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6 Claims,

" This invention relates to vacuum pumps and
more ‘particularly to a vacuum pump assembly
comprising a vapor pump- working in tandem
with a mechanical vacuum pump,

" My invention in its most comprehensive form
features basically a vapor pump unit which may
comprise one stage or two or more stages. con-
nected in series. This output of low vacuum

provide a vapoi' pump for cooperation with a

- mechanical pump in which the valve for closing
- the connection betiween these two pumps is op-

(=}

erated by an arrangement connected through a
metal bellows, e. g. a “Sylphon” bellows, so that

the system may be maintained airtight.

stage of the vapor pump may be connected by a. -

tube or pipe with the input of a rotary mechani-
cal pump, which may consist of two rotor pump
stages operated by an electric motor. ' The vapor
pump comprises a vaporizing unit, together with
. vapor condensing chambers, into which is con-
nected a connecting means from a vessel which

is to be evacuated. The gas drawn from the’

vessel to be. evacuated: passes.through.the vapor
pump and therefrom to the input of the me-
chanical pump. The mechanical pump com-
prises preferably a two-stage rotary pump, the
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pump being immersed in' a reservoir containing

sufficient oil to completely cover the mechanical

parts of the puxhp A valve is interposed in the.

tube interconnectmg the vapor pump and the
mechanical pump, and controlled by the opera-
tion of the latter to close the high vacuum vapor
system from the mechanical pump at all times
when the mecha.mcal pumping motor is not run-
‘ning. -

Itis.a prmc1pal object of my invention to pro-
vide a high vacuum pump which is compact in
size and efficient in operation.

It is a further object of my invention to pro-

vide a vacuum pump arrangement in which an '3r
Tod

extremely high vacuum may be attained by use
of tandem connected vapor and mechanical
pump, -elements. .

still further object of my 1nvent10n to

in size and capable of operating at very
hlgh speed

,two-stage rotary mechanical pump:
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It is a further object of my invention to pro- -
vide. a. two-stage rotary pump operating .im- °

mersed in oil, in which the air or gas outlet for
the pumping unit is so dxsposed as to mmlmlze
the absorption ‘of air in the immersing oil. ' ‘
It is a still further object of my invention to
provide a rotary mechanical vacuum pump op-
erating under oil connected in tandem with a

high vacuum vapor pump, and provided with

means for completely separating the vapor pump
arrangement from the mechanical pump when
the speed of the mechanical rotary pump is be-
low a certain fixed level. )

It is a still further object of my invention to

55

- It is a still further object of my invention to .
provzde an oil operated vapor pump in which
the oil vapor condenser unit compnses a frac-
tlona,tmg arrangement.

It-is a still further object of my anventlon to
provide an oil vapor operated vapor pump in
which the metal comprising the vapor boiler and
nozzle are of such a material as to enhance the
operation of the system. .

It is a still further object of my invention to.-
provide in a.vapor vacuum pump a suitable char-
coal trap having a heating element which may
be used-to de- gas the charcoal trap when neces-
sary.

Other objects and advantages of my invention
will become clear from a reading of the specific
description of my invention given with refer-
ence to the accompanying drawings, in ‘which

Figs. 1 and 1A show a cross-sectional view of a
particular ‘embodiment of my invention illus<
trating a two-stage vapor pump connected in
tandem with a two-stage rotary -mechanical
pump.

Figs. 2 and 2A show a view partly in section
taken at right angles to the showing of Fig. 1.
- Fig. 2B is a section on the line 2B—2B of Fig. 1.

Fig. 3 is an exploded view of the mechanical
pump shown in Fig, 1. v

Pigs.. 4 to 7 illustrate diagrammatically other
forms of a vapor pump in accordance with the
principles of my invention, and

Pigs. 8 to 13 illustrate still other forms of vapor

" pumps and fractionating arrangements in ac-

cordance with my invention.

" Turning now to the drawings, T will first de-

scribe -a preferred embodiment of my invention
comprising the pump assembly unit illustrated
in Figs. 1, 1A, 2, 2A, 2B and 3 of the drawings.
In these figures is shown a supporting base I
which houses the electric motor 2 and the me-
chanical pump, indicated generally at 3, and

'serves as a support for the vapor pump, indi-

cated generally at 4, and the control element for
interconnecting the vapor pump and the me-
chanical pump. The supporting base | also
serves as an oil reservoir for the mechanical
pump, the oil being generally maintained at a-
level as indicated in Fig. 1, above the level of the




2
mechanical pump element but below the level of
- the electric motor. The vapor pump may use
any desired medium, but is generally designed to
operate on oil or other volatile hydro-carbon
compound. . ) :
The whole vapor pump assembly is enclosed in
a cylindrical housing 13 provided with a series
of louvers I4 at its uppermost end which serves
to keep dust and dirt out of parts of the equip-
ment and to control the draft of air therein.
_ The vapor pump assembly is mounted by means
of four supports, two of which, 21, 22, can be

10

seen in Figs. 1 and 2B, and in which supports

21, 22, 23 and 24 may be seen in PFig. 1A. At the
center of 1id 15 hinged to the cover 13, is pro-

vided tube I1. This tube is open at both ends'

and the outer end may serve as & connection be-
tween the pump and any apparatus that is to be
evacuated.  The lower end of tube IT opens into
. & chamber 640 which communicates directly with
the open ended tubular member 400." Tubular
member 400, as well as the vapor pump condens-
ing chambers of pump assemblies 420, 440 and
the tiibular member 460 connected to the exhaust
port for the vapor pump, are surrounded by-a
water jacket 547 which, however, is closed from
communication with the open chamber 640. The

water may be introduced to this chamber through,

two of the supporting rods, such as 22, 23. "The
water after circulating through the upper con-
densing chamber may be withdrawn by means of
pipe 124 and circulated through pipe 25, 28, s0.as

to serve to cool the oil surrounding the me-:

chanical pump. } L

_The air or other gas entering through 11, after
passing down to tubular member 400, is dis-
charged through the opening 40! into the first
stage of the vapor pump assembly 420. It is
possible that some oil vapor from the pump cham-
ber 420 may escape through opening &81 back into
the air stream and up to tube 11. This backing up
of the oil vapor tends to cause a deposit of oil on

the elements of & vacuum tube or other apparatus -

being evacuated at such time as the pump is not
operating.. One feature of the vapor pump in

156
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to incoming molecules of gas is materially re-

duced. : :
Within the charcoal trap element I provide

a heating element 642. The heating element Is

- preferably designed so as to attain a temperature

of about 500° C. when 20 volts is applied across
the. terminals. This temperature is sufficiently
high to completely out-gas the trap.. Also, I pro-
vide means 'so that the initial potential applied
to the heating element is under 25 volts, since if
a. higher temperature is used, serious ionization
may occur which may destroy the heater unit.
This charcoal trap has been found to be capable

- of adsorbing all the vapors of a pumping medium

for a period of at least thirty-four days, and in
all probability is effective for an -even greater
period. At the end of this time heating may

_ be effected to drive out all the gas, after which

the trap is ready for another period. The tube

‘need not be disconnected from the circuit during

*. this procedure but is merely deenergized for the
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accordance with my invention tends to greatly -

minimize this condition.

Since the tubular member 400 is surrounded by
the cooling water, most of the vapor escaping
into tube 400 will be immediately condensed and
will, therefore, be taken from any air stream.
However, in order to further minimize the oppor-

_ tunity of any oil to escape back, I provide a trap
. member 841 across the opening of tube IT. This
- trap need be only of sufficient size to cover ap-
proximately one-half the area of the input cham-~
ber §40. This trap or cell comprises a casing
preferably of mesh, filled with charcoal, which
extends completely over the open end of tube 400,
_ g0 that any oil escaping from tube 400 must first
traverse the charcoal where it is adsorbed and
removed from the gas. By making this trap cover
.only approximately one-half of the area of the
opening the pumping speed is increased since
the gas molecules do not 'all have to fraverse
through the trap by random molecular move-
ment, as is the case when the trap is made to
completely cover the opening.  However, by the
arrangement practically every molecule of the
oil or other pumping medium which traverses
backward through tube #00, strikes the charcoal
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and is adsorbed. Thus the device is as effective, -

from 8 standpoint of a vapor condensation, as if
it covered the entire area, whereas the resistance

75

period of de-gassing:.

Although it is not necessary to use this char-
coal cell with the pump in accordance with my
invention, I have found that by using this cell
in conjunction with my high vacuum pump, a
vacuum as low as 10-8 mm. of Hg may be ob-
tained, whereas without the use of this trap the
vacuum obtained was 10—7 mm. of Hg.

The charcoal heater element requires one lead-
in bushing to carry the current. The return cir-
cuit may be made to the wall of the container.
The lead-in bushing as shown, may be made with-
out the use of metal glass seals. This bushing
comprises a steel block 845 through which the
leading-in rod 646 provided with a flange 6471
is provided. On the bottom portion of block 645

- is placed a mica disc 648, and above the flange

is placed another mica disc 649. The whole unit
is then compressed so that the inturned edges
644 serve to firmly hold the mica unit assembly
in position. The upper part of this arrangement’
may then be filled with suitable varnish and
whole assembly baked. This forms an air tight
seal which is considerably stronger than a glass
seal and will stand considerable temperature.
Returning now to the description of the pump,
the vapor pump assembly 420 comprises the
tube 429 mounted within the water jacket 541.
This assembly is preferably of steel brazed to-
gether so that all the essential parts are welded
as a unit. The open ends are then covered with
lids or caps 421, which are preferably fastened
in place by means of a cup-type solder joint
422. These cup-type solder joints are preferably

“used in connecting together all of the essential

parts of the apparatus since they form an effec-
tive vacuum type seal and may be readily dis-
connected by merely heating the element suffi-
ciently to melt the solder. The retaining cup
holds the melted solder so that the joint may be
readily reestablished.

In order to more fully seal the members, the

’elements are preferably coated with a metal such

as copper on all the surfaces and the whole as-
sembly is then thoroughly tinned. This tinning
will serve not only to insure the vacuum tight
seal, but also will prevent rust. However, if de-
sired the whole assembly may be made of some
corrosive resistant materia]l such as chromium
steel.

At the bottom end of tube 429, I provide a
boiler 423. This boiler is heated by means of a
heating unit 424, which is connected by means of
leads 425 to a supply source, not shown. Within
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the boiler 423 and fastened thereto is a nozzle
428, About the nozzle are provided a plurality
of flanges 427 serving as baffles, these flanges are
spot-welded or otherwise fastened to the nozzle,
and are provided with small perforations 4271’
which will permit the return of oil to the outside

5

-of boiler 423 and thence through suitable open- -

ings 423’ into the interior thereof. The perfo-
rations or holes. 827’ provided in the baffles 427
should be sufficiently small so that the returning
oil or other medium will form substantially a

gas-tight seal, to prevent gas being drawn there-

through into the boiler. )

The nozzle assembly . is preferably made of
stainless steel of very high chromium content, as
it has been found that this material is very good

for this purpose. Many of the metals, for exam--

ple copper, exhibit a property similar to catalytic
action which promotes decomposition of a hy-
drocarbon pumping medium. It is therefore

necessary to avoid the use of copper or copper.

bearing alloys in the boiler and the nozzle struc-
ture. I have found that metals containing a
high percentage of chromium exercise a bene-
ficial action in this respect, in that they do not
have any catalytic effect but for some reason
have the property of collecting and eliminating
from the liquid of the boiler, the tarry residues
which normally form after extended use, and for
this reason when this metal is used the medium
remains clear and colorless.  The steel used in
my experiment was stainless steel made of 20%
chromium iron. -It is clear, however, that con-

10
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thereof, hydro-carbon oils which are solid”in

their natural state and have very low vapor pres- -
sures may be used, and & higher vacuum ob-

tained. i

In column 430 may be provided a series of discs
on frays 431. These discs serve to catch and
hold some of the condensate that forms at the
point of their location, thereby tending to pre-
vent diffusion of oil vapors back into the vacuum
chamber. These trays are not essential to the
‘operation of the pump, however. - :

As can readily be seen the fractionating col-
umn arrangement serves to keep the less vola-.
tile oils at the lower end of the pumping cham-
ber and the most highly volatile oils at the top
thereof. Since the more volatile oils generally

* have higher vapor pressires the pump maintains
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. siderable departure from this precise percentage -

may occur without sacrifice of the beneficial ef-
fect. I have found no other metals which ex-
hibit this effect. Even glass, which is a rather

35

inert material does not act in this way. The ex-

traction of these tarry substances is advanta-
geous, because the boiling point of the liquid
medium in the beiler then remains constant in-
stead of increasing, as it does if these tarry resi-
dues are permitted to accumulate.

The high. vacuum inlet 401 to pump_ 420 is ar-
ranged at-a point below the opening of the noz-
zle #26. When the oils in the boiler 428 are va-
porized by heating, the vapors are expelled into
429, and tend to-condense therein due to ‘the
cooling effect of the water jacket. The vacuum

in chamber 429, forms a thermal insulation

about the tubular member 430 which constitutes
a fractionating column or tower which is spaced
from the walls of 429. This insulation produces
a uniform temperature gradient in 430 ranging

from a high temperature at its lower end to a ;

Ibw temperature at its upper or exhaust end.
The oils having a low vapor pressure, tend to
condense at a higher temperature than the
lighter oils of higher vapor pressure and return
to the boiler. The other oils of higher vapor
pressure tend to condense at points in column
430 which correspond to their condensation tem-
perature so that only the lighter ends reach the
“upper part of the column, The condensate of
these lighter. oils tends to return to the hoiler,
and upon descent to a warmer region absorbs
“heat liberated by the less volatile oils and tend
to reevaporate. Thus the column 430 serves as
a fractionating column to maintain the oils of
different vapor pressure seéparated so that a pres-
sure gradient inverse with respect to the temper-
ature gradient is establishpd. By thermally in-
sulating the full length of chamber 429, or ex-
tending column 430 down to the neighborhood of
the boiler and cooling only the uppér portion
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lowest vapor pressure at the lower end thereof
adjacent the high vacuum inlet,

Furthermore the more volatile oil vapors con-
densed in the upper trays form a’less viscous
liquid than do the heavier oil vapors, and there-
fore tend to wash off the heavier or gummy oils
and return them to the boiler. This action
serves to keep the lower pressure oils in use, so
that the pump.maintains a low pressure after a
period of continuous use.’ )

The gases- carried aleng with the stream of
vapors are thus brought to the upper end of the
tube 429 of pump 420 and through the opening
430°, and to the down léading tubular member
433, from which they are discharged at 434 into
the lower end of the pump 440, which consti-
tutes a second vapor pump. This pump is pro-
vided with a heater member 4448 and a boiler
443 from which project a nozzle 446 correspond-
ing in construction to the boiler and nozzle ar-
rangement disclosed in member 420. The gases °
in pump 440 are carried upwardly through a
fractionating column comprising the trays 441
by the vapors expelled from nozzle 446 in a man-
ner similar, to that specifically described in con-
nection with the pump 420. At the upper end of
pump 440 the gases which were carried along
by the vapors are discharged through an open-
ing 448 into the tubular chamber 460. The gases
passing. downwardly through 460 are further
cooled so that any vapor therein of the oil or

- other medium, will tend to condense in this
-chamber. In the bottom end of tubular member °

460 is provided a closure member 451 having an
aperture 462 which is adapted to be closed by a
valve 463. This valve opens or closes a passage-
way from tube 460 into the cup shaped member
464 whence the gases discharge to the pipe 46§
and are carried to the input 342 of the mechani-
cal pump 3.

The valve member 463 is controlled by a link-
age mechanism so that the valve is closed at all
times that the mechanical pump is not operating
at the proper speed. The linkage comprises an
arm 209 connected to the control link 466 of the
valve 483 through the medium of a metal bel-
lows 467. By this arrangement a control system

5 is provided in which the gas tight seal may be

properly maintained, while permitting desired
movement of the apparatus. The speed respon-
sive control arrangement for the valve will be
described in more detail with reference to the
specific mechanical construction of the pump
and its associated apparatus. ‘

In the preferred arrangement I have illus-
trated a protective device which will operate
when the temperature of the cooling water cir-
culating about the vapor pump reaches a critical
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value. ‘This device preferably consists of a steel
or other tubular metal housing 450 attached to
the outer wall of the vapor pump assembly.
Within this tube I provide a rod 45f of some
metal which expands at a different rate than
the housing, for example, of aluminum which is
adjustably attached by means of a screw thread
or other coupling arrangement 452, The dif-
ference in expansion between the aluminum rod
and the steel housing 450 causes switch 453 to
operate when the temperature rises too far, and
this switch is arranged to cut the power to the
heater of the vapor pump boilers and at the
same time, if desired, may be caused to close an-
other circuit to ring an alarm bell. .

In order to make it possible to renew or re-
move ‘he pumping medium from the boilers or
inspect the same without disturbing the assembly
unit, I provide tubes 454 closed at one end by
‘means of a plug 455, e. g. of steel. The plug
and tube arrangement is incorporated in the
head of each vapor pump so as to be accessible
from a point external to the chamber 649. A
vacuum joint may be formed by screw threading
the plug 455 into the tube 454, a metal or other
gasket being provided for the screw head and
the cooperating surface of the latter being
grooved.

The mechanical pump 3 is driven by a suitable
means such as an electric motor 2, preferably a

three-phase motor mounted directly on shaft’

200. This shaft also drives the rotor of the me-
chanical pump, and air circulating fan 201.
Within the periphery of this fan a centrifugal
operating mechanism 202 is provided. This
centrifugal apparatus serves to actuate lever 203
and connecting links 204 and 205 to operate the
valve 463. When the motor reaches the proper
driving speed the lower end of members 202
move outwardly by centrifugal force, permitting
lever 203 to drop, thus opening the valve 463
and connecting the vapor pump with the input
circuit of the mechanical pump.

In order to prevent the oil from entering the
motor, the oil level is maintained at a point
below the level of the motor. A further protec-
tion for the motor is provided by means of a
suitable covering such as 7105 which entirely sur-
rounds the motor except for openings 206 which
are provided to furnish ventilating air for the
" motor. As a further precaution against oil which
covers the mechanical pump from entering the
motor, I provide a packing 207 about the shaft
200 at the point where it leaves the casing 20%
and enters the chamber in which the mechanical
pump is operated.

The gas emerging from the vapor pump
through pipe 465 is conducted to the inlet port
341 provided in the top plate 340 of this pump
through an inlet 342. . Connected to plate 340
is a downwardly extending tubular member 343,
which serves to conduct lubricating oil to the
vacuum seal of pump 3.

The second or low pressure stage of a me-
chanical pump comprises the rotor assembly 331
provided in cylinder 330 of the pump. This
rotor 331 is eccentrically mounted on the shaft
200 so that upon rotation of shaft 200, one edge

15
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by shaft 200, the input port 341 being arranged
at & point immediately adjacent the departure
side of vane 332. In order that the rotor will
not present undue rubbing against the walls of

‘the ring 330 and consequent excessive wear, I

prefer to construct the rotor in the form of a
ring 334 having an inner ball race, and an inner
positively driven member 335 between which
suitable ball bearings 336 are provided. The use
of this ball bearing construction causes the rotor
to contact the inner wall with a rolling motion
and reduces the friction that would result from
a sliding contact.

The. center plate 320 has an exhaust port 321
for the second stage of the pump 3. This ex-
haust port also serves as the input port for the

. first stage of the pump. The faces of the rotor

331 serve as cut-off valves for the input and
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of this rotor will contact the inner walls of cyl- -

inder 330, a controlling vane 332 is provided ex-
tending inwardly into cylinder 330 and into con-
tact with rotor 33f. A spring operated lever 333
is provided to maintain the vane continuously
in contact with rotor 331. The rotor 33{ is ro-
tated in the direction indicated by the arrow

70
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exhaust ports when the rotor reaches the proper
position for opening and closing these ports,
and the vane 332 maintains separate the input
and output portions of the pump.

The gas taken in at port 341, is compressed
by rotor 331 as the rotor progresses after the
port 34! has been closed. As the compression
reaches a maximum value the lower face of
rotor 331 moves in such a position as to open
the output port 321 and the gases are expelled
under pressure into the next stage of the pump.

The first stage of the pump contained in ring
310 comprises & rotor 311 similar in. construc-
tion to that rotor 331, but offset on shaft 200,
180° with respect to rotor 33f. A vane 312 is
provided against which the operated lever 318 is
pressed by a spring 323. Since the rotors 311
and 331 are 180° out of phase with each other,

a single spring 323 serves to control both of the

levers 333 and 3{3. Likewise, since vanes 332
and 312 move in opposite directions so that vane
332 is furthest depressed at the time 312 is in
its most outward position, there is very little
distortion of spring 323 during the operation of
the pump. Consequently the pump may be op-
erated at relatively high speeds without. causing
fatigue of the spring. For this reason the ar-
rangement in which the rotors are offset at 180°
increases the life of the spring mechanism.
Likewise by mounting the rotors at 180° dis-
placement, the rotary load on the shaft is more

nearly balanced and consequently higher speeds

may be obtained without causing undue vibra-
tion.

The output port of the first stage of rotary
pump 38 is shown at 30f. This port leads through
a suitable opening in member 300 to the lower
end of the gas exhaust tube 302, This exhaust
tube is arranged so that it extends upwardly
through the oil contained in the reservoir of

the pump but terminates at its open end below:

the level of the oil. Thus the gas exhausted
from the pump travels upwardly through tube
302, to a point near the surface of the oil before
being exhausted. By providing the tube 302 so
that the gas is discharged at a point near- the
surface of the oil, excessive bubbling and dis-
solving of the gas in' the oil is reduced to a
minimum. However, the discharge still takes
place under the pressure of the oil so that air
may hot reenter the pump through the dis-
charge tube.

Since when the pump is operating the pres-
sure of air in the chambers of the pump is con-
siderably below the normal air pressure, it is
likely that when the pump is stopped, oil under
the atmospheric pressure would be forced into

-
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the cylinder of the pump at a high rate. In
.order to prevent the oil under high pressure

being forced into the pump, I provide & valve

mechanism comprising a small piece of fibre re-
tained in position by screw 303 indicated at the
dotted cylinder Fig. 3, so that the passage from
exhaust port 301 to the oil tends to completely
close as soon as pressure is exerted tending to
force oil into the pump, This valve may permit
the oil to slowly seep into the pump during long
periods of idleness but does not permit the oil
- under pressure to squirt- into the pump and
rapidiy fill it up.

10

A valve mechanism connected with port 321 -

is provided. This valve comprises a member
such as & ball 322 retained in position so as to
close a side opening in port 82f by means of a
spring 325, This spring 323 is stiff enough so
that normally an air tight seal is maintained
at 322, However, under the excessive pressures
engendered upon starting the pump when full
of oil, the spring is compressed permitting the
oil to escape through the opening 324 into the
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oil reservoir. Thus upon starting of the pump -

oil is first forced out of the cylinders through
the valve 322 and then the pump will operate
to force the gas through the yarious stages of
the pump and discharge it through the tube 302.

This disclosure so far has been made with ref-
erence to a preferred embodiment of my inven-
tion illustrated in Figs. 1, 1A, 2, 2A, 2B and 3. It
Is apparent, however, that this description con-
stitutes merely an exampie of a preferred ar-
rangement of the apparatus and suitable modi-
fications may be made within the spirit of my in-
vention, For example, only one stage of vapor
bump may be provided if it is considered that suf-
ficlent vacuum may be obtained thereby. Fur-
thermore, the vapor pump may be made in many
different forms without departing from the spirit
of my invention. The fractioning column may be
constructed in many different ways at all times
bearing in mind the importance of maintaining
ar proper temperature gradient. .

In accordancé with my invention the vapor
pbumps are so constructed that the light constitu-
ents and absorbed gases are removed from the
pumping medium. In the use of vapor pumps
utilizing ‘hydrocarbon oils, when the oils becom
contaminated by absorbed gases the pressure,
‘while initially correct may rise to a value of from
ten to a hundred times the pressure originally
established. Furthermore, there is an absorption
of vapors and gases which come into contact with
the original liquid in the condensing chamber,
and these gases upon being returned to the boiler
are ejected along with the vapor stream resulting
in an increase in pressure and g lowering of the
efliciency of the pump. This latter effect is de-
pendent upon the nature and magnitude of gases
being pumped and the condition of the succeed-
ing vacuum sgainst which the pump is operat-
ing. T have found that by applying a fractionat-
ing arrangement as a substitute or comple-
mentary to the normal condensing chamber, thus
subjecting the condensed vapor to continuous
reflux, washing and reevaporation, and by further
supplying a large area for this fractionation to
take place upon, the- elimination of absorbed
gases and vapors and the lighter ends caused by
decomposition of the oils, is extremely high.

- Furthermore, this efficiency remains high over
long periods.of time, for example, several months -
of continuous operation, permitting the constitu-
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ents of lowest vapor pressure to do the highest
vacuum portion of the pumping,

Also, I have found that when consiructed for
the purpose thé device enables one o use hydro-

. ‘carbons of lower vapor pressure, which are usuysl-

ly in a solid state at room temperature, than
have heretofore been practical, Attempts In the
past to use these solids hes resulted in material
condensing on various parts of the apparatus
ahd remaining and increasing the deposit until
it has either choked off the conduit through
which exhaust gases must pass or has cmptied
the boiler of all of the medium material, By
utilizing' a fractionating column for condensa.-
tion, as described herein, & mixture of soli¢ hydro-
carbons and of liquid hydrocarbons having high~
€r vapor pressures may be used in the boiler,
During operation the liquid or oily constituentis
are fractionally separated from the solid con-
stituents, the former concentrating at thie top or
cooler half of the column. ‘

Any of the solid components which might con-
dense at the cool end of the column and thus re-
main -are washed and redissolved by the reflux
of the oily condenscate. Furthermore, any of the
oily condensate which tends to return o the boiler
becomes reevaporated by the heat of condensa-
tion of the waxy component in the Iower or hotter
portion of the column. Thus the pumping effect
is substantially the same as though only the solid
or waxes were used, whereas the clogging and loss
of medium is substantially the same as if the
liquid were used. -

A few additional embodiments of vapor pumps
using the principles of my invention are illys-
trated in Figs. 4 to 7. These embodiments com.-
prise generally a condensing or fractionating
column which may be thermally insulated
throughout its length except at the end remote
from the vapor nozzle so.that it may be heated
throughout its length by the latent heat of con-
densation of the medium, The column itself will
lose heat throughout its length by radiation and
longitudinal conductance toward the remote or
cooler end. Thus a temperature gradient is main-
tained along the column ranging from boiler
temperature at its high end to room or water
temperature at its cool end.

Referring to Fig. 4, the boiler 4 is provided at
the lower end of the condensing column 43. A

- nozzle 42 of the boiler extends into column 43
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in which are provided a plurality of fractionating
trays 44, : About the upper end of column a3
I provide g water cooling jacket 45, Immediately
below the water cooling jacket is provided the
high vacuum inlet 46. In this arrangement the
high vacuum gases form an insulating chamber .
about the column 43. These gases enter the
column at & point just below the nozzle 42 and are
conducted with the vapors to the upper end of the
column from whence they are discharged through

‘the opening 41 to the air or g succeeding stage of
the pump. ’ :

- In Fig. 5 an alternative design of the chamber
of the fractionating arrangement is disclosed.
Instead of using the high vacuum intake to serve
as an insulation for the column 43, as in Fig, 5,
a high quality insulating materia] §7 is used to
surround. the column. The gases are taken in
through the intake tube 46 and are exhausted at
41, similarly to the showing of Fig, 5. :

In Fig. 6 a further modification quite similar to
the type of fractionating column is disclosed in
Figs. 1 and 2. However, instead of having the
entire chamber surrounded by cooling water, ag
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in Fig. 2, the walls of the chamber 48 are made
hollow and the cooling water is circulated through
these hollow walls, The hollow walls of this
cylinder serve to force the gases incoming
through Inlet 46 downwardly so that they must
enter the condensing chamber at a point below
the opening of nozzle 42.

Fig. 7 illustrates an additional modiﬁcation )

which permits very high pumping speed, in
which, however, heavy solids or waxes cannot
be conveniently used. Nozzle 42 projects up-
wardly and above this nozzle is provided a bafle
plate 51 which serves to force the vapors down-
wardly. This downward movement of the vapors
draws the incoming gases downwardly through
intake tube 46. These gases and vapors are con-
veyed around the outer walls 52 of the column
43. The walls of the column 43 are made hollow
and are used to conduct the cooling waters. Be-
cause of the cooling effect the vapors are con-
densed at a point near the lower end of the col-
umn and very few of these vapors rise beyond the
baffles §3 which are provided at the upper end of
the boiler.
through the tube 41 provided in the side of the

‘column. In the lower end the highly" volatile
products enter the outer chamber 54 provided
around the boiler and serve as a second stage
of the pump, the nozzle of which is provided by
the baffies 53. Only in this latter stage of the
-pump is the fractionaling tower arrangement
itself used. The highly volatile products from
the boiler 41 only reach the portion 54 and thus
only. these portions serve to operate the second
stage of the pump. If is evident, however, that
in this modification since there is no refluxing
and washing of the heavier oils by the lighter
oils, the arrangement is not satisfactory for use
with waxes or other solids.

Although in each of the embodiments of my in<
vention as herein described I have shown definite
cups or reservoirs for the various oils in the frac-
tionating column, it should be understood that
if the condensing chamber is made large enough
the wetting of the walls of the chamber itself by
means of the oil may serve to furnish sufficient
oil removal and storage so that the walls them-
selves will act as a reservoir.

In Figs. 8 to 13, I have illustrated a few other
forms of fractionating columns which may be
used for the high vacuum system in accordance

with my invention. Each of these showings are’

illustrative of systems suitable for high speed op-
eration and are all of comparatively simple de-
sign..  In order to avoid confusion similar refer-
ence characters are used wherever possible to

designate similar parts of the apparatus in 'the_

same manner as was used in Figs. 4 to 7.

In Fig. 8 the boiler 41 is provided with a long
extending nozzle 42 and a suitable returning
bafle 6f. Suitable insulating material is pro-
vided about the lower portion of the boiler as
indicated at 60. The output of the pump to the
succeeding vacuum stages is indicated at 47 and
the high vacuum input at 46. A plurality of trays
for the fractionating column are provided as
shown at 44, This arrangement in effect provides
a two-stage pump in which the principal high
pressure stage constitutes the fractionating col-
umn which connects with an oil reservoir which
" may be separately maintained from a main
heating boiler 41.

In Fig. 9 a similar arrangement is provided in
which the low vacuum stage 47 is connected di-

rectly with the secondary evaporating or frac-'

10

20

The gases, however, are exhausted
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tionating column arrangement. The gases in-
coming at 46 are deflected downwardly through
the annular space and are conducted into this
fractionating chamber. The rising gases carry
the air along therewith so that it may be ex-
hausted from tube 41. E
The arrangement in accordance with Fig. 10
provides an arrangement somewhat similar to
that of Fig. 9. However, in this arrangement the
air is deflected upwardly together with the gases
to the tower members 42’. The desired heat
gradient is obtained by use of suitable insulating
arrangements provided dround the annular tower

.arrangement 42’,

In Fig. 11 is provided a simple basic arrange-
ment in which the boiler and the fractionating -
column are arranged practically on the same
level. The low vacuum exhaust is made from the
edge of the fractionating columns at 41. This is
a very extreme simplification of the fractionat-
ing column arrangement.

In Fig. 12 an arrangement similar to Fig. 11 is
illustrated in which the temperature gradient is
obtained by making the bottom plate heavier at
the center and lighter at the edges so that the
desired temperature gradient is produced by the
form of the element itself.

In Fig. 13 is shown a two-stage double frac-
tionating system. In this arrangement the va~
pors are first deflected so as to rise up through
fractionating column 60. ‘'The gases and lighter
vapors are then deflected into disc shaped por-
tion 61 so that the remaining oil may drain back
toward the outer part of the boiler 4f. The gases
go through this second chamber and are expelled
at the exhaust opening 47.

‘While I have disclosed a specific preferred em-
bodiment of my. invention and a few of the al-
ternative constructions thereof I do not intend
this description to be considered as limitation
on the scope of my invention. What I consider
to be my invention and upon which I desire to
obtain protection is emhodied in the accompany-
ing claims, .

What is claimed is:

1. A high vacuum pump comprising, a vapor
pump assembly including means for vaporizing
a pumping medium, a condensing chamber, a
nozzle for introducing said vaporized medium
into said condensing chamber, means for con-
necting the lower end of said condenser chamber
to apparatus to be exhausted, cooling means ar-
ranged about said condensing chamber, a plu-

-rality of condensate retaining means arranged

about said condensing chamber above said nozzle
and thermally insulated from said chamber, and
8 gas exhaust pipe at the upper end of said ex-
haust chamber. 3 -

2. A vacuum pump of the vapor condensation
type, comprising a vaporizing means for vapor-
izing a pumping medium, a substantially vertical
vapor condenser for condensing said vapors,
means for introducing vapors produced by said
vaporizing means into the lower end of said con-
denser with an upward velocity, whereby any
condensate from said-vapors will return toward
said lower end by gravity, means for maintgining
a temperature gradient in said condenser de-
creasing toward the upper end comprising means
for thermally insulating the major portion of
said condenser and means for cooling said con-
denser at the top, and means for retardmg the
return of condensate,

3. A vacuum pump comprising, a boiler ar-
ranged to be heated, a delivery tube for vapors.
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from said boiler, a condensing chamber 'sur-
rounding and extending beyond the end of said
delivery tube, openings in the walls of said cham-

ber behind the end of said delivery tube for the -

admission of gases to be pumped, cups along the
walls of said condensing chamber arranged so
their nether surfaces come in contact with the
vapor of the pumping medium, while their upper
surfaces act as reservoirs for condensed medium,
and means for maintaining a wide range tem-
perature gradient along said walls, hotter at the
" end closest to said nozzle and cold at the end
most removed from said nozzle, the cold end. of
said condenser being at a level higher than the
hot end so that condensate will run ironi the cold
to the hot end and said means comprising means
for thermally insulating said walls from said
cups, and means for returning the liquid conden-
sate rémaining at the hot end of said chamber
to said boiler. ' '

4. A vacuum pump comprising, a boiler ar-
ranged to be heated, a delivery tube for vapors
from said boiler, a cup arranged to be supported
at the end of said delivery tube to reverse the di-

rection of flow of vapor from the open end of

~ said delivery tube, so that it passes along the

outer wall of said delivery tube in opposite direc-
tion from its passage along the inner wall, & first
condensing and pumping chamber surrounding
said delivery tube and cup, said chamber being
arranged to be cooled, an inlet conduit into said
chamber at.a point beyond said cup, and series
of openings in the walls of said chamber at its

i
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'deiivery tube, over which the condensate must

pass on its return to the boiler, means for con-
ducting the vapors arising from said condensate

. as it passes over the surface of said cups to the
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second condensing and pumping chamber, means
for returning this secondary condensate to the
outer surface of said delivery tube, means for re-~
turning such condensate as is not re-evaporated
to said boiler, and means for removing the ac-
cumulated gases and non-condensible vapors
which accumulate between the outer surface of
said condensing chamber and the outer contain-
ing wall of said pump. o ‘ )

5. A vacuum pump comprising & boiler having
an output nozzle, & vaporizable medium in said -
boiler, an input tube connected to a point ad-
Jjacent said nozzle, a second tube of larger diam-
eter than said input tube coupled thereto, means
for preventing vapor from said medium reaching
said second tube comprising a charcaal trap of
larger diameter than said. input tube but of

- -smaller diameter than said second tube posi-’
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tioned substantially coaxial with said input tube
and spaced therefrom, an electric heating means
in said trap, a lead extending from said heating -
means to the outside of said punip, and a vacuum

" tight seal for said lead.
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6. In the process of evacuating a chamber by
means of a vapor pump employing a mixture of
organic waxes and oily organic compounds tend-
ing to form high pressure and low,; pressure va-
pors, the steps which'comprise heating and va- -

‘ . porizing said mixture, passing such mixture va-

extremity closest to said boiler, means for con-

ducting the liquid condensate from said condens-
ing chamber to the outer surface of said delivery

tube at a point removed from the liquid level in .

. the boiler, a second. condensing and pumping
- chamber formed by the external cooled surface
-of said first condensing chamber and the outer
containing wall of said pump, an inlet between
said first and second chambers, a series of an-
nular cups attached to the outer walls of the said
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por over.a thermslly insulated cooling surface
of a condenser having a temperature gradient
decreasing toward one end, the direction of the
flow of the vapor in passing over said surface
being toward the cooler end of said surface .
thereby causing separation of the low and high
pressure vapors; and maintaining said low pres- .
sure vapor and said high pressure vapor sépa-

- rated within the condenser.

CHARLES V. LITTON.



