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PROVISIONAL SPECIFICATION,

Improved Process of and Apparatus for Production of High Vacua.

T, Nikors Testa,  Mechanienl  and
Electrical Engineer, citizen of the United
States of America, of 8, West 10th
Streef, New  York City, U.S.A. do
hereby declave the nature of 1this mven-
tion 1o be as follows:—

In the development of power by thermo-
dvnamic primeniovers, as steam engines
and turbines, a low back  pressare s
cssential to good economy, the perform-
ance of the machine being mereased from
fifty to one hundred per cent. by reducing
the absolute pressure in the exhaust space
from fifteen to about one pound per
square inch. Turbines ave particularly
<usceptible to such improvement and 1n
their use for operation of power plants

and  manufacturing  establishments the
attainment and steady  maintenance  of

high vacua has assuwmed great importance,
every effort being made to better the con-
ditions in this respect.  The gain effected
Ly this means is, in a large measure,
dependent on the initial pressure, charac-
teristics of the primemover, tempera-
ture of the cooling medium, cost of the
condensing apparatus and many other

things which are all well-known {to
experts. The theoretical saving of from

five to six per cent. of fuel for each addi-
tional inch of vacuum is often closely
approximated in modern installations,
but the economic advantages are appre-
ciably lessened when higher vacua are
applied to existing machines purposely
designed to operate with lower ones.
More especially is this true of a turbine
in which the reduction of back pressure

merely inercases the velocity of exit of
the vapors without materially angment-
img the speed of their Impact against 1the
vanes, buckets, or equivalent organs, when
the loss of kinetic encrgy in the exhaust
mav offset a considerable portion of the

useful work. In such ecases some coi-
structional changes i the fwrbine and

auxiliaries mav have to be made 1 order
to secure the results here contemplated
but the additional capital used for this
purpose will be profitably invested.  Sum-
ming up the situation it may be generally
stated that a more or less substantial
reduction of fuel cost can he made 1 most
of the existing power plants by the
adoption of proper pumping apparafus
and estabhishment of working conditions
nearly corresponding to those of an ideal
condenser.

The chief difficulties which have thus
far retarded advancement in this direetion
are encountered in the enormous volumes
of the air and vapor at very Tow pressures
as well as unavoidable leaks in the con-
denser, pipe joints, valves, glands and

stuffing boxes. At present exhaustion 1
wsually accomplished by reciprocating

pumps and these, on account of the neces-
sarily low speed of the pistons are large
and. moreover, incapable of satisfactory
performance in the presence of big leaks.
As a direct result of this the condensing
plant is both bulky and expensive and,
worse still, its size and cost increase
entirely in disproportion to the results
attained. To illustrate—the outlay
involved in the instalment of condensing
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apparatus for a twenty-eight inch vacuum
is more than double that required for a
vacuum of twenty-six inches and these
draw-backs are still more emphasized with
the further reduction of the back pressure.
Rotary pumps aud jets of water and
steam are also used in the production of
vacua, bul without marked qualitative
advantages.  As to the possible employ-

ment of ulti-stage centrifugal  ex-
hausiers, engineers arve still in doubt.
Such machines  have heretofore served

only for purposex of compression and it
is more than probable that they would
prove unsuitable for very high rare-
faction. The introduction of Sir Charles
Parsons’ vacuum augmentor 7’ and
Weir's “dry an 7 pump was a decided
progress fowards the desired goal, never-
theless this 1mportant problem has only
been partially solved and to this dav the
condensing apparatus 1s admlﬁedlx the
most troublesome part of the whole power
mechaniam, to such an extent, indeed,
that itx duphication is often deemed advis-
able 1f not absolutely necessary to the safe
and reliable \\011@11;1 of the plani

I have achieved better success in depart-
ing from the customary method of remov-
me the air and entrained steam from the
condenser by bodily  carriers as jets,
reciproc ating p1~tons or rotating vanes,
and a\,nhn; myself of the 1)1()1)@1“6\ of
adhesion and viseosity which, according
to experimental evidenc ‘e, are retained 1)\'
the gases and vapors even at very hlgh
degrees of attennation. The new process
which T have thus evolved 1s rendered
])l.n ticable through a novel type of pump
which T have invented and described in
myv  British Patent No. 24,001 of 1910.
This device, suitably modified in certain
details of construetion and run at the

excessive peripheral speed of which an
unloaded svstem ix capable, exhibits two
remarkable and valuable properties.  One
of these is to expel the rarefied fluids at
such an tmmense rale that a hole of some
size can be drilled in the condenser with-
out much effect on the vacuum gange.
The other is to draw ouf the fluads until
the exhaustion is almost complete. A
machine of this  kind, construeted in
is alone sutheienti for the produe-
tion of extremely high vacua and T believe
this quality {o be very valuable masmuch
ax it is not possessed to such a degree by
other tyvpes of commercial pumps which
have come to wmyv knowledge.  However,
m order to avoid undue complication and

stages,

expense [ make use of the ordinary
exhaustine apparatus and simply insert
hetween 1t and the condenser mv pump.

which suecks out the hiehly attenuvated
media. compresses and delivers them 1o
the ““ drv air " or other pump. This

combination 1= especially
from the practical point of view
result< can he seevred with a <inele staoe
and the instalment of wy device call« far
but a slieht chanee 1 the steam plant
The benefits derived are twofold: a higher
vacuum ix attained and. what i perhans
more important, the freauent and unosvoid-
able impanments of the same. which
seriousty affect the economv, ave virtually
eliminated. My pump makes possible the
maintenance of high vacua even when 1he
percentage of air or other fluids carried
with the steam 15 verv great and on this
account should prove particularly useful
in the operation of nmixed fluid turhines.

Dated this 24h dav of Mareh, 1921,
NIKOLA TESIA.
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COMPLETE SPECIFICATION. - -~

Improved Process of and Apparatus for Production of High Vacua.

I. Nixory Tesia,
Mechanieal Engineer,
States of America, of No. 8, West 40th
Street, New York, N.Y., U.S.A., do
hereby declare the nature of this inven-
tion and m what manner the same is to
be performed, to be particularly described
and ascertained in and by the followi ing
statement:

Electrical and
citizen of United

In the dew]opmont of power by thermo-
dynamie primemovers, as steam engines

and turbines, a low back pressure 1x
essential to good economy, the perform-
ance of the machine being increased from
fifty to one hundred per cent. by reducing
the absolute pressure in the exhaust space
from fifteen to about one pound per
square inch.  Turbines are particularly
susceptible to such improvement and in
their use for operation gf power plants
and manufacturing establishments the
attainment and steady
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high vacua has assumed great Importance,
every effort being made to better the con-
ditions in this respeet. The gain effected
by this means ix, in a large measure,
dependent on the initial pressure, charace-
{eristics  of the primemover, tempera-
ture of the cooling mediun, cost of the
condensing  apparatus and  many other
things  which are all well-known  to
experts. The theoretical saving of from
five to six per cent. of fuel for each addi-
tional ineh of vacuum s often vlvusel}'
approximated in modern istallations,
hut the ceonomic advauntages ave appre-
ciably lessened when higher vacua are
applied to existing machines purposely
designed  to operate with lower ones.
More especially 1s this true of a turbine
in which the reduction of back pressure
merely increases the velocity of exit of
the vapors without materially augment-
ing the speed of their impact against the
vanes, buckets, or equivalent organs, when
the loss of kinetic energy in the exhaust
mav ofixet a considerable portion of the
useful work. In sucll cases =ome con-
structional changes in the turbine and
auxiliaries may have to be made in order
{o secure the results here contemplated
but the additional capital used for this
purpose witl be profitably invested. Sum-
ming up the situation it may be generally
stated that a more or less substantial
reduction of fuel rost can be made 1n most
of the existing power plants by the
adoption of proper pumping apparatus
and establishment of working conditions
nearly corresponding to those of an ideal
condenser,

The chief difficulties which have thus
far retarded advancement in this direction
are encountered in the enormous volunies
of the air and vapor at very low pressures
as well as unavoidable leaks in the con-
denser, pipe joints, valves, glands and
stufing boxes. At present exhaustion 1s
usually  accomplished by reciprocating
pumps and these, on account of the neces-
sarily low speed of the pistons are large
and, moreover, incapable of satisfactory
performance in the presence of big leaks.
As a direct result of this the condensing
plant is both bulky and expensive and,
worse still, its size and cost increase
entirely in disproportion to the results
attained. To 1llustrate—the outlay
involved in the instalment of condensing
apparatus for a twenty-eight inch vacuum
is more than double that required for a
vacuum of twentv-six inches and thece
draw-backs are still more emphasized with
the further reduction of the back pressure.
Rotary pumps and jets of water and

)

steam are also used in the production of

vacua, but without marked qualitative
advantages.

I have achieved better success in depart-
ing from the customary method of remov-
ing the air and entrained steam from the
condenser by bodily carriers as jJelx,
reciprocating pistons or rotating vanes.
and availing myself of the properties of
adhesion and viscosity which, according
to experimental evidence are retained by
the gases and vapors even at very high
degrees of attenuation.  Thix new pro-
cess 1x rendered practicable through a
pump, the underlving principle of which
s fully explained in my British Patent
24,001 of 1910, but which is modified us
hereinafter described and when run at
the very great peripheral speed of which
an unloaded system is capable, exhibils
two remarkable and valuable properties.
One of these ix to expel the rarefied fluids
at such an immense rate that a hole of
some size can be drilled in the condenser
without much effect on the vacuwum gauge.
The other is to draw out the fluids until
the exhaustion is almost complete. A
machine of this kind, constructed 1in
stages, Is alone sufficient for the produe-
tion of extremely high vacua and 1
believe this quality to be verv valuable
inasmuch as 1t 1s not possessed to such
a degree Dby other types of commercial
pumps which have come to my knowledge.
I have also found that a verv effective
combination is produced by inserting my
pump between the condenser and a “* dry
air 7 or other pump. This combination
is especially advantageous from the
practical point of view as good results can
be secured with a single stage and the
instalment of mv device calls for but a
slight change in the steam plant. The
henefits  derived are twofold; a higher
vacuum is attained and, what 1s perhaps
more important, the frequent and
unavoidable impairments of the same,
which seriously affect the economy, arve
virtually eliminated. My pump makex
possible the maintenance of high vacua
even when the percentage of air or other
fluids carried with the steam is very great
and on this account should prove par-
ticularly useful in the operation of mixed
fluid turbines.

My invention will be more fully under-
stood by reference to the accompanying
drawings in which Fig. 1 shows a multi-
stage pump of this kind in sectional
views, and Fig. 2 illustrates its use in
connection with a double-acting recipro-
cating pump. -

In the first figure, 1, 2, . are rotors
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each of which, as 1, comprises a number
of relatively thin (11\1\~ 3, 3. . . separated
by starw ashers 4, 4 .. . and held together
l)\ 11“(1 end- p]aies H .m(l G on a slc(‘\u 7
which is fitted and keved to a shaft 8,
rotatably supported n 1)(-.111110\ 9,9, The
rotors are contained 1 seps n‘\(o (lmm]u rs
of 2 common structure 10 which sur-

rounds them and is made up of parts

held  dfogether by flange  connections,
Beginning with the fist stage af 1, the

rotors diminish in width, each following
Lemng made narrower than the 1)10( eding

for ()l)\mu,\ CCONOMIC Teasons. A\ th“
thin dises, ax 3, . and lefﬂmnd end-
plates, as A, ure pm\l(]od with the usual
central openings, but then 1ohthand end-
plates, as G, are blank. The individual
chambers, containing the rotors, com-
municate  with  each  other  {through
channels, as 11, extending from the peii-
}IIH'I"II region of one to the central part
of the next, =0 that the fluids aspired af
the infakes 12, 12 arve H)l]l])(H('(l {0 pass
through the whole seriex of rotors and
are finally ejected at the flanged open-
ing 13 of the last chamber.  In order to
reduce  leakage along the shaft, close-
fitting joints o locks, as 14, are employved
which mav he of ordinary construction
and need not he dwelled upon specifically.
The number of stages will depend on the
peripheral  veloeity and the degree of
exhaustion which 1t 1s desired 1o secure,
and in extreme cases a number of separate
struetures, with intermediate bearmgs for
the shaft, may have to be provided. “ hen
found pwfem])lc the pump mav be of the
double-flow type, when there ‘will be no
.m]nmn ble xide thrust, otherwise pro-
vision for taking it up shoulde Le made.

The ]n()(]lﬁ(.lhfms in details of construe-
tion, to which reference has been made,
consist in the emplovment of smaller
spaces between the dises than has atherto
been the ease, and of close side-clearances.
To give a practical example, I mayv state
that spaces of 3/, of an inch will be effec-
tive in the production of very high vacua
with dises of, sav, 24 inches in diameter.
I also make all discs tapering, when neces-
sarv, in order to operate safelvy at an
e\hemelv high l)ellphelal Veu)nt\' which
1% very desnable since it reflects hoth on
the size of the machine and it
effectiveness.

The arrangement 1epre<en{od diagram-
matically in I‘w R is especially \m’mble
and nd\'anfageous in connection with
existing steam plants operating with high
vacuum and permits the carryving out of
my improvements in a simple mauner and
at comparatively small cost. In this case

my pump, which may have but one rotor
of the above (10%(111)t10n 1s connected with
its intake 12, through a pipe 15, to the
top of a ('ondonxe 16, and with its dis-
charge opening 13, by pipe 17, to the suc-
tion (hlt of o 10(11)10( ating (11\ air pump
18, It goes without say g that in actual
1)1(1(11(e connections 15 and 17 will be
short mains of very large sectlon as the
volume of fluids (o be pumped may be
CUOTINOWS,

The operation w ill be rveadily under-
stood from the foregoing.  The intakes 12
(IFig. 1) being joined by an air-tight con-
nection to ﬂw vessel to be e\hauxto(l and
the svstem of (lm‘s run at very high peri-
phet al veloeit tv the fluids, by reason of
their )]()1)0]1](‘\ nf VIS¢ 0\11\ and adhesion,
are (1111\\ n oout of the vessel until f]m
degree of rarvefaction 1s attained for which
the apparatus has heen designed. In
their passage through the series of rotors
the fluids are compressed by stages and
cjected through the opening 13 at
volwme nltmtl\ reduced. The vacuum
produce (1 bv {hi< means m: v be extremely
high hecause of the a])p(nenﬂ\* unique
p]()pmhes of the device pointed out
before, and as the fluids, nrespective of
their density, are sucked out at an exces-
sive speed, leaks through the glands,
stuffing boxes and connections are of hul
slight effect.

In the aranvement shown in g, 2
my pump serves to evacuate the condenser
much more effectively and by compress-
ine the fluids at the intake of the recipro-
(ﬁhno pump mmproves the performance of
the same.  The instalment of the device
in exiziing p]an’f\' does not call for exten-
sive aHmah(mx in the same and will result
in a notable saving of fuel. My pump
mayv also be (1(1\\”1{“1('6’()11%]\' emploved in
place of a steam jet 1 conjunction with
ﬂ small condenser in which case 3t will
be  of insignificant  dimensions  and
economical in steam consumption,

Having vow particularly described and
ascertained the nature of my said inven-
i1on and 1in what manner the same is

to be performed, T declare that what T
claim 1s:

The impr()\"ed process of rarefaction
w hnh consizts in rotating a dise system
communicating with a receptacle and con-
tinuously 9](‘(‘1111(’ fluid adhenng to said
system, ‘until a high vacuum 1s attained
n 1119 receptacle, as described.

The improved method of exhausting
a Verel which conswts in rotating a
svstem of dises and continuously apply
ing the frictional force, arising from  the
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viscosity of the fluid and its adhesion to
said system; to exhaust the vessel until
a high vacuum is attained, substantially
as described.

3. The improved process of rarefaction
which consists in sucking out of a vessel
attenuated fluids by the frictional foree
of a system of rotating dises, compressing
them in the passage through the same,

and discharging them into the intake duct 10
of a positively acting pump, as described.

4. As a means for obtaining high vacua,
the combination of apparatus, as illus-
trated and described.

Dated the 23rd day of August, 1921, 15

NIKOLA TESLA.

Rodhbill: Printed for His Majesty’s Stationery Office, hy Love & Malcomson, 141, —1922,
Jest A Y
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