said distilland is forced against said evaporating sur 
face in addition to spreading and flowing thereon, means 
for withdrawing vapor evolved by such flowing film of 
distilland and compressing said vapor so that it will con 
dense at a temperature above that at which it evolved, 
said barrier being rotated at such speed as to centrifugal 
ly discharge the residue from said evaporating surface, 
means for directing said compressed vapor into intimate 
heat exchange relation with said condensing surface so 
as to condense said compressed vapor on said condensing 
Surface and to transfer the heat of condensation there 
of to said flowing film on said evaporating surface to ef. 
fect the evolution of vapor therefrom, said condensing 
surface being so disposed with respect to the axis of ro 
tation of said barrier that centrifugal force applied to 
condensate on said condensing surface, due to such ro 
tation of said barrier, will centrifugally remove such con 
densate from such condensing surface as it condenses 
thereon to prevent the accumulation of condensate on 
said condensing surface and so as to maintain such con 
densate on said condensing surface in a film substantially 
thinner than a film of such condensate of the same 
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throughput on the same surface flowing under the in 
fluence of gravity alone. 

18. In a compression still, at least one rotary phase 
separation barrier and heat exchanger of high thermal 
conductivity having an integral evaporating surface on 
one side and a condensing surface on the opposite side, 
an annular collecting trough so disposed with respect to 
said evaporating surface as to collect and confine liquid 
centrifugally discharged therefrom and to prevent dis 
persion of said liquid in the form of a spray, means for 
continuously applying distilland to said evaporating sur 
face at a rate in excess of that required to wet said 
evaporating Surface, said evaporating surface being ar 
ranged so that upon rotation thereof such distilland will 
be free to spread and flow on such evaporating surface 
under the force applied thereto due to rotation of said 
barrier, means for rotating said barrier at a speed suf 
ficient to continuously apply to said distilland on said 
evaporating Surface, centrifugal force of a magnitude 
many times in excess of the force of gravity acting on 
said distilland on said evaporating surface, so as to spread 
and flow such distilland continuously on said evaporat 
ing surface in a film substantially thinner than that which 
can be secured by a flow of such distilland of the same 
throughput on the same surface under the influence of 
gravity alone, means for withdrawing vapor evolved by 
such flowing film of distilland and compressing said vapor 
so that it will condense at a temperature above that at 
which it evolved, said barrier rotating means being con 
structed and arranged so that such rotation of said bar 
rier is effective to centrifugally discharge the residue from 
said evaporating surface into the said collecting trough 
thereby to separate the residue from said distilland, 
said evaporating surface and the vapor evolved there 
from, means for directing said compressed vapor into inti 
mate heat eXchange relation with said condensing sur 
face so as to condense said compressed vapor on said 
condensing surface and to transfer the heat of condensa 
tion thereof to said flowing film on said evaporating sur 
face to effect the evolution of vapor therefrom, said bar 
rier being constructed so that such rotation thereof 
separates condensate from said condensing surface as it 
condenses thereon thereby to prevent the accumulation 
of condensate thereon and so as to maintain such con 
densate on said condensing surface in a film substantially 
thinner than a film of such condensate of the same 
throughput on the same surface flowing under the in 
fluence of gravity alone, and a conduit having its end 
projecting into said trough for discharging residue there 
from. 

19. In a compression still, at least one rotary phase 
separation barrier and heat exchanger of high thermal 
conductivity having an integral evaporating surface on 
one side and a condensing surface on the opposite side, 
a collecting trough so disposed with respect to said 
evaporating surface as to collect and confine liquid dis 
charged therefrom and to prevent dispersion of said 
liquid in the form of a spray, means for continuously 
applying distilland to said evaporating surface at a rate 
in excess of that required to wet said evaporating surface, 
said evaporating surface being arranged so that such 
distilland will be free to spread and flow on such evapo 
rating surface under the force applied thereto upon ro 
tation of said barrier, means for rotating said barrier at 
a speed sufficient to continuously apply to said distilland 
on said evaporating surface, centrifugal force of a magni 
tude many tiiles in excess of the force of gravity acting 
on said distilland on said evaporating surface, so as to 
spread and flow such distilland continuously on said 
evaporating surface in a film substantially thinner than 
that which can be secured by a low of such distilland of 
the Sanae throughput on the same surface flowing under 
the influence of gravity alone, and so as continuously to 
discharge the residue from said evaporating surface into 
said collecting trough thereby to separate the residue from 
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12 
the distilland, said evaporating surface and the vapor 
evolved therefrom, means for withdrawing vapor evolved 
by such flowing film of distilland and compressing said 
vapor so that it will condense at a temperature above that 
at which it evolved, means for directing said compressed 
vapor into intimate heat exchange relation with said con 
densing surface so as to condense said compressed vapor 
on said condensing surface and to transfer the heat of 
condensation thereof to said flowing film on said evapo 
rating surface to effect the evolution of vapor therefrom, 
said barrier being constructed so that such rotation is 
effective to fling condensate from said condensing sur 
face as it condenses thereon. 

20. That method of continuous distillation which com 
prises rotating a heat exchanger at a speed sufficient to 
apply centrifugal force of a magnitude many times greater 
than the force of gravity to distilland so as to continuously 
distribute and flow and maintain distilland on the evapo 
rating surface of said heat exchanger in a film substantially 
thinner than can be secured by a flow of such distilland 
of the same throughput on the same surface flowing un 
der the influence of a force of the order of gravity alone, 
continuously evolving vapor from said flowing film while 
continuously separating the residue therefrom, collecting 
said residue out of contact with said flowing film, with 
drawing and compressing said vapor and contacting such 
compressed vapor with a condensing surface on the oppo 
site side of said heat exchanger so as to condense said 
vapor thereon, transferring the heat absorbed by the heat 
exchanger, due to the condensation of vapor on the con 
densing surface thereof, to said evaporating surface and 
thence to said film of distilland to effect the evolution of 
vapor therefrom, and utilizing the rotation of said heat 
exchanger to separate condensate from said condensing 
surface as it condenses thereon so as to prevent the ac 
cumulation of condensate on said condensing surface. 

21. That method according to claim 20 wherein the 
vapor is compressed to create a pressure differential of 
less than 20% of the absolute saturated vapor pressure of 
the distilland at the temperature thereof. 

22. That method according to claim 20 including the 
step of centrifuging said vapor as it evolves with respect 
to said evaporating face. 

23. That method of continuous distillation which com 
prises applying force of a magnitude many times greater 
than the force of gravity to distilland, so as to continu 
ously distribute and flow distilland on the evaporating 
Surface of a heat exchanger in a film substantially thinner 
than can be secured by a flow of such distilland of the 
same throughput on the same surface flowing under the 
influence of a force of the order of gravity alone, thereby 
reducing the resistance to evolution of vapor from said 
film, continuously evolving vapor from said flowing film 
while removing the residue therefrom and from contact 
with Said surface, collecting said residue out of contact 
with said flowing film and out of the path of vapor evolv 
ing therefrom, withdrawing and compressing said vapor 
and contacting such compressed vapor with a condensing 
Surface on the opposite side of said heat exchanger so as to 
condense said vapor thereon, transferring the heat ab 
Sorbed by the heat exchanger, due to the condensation of 
Vapor on the condensing Surface thereof, to said evaporat 
ing Surface and thence to said film of distilland to effect 
the evolution of vapor therefrom, and applying force 
many times greater than the force of gravity to said con 
densate as it condenses on said condensing surface so as 
to fling condensate therefrom and thereby maintain such 
condensate on said condensing surface in a film substan 
tially thinner than a film of such condensate of the same 
throughput on the same surface flowing under the influ 
ence of gravity alone. 

24. That method of continuous distillation which com 
prises applying centrifugal force of a magnitude many 
times greater than the force of gravity to distilland, so as 
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evaporating surface of a heat exchanger in a film substan 
tially thinner than can be secured by a flow of such dis 
tilland of the same throughput on the same surface under 
the influence of a force of the order of gravity alone, 
applying centrifugal force to such distilland for holding it 
against such evaporating surface, continuously evolving 
vapor from said flowing film while removing the residue 
therefrom and from contact with said surface, withdraw 
ing and compressing said vapor and contacting the com 
pressed vapor with a condensing surface on the opposite 
side of said heat exchanger so as to condense said vapor 
thereon, transferring the heat absorbed by the heat ex 
changer, due to the condensation of vapor on the con 
densing surface thereof, to said evaporating surface and 
thence to said film of distilland to effect the evolution of 
vapor therefrom, and applying centrifugal force many 
times greater than the force of gravity to said condensate 
as it condenses on said condensing surface, so as to prevent 
the accumulation of such condensate on such condensing 
surface in a film thicker than that of said flowing film of 
distilland and so as to fling such condensate away from 
such condensing surface. - 

25. That method pertaining to the transfer of heat 
through a heat exchanger for evolving vapor from a flow 
ing film of liquid on one side of said exchanger, by the 
heat of its own vapor, raised in temperature by compres 
sion and condensed on the opposite side of said exchanger, 
which comprises continuously applying centrifugal force 
of at least ten times gravity to the liquid on said one side 
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of said exchanger and to the distillate formed by said 
vapor as it condenses on said opposite side of said heat 
exchanger so as to maintain each of said liquids in a film 
on said heat exchanger substantially thinner than a film 
of the same liquid of the same throughput flowing on the 
same surface under the influence of gravity alone. 

26. That method pertaining to the transfer of heat 
through a heat exchange and phase separation barrier . 
to a flowing film of distilland on one side of said ex 
changer, from the heat liberated upon the condensation 
of vapor therefrom raised in temperature by compression 
and condensed on the opposite side of said exchanger, 
which comprises rotating said exchanger at such a speed 
as to apply centrifugal force of at least ten times gravity 
to said liquids so as to maintain each of the same in a 
film on said barrier substantially thinner than a film of the 
same liquid of the same throughput flowing on the same 
surface under the influence of gravity alone. 
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