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TO ALL VHOL IT lAY COIC._ mH:

Be it known trat I NI¥OLA T:3L4A en engineer re-
siding at The Waldorf Astoria, corner Pifth Avenue and
Thirty Fourth Street, in the 2orough of Zannsttan, City
and State of Iew York, United States of Arerica, having
invented certain new axd useful improvcrents in FLUID
PRCPULSIOU, do heredy decleure the follouing 13 & full,
cleer and exect description of the sare.

In tze precticzl applicetion of mechsnicel power
based on the uze of a fluid as vernicle of cnergy it rLas
been derornstrated tnet, in orier 4o attain the nighect
econony, tre changes in velocity ané direction of move-
ment of the fluid should be as gradusl es poscible. In
the present forms of such errerasus more 2 less sudden
changes, shicks end vibrations, are unevoidsble. Pescides
tne explosment of the usuzl éevices for izparting to,
or deriving energy from a fluild, ac pistcns, pad.les,
vanes aid blades, necessarily in<rsiuces numerous de-
fects and limitations and eséés to the cozplication, cost
of rroduction end mainterance of the cachine.

The object of my invention is %o overcone these
deficiencies and to efiect tze trunsmiscion and trans-
formation of rechanitil energy through tke ecency of
fluids in a more verfect manner, end by rTeana cinmpler
ané more econoriccl than $ioce heretsfore erployed.

I accomplish this by ceusing the propelled or
rropelling fluid to move in natural paths or streem
lines of least resistcnce, free frox constraint and
disturbance such &s ocoscioned by vanes or kindred de-
vices, and to change its velocity and direction of move-
ment by imperceptible degrees, t::us avoiding the locses
due to sudden veriations while the fluid is rec.iving
or imparting energy.

It is well lmown %hat a fluid poccecses, among
otners, two sslient prorerties; adnesion and viscosity.



Owing to tnese & dody propel.ed tiLrcugh Sucti & mediux
encounters a peculiar impedircent known &S *lateral® cr
"sl-in resistance®, whricn is tws-f2ld; one arisirg from
+1e snock 3f the fiuid zgainst the asperities of the
solid sucstance, tre cther from internal forces oppos-
ing molecular separation. As an inevitaole conseguence
a ceriain amcunt of tne fluid is drupged along by the
moving hody. Conversely, if the tody 2e placed in a
fluid in motion, for tre sare reasons, i: is impelled
in the direztion of mroverernt.

“rese e:fezts, in tlemselves, are of daily ob-
servation, but I telieve trat I am the Zirst to apply
ther in a practical and economicel marnner of fluid pro-
pulsion. The nature of =¥ discovery and tle principles
of construciiorn of tre apraratus wrich I have designed
for carrying it out, I shall now prc:eed 0 describe
by reference to the accoxpanyily drawipgs wkich illus-
trate an operative and efIficient embodiment of the same.

Pig. 1 is a partial end view, and Pig. 2 a ver-
tical cross section ¢f & puzp Or CCEZpressor, which Figs.
3 and 4 represent, respectively, in corresponding views,
a rotary engine or turtline, botl machines being con-
structed and adapted to *e operated in accordance with
my invention.

Pigs. 1l and 2 snow & runner conposed of & plu-
rality of flat rigid disks 1 ol a suitaole diameter,
keyed to a shaft 2 and reld in position by a threaded
nut 5, a shoulder 4 and washers 5 of tne requisite
thickness. Each disk has a number of central openings
6, the solid portions Ttelween wrisn form spokes 7 pre-
ferably curved, as shown, for the purpose of reducing
the loss of erergy due ¢o the irpact of tne fluid.

This runner is mounted in a two-part< volute cas-
ing 8 having stuffing Toxes 9 and inlets 10 leading to
its central portion. In addition a gradually widenirng
and rounding outlet )1 is provided focrmed with a flange
for connection to & pipe as usual. The casing 8 rests
upon a base 12 shown only in part and suprorting the
bearings for the shaft 2, which being of ordinary con-
struction are omitted from the drawings.

An understanding of the principle embodied in
this device will be gaimed from tne Tollowing uescrip-
tion of its mode of operation.

Power teing applied to the snaft and the runner
set in rotation in the direction of the solid arrow, the
fiuid by reason of its properties of adxererce and vis-
cosity. upon entering throughk thke inlets 10 and coming
in contact with the disks 1 is teken hold of bty the same
and subjected to two forces, one acting tangentially in
the direction of rotation, and the other radially out-
ward. The combined effect of these tangential and cen-
trifugal forces is to propel the fluid with continuous-~
1y increasing velocity in a spiral path until it reach-
es the outlet 11 from which it is ejected. This spiral
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zoverent, free and vndisturted and esserzizlliy dapend-
ent on these properties of tne fluid, permitting it to
adjust itself to natural taths or sirea= lines znd to
crange its velocity end directicn by insensitle derrees,
is crnaracteristic of this method of rrorvulsion ond zd-
vantageous in its application.

¥While traversing tihe cramver ernclcsing the run-
ner, tre particles of ti.e fluid may complete one or ~ore
turns, or ztut a rart of one turn. In an; given case
their patnh can Ye :losely calcula*ted and sraphically
represented, out fairly accurate estimates c¢f turns
san te obtained simply by determining ti.e number of
revolutions required to renew the Jluid passing tnrough
the clamber and multiplying it by tne ratio tetween
the mean speed of :l.e fluid and taat of tne disks.

I have found that the gquantity of fluid pro-
pelled in inis nanner is, other conditions being equal,
approximately propcrtionate tc the astive surface of
the runner and to i:s effective speed. Por this reasdn,
the perfcor=ance of such machines augments at an exceed-
ingly high rate ®itl the increase of tieir size and
speeda or revolution.

Tne dimersicns of tne device as a whole, snd
sne spacing of tre disks in any given machine will bpe
determined by tre conditions and requirezents of spec-
ial cases. It may ve stated that the intervening dis-
tance should be the greater, the larger :tne dianeter of
the disks, the longer the spiral path of txe fluid and
tnhe greater its viscosity. 1In general tre spacing
should be such that the entire mass of <tnze fluid, be-
fore leaving the runner, is accelerated to & nearly
uniform velocity, not much below trat of the periprery
of the disks under normal worxing conditions and almost
equal to it when the outlet is closed and tle rarticles
move in concentric circles.

It may also he pointed out that such a puzp can
be rade without openings and spokes in the runner, as
by using one or more solid disks, each in its own cas-
ing, in which form the machine will oe exirnertly edapt-
ed for sewage, dredging and the like, when tne water is
charged with foreign bodies and spokes or vanes especial-
ly objectionable.

Another application of this principle whican I
have discovered to bte not only feasible, tut thorough-
ly practicable and efficient, is the utilization of
=achines such as above described Zsor tize compression or
rarefaction of air, or gases in general. 1In such cases
4t will be found that most of the ..eneral considerations
obtaining in the case of liquids, properly interpreted,
nold true.

Wken, irrespective of tne character of the fiuiag,
considerable pressures are desired, staging or compound -
ing may be resorted to in the usual way the individual
runners being, preferably, mounted on the same shaft.
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It should be added that the same end may be atiained
with one single runner by suitadie deflection of the
fluid through rntative or stationary passages.

9re principles underlying the invention are
capable of embodiment also in +hat field of mechanical
enjineering whicr is con~erned in tne use of fluids as
motive agents, for while in soxe respecte the actions
jn the latter cace are Aireztly oppesite to those net
with in the propulsiscn of fluids, tne Tundamental laws
applicable in tre two cases are +<ne same. In cther
words, tn:e operztion atove describved is reversitle,
for if water or air under pressure ve adnitted to the
opening il tne runner is sat in rotation in the direc-
tion c? tre dotted arrow oy reason or tne peculiar
properties of the #luid wnizcrh, travelling in a spiral
pata and with continuously diminishing velocit:, recch-
es tne orifizes 5 znd 19 trrough wkich it is discharg-
ed. If tie runner be allowed to turn freely, in near-
ly frictionless bearings, its rim will attain a speed
closely approximating the maximum 5f that of the fluid
in the volute channel and the spiral path of the parti-
cles will be comparatively long, consisting of many al-
most circular turns. If load is put on and tre runner
slowed down, the motion of the fluid is retarded, the
turns are reduced, and the path is shortened.

Swing to a number of causas affecting the per-
formance, it is difficult to frame a precise rule which
would be generally applicable, but it may ba stated
that witnin certain limits, and other conditions being
the same, the torque is directly proportionate to the
squars of the velocity of tne fluid relatively to the
runner a=d to tke effective area of the disks and, in-
versely, to the distance separating tnenm. Tr,e machine
will, genmeralily, perform jts maximus work when the el -
fective speed of tue Funner is one half ef tnuat of the
fluid. But to attain the nighest economy the relative
speed or slip, for any given perforuance, should be as
small as possitle. This condition =2y bve to any desir-
ed degree approximated by increasing tne active area
and reducing the space obétween tue disxs.

When apparatus of the xind descrived is employ-
ed for the transmission of power certain departures
from similarity between transmitter and reciver may be
necessary for securing the be~: :esuls. It is evident
that, when transmitting power from one shaft to another
by such machines, any desired ratioc vetween the speeds
of rotation may he obtained by proper selection of the
diameters of the disks, or by suitabdbly staging the trans-
mitter, the reseiver, Or both. Put it may oe pointed
out that in one respect, at least, the two machines are
essentially different. In tre nuxp, the radial or sta-
tie pressure, due to centrifugal force, is added to the
tangential or dynaric, thus increasing the effective
head and assisting in the expulsion of tne fluid. In
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tne mctor, on thne ccntrary, the [irst ramed pressure,
being opposed *o thzt of supply, reduces the effective
iiead and tre velocity of radial flow tcwards the center.
Lgain, in thne Fropelled machine & grezt torque is al-
ways desiratle, this caliing for ar increased number

9f dieks and sraller distarce of seraration, while in
the prorelling ma-hire, -cr rimerous economic reasons,
the rotary effart oiould be thre srallest and the speed
the greatest practicable. ¥any Otner censiderations,
whick wil) naturally zugpest themselves, may arfect

the deiyn and construction, tut tre rreceding is thought
to ccntein all necessary information in this regard.

Tre greatest value of thise inventicn will te
found in its use for :the trermo-d: nzmis :onversion af
energy. PReference is now made *¢ Jirs. 3 ena 4, illus-
trative or t:e manner ir whier it is, zor may e, so
aprlied.

As In tre previous Tfipures. 2 ruuner is provid
ed made up «f disks 12 with vpenirgs 14 and spokes 15
wnich, in thnis sase. may te sireight. Tre disks are
keyed t» ard held in Fooition on & srtaft 18, mounted
to turn freely in suitatle bearings, not snown, and are
8eparated ty wasners 17 corforzing in srape with the
spokes and firrly united trereto Sy rivets 1l&. Yor
the sake of clearness but g few disxe, with compara-
tively wide intervening spaces, are indicated.

The runner is mounted in a casing comprising
two end castings 1¢ witk outlets 20 and stulfing bo:es
21, and a central ring 22, which is bored out to a
circle of a diareter slightly larger than that of the
disks, and nas flunged extensions 23 and inlets 24 in-
to which finished ports, or nozzles, 25 are inserted.
Circular gr-oves 26 and labyrinth pacxings 27 are pro-
vided on the sides of the runner. Surply pipes 28,
with valves 29, are connecied to tne flanged exterisions
of the central.ring one 67 the velives being, normally,
cLiosed.

With the exception of cersain rarticulars, which
will be Lereinafter elucidated, tre mode of operation
will be understood from the preceding description. Steam
or gas under pressure being allowed to pass tnrough tlre
valve at the side of the solid arrow, the runner is set
in rotation in clockwise direciion.

In order to tring out a distinctive feature as-
Sume, in the first place, that the motive mediur is ad-
mitted to the disk chamber through a port, that is, a
channel which it traverses with nearly uniform velocisy.
In this case, the machine will operaie &8 « rotary en-
&ine, the fluid continuously exparding on its tortuous
path to the central outlet. The expansion takes place
chiefly along the spiral Path, for the spread inward
is opposed by the centrifuzal force due to the velocity
of whirl srd by the great resistance :to radial exhaust.
It is to be observed that the resistance to the passage
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of the fluid tetween tnhe platesr is, approximately pro-
portionate to the square o tune relative speed, w%hich

is maximum in the direction toewards thse :enter and equal
to the full tangential velocity of the fluid. Tne pz=th
of least resistance, necessarily taken in osedience to

a universal law of motion is, virtually, =2lso trhat of
leas* relative velocity.

¥ext, assume that the fluid is admitted to the
disx -~hember not through a port, but a2 diverging noz-
zle, a device conver<ing, wholly or in part, the ex-
pansive into veluclity-energy. The machine will then
work rather like a turbine, absorbting the energy of
kinetic momentum of the particles as they whirl, ¥ith
sontinuously decreasing speed, to the exnaust.

The above description of the operation, I may
add, is suggested by experience and obeervation, and is
advanced merely for the purpose of explanation. The
tndeniable fact is that the machine does operate, both
expansively and impulsively. When the expansion in the
nozzle is complete, or nearly so, the fluid pressure
in the peripheral zlearance space is sm.ll; as the
nozzle is made less divergent and its section enlarged,
the pressure rises, finally approximating that of the
supply. But the transition from purely impulsive to
expansive action =ay not b»e continuous trroughout, on
account of critical states and conditions and compara-
tively great variations of pressure may be caused by
small changes of nozzle velocity.

In the preceding it has teen essumed that tne
pressure of supply is constant or cortinuous, dbut it
will be understood taat the operation will be, essen-
tially, the same if the pressure ve fluctuating or in-
termittent, as tnat due to explosions occurring in oore
or less rapid succession.

A very desiravle feature, craracteristic of
machines constructed and operated in accordance with
this invention, is their capability of revereal of ro-
tation. Pig. 3, while illustrative of =» special case,
may be regarded as typical in this respect. If the
right hand valve be shut off and the fluid supplied
through the second pipe, the runner is rotated in the
direction of the dotted arrow the operation, and also
the performance, remaining the same as tefore, the
central ring being bored to a circle with this purpose
in view. The same result may be obtained in xany other
ways by specially designed valves, ports or nozzles
for reversing the flow, the description of which is
omitted here in the interest of simplicity and clear-
ness. For the same reasons but one operative port or
nozzle is illustrated which might be adepted to & vo-
lute but does not fit best a circuvlar bore. It will
be understood that & number of suitabls inlets may be
provided around the periphery ol the runaer to improve
the action and that the construction of the machine may
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re modified in rary vayE.

Ztill anothier valuable and protacly unigue
guality ¢l sucr nolors ar crime movars may De descrit -
ed. ©P; proper ccnstructica i ovservince o WCrAlng
-onditions tl.e centrifugal [TesEuUre, Cprosine tne rass-
age of tne fluid, m:y, &3 alread;y irdic-ted, ‘e nzde
reariy egual t2 the pressure cr cuppLy whnen the Zaen-
ine is running idle. I the inlet section re large,
sm2ll cnanyes in the speed of revclutior will rroduce
great differences of flow whicn are furthar enmiarced
by the concomrittant Jariat’ons In tne lenpth. of <he
spiral path. 4 self-resulating mecrine i3 thus chiain~
ed bearing a stiriking reserctvlance 0 & direct-current
electric motor in *his r=spect thes, with great difler-
entee G- impressed pressure in a wide open channel the
flow of the Zluid througr the same is prevented oy
virtue of rotatioa. since tne centrifussl head in-
creases as tre square of tre revolutions. or even more
rapidly, and witk mocern high grade steel great reri-~
pheral velocities are practicable, 1t is possible to &at-
tein that cendition in a single stage rachine, rore
readily if tie runner ds of large diametler. Obvicusly
this problenm is facilitzted by sc.poundine, as will be
understcod LY those skilled in ike Aart. Irrespective
of its bearing on econcmy, tais tendency wkich is, ¢O
a degree, common to motors of ihe above description,
is of special ad/antage in the cperetion of large units,
as it affords & safeguard againss running sy and deas-
truction.

Desides these, sSuch a prime mover possesses
many other advantecges, roth constructive and operative.
It is simple, ligh%t and compact, subjeszt to but little
wear, cheap and exceptionally easy to manufacture as
small clearances and accurate milling werk are not es-
sential to good performancs. Iz operation it is re-
liable, there being no valves, sliding contacts or
troublesoze vares., It is almost free of windage, large-
1y independent of rozzle efficiency and suitable for
high as well as for low f£luid velccities and speeds of
revolution.

It will te understood that lhe principles <f
construction and operation ebove generalily set forth,
are capable of emoodiment in machines of ths xost wide-
ly different forms, and adapted for the greatest variety
of purposes. In my rresent application I have scught
to describe and explain only the general and typical
applications of the principle which I telieve I am the
first to realize and turam to useful account.



Having now particularly descrited a.ad ascer-
tained the nature of this said invention, and in wnat
manner tne sane is to ve perforred, I dezlere that waal
1 zlzim is:

i. The method of imparting ener:sy to or deriv-
ing it from & fiuid, vased on adnhssive and visccus ac-
tion, whicn consists in admitting the fluid to the cen-
tralor peripheral portion ol & rotatly arranged systen
ana causing it to f1lcw, under the comtined astion of
radial and tangential forces, in a spiral path -owards
+he peripnery, Or tre axis, of the rotating systen, a8
set fortn.

2. As an jrprovenent in the sransnission of
power the method of imparting ener¢y sty or deriving i
from a fluid, hased on adhesive enc viszuus action,
whicn consists in causing the £iuid to flow, vnaoer the
comnined action of radial and sancential forces, in
surved paths away irom, or towards tre nxis of a rota-
bly arramned rigid system, as set fortn.

z., “he =ethad of imparting energy to or deriv-
ing it from a fluid, vased on adriesive and viscous ac-
<ion, which consists in adnistinz the £1uid to the
sentral or peripheral portion af a rotably arranged
systen and causing it to »1ow, under the zombined ac-
tion of radial and tanyential iforces, in a spiral path
with gradually increasing or dipinisning valocity to-
wards the periphery, or the axis, of the rotating sys-
ten, as sed forth.

4. ~une method of devivinz enersgy from a moving
fluid, based on adnesive and vissous action, wnich con-
sists in admistting thne fluid to the peripheral portion
of a runner and causing it to give up 1us energy of
movement while flowing with continuously diminishing
velocisy in & spiral path towards the axis of the run-
ner, as set forth.

5. The method of imparting enerzy to a fluid,
vased on adhesive and viscous action, which consiste
in adaitting the fluid to the ceatral porticn of & run-
rer and sausing it to flow, oY the ccmbined effect of
the tanfential and rzdial forces, in a spiral path with
continuously increasing valocity towards +sne periphery
of tne runner, as set forth.

6. A fluid propelling or fluid propelled mach-
ine consisting in the combination of a shatt, 2 plural-
i1ty of disks spaced apart and mounted 02 the same, and
ports or passages of inlet and outlet adjacent to the
center and peripnery of said disks, as set forth.



7. 4 fluid motor or engine coxprisirg in com-
bination a plurality of spaced plane rotaoiy mounted
disks, and ma3ans for admitting or discharging the fluid
at the center and periplier; of said disks, 2s set forth.

6. A fluid proepelled muchine ccomprising in com-
binatiun a plurality of spuced plane rotably mounted
disxzs, an enclcsing easing =nd ports or passages Oof in-
let a2nd cutlet at the center and periprery cof the cas-
ing, as set furth.

9. & fluid mo:sr or engine cormprising in cox-
tination a runrer ~copcsed of a plurality of disks ro-
tahiy =zountaed with intervenin: spaces, and a casing en-
closing the runrer rrovided with ports or passages of
inlet and cutlet ai the &xis and periphery of the run-
ner respectively, as set fcrth.

10. A fluid motor or engine corprising in com-
bination a runner compused c¢f a plurality of disks mount-
od at intervals and forzed with cpenings near their
centers, and means for admitting a ligquid to or dis-
charging it from the spaces vetween tre disks and lo-
cated respectively at tre center and periphery of the
same.

11. A thermo-dyneamic converter comprising a
shaft, a plurality of disks spaced thereon, an inlet
for the motive fluid at the reriplrery cf the disks aund
tangential thereto, and an outlet at the central por-
tions of the same, 2s set forth.
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