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THEORY

Design data for the turbine came frem the extensive
vork of Professor Warren Rice of Arizona State University,
Tempe, Arizona. The mathematical analysis of the fluid
flow, and computer analysis, have been used to develop
the pertinent data for a pump, water turbine and steam
turbine. The fluid for our turbine is considered Newtonian,
incompressible and the laminar flow of most practical
interest.

The essential part of the fluid flow is between a pair of
co-rotating disks. The momentum of the moving fluid is
transferred to disks due to the effects of viscosity and ad-
hesion. The friction force of the fluid transfers this
momentum. Low-pressure, low-velocity fluid is exited out
of the center (Fig. 1).

The turbine constructed consists of 30 disks and spacers.
Each disk being 12 inches in diameter with an exit port of
3.6 inches. The metal disks are of galvanized steel .020
inches thick and the spacers are made of steel shim stock
.010 inches thick. The turbine also consists of a fluid
supply nozzle, exit ports, rotor housing, casing and shaft
bearings.'

The high pressure fluid is converted to high velocity
fluid at the nozzle. The moving fluid flows between a pair
of co-rotating disks. Due to the effects of viscosity and

adhesion, there is a force component in the direction of the



direction of the fluid, tangentially, and an outward
centripical force due to the rotation of the disks. The
pressure gradient between the inlet and outlet ports forces
the fluid to spiral toward the center exit port. The combina-

tion of these forces creates the nct torque on the rotor.

INTRODUCTION

The concepticn and development of multiple-disk
turbomachinery is credited to Nikola Tesla. Patents covering
the multiple disk turbine and pump were granted to him in May
of 1913. These devices were widely discussed in the semi-
technical press of that time.

In 1972 Walter Baumgartner built an experimental modei
turbine which ran on compressed air and produced 30 horse-
power at 18,000 rpm.

Presently the Tesla turbine is under development by
Sun Wind, Ltd., of Sebastopol, California. Sun Wind plans
to use the turbine burning hydrogen in a three wheel car.

The turbine can also burn propane, vegehol, and gasoline.
Another California company, General Enertech of San Diego,
is building and selling the Tesla pump which has been
improved and modernized.

Extensive theoretical analysis of the Tesla turbine has
been carried out over the past 20 years by Prof. Warren Rice
of Arizona State University in Tempe, Arizona. His paper
"Calculated Design Data for the Multiple Disk Turbine Using

Incompressible Fluid" was used extensively in our turbine model.



RESULTS

The turbine was tested using a supply pressure which
varied from 0 - 50 psi. The maximum rpm's obtained was 220.
The power output was calculated to be approximately .05
horsepower. Different values of pressure were tried and at

each value rpm readings were taken.

CONCLUSION

The turbine did not perform as well as zxpected due to
several reasons. The rotor was not perfectly round and
rubbed at one spot in the housing. The high perssure ring
seals caused too much friction and had to be removed, there-
fore, a good pressure gradient could not be obtained. The
disks were slightly warped in spots clesing off some of the
passage ways thereby stopping fluid flow bet - the pair of
disks.

Despite these problems, this turbine does have
advantages in ease of production, low cost, and low

maintenance.
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Calculated Design Data for the Multiple-Disk
Turbine Using Incompressible Fluid

Earlier analyses of the laminar radially inward throughflow of Newtonian incompres-
aidle fluid between parallel corotating disks have been used to calculats the performance
of multiple-disk turbines using such flow passages as the rotor. Such turbines are
characterized by certain dimensionless parameters -nd a large number of computerized
calculations has enabled preparation of turbine performancs maps for turbines idealized
a8 having no losses external to the rotor (except for assumed zerc presaure recovery in
the turbine exhaust). These maps show the quantitatis 2 dependance of turbina e ficiency,
total pressure and delivered power on the turbine geometry and epeed, ths (urbine
nozzle direction and pressure drop, and on the fluid properties; full admission ground
the periphery of the rotor is assumed. Conventional loss information for the nozzles,
and conventional bearing, seal and “‘disk jriction’’ loss information, must be cpplisd

in the design process to provide prediction of actual turbine performance and com-
parison with conventional turbines. '

Introduction

The conception of multiple-disk turbomachinery is credited
to N. Tesla early in this century [1-3]!, and the devices wers
widely discussed in the semitechnical press of that time (4-7].
Subeequently, such turbomachinery received scant attention
for meny years but the list of references included in this paper
indicates the extent of a revival of interest. A number of ex-
perimental and analytical feasibility studies have been reported
for the vurbine configuration of multiple-disk turbomachinery
(8-15]. The papers reporting on these atudies make the opnrating
principle clear and indicate that laminar flow of fluid in the
rotor, rather than turbulent flow, is of the most practical in-
terest.

A recent sequence of analytical contsibutions has made poe-
sible calculation of the performance of multiple-disk turbines,
according to an idealized model, provided that the fluid is
Newtonian and incompreasible and that the low is laminar. The
essential part of the flow in a multiple-disk turbine is that
between a pair of corotating disks; the turbine consists of a
number of such flows in parallel, together with Ruid supply

lNub-'hbmhaddmuRd-mnmddm.

Coatribated by the Fluids Engineering Dtvision of THx AMznicax Soctary
or Macmanicat ENaDvRERS and presented at the Joint Fluids Eagineenng &
CSME Couference, Montreal, Quebec, Canada, May 13-13, 1974. Manu-
satipt ressived ot ASME Headquarters February 7, 1974. Paper No. 74-FE-0.
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noazles, an exit port and/or diffuser, and a suitable housing and
bearings. The laminar flow of Auid between a pair of disks con-
sists of an entrance region in the outer radial zone near the nox-
zles and an asymptotic flow region at inner radii remote from the
nozzles. Peube and Kreith {18} provided a truncated series typo

analysis for the asymptotic region of radially outward flow be- .

tween corotating disks, descriptive of the fow in a multiple-
disk pump. The results are easily adapted to the asymptotic
region for radiaily inward flow, corresponding with a multiple-
disk turbine, but fail to describe the flow at small radii with
sufficient accuracy, particularly with regard to the preasure drop
suffered by the flow. An iterative solution for the asymptotic
region of radially inward flow between corotating disks, cor-
responding with & multiple-disk turbine, by Matsch and Rice
(17], provided a mora definite (but still limited) flow description;
the paper referenced details the importance of the concet of
the asymptotic flow region and of the progression of the veiocity
profiles to a final inflection of the radial component of the velocity
at a predictable inner radius. Two parameters are necessary to
specify an caymptotic flow case. One is a so-called Reynolds
number Vag which is dimensioniess and depends on fluid prop-
erties, angular velocity of the disks, acd the spacing between
the disks. The second is a flow rate perameter U/, which is di-
mensionless and depends on the voiume flow rats of Auid be-
tween a pair of disks, the angular velocity of the disks, and the
outer radius of the rotor. It is clear from the referenced papers
that knowiedge of the asymptotic region alone is not sufficient
to determine the performence of a multiple-disk turbine, since
large pressure changes and contributi s to the torque occur in
the entrance region before the asymptotic flow region is resched.

Transactions of the ASME
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Fig. 1 Consta .t sfficlency lines on NrE, Us cocrdinates for Vyal.l,
ti=0.3 and parabolic inlet velocity distributions

A numerical (fnite-difference) scheme for calculating the en-
trance flow between corotating disks, for radially outward flow
corresponding with a multiple-disk pump was presented by
Breiter and Pohlhausen [18]. A similar method of calculation
was applied for radially inward flow, corresponding with the
multiple-disk turbine, by Boyd and Rice [19}; the fluid was con-
sidered admitted uniformly around the outer periphery of the
disks through nozzles providing tangential, radial, and axial
components of velocity. In [19], the disk-to-disk spatial distribu-~
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Fig. 2 Constant dimensioniess total pressure lines on Ngg, Us co~
ordinates for Viy=l.]l, r; =0.3 and parabolic inlet distributions

HRYAYAIA)

tions of the velocity components at the outer radius 7, (provided
by the nozzles to ihe rotor) are considered arbiirarv but specified,
and these are additional parameters for the specification of a
case of flow in the entrancs region between the disks.
Furthermore, [19] introduces a simplification in the parzm-
eterization; with the general shape of the disk-to-disk valocity
component profiles specified (uniform, parabalic, etc.), then the
three parameters Vgg, U, and V, are sufficient to characterize
a case of entrance region flow. Here V, is the average value of

Nomenciature

Oimensional Quantities

N . . . B}
H = operating head for turbine, Ce ? 7 1y(2)d2 = —Q' dw‘f" In set ,Of disks com
length h . 2xih ! posing a turbine rotor
h = spacing between adjacent average value of'ra.dial com- Nar = E&h_’ , Reynolds number
disks, length ponent of velocity at rotor K
Pa = pressure change in nozzles, entrance (nozzle exit), Pa = Pa/pB3
force/(length)? length/time e = D./pllI7?
p. = pressure chauge througn rotor, ? ?(?F, %) = tangential com-, D = Bu/p02}
force/(length ) ponent of velocity distribu- r o= 7/,
p: = stagnation pressure change tion, length/time T: = Ty/pf 0
through turbine, force/' . 2 rAn . u = ulr, z) = u(f, 2)/Q8,
(length)? 7o - .(2)d2 = sverage value Q
g . hJ Ue = U./Q1, = oagh volume
P = power delivered to 'turbme of tangential component of 2x?,
rotor, force-length/time velocity at rotor entrance flow rate parameter
Q = volume flow through entire (nozzle exit), length/time v = plr, z) = B(F, 2)/Q7,
turbine, (length)’/t.xme. Ww(?, ) axial component of velucity w = w(r, z) = ¥ z)/s?f' )
Q: = volume flow between pair of distribution, length/time V, = V,/Q7, = tangentia! velocity
sdjacent disks, (length)/ 3} axial space coordinate, length parameter
time . . z = 1h
. . p density of fluid, mass/(length®
7 = radial ooordl.nate, length. i viscosity of fluid, force-time/ . Ty = efficiency
T\ = torque applied by duid be- (lengthy T U
tween onc pair of disks, Q = angular velocity of rotor, rad/
force-length (time) Subscripts ) )
0 = d(f, 2) = radial component of i = inner (exhaust) radial station
velocity distribution, length/  Dimensioniess Quantities o = outer (nozzle exit, rowor eu-

time

Jouinal of Fluids Engineering

N = number

of spaces between

trance) radial station
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Fig. 3 Constant dimensioniess torque lines on NRrg, Us coordinates
for Vewl.l, 7;=0.3 and patabolic inlet velocity distributions

the dimensionless tangenticl component of the velocity of the
flow supplied by the nozzles to the rotor, corresponding with the
“fuid-to-blade velocity ratio” of conventional turbine practice.
The calculation procedure detailed in [19} also is applicable for
the asymptotic How region and overcomes the limitation in ac-
:uracy in the earlier methods of calculating that region. The
disadvantage of the inethod is the excessively lengthy computa-
tion time required by digital computer.
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Fig.4 Performanco Jats for Vi =08, 7; =0.3 and parabolic intet veloc-
ity distributions
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Fig.5 Performance data for Ve=1.0, 7; =0.3 and parabolic inlet velec-
ity distributions

The adenuacy of the calculation model and of the numerical
computations was confirmed experimentally by Adams and Rice
(201,

Boyack and Rice {21] developed an integral method for the
flow model used by previous investigators and a computer pro-
gram which oxecutes extremely rapidly. The method yields
results esseatially identical with those of the lengthy computa-
tions of references (18, 19] and therefore alro confirmed experi-
mentally in reference {20]. Use of this computer program enabled
calculation of the very large aumter of flosr cases necessary to
obtain the design data presented herein. Crawford (22} improved
the ability of the method of Boyack and Rice to handle uniform
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Flg. § Perforriance data for Vemwll, 1 =0.4 and parabelic infet velec-
ity distributions
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Fig.?7 Performance data for Vew1.3, r; =0.4 and parabolic inlet veloc-
Ity distributions

inlet profiles, exhaustively examined the correctness of results
in the entrance region, and also further decreased the execution
time required for digital computation by improved programming.

Model of Turbine for Calculations

The mathematical model and calculation procedure for the
flow between a pair of corotating disks is that used by Boyack
and Rice [21] discussed above. The multiple-disk turbine con-
sists of many such corotating disks arranged on a common shaft
with the flow passages in parallel. The choice of the number of
disks is determined by individuel design requiremerts; the de-
sign information presented herein is based on the flow between
a single pair of corotating disks. The flow is considered to be a
laminar flow of an incompress ole Newtonian fluid. The calcula-
tions provide realistically for the thermodynamically irreversible
flow effects in the apace between the disks. The pressure change
in the flow between the disks, p., is composed of that due to
radially-incurred area change (with consequent velocity change)
and that due to irreversible (viscous) effects.

The dimensionless parameters Nrg, U, and V, for the flow
between a pair of corotating disks carry over to become also the
independent parameters for the turbine model. The turbine is
assumed provided with nozzles around the entire periphery of the
rotor (full admission). The nozzles provide the specified values
of U, and V, to the space between a pair of disks from a plenum
chamber having the dimensionless stagnation pressure p,. The
stagnation pressure is assumed conserved in the flow in the noz-
zles in the turbine model, that is, the flow in the nozzles is con-
sidered to be thermodynamically reversible. Part of p, is the
dimensionless pressure drop in the reversible nozzles, pa, given
by

1 v
Da ™ = f (ud(z) + vod(z)|u.z)dz (1)
u.J,

where the contribution due to w.(z) is considered to be negligibly
small. It is seer that p, depends on the disk-to-disk distribution
of the velocity mpoLents.

The fluid can  supplied to the rotor of a multiple-disk turbine

“Journal of Fluids Engineering
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Fig.8 Performance data for Vi=l.l, s;=0.3 and uniform Inlet velocity
proflias

through nozzles arranged in various ways. On the one hand, a
separate nozzle ring may be provided for each disk space; in
this case the disk-to-disk distribution of the velocity components
u.(z) and v,(z) will be approximately parabolic. On the other
hand, the nozzle ring may consist of slots extending across the
rotor or at least across several disk spaces; in this case, disk-to-
disk distribution of the velocity components u.(z) and v,(z) will
be approximately uniform.

As an idealization considered of interest in practice, the dis-
tribution of u.(z) and vs(z) sssumed herein is parabolic generally;
only where specifically noted later, the distribution is assumed
uniform in order to demonstrate the effect of the distribution
on the performance of a multiple-disk turbine. However, in ap-
plications the disk spacing frequently is so small that separate

nozzles are impractical and a siogle admission slot must be used.

The uniform distribution is then a better idealization of the
supply flow.

In the turbine model, the fluid is considered to exhaust from
the rotor into a stagnant exit p'enum chamber, without the
benefit of an exahust diffuser. Thus, with the nozzles considered
to be supplied with fluid from a stagnant condition,

Pt = pa + pr . (2)

and p, is the dimensionless stagnation pressure difference re-
quiced across the turbine. The dimensional quantity pi/p is,
then, the available energy of the fluid per unit mass and is ths
proper denominator for the expression of turbine efficiency, 7.
The torque delivered to the rotor by the fluid can be calculated
by two fundamentally different means; both involve use of the
calculated velocity field between the disks. As one possibility,
the local shear stress over the surface of the disks can be derived
from the velocity field and fluid properties and hence the local
torque due to the shenr force can be integrated over the surface
of the disks to obtain the rotor torque for the flow between a
pair of disks. As an alternative, a finite control volume can be
used between the entrance and exit radii and the torque can be
calculated from the change of the moment of momentum of the
fluid between those radial stations. The latter procedure is
used here since it is more direct and sccurate mainly because it
avoids differentiation of the fluid velocity profiles. The dimean-

SEPTEMBER 1974 / 255
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Fig.3 Performance data f or Vi=Ll.1, ;=04 and uniform Iniet velocity
prefiies

sionless torque 7T, (for one space between a single pair of disks)
is also the dimensionless work delivered to the rotor by the fluid
and is given by

1
T\ = 4r [r.'fm u(rs, 2)u(r,, z)dz ~ f ? ui(2)vi(z)ds ] 3)
L] []

Hence the turbine efficiency is given by

T\
2!'U.p| '

n (4)

The computer program used to implement the analysis of
Boyack and Rice (21] was arranged to accept Nrg, U, and V.
a5 input parameters with the shape of u.(z) and v,(z) specitied,
aad to calcw.ate pi, T, and n as output results for selected di-
mensionless exit radii r; such that 1 > r; > 0.05 with Ar ~ 0.05.
Thus each combination of input parameters corresponds with
an infinity of dimensionless turbines having different exit radii;
furthermore, each combination of Nag, U., V. and r correspond
with an infinity of dimensional (actusl) turbines.

The turbine inodel does not allow for resisting torques acting
on the turbine rotor due to rotor-to-housing “disk friction,”
bearings, seals, etc. Furthermore, the model ignores pressure
loases t'.9t will occur in an actual turbine due to interference of
the disk edges with the rozzle exit flow and due to irreversibility
in the noszle flow, and due to exit passage area changes and
frictional losses. (The latter ‘‘loss” may actually be a “‘gain’’ if
the exit passage can be designed to produce a preasure recovery
from the kinetic energy exhausting from the rotor, since the
turhine model assumes no such pressure recovery.)

The design information presented thus far, therefore, accounts
for losses only in the fow between the disks and leaves to the
designer the taks of accounting for the loss of torque and ef-
ficiency due to nozzle efficiency, nozzle-rotor interference, rotor-
to-housing *'disk friction,” bearings, and exhaust pasaage pres-
sure change. The pressure, efficiency, and tarque values given
herein are therefore upper limits of the performance of actual
multiple-disk turbines and must be used with conventional loss
information for the turbir e parts external to the rotor to caleulate

256 / SEPTEMBER 1974
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Fig.18 Turbine officiency as a function of 7; with Nrz as a paramater,
for Vi=lld, Ui ~0.02, and parabolic Iniet velacity distributions

the performance of actual turbines. A design example given later
herein includes references for such loss information.

Resuits—Design Information Summary

The computer program was executed for a very large number
of combinaiions of Vax, U, and V,, each yielding values of
Py T and 7 for values of r; such that 1 > r; > 0.05. The results
were cross-plotted by hand in order to produce data for plotting
lines of constant p,, T, and 75 for a fixed value of r; and of one
input parameter, and using the remaining two input paramoters
as coordinates. A large amount of judgment wasy exercised 1n
making additional computer program executions to “fill in*
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Flg. 11 Turbine efficiency as a function of r¢ with NRE as a paramater
for Vi=l.3, Ui=—0.02 and paraboilc iniet velocity distributioys
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Fig. 12 Caiculated performance for an actual water turbine with a
roter dia of 12 in.

the crossplots with definite additional data points wherever
rates of change were found w be large during the croasplotting
prooess.

Typical resuits are shown in Figs. 1, 2 and 3 which give lines
of constant pi, Th aad 7 using U., Nae coordinates and for
V, = 1.1and rg = 0.3 and for parabolic velocity profiles at the
rotor entrance (nozzle exit), From a very large number of
plots such a3 those of Figs. 1,2 and 3, dimensionless performance
maps were produced.

The dimensionless performance maps aré voluminous beyond
the posaibility of journal publication. They are available in the
form of a University Report [23]. The results given therein are
in four groups, arranged according to four values of the param-
eter V., : 0.8, 1.0, 1.1 and L.3. This is thought to be the useful
and interesting range for V, with the values of most interest
being near and just exceeding unity. The data for each value of
V, have r; as a parameter and sre presented in the form of sets
of lines for constant pi, Th and non U, Nnz coordinates.

Figs. 4-7 present typical samples of the results referenced
above, for the case in which the turbines have parabolically
shaped disk-to-disk velocity components st the rotor entrance
(nozzle exit). The Report [23) also gives voluminous results in
the same form for turbines baving uniform disk-to-disk velocity
coraponents at the rotor entrance. Typical samples of these re-
sults are presented in Figs. 8 and 9. Compsrison of the various
results yields information concerning the effect of the shape of the
entrance profiles on turbine performance. The obtaining of
the results in the Report (23} and of similar results for other
parameter values is expensive in terms of digital computer usage
but once done, eliminates the peed for further analysis of the
flow within the rotor of & multiple-disk turbine; only very
modest algebraic calculations are needed to apply the results
to the design of multiple-disk turbines.

Discussion

Some insights into multiple-disk turbine design characteriatics
are afforded through crossplotting of the performance results.
Fig. 10 presents the dependency of turbine efficiency oo the di-
mensionless inner (exhaust) radius r, with Nrx 88 & parameter,

Journal of Fluids Engineering

. T.eport [23).

for Vo = 1.1 and U, = — 0.02. (These are reasonabls and in-
teresting v~lues for these parameters.) The optimum inner
radius is approximately 0.3 for 3 < Nge and is spproximately
0.4 for Nux = 1; the figures also shows that the grestest of-
ficiency occurs for Nux = 4 for this parameter combination. An
increased value of the volume flow rate parameter reduces the
efficiency st all values of Ngx and increases the value of r¢ for
maximum efficiency.

The effiect on efficiency of an increased value of ¥, is detailed
in Fig. 11, for U, = — 0.02. The maximum efficiency is some-
what decreased by the higher value of V, tut tus turbine charao-
teristics are generally unchanged.

Further dotails concerning these matters are contained in the
Yor U, = — 0.02 and Nz = 4, maximum ef-
ficiency occurs pear V, = 1.0 and the effect of increasing ¢
above 0.3 is to reduce efficiency and to cause the local maximum
efficiency to occur &l higher values of V.. Turthermors, both Th
and p. are almost-linear functions of V., incressing as r¢ is de-
cressed. ‘Throughout the parameter range, changing the Nex
values changes the turbine performance quantitatively but all
mndarmnninuimﬂuwthoeeforNu -4,

Itinneeemsrytoruliut.hnttheremﬂuportainwtheﬂow
between a single pair of disks; for a turbine with N cpace? be-
tween disks, (N + 1) disks), the total flow rate, Q, will be

Q = NQi = NU, 2xt b (5)
and the power delivered to ths rotor by the fluid vnll be
P = NTypt fhB ()]
which can be found alternatively from the o.quntion
P = nQp:. N

Both equations (6) and (7) refer to the power delivered to the
rotor by the fluid; the shaft power wrill be less because of rotor-
to-housing “disk friction,” bearing losses, seal losses, etc. Also,
for an actusl turbine, the stagnation pressure required will be
more thaa P becasue of irreversible pressure changes in the fluid
supply nozzles and between the nozzles and the spaces between
the disks. Consequently, the actual turbine efficiency will be
somewhat less than that indicated in the figures. The desigoer
will allow for these facts in the use of the design data to predict
turbine performance.

There are numerous sources of information of valu . in estimat~
ing the various losses. General deaign. features and the per-
formance of bearings, seals, and nozzle: are reviewed in references
(24, 25]. Daly and Necs [26] give sufficient detail concerning
the rotor-to-bousing “‘disk friction’ to allow optimization of the
clearance and catimntion of the power lcas from that source.

An Example of Turbine Design and Performance

Using the reference matetial earlier cited and the data in th®
figures, 8 very simple digital compute: piogram can be used to
determine the physical dimensions of turbines and the perform-
ance characteristics. As an example, it is assumed that a water
turbine is desired which will produce 12 shaft Lorsepgwer when
operated at 1000 rpm with a total head of 130 ft of water, A
auitable design point is chosen a8 & cOmpromise batweed ef-
ficiency, phyrical size, and ease of executing design details; the
design point is somewhat arbitrary and several should Le in-
vestigated by the desiguer. In this case, the point chosen is
Uy = = , Nax_= 4 and ¢ = 0.30, It is further assume.
that the turbine will use well-designed nozzles to supply fluid
to the rotor with an approximately parabolic disk-to-disk di
tribution of velocity, carbon ring seals, and conventional bear-
ings, snd will have the optimum casing-to-rotor clearance for
Jenat “‘disk friction.”’ .

The foregoing assumptiona and choices result in 8 turbine
haviog a rotor dis of 12.0 in., a rotor exhaust dia of 3.8 in., and

——r —
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479 disks spaced 9.0083 in. apart. If a disk thickness of 0.004

in. is arbitrarily chosen, this results in a rotor with an axial
length of 3,89 in.; the total volume of the turbine is approximately
1200 cu in. includic,> the turbine casing and other structure.

The performance .haracteristics are shown in Fig. 12.

The very small disk thickness used in this design example is
realistic; each disk carries very small torsional and radial load-
ing and no axial loading. The disks can be spaced correctly and
the rotor made more rigid by dimplicg the disks to achieve the
required average disk spacing.

In this example, the maximum turbine etficiency is approxi-
mately 81 percent and occurs at lowest flow rate and highest
speed. This value of efficiency is by no means the maximum
achievable in multiple-disk turbines. A different choice of the
design point or of speed, power or head at the design point, will
result in a different set of performance curves and characteristics.

As an extension of the foregoing example it is considered that
the turbine is to be designed to use a light oil (p = 34 1bw/ft3,
v = 0.0001 ft1/sec) rather than water (p = 62.3 Ibp/ft}, v =
.0000108 ft3/sec). All other specifications being the same, the
oil turbine requires 197 disks and has a spacing between the
disks of 0.02345 in. which results in a rotor length of 5.41 in.,

and an efficiency of 0.76 and volume flow rate of 75 cfm at 1000

rpm and 130 ft head. The computerized evaluation program
would easily generate the off-design point characteristics of
this turbine also.

In contrast with conventional turbines, the performance of
the rotor and hence good estimates of the turbine characteristics
can be realistically calculated for multiple-disk turbines for both
design point and off-design poirt operation, with ease using only
algebraic calculations.

Conclusion

While the design data presented herein are sufficient to allow
calculation of the performance of multiple-disk turbines and com-
parison with conventional turhines, the deiigner will finally
want more detail of the flow field between the disks. At such
point of interest, the designer should use references {21, 22] to
obtain a computer-oriented analysis which eusily and economieal-
ly yields the desired detailed flow information.

Further details concerning the generation of the cross-plots
and of design procedures are given in a thesis by Lawn [27] as
well as the Report (23].

The multiple-disk turbine can be designed with high efficiency
for fluid with any viscosity and density; it remains to be estab-
lished by further investigation and by practice whether or not
the turbine has substantirl advantages when compared with
conventional turbines, in the various extremes of application.
For all of the data presented herein, it is assumed that the Aow
in the rotor is laminar. It is known from investigation by
Adams and Rice (20} that laminar flow occurs in the Sow be-
tween rotating disks over a wide range of the flow parameters.
The criteria for prediction of laminar and of turbulent flow has
been established for miultiple-disk turbines: it is krown at this
time that laminar flow persists to high values of Vag for low
values of U,, and to high values of U, for low values of Ves;
high values of both parameters promote turbulent flow. Details
of the delineation of the laminar region and of the experiments
leading to it are available in a University Report (28] and will
appear subsequently in a journal publication.
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S

To all wham it may concern: in the direction of movement. ‘Thes? effects,
Be it known that 1, NisoLa TesLa. a citi- in themselves, are of daily observation, but
zen of the United States, residing at New | 1 believe that 1 am the first to apply them in
Y ork, 1n the county and State of New York, | a praciical and economical manner or im-

have mvented certain new and useful Im- parting energy {0 or derivingt froma i,

yrovements in Fluid Propulsiony of which | The subject of this application is an in-
the follewing is a full, clear, and exact de vention pertaining to the art of imparting
scription. energy to fluids, end 1 shall now roceed to
In the practical application of mechanical describe its nature and the principles of con-

Eower based on the use of & fluid as the ve: struction of the npparatus which 1 have de-
icle of energy, it has been demonstrated vised for carrying it out by reference to the
that, in order to attain the highest economy. pecomnpanyin drawings which illustrate an
the changes in velocity an direction © operative unﬁ efficient embodiment of the
movement of the fluid s{\ould be as graduul | same.

Figure 1 15 & partial end view, and Fig.

as possible. 1n the present forms of such _
9 is a vertical cross section of a pump of

appnratus more or less sudden changes
shocks and vibrations are upavoidable. Be- compressor constructed and adapted to be
operated 10 accordance with my invention.

sides, the employment of the usual devices

for imparting ener to o fAuid, as pistons, In these drawings the device illustrated

paddles, vanes and blades, necessarily 1n- | contains a runner composed of 8 lurality

troduces numerous defects and Limitations | of flat rigid disks 1 of o suitable diameter,

and adds to the complication, cost of pro- keved to <haft 2, and held in position by 8

duction und maintenance of the mochine thrended nut 3, 2 shodlder 4 and washers 9,
1 of the requisite thickness. Each disk hss 8

‘The object of ny present mvention is to :
number of central opemings 6, the solid por-

overcome these deficiencies 1 ad)pnrulus de-
tions between which form spokes T, prefer-

.|€'ned for the anpulswn of fluids end to
th ’ ably curved, as shown, for the purpose 0

[N

effect thereby the Lransission and truos-

formation of mechanical energy through the reducing the loss of energy due to the imnpact
agency of fluids in a mmore perfect manner, of the fluid. The runoer 1s mounted 10 8
and by means simpler wnd more economical [ LFO0 part volute casing 8, having stuffing
than those hercméore employed. 1 accom- boxes 9, and inle:s 10 leading to its centnh
plish this by causing the propelled fluid to | partion. 1n addition 8 graduall widening
wove in natural paths or stresh lines of ' and rounding outlet 11 is provi«ﬁ’:d, formed
least resistance, free from constraint and dia- | nith a flange for connection to 8 pipe as
turbamce such 8s accusioned by vanes ot usual.  The casing 8 rests upon 8 base 12,
kindred devices, and to chunge its velocity shown aulyin purl,und supporting the bear-
and direction of movement by uo erceptible | ings for the shaft 2, which. being of ordinary
Jegrees, thus avoiding the losses S i

ue Lo sud- copstruction, are omitted from the drawings
Jen variations while the fluid is receiving An understanding of the principle em-
energy- podied in this devicr will be gained from

Tv 15 well known that a fHuid possesses, the followinz descrintion of 1t wmade of
among others, two galient properties: ad- | nperation. Power being applied to the
hesion and viscosity. Owing totheses body | snaft andd the runner set in rotation in the
propelled through such & medium encoun- direction of the solid arrow the duid by
ters a peculiar impediment known as *lat- | reason of. its properties of adherence and
eral” or “skin resistance ’ which 15 LwoO- viseusity, upon,eulering through the inlets
fold ; one arising from the shock of the fluid | 10 and coming in contact with *he disks 1
against the asperities of the solid substance. is tuken hold of by the same snd subjo:ted
the other from internal forces 0 osing | to Lwe forces, one aCting tangentially 1n the
molecular separation. Asan '\nev'\lnﬂ{)e can- | direction of rotation, an the other radinlly
sequence, certain amount of the fluid is outward, The combined effect of these tan-
dragped along by the moving body. Con- i geptial and centrifugsl forces i3 0 propel
versely, if the body be pl in & flmd in | the fluid with continunously increasing ve

motion, for the same reasons, it is nnpelled . Jocity in B ppiral path until it 1eaches the
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outlet 11 from which it is ejected. This
spiral movement, free and undisturbed nnd
cssentially dependent on the properties of
the fluid, permitting it to adjust itself to
natural paths or stream lines and to change
its velacity an1 direction by nsensible de-
grees, is charneteristic of this method of
propulsion and advantageous in its applica.
tion. While traversing the chamber inclos-
10 ing the runnes, the particles of the finid
may complete one or more turns, or bnt a
part of one turn, In any given case their
path can be closely calculated and zraphi-
cally represented, but fairly accurate ecti-
15 mate of turns can be obtained simply by de-
termining the number of revolutions re-
quired to renew the fleid passing throngh
the chamber and multiplying it by the ratis,
between the mean speed of the fluid and
20 that -of the disks., I have found that the
quantity of iuid propelled in this manner
is, other conditions "“eing equal, npproxi-
mately proportionate to the active surface of
the runner and to its effective speed. For
28 this reason, the performance of such ma-
chines augments at an exceedingly high rate
with the increase of their size and speed of
revolution,
'The dimensians of the device as a whole,
30 »nd the spacing of the disks in any given
machine will be determined by the condi-
tions and requirements of special cases. It
may be stated that the intervening distance
should be the greater, the larger the diara-
3s eter of the disks, the longer the spiral path
of the fluid and the greater its viscosity. In
general, the spacing should be such that the
entire mass of the fluid, before leaving the
runner, is sccelerated to a nearl uniform
40 velocity, not much below that of the periph-
ery of the disks underfnormal working con-
ditions nnd almost equal to it when the out-
let is closed and the particles move in con-
centric circles, It may also be pointed out
46 that such a pump can be made without open.
ings and spokes in the runner, as hy using
one or moroe solid diska, each in its own cas-
ing, in which form the machine will be
eminently adapted for sewage, dredging and
50 the like, when the water is charped with
foreign \bodies and spokes or vanes espe-
cially objectionable,
Another application of this principle
which I have discovered t¢ be not only
56 feasible, but thoroughly practicable and offi-
cient, is the utilization of machines such as
above described for the com »rassion or rare-
faction of air, or gascs in 2eneral. Tn such
cases it will be found t>at most of the gen-
60 eral considarations obtaining in the case of
liquids, properly interpreted, hold true.
ien, irrespective of the character of ihe
fluid, considerable pressures are desired.
staging or compounding may be resorted to
é6 in the usual way the individual runners be-

(<]

ing, preferably, wnounted on the smme shinft.
It should be added that the sume end may
be attained with one single runner by suit-
able defection of the fluid through rotative
or stationary prssages. 70

The principles underlying the invention
are cupable of embodiment also in that
field of mechanical engincevigg which is
cencerned in the use of fluids as motive
ageots, for while in some respects the nc- 75
tions in the latter case are directly oppoesite
to those met with ir the propulsion og)Huids.
the fundamental laws applicabl~ i the two
cases are the same. In other words, tho
operation above described is reversible, for 80
if water oy air under pressure be admitted
to the opening 11 the runner is set in 1ota-
tion ir the direction of the dotted arrow by
reason of the pecunliay properties of the fluid
which traveling in a spiral path and with gr
continuously J-ilminishing velocity, reaches
the orifices 6 and 10 through which it is
discharged.

When apparatus of the generzl character
above described is employed for the trans- go
mission of power, however, certain depar-
tures from structural similarity between
transmitter and receiver may be necessary
for securing the best result. ' T have, there-
fore, included that part of my invention 95
which is directly applicabla to the use of
fluids as motive ‘agents in a separate appli-
cation filed Jannary 17, 1911, Serial glo.
603,049. It may be here pointed out, how-
ever, as is evident from the above consid- 100
erations, that when transmitting power from
one shaft to another by such machines, any
desired ratio between™ the speeds of rota-
tion may be obtained by proper selection of
the diameters of the isﬁs, or by suitably 1ox
staging the transmitter, the receiver, or both,
But it may be stated that in one respect,
at least, the two machines are essentially dif-
ferent. In the pump, the radial or static
pressure, due to centrifugal foros, is added 110
to the tangential or dynamic, thus increns-
ing the effective heud and assisting in the ex-
pulsion of the fluid. In the motor, on the
contrary, the first named pressure, bein
opposed to that of supply, reduces the of- 115
fective head and velocity of redial flow to-
ward the center. Again, in the ropelled
machine a great torque is always Swlmble,
this calling for an increased number of
disks and smaller distance of separatior, 120
while in the propelling machine, for numer-
ous economic reasons, the rotary effort
should be the smallest and the speed the
greatest practicable. Many other consid-
erations, which will naturalf;v suggest them- 12#
selves, may affect the design and construc-
tion, but the preceding is thought to con-
tnind all necessary information 1n this re.

ard.
& Tt. will be understood that the principles 130
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To all whom it may concern:

Be it known that I, Nixota ‘TESLA, a citi-
zen of the United States, residing nt New
Youk, in the county and State of New York,
have invented certain new und nseful Im-
provements in Rotary Engines and Tur-
bines, of which the following is n full, c'ear,
and exact description. .

In the practical application of mechani-
cal power, based on the use of fluid as the
veliicle of energy, it has been demonstrated
that, in order to nttain the highest economy,
,the changes in the velacity and direction
of movement of the flnid should be as
gradual as possible. In the forms of appa-
ratns lheretofore devised or proposed, more
or less sudden changes. shocks and vibra-
tions are unavoidable. Besides, the employ-
ment of the usunl devices for imparting to,
or deriving energy from'a fluid, snch as pis-
tons, paddles, vanes and blades, necessarily
introduces numerous defects and limitations
‘and ndds to the complication, cost of pro-
‘duction and maintenance of the machines.

The object of iny invention is to over-
come these deficiencies. and to effect the
transnission and transformation of .me-
chanical . energy through  the agency of
fluids in a more perfect -manner. a d by
menns simpler and more e'conomicn{] than
those heretofore employed. - T accomplish
this by cansing the propelling fluid to move
in natural paths or stream lines of lenst
resistance, free from constraint and disturb-
ance such ns oceasioned Dy vanes or kindred
devices, and to change its velocity and di-
rection of movement by imperceptible de-
rees, thus avoiding the losses due to sud-
den variations whiﬁ: the fluid is imparting
energy.

It is well known that a fluid poscesses,
‘among others, two salient pruperties, 'ad-
hesion and viseositv. Owing to these a
‘solid body propelled through such a medium
encounters o peculiar impediment known as
“laternl ” or “skin resistance,” which is two-
foll. one. arising from the shock of the
fluid against the asperities of the solid sub-
stance, the other from internal forces op-
posing molecnlar separation. As an inevi-
table consequence a certain amount of the
fluid is dragged along by the moving body.
Coaversely, if the body be placed in a flmd
in motion, for-the same -reasons, it ls im-

pelled in the direction of movement. These”
effects, in themselves, are of daily observa-
tion, but I believe that T am the first to ap-
ply them in a practical and econgmical man-
ner in the propulsion of fluids or in their,
use as motive agents.

In an application filed by'me October!
21st, 190Y, Serial Number 523,832 of which
this cnse is n division, I have illustrated the
principles underlyinz my discoverv as ein-,
bodied in apparatus designed for the pro-j
pulsion of fluids. The sinie principles. how-
ever, are capable of embodiment also in
that field of mechanical engineering which
is concerned in the use of fluids as motive’
agents, for while in certain respects the
operations in the latter cnse fre directly
opposite to those met with in the propul-
sion of fluids, and the means eniployed
may differ in some features, the fundamen-’
tal laws npplicable in the two cases are the -
same. In other words, the operation is re-
versible, for if water or air under pressure
be admitted to the opening constituting the
outlet of a pump or blower s described, the.
runner is set in rotation by resson of the
peculinr properties of the fluid which, in,
its movement through the devire. imparts
its energy thereto. .
. The present application, which is a di-

55

a0

85

70,

76

80

vision of that referred to, is specia'ly in-;85

tended to describe and claim my discovery,
above set forth, so far as it bears on the use
of fluids ns motive agents, ns distinguished
from the applications of the same to the.
propulsion or compression of flnids.

In the drawings, therefore, T have illus-
tented only the form of apparatus designed
for the thermo-dynamic conversion of en-
eray, a field in which the applications of

20

the principle have ‘the greatest practical 96

value. . .
Fijre 1 is a’partial end view; and g’

9 a vertical cross-section of a rotary engine

or turbine, copstructed and adapted to be

opernted in accordance with the principles 100

of wny invention.

. The appuaratus comprises a runner conn”,
posed of a plurality of flat rigid disks 13
of suitable diameter, keyed to a shaft 16,

and held in position thereon by a threaded 103

nut 11, & shoulder 12, and intermedinte’
washers 17. The disks have openings 14
adjacent to the shaft and spokes 15, which
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mny be substantially straight. For the sake
of clearness, but a few disks, with compara-
tively wide intervening spaces, are illus-
trated. :

The runner iy mounted in a casing com-
prising two end castings 19, which contain
the bearings for the shaft 16, indicated but
not shown in detail: stuffing lioxes 21 and
ontlets 0. ‘The end castings are united by
a_central ring 22, which is bored out to a
circle of a slightly larger diameter than that
of the disks, and has flanged extensions 23,
and inlets 24, into which finished ports or
nozzles 25 are inserted. Circular grooves 21
and labyrinth packing 27 are provided on
the sides of the runner. Supply pipes u3,
with valves 29, are connected to the gange:l
extensions of the central ring, one of the
valves being normally closed.

Fol a more ready and complete under-
standing of the principle of operation it i3
of advantage to consider first the actjrns
thut take place when the device is used for
the propulsion of fluids for which purpose
let it be assumed that power is applied to
the shaft and the runner set in rotation say
in a clockwise direction. Neglecting, for the
moment, those features of construction that
make for or against the efficiency of the de-
vice as a pump, as distinguished from a mo-
tor, a fluid, by reason of its properties of
adherence and viscosity, upon entering
through the inlets 20, and coming in contact
with the disks 13, is taken hold of by the
latter and subjected to two forces, one act-
ing tangentially in the direction of rotation.
ond the other radially outward. The com-
bined effect of these tangential and centrifu-
gal forces is to prope! the fluid with con-
tinuously increasing velocity in a spiral path
until it reaches o suitable peripheral outlet
from which it is ejected. This spiral move-
ment, free and undisturbed and essentially
dependent on the properties of the fluid, per-
mitting it to adjust itself to natural paths
or stream lines and to ehrnge its velocity and
direction by insensible degrees, is a charac-
teristic and essentinl feature of this principle
of operation.

While traversing the chamber inclosing
the runner, the particles of the fluid may
complete one or more turns, or but a part
of one turn, the path followed being capable
of close caleulation and graphic representa-
tion, but fairly accurate estimates of turns
can be obtained simply by determining the
number of revolutions required to renew the
fluid passing through the chamber and mul-
tiplying it by the ratio between the mean
speed of the fluid and that of the disks. I
have found that the quantity of fluid pro-
pelled in this manner, is, other conditions be-
g equal, approximately proportionate to
the uctive surface of the runner and to its
effective speed. For this reason, the per-

formance of such machines angments at an
exceedingly high rate with the increase of
their size and speed of revolution.

The dimensions of the device as n whole,
and the spacing of tne disks in any given 54
machine will be determined by the conditions
and requirements of specinl cnses. It may
be stated that the intervening distance should
should be tbe greater, the larger the dinmeter
of the disks, the longer the spiral path of o5
the fluid and the greater its viscosity. In
general, the spacing should be such that the,
entire mass of the fluid, before leaving the
runner, is accelerated to a nearly- uniform
velocity, not much below that of the periph- gg
ery of the disks under normal working con-
ditions, and almost equal to it when the out-
let is closed and the particles move in con-
centric circles.

Considering now the converse of the above 85
described operation and assuming that fluid
under pressure be allowed to pass through
the valve at the side of the solid arrow, the
runner will be set in rotation in a clockwise
direction, the fluid truve]ing in a spiral path gp
and with continuously dimmishing velocity
until it renches the orifices 14 and 20, through
which it is discharged. If the runner be al-
lowed to turn freely, in nearly frictionless
bearings, its rim wii] attain a speed closely op
approximeting the maximnuimn of that of the
adjacent fluid and the spiral path of the
particles will be comparatively long, consist-
ing of many almost circular turns, If load
is put on and the runner slowed down, the 100
motion of the fluid is retarded, the turns aro
reduced, and the path is shortened.

Owing to o number of causes affecting the
performance, it is difficult to frame a precise
rule which would be generally applicable, :0
but it may be stated that within certain
limits, and other conditions being the sanie,
the torque is directly proportionate to the
square of the velocity of the fluid relatively
to the runner and to the effective aren of the 110
disks and, inversely, to the distance separat-
ing them. The machine will, generally, per-
form its maximum work when the el’{ectivu
specd of the runner is one-half of that of the
fluid; but to attain the highest economy, the 116
relative speed or slip, for any given perform-
ance, should be as small as possible. This
condition may be to any desired degree ap-
proximated by increasing the active aren of
and reducing the space between the disks, 180

When upparatus of the kind described is
employed for the transmission of power cer-
tnin departures from similarity between
transmitter and receiver are necessary for
securing the best results, It is evident that, 125
when transmitting power from one shaft to
another by such machines, any desired ratio
between the speeds of rotation may be ob-
tained by a proper selection of the diame-

(4]
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transmitter, the receiver or both. But it
may be pointed out that in one respect, at
Yeast, the two machines are essentially dif-
ferent. In the pump, the radial or static
pressure, due to centrifugal force, is added
to the tangential or dynamic, thus increas-
ing the effective head and assisting in the
expulsion of the fluid. In the motor, on the
contrary, the iirst named pressure, being op-
{.)osed to that of supply, reduces the effective
tead and the velocity of radial flow toward
the center.  Again. in the propelled machine
a great torque is always desirnble. this call-
ing for an increased number of dicks and
smaller distance of separation. while in the
propelling machine, for numerous economic
reasons, the rotary effort should be the smali-
est and the speed the greatest practicable.
Many other considerations, which will nat-
urally snggest themselves, may affect the de-
sign and construction, but the preceiing ’s
thought to contain all necessary informu-
tion in this regard.

Tn order to bring out a distinctive feature,
sssume, in the first place, that the motive
medium is admitted to the disk chamber
through a port, that is a channel which it
traverses with nearly uniform velocity. In
this case, the machine will operate as n
rotary engine, the fluid continuously ex-

anding on its tortuous path to the central
outlet. The expansion takes place chiefly
aleng the spiral path. for the spread in-
ward is opposed by the centrifugal force
due to the velocity of whirl and by the great
resistance to radial exhaust. It is to be ob-
served that the resistance to the passage of
the fluid between the plates is, approsi-
mately, proportionate to the square of the
relative speed, which is maxinum in the
direction toward the center and equal to
the full tangential velocity of the flnid.
The path of least resistance, necessurily
taken in obedience to a universal law of
motion is, virtually, also that of least rela-
tive velocity. Next, assume that* the fluid
is ndmitted to the disk chamber not throngh
a port, but a diverging nozzle, a device con-
verting wholly or in part, the expunsive into
velocity-energy. The machine will then
work rather like a turbine. absorbing the
energy of kinetic momentum of the parti-les
as they whirl, with continuously decreasiig
speed. to the exhaust.

The above description of the operation, I
may add, is suggested by experience and ob-
servation, and is advanced merely for the
;f)urpose of explanation. The undeniable

ncl is that the machine daes operate. both
expansively and impulsively. 1en the ex-

ansion in the nozzles is complete, or, nearly
5o, the fluid pressure in the peripheral glear-
ance space is small; as the nozzle is made
less divergent and its section enlarged, the
pressure rises, finally approximating that of
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the supply. But the transition from purely

action may not be
continuous throughout, on account of criti-
cal states and conditions and comparatively
great variations of pressure inay be caused
by small changes of nozzle velocity.

“In the preceding 1t has been assumed that
the pressure of supply is constant or con-
tinuous, but it will be understood that the
operaticsi will be, essentially the same if the
pressure be fluctuating or intermittent, as
that due to explosions occurring in more or
less rapid succession.

A very desirable feature, characteristic of

‘machines constructed and operated in ac-

cordance with this invention, is their capa-
bility of reversal of rotation. Fig. 1, while
iNustrative of a special case, may be re-
garded as typical in this respect. If the

right hand valve be shut off and the fluid

L supplied through the second pipe, the runner

is rotated in the direction of the dotted ar-
row, the operation, and also the performance
remaining the same as before. the central
ring being bored to a circle with this purpose
in view. The same result may be obtained
by spertally designed
valves, ports or nozzles for reversing the
flow, the description of which is omitted
here in the interest of simplicity and clenr-
ness. For the same reasons biit one opera-
tive port or nozzle is illustrated which night
be adapted to a volute but dees not fit best
s circular bore. It will be understood that
a number of suitable inlets may be provided
around the periphery of the runner to im-
prove the action and that the coustruction
of the machine may be modified in many
ways.

Sill another valuable and  probably
nnique quality of such motors or prime mov-
ers may be described. By proper construc-
tion and observance of working conditions
the centrifugal pressure, opposing the pas-
sage of the tluid, may, as already indicated,
be made nearly equal to the pressure of sup-
ply when the machine is running idle. ?f
the inlet section be large, small changes in
the speed of revolution will produce great
differences in flow which are further en-
hanced by the concomitant variations in the
tength of the spiral path. A self-regulating
machine is thus obtzined bearing a striking
resemblance to a direct-current clectric mo-
tor in this respect chat, with great differences
of impressed Frcssure in 1 wide open chan-
nel the flow of the fluid through the same is
prevented by virture of rotation. Since the
centrifuga! nead increnses ns the square of
the revolutiond, or cven more rap.dly, and
with modern high grade steel great ;;:ri})h‘
eral velocities are practicable, il is possible
to attain that condition in a single stage
machine, more readily if.the runner be of
large diameter. Qoviously this problem is
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facilitated by compounding, as will be un-
derstood by ‘those skilled in the art. Irre-.
spective of its beuring on economy, this tend-
ency which is, to-a degree, common to
motars of the nbove description, is of specinl
advantage in the operation of large units, as
it affords a safeguard ngainst running away
and destruction.” Besides these, such a prime
mover possesses many other advantages, both
constructive and operative, It is simple,
light and compact. subject to but little wear,
chezp and exceptionaily eesy to manufc.
ture ns small clearances and accurnte miliing
worlt are not essential to goad pertormance,
In operation it is reliable, there being no
valves, sliding contacts or troublesome vanes,
It is almast free of windage, largelv inde-
ren(lent of nozzle efficiency and suitable for
righ as well as for low fluid velocities and
speeds of revolution.

It will be understood that the principles
of construction and oneration above gener-
ally set forth, are capable of embodiment in
machines of the most widely different forms,
und adapted for the greatest variety of pur-
poses, In my E‘I\'esent. specification I have
cought to describe and explain only the gen-
eral and typical applications of the principle
which I berie\'e I'am the first to realize and
turn to useful account.

What I claim is:

1. A machine ndnpted to be propelled by
& fluid consisting in the combination with a
casing having inlet and outlet ports at the
peripheral und central portions, respectively,
of a rotor having plane spaced surfaces be.
tween which the ﬂ}l)lid may flow in natural
spirals and by adhesive and viscous action
impart its enerrv of movement to the rotor,
as described.

2. A machine adapted to be propelled by
e fluid, compriving a rotor composed of a
plurality of plane spaced disks mounted on
shaft and open at or neav the same, a1 in-
closing casing with o peripheral inlet or in-
lets, in the plane of the disks, and an outlet
nr vutlets in its central portion, ns described.

3. A rotary engine adapted to be propelled
by adhesive nnd viscous action of a continu-
ously expanding fluid comnrising in combi-
uation a casing forming a chamoer, an inlet
or inlets tangential to the periphery of the
same, and nn outlet or cutlets in its central
portion, with a rotor composed of spaced

disks mounted on a shaft, and open at or
near the same, as described.

4. A machine adapted to be propelled by
fluid, consisting in the combination of o plu-
rality of disks mounted on a shaft and open
at or near the same, and an inclosing easing
with ports or passages of inlet and outlet
nt the peripheral and central portions, re-
spectively, the disks being spaced to form
pussages throuEh which the fluid may flow,
under the combined influence of radinl and
tangentinl forces, in a natural spiral path
from the periphery toward the axis of the
disks, und impart its energy of movement to
the same by its adhesive and viscous action
thereon, as set forth,

5. A machine adaptea to be propelled by
n fluid comprising in combination a plaral-
ity of spaced disks rotatably mounted nnd
having plane surfaces, an inclosing ensing
and ports or nassages of inlet and outlet ad-
jucent to the periphery and center of the
disks, respectivelv. as set forth.

6. A machine adapted to ve vropelled by a
fluid comprising in combination a runner
composed of a plurality of disks having
piane surfaces and mounted at intervals on
a central shaft, and formed with openings
near their centers, and means for admitting
the propelling fluid into the spnces between
the disks at the periphery and discharging it
at the center of the same, as set forth.

7. A thermo-dynamic converter, compris-
ing in combination a series of rotatably
mounted spaced disks with plane surfaces,
mn inclosing casing, inlet ports at the pe-
ripheral portion and outlet ports leading
from the central portion of the same, as set
forth.

8. A thermo-dynamic converter, compris-
ing in' combinatior a series of rotatably
mounted spaced disks with plane surfaces
and having openings adjacent to their cen-
tral portions, an inclosing casing, inlet ports
in the pe.ripfncml portion, and outlet ports
lending from the central portion of the same,
as kot ?orth.

- In testimony whercof I affix my signature
in the presence of two subscribing witnesses

NIKOLA TESLA.
Witnesses:
M. Lawson Dyenr,
W, Bonrener,

Coples of this patent may be obtained for five oents each, by addressing the * Commissdoner of Patents
Washington, D, 0.”
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Lower part with rotor of Tesld's steam turbine
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