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Note: The original Tesla patent is included on page 17 of this booklet for
informational purposes only. No effort has been made to construct & tur-
bine as an exact replica to the original patent. The intention has been to
supply a project that would display the amazing principles of the Tesla
Turbine yet be fairly simple to construct.
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Introduction

The purpose of this booklet is
to show you how to build a Tesla
Turbine. It is a fairly easy project
consisting ol a simple assembly of
eighteen 2-3/4" diameter flat discs
separated by washers and mounted
on a shatt held between two high
speed bearings and housed within
a round cylinder.

The turbine operates on the
principle that all fluids have two
prominent properties; adhesion and
viscosity. To better understand the
principle and what it means for our
turbine, it is helpful to know that
air, steam and the vanious gasses are
classified as fluids just like water
i5. S0 when air or steam enters the
turbine under pressure, the proper-
ties of adhesion and viscosity come
into play and the rapid fluid motion
essenually grabs the flat surface of
the disks forcing them to rotate
along with it as it moves ever rap-
idly to the center of the lurbine. This
force of movement on the flat disks
in turn develops horsepower as well
as very high r.p.m..

An overview of the wrbine op-
eration 15 as follows. . .

A pressurized jet of air enters
the manifold as shown in figure 2
and makes its way through to the
outer edges of the flat disk assem-
bly where it is forced into the tur-
bine by way of a nozzle. It follows
a rapid spiral path around and
around and as it does, it drags the
disks along with it. Eventually, the
air works its way o the center of
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Figure 1. The turhine complete.

the wrbine and exits through the ex-
haust ports. The direction the tur-
bine rotates is determined by valves
located at either side. Looking at
figure 2, note that if valve “A” is
open and valve “B” is closed, the
turbine will rotate clockwise. Like-
wise, il valve “B” is open and valve
“A" 18 closed, the turbine will ro-
tate counterclockwise.

The turbine as detailed will ro-
Late in excess of 5000 rpm. at a
constant air pressure delivery of 80
pounds per square inch. Higher de-
livery pressures will increase the
rpm. But be advised, when exposed
to such high rotational speeds iner-
tia stress becomes a concern. The
turbine as detailed is constructed of
type MM stainless steel which is a
stronger material than typical mild
steel which does give it the ability
to better withstand the stress of high
speed rotation. Even so, care should
be exercised, particularly at speeds
in excess of 5000 rpm. As a pre-
caution | would advise those who
intend on operating this turbine, es-

PRESSURIZED AIR TRAVELS
THROUGH TUBING AND ENTERS
THE TURBINE THROUGH
THE NOZZLE RUSHING N !

A SPIRAL PATH TOWARD ] SPENT AR FINALLY EXITS
THE CENTER PULLING THE |HI THROUGH THE EXHAUST HOLES
FLAT DESKS ALOMG WITHIT.

e

THE BIDE OPEN FOS
COUNTER CLOCKWISE
CPERATION.

FRONT VIEW WITH EMD REMOVED
TO SHOW NS TRAVEL

Figure 2. The turbine, as detailed here, is set to rotate in a counter clockwise
direction. All that is required to switch over to a clockwise rotation is to open
the closed valve on the right and close the open valve on the left.




pecially at higher speeds, to devise
a safety guard and place it between
the mrbine and those in close prox-
imity 1o it.

The wrbine project is well
suited for those with miniature
lathes. The largest turning require-
ment is the 3-3/16" diameter re-
movable end cap. Besides a lathe,
a drill press and/or milling machine
and a bandsaw or hacksaw will be
required. As can be expected with
a project such as this, an assortment
of hand tools will also be needed.
Such tools as a pair of right hand
{red handle) metal cutting snips,
hacksaw or bandsaw, a small pipe
wrench as well as an assortment of
wrenches & screwdrivers as would
commonly be found in the average
workshop. A set of drill bits, a 4-40
tap, an 8-32 tap, a 1/8-27 N.P.T. tap,
a 3/8-24 thread die and a .376
chucking reamer are also required.
You will also need a 14" & a 1727
collet 1o be used in the lathe for
turning the rotor shaft.

The turbine itself is constructed
entirely of type 304 stainless steel.
The rotor shaft is machined from
1/2" diameter s.s. round rod, the
disks are cut from 20 gage s.5. sheet
meetal and the housing (stator) is cut
o length from 37 diameter 065"
will s.5. pipe. The pressure line is
assembled from an assortment of
brass fittings and the end support

brackets are made of brass as well.

Though this project is meant to
produce a demonstration model, it
does have practical value. Similar
turbines have been used o power
generators for the purpose of pro-
ducing electricity. Of course using
air pressure from an air compres-
sor would not be economical for
such a purpose, but certainly steam
pressure would be. However gen-
erating electricity and building
steam boilers are subjects in them
selves and beyond the scope of this
book. There is plenty of room for
expenmentation and it is my hope
this project is beneficial in that way.

Remember to be safe. There are
hazards lurking in all that we do.
You will be working with metal and
that includes cutting, forming,
grinding and welding all of which
pose an injury threat. Wear safety
glasses, use common sense and con-
sider cach step and procedure care-
fully before you begin. Remember
to safeguard all those who may be
in close proximity to you as well,
The turbine vou are geiting ready
to build has the potential to develop
very high rpm and that in itself
poses some danger and yvou are ad-
vised 1o erect a safety guard be-
tween the rbine and those tend-
ing it and those who might be look-
ing on as spectators.

Material List

The materials listed below are fairly easy w find. The stainless steel, steel.
and brass items can be purchased from steel suppliers. The plumbing fit-
tings can be purchased at any good hardware store or home improvemnent
center and sources for the bearings are listed in the wext on page 34,

13" x 20™ sheet of 20 gage type 304 5.5. (stainless steel) sheet metal. For
rotor disks and end caps. See figures 4, 15 & 17.

2 pieces of 3" x 3" x 1/4” c.rs. (cold roll steel) flat bar. Jig for drilling
rotor disks. See figure 5.

Two 1/4-20 x 172" bolts for assembling the above mentioned jig.

1 piece of 5-1/8" long 1/2” diameter type 304 stainless steel round rod.
Rotor disk shaft. See figure 9.

Nineteen 3/8” stainless steel flat washers. Rotor disk spacers. See figure
10 & 11.

One 3/8-24 stainless steel nut, For securing rotor disks on shafi. See fig-
ure 10.

One 3/8” diameter x 3" long c.r.s round rod. Alignment shafl. See figure
12.

One 2-1/47 long piece of 3" diameter, 065 wall type 304 stainless sieel
pipe. Stator. See figure 14
1/4” x 9-1/64" piece of 16 gage brass. Flange ring. See figure 16.

Three 4-40 x 1/4” machine screws. For securing the removable stator end.
See figure 18,

One piece of 6" x 3-1/2", 20 gage brass sheet metal. For the two end
support brackets. See figure 19.

One 5" long piece of 3/8” diameter c.r.s. round rod. Alignment shaft. See
figure 21.

Eight 4-40 x 3/16" brass machine screws. For securing the end support
brackets. See figure 21.

2 high speed bearings, .250 L.D. X .750 O.D. X .2812 wide. Sold under
part #'s R4A and R4AZZ. See figure 23 and text on page 34 for purchase
information.




Material List Continued

One 3" long piece of 1" diameter brass round rod. For making the 2 bear-
ing caps. See figure 24,

One piece of 3" x 1-1/2, 16 gage brass. For making the 2 bearing retain-
ers. See figure 25.

One 3" length of 1" diameter c.r.s. round rod. Arbor for making bearing
retainers. See figure 26.

One 1/4-20 x 172 bolt with 1/4” flat washer. For arbor mentioned above.

One 1/4” 1.D. x .355 O.D. bronze bushing. Will make two spacer bush-
ings. See figure 30,

One 3/4” x 3-1/2" x 6" wooden block. Turbine base. See figure 32.

One 1" x 1" x 3-5/8" length of aluminum bar stock. Manifold. See figure
33

Two 8-32 x 1" machine screws and two #10 flat washers, For securing
manifold to base. See figure 34.

2 pieces of 1/2" x 1" x 1-5/8" aluminum bar stock. For nozeles. See figure
35.

Two 4-40 x 1/4™ machine screws with nuis. For securing nozzles men-
tioned above.

Thread tape or pipe dope for sealing pipe connections.
Two /8" FPT brass caps. See figure 38,

Two 47 x 1/8” brass pipe nipples. See figure 38.

Two 1/8 FIP to MIP 90 brass street clbow. See figure 38,
Two 1/8 x 1/8 FPT brass valves. See figure 38,

Two 1/8 x 1-1/27 brass nipples. See figure 38,

Two 1/4 FPT x 1/8 MPT brass adapters. See figure 38.
Two 1/4 FPT to MPT 90 street clbow. See figure 38.
One air coupler plug. See figure 38.

Four #6 x 1/2” wood screws, For securing turbine to base. See figure 43,

Who Was Nikola Tesla?

I receive a number of inquiries
on a day to day basis as to what I'm
working on at any given moment.
Having just begun the Tesla turbine
project my first replies were that |
was constructing a Tesla turbine, 1
was amazed to find that most people
had never even heard of Nikola
Tesla let alone a Tesla turbine.

I wondered. . . How can this be?
His inventions, patents and discov-
eries have molded our modern age
yet no one seems to have heard of
him. Among his foremost achieve-
ments was the discovery of the ro-
tating magnetic field which is the
basis for practically all altemnating
current machinery in existence.
Other inventions include the elec-
trical power distribution system we
take for granted today, fluorescent
and neon lighting, wireless commu-
nication, remote control and robot-
ics to name but a few. All twld, this
prafound and amazing man held
more than 100 U.S. palents.

Nikola Tesla was born in 1857
in Smiljan, Croatia (Yugoslavia).
His family was of Serbian origin
and his father was an Orthodox
priest who intended his son 1o fol-
low in his footsteps. His mother was
unschooled but extremely intelli-
gent.

Some have referred 1w Tesla as
a dreamer with a poetic touch who

added to these qualities self-disci-
pline and a desire for perfection.
Such dissertations as *A Fairy Tale
Of Electricity'® written in 1915
give fine insight to the poetic man
that Tesla was. And his many and
amazing accomplishments give evi-
dence of his incredible drive for ex-
cellence.

In reality, Tesla was an eccen-
tric driven by compulsions and in
later years, a progressive germ pho-
bia. His intense drive and odd per-
sonality allowed him only a small
circle of friends. Though he ad-
mired intellecrual and beautiful
women, he had no time to become
involved. As is often the case with
such manic personalities, genius
was the result. And Tesla's genius
was displayed in his uncanny abil-
ity to somehow sense hidden sci-
entific secrets and then employ his
inventive talent 1o prove his ideas.
Tesla indeed was a dreamer. But not
only a dreamer, he was a doer. And
he was not afraid to dream big, and
in his own mind, nothing was im-
possible.

This statement taken from
Tesla's autobiography gives insight
into the man Tesla was. . .

“The progressive development
of man is vitally dependent on in-
vention. It is the most imporiant

For a transeript of ‘A Fairy Tale of Electricityas well as other fascinar-
ing information go to the Tesla Museum web site in Belgrade Yugosiavia
through the following link, . . http:/iwww yurope.comjorgitesia/




product of his creative brain. Iis
ultimate purpose is the complete
masiery of mind over the material
werld, the harnessing of the forces
of nature to human needs. This is
the difficult task of the inventor who
is often misunderstood and
unrewarded. But he finds ample
compensation in the pleasing exer-
cise of his powers and in the knowl-
edge of being one of that exception-
ally privileged class without whom
the race would have long ago per-
ished in the bitter struggle against
pitiless elements. Speaking for my-
self, I have already had more than
my full measure of this exguisite
enjoyment, so much rthat for many
vears my life was lirtle short af con-
FERUONS raplure ",

Tesla trained for an engineening
career by attending the Technical
University at Graz, Austria and the
University of Prague,

In 1882 he went to work in Paris
for Continental Edison Company
and in Strassburg in 1883, he con-
structed his first induction motor.

He sailed o America in 1884
and arrived in New York with just
4 pennies in his pocket. His first job
in the U.S. was with Thomas
Edison, but the two of them did not
get on well.

In May of 1885 George
Westinghouse head of the
Westinghouse Electric Company
bought the patent rights 1o Tesla's
polyphase system of aliernating
current dynamos, ransformers, and
motors. This began a titanic power
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struggle between Edison’s direct-
current systems and the Tesla-
Westinghouse alternating-current
approach. As we know today the
A.C, approach was the victor.

Meanwhile Tesla had estab-
lished his own laboratory and con-
tinued experimentation on such
things as the carbon button lamgp,
the power of electrical resonance,
and on various types of lighting. He
often gave exhibitions in his labo-
ratory, lighting lamps without wires
by allowing electricity to fMow
through his own body to discount
the fears circulated by the Edison
crowd that alternating curreni was
dangerous and even deadly to use
4% 4 power source.

In 1893 Westinghouse used
Tesla's system to light the World
Columbian Exposition at Chicago.
His success with doing so opened
the door for the contract to install
the first power machinery at
Niagara Falls, which bore Tesla's
name and patent numbers. The
project carried power to Buffalo in
1896,

In 1898 Tesla announced his
invention of a boat guided by re-
mote control.

In 1899-1900 Tesla set up a
laboratory in Colorado Springs
Colorado where he discovered what
he referred to as terrestrial station-
ary waves. With this discovery he
was able to prove that the earth
could be used as a conductor. Dur-
ing the same period in Colorado, he
was able to light 200 lamps with-
out wires from a distance of 25

miles and he created man made
lightening producing flashes mea-
suring 135 feel.

Later in 1900 he returned to
New York to begin construction of
a world broadcasting tower that was
to be located on Long Island and
financed with 5150,000.00 pro-
vided by J.P. Morgan. Tesla ex-
pected this tower to enable world-
wide communication and to furnish
facilities for sending pictures, mes-
sages, weather warnings and stock
reports. Because of a financial
panic, labor problems and Morgans
withdrawal of support the project
failed.

Discouraged, Tesla's work
shifted to turbines and other
projects. Because of a lack of funds
many of his ideas remained in his
notebooks which are still of great
intérest today.

In 1917 Tesla was the recipient
of the Edison Medal which was the
highest honor the American Insti-
tute of Electrical Engineers could
bestow. However because of his
bitter battles and differences with
Edison the medal was likely more
of an insult o Tesla than an honor.

Tesla was a very complex indi-
vidual and the remaining years of
his life were spent struggling to find
purpose and to develop his many
ideas some of which were consid-
ered quite bizame. Lacking in per-
sonal funds and financial backing
his efforts were frustrated. He had
been betrayved by those whom he
had trusted. Many of them profited

on his inventions without giving
due eredit or financial return to the
inventor. He lived the last few years
of his life in the Hotel New Yorker
and was known to be especially
fond of the pigeons in the area. Con-
cerning a pigeon, Tesla wrote this
in his later years. . .

“One night as I was lying in bed
in the dark, solving problems as
wsual, (my beloved pigeon) flew
throwgh the open window and stood
on my desk. As I looked at her [
knew she wanted to tell me she was
dying. And then as I got her mes-
sage, there came a light from her
eves; powerful beams of lighe
When rthar pigeon died, something
went out of my life. | knew my life’s
work was finished. "

The man who was responsible
for much of what we take for
granted in our modem age, Nikola
Tesla died on January 7, 1943
nearly penniless. He was 86 years
old. Close o 2000 people includ-
ing many dignitaries attended his
funeral. The custodian of Alien
Property impounded his trunks,
which held his papers, diplomas
and other honors, as well as his let-
ters and laboratory notes. These
were eventually inherited by Tesla's
nephew, Sava Kosanovich, and
later housed in the Nikola Tesla
Museum located in Belgrade Yugo-
slavia.

Al the time of Tesla's death the
following editorial appeared in the
New York Sun. . .
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Mr. Tesla was eighty six years
old when he died. He died alone.
He was an eccentric, whatever that
means. A nonconformist, possibly.
At any rate, he would leave his ex-
perimenis and go for a time to feed
the silly and inconseguential pi-
geons in Herald Square. He de-
lighted in ralking nonsense; or was
it? Granting that he was a difficul
man 1o deal with, and thar some-
times his predictions wonld affronr
the ordinary human's intelligence.

here, still, was an extracrdinary
mem of genius. He must have been.
He was seeing a glimpse into that
confised and mysterious frontier
which divides the known and the un-
knovn. . But todiay we do know that
Tesla. the ostensibly foolish old
genileman al fimes was irving with
superd intelligence to find the an-
swers. His guesses were right so
exften thar he would be friphtening.
Probably we shall appreciate him
better a few million vears from now.

Tesla’s Flat Disk Turbine Described In His Own Words

From an interview appearing in the New York Herald Tribune on
Det. 15, 1911

“Ihave accomplished what me-
chanical engineers have been
dreaming about ever since the in-
vention of steam power,” replied
Dr. Tesla. “That is the perfect ro-
tary engine. It happens that [ have
also produced an engine which will
give at least twenry-five times as
muich power to a pound of weight
as the lightest weight engine of any
kind thar has yet been produced.

“In doing this [ have made use
af twe properiies which have al-
ways been known 1o be possessed
by all fluids, bur which have no
heretofore been utilized. These
properties are adhesion and viscos-
iy,

“ Put a drop of water on a metal
plate. The drop will roll off, et a
ceriain amount of the water will re-
main on the plate wnril it evapo-
rates or is removed by some ab-

12

sarplive means. The metal does not
absorb any of the water, but the
waler adheres to il

“The drop af water may change
its shape, bur unril iis particles are
separated by some external power
it remaing intact. This tendency of
all fwids to resist molecwlar sepa-
ration is viscosirv. It is especially
noticeable in the heavier oils.,

“It is these properties of adhe-
sion and viscosity that cause the
“skin friction” that impedes a ship
in ils progress through the water
or an aeroplane in going through
the air. All fluids have these quali-
ties—and vou must keep in mind
that air is a fluid, all gases are flu-
ids, steam is fluid. Every known
means of transmitting or develop-
ing mechanical power is through a

[fuid medium.

“Now, suppose we make this
metal plate that | have spoken of
circular in shape and mouni it af
its centre on a shaft so that it can
be revolved. Apply power to rotate
the shaft and what happens? Why,
whatever fluid the disk happens io
be revolving in is agitated and
dragged along in the direction of
rotation, because the fluid rends o
adhere o the disk and the viscosity
causes the morion given to the ad-
hering particles of the fluid 1o be
rransmitted to the whole mass.
Here, | can show vou bener than
tell vou.”

Dr. Tesla led the way into an
adjoining room. On a desk was a
small electric metor and mounted
on the shaft were half a dozen flat
disks, separaied by perhaps a six-
teenth of an inch from one another,
each disk being less than that in
thickness. He turned a switch and
the motar began to buzz. A wave of
cool air was immediately fell.

“There we have a disk, or
rather a series of disks, revolving
in a fluid—ihe air,” said the inven-
tor. " You need no proof ro reil you
that the air is being agitated and
propelled violently. If vou will hold
voir hand over the centre of these
disks—vou see the centres have
been cur away—you will feel the
suction as air is drawn in (o be ex-
pelled from the peripheries of the
disks.

“Now, suppose these revalving
disks were enclosed in an air tight
case, so constructed that the air
could enter only at one point and

be expelled only at another—what
weoneld we have?"

“You'd have an air pump,” |
suggested.

“Exactly—an air pump or
blower, " said D Tesla.

“There is one now in operation
delivering ten thousand cubic feet
of air a minute,

“Now, come over here.” He
stepped across the hall and into
another room, where three or four
draughtsmen were at work and
various mechanical and elecrrical
confrivances were scartered abowl.
At one side of the room was what
appeared to be a zinc or aluminum
tank, divided into two sections, ane
above the other, while a pipe that
ran along the wall above the upper
division of the fank was connected
with a lirtle aluminum case about
the size and shape of a small alarm
clock. A riny eleciric moror was
attached to a shaft that protruded
from one side of the aluminum
case. The lower division of the tank
was filled with water.

“Inside of this aluminum case
are several disks mounted on a
shaft and immersed in a fluid,
water,” said Dr. Tesla. “From this
lower tank the water has free
access (o the case enclosing the
disks. This pipe leads from the
periphery of the case. I murn the
current on, the motor furns the
disks and as [ open this valve in the
pipe the water flows.”™

He turned the valve and the
water certainly did flow. Instantly
a stream that would have filled a
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barrel in a very few minures began
io rrn out of the pipe into the upper
part of the tank and thence into the
{ower tank.

“This is only a toy,” said Dr.
Tesla. “There are only half a dozen
disks— ‘runners,’ I call them—
each less than three inches in
diameter, inside of that case. They
are just like the disks vou saw on
the firsi motor—no vanes, blades
or attachments of any kind, Just
perfecily smooth, flar disks
revolving in their own planes and
pumping water because of the
viscosity and adhesion of the fluid.
One such pump now in operation,
with eight disks, eighteen inches in
diameter. pumps four thousand
gallons a minute to a height of 360
feer.”

We went back into the big, well
fighted office. I was beginning to
grasp the new Tesla principle.

“Suppose now we reversed the
aperation, ” continued the inventor.
“You have seen the disks acting as
a pump. Suppose we had walter, or
air under pressure, or steam under
pressure, or gas under pressure,
and let it run into the case in which
the disks are contained—what
would happen?”

“The disks would revoive and
any machinery attached 1o the shafi
would be operated—you would
conver! the pump into an engine, ™
I suggesred.

“That is exacily what would
happen—what does happen,”
replied D Tesla. "It is an engine
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that does all that engineers have
ever dreamed of an engine doing,
and more. Down at the Warerside
power station of the New York
Edison Company, through their
courtesy, | have had a number of
such engines in operation. In one
af them the disks are only nine
inches in diameter and the whole
warking part is two inches thick.
With steam as the propulsive Tuid
it develops 110-horse power, and
could do twice as much.”

“You have got what Professor
Langley was trying to evolve for his
fving machine—an engine that will
give a horse power for a pound of
weight, " I suggested.

“I have got more than thai, ™ re-
plied Dr. Tesla, “1 have an engine
that will give ten horse power fo
the pound of weight. That is tweniy-
five times as powerful as the lighs-
estweight engine in use today. The
lightest gas engine used on
aeroplanes weighs two and one-
half pounds to the horse power.
With two and one-half pounds of
weight 1 can develop twenry-five
horse power.”

“Thar means the solution of the
problem of flving, ™ I suggested.

“Yes, and many more, " was the
reply. “The applications of this
principle, both for imparting power
te fluids, as in pumps, and for de-
riving power from fluids, as in fr-
bines, are boundless. It cosis al-
most nething fo make, there is noth-
ing about it to get out of ovder, it is
reversible, simply have rwo ports

for the gas or steam to enter by, one
on each side, and let it into one side
or the other.

I remembered the bushels of
broken blades that were gathered
our of the turbine casings of the first
turbine equipped steamship to
cross the ocean, and realized the
importance of this phase of the new
engine.

“Then, toa,” Dr. Tesla went on,
“there are no delicate adjusimenis
io be made. The distance between
the disks is not a matter of micro-
scopic accuracy and there is no ne-
cessity for minute clearances be-
rween the disks and the case. Al
eme needs is some disks mounted
on a shaft, spaced a lintle distance
apart and cased so thar a fluid can
enter ai one point and go owl ai
another. If the fluid enters ar the
centre and goes out ar the periph-
ery it is @ pump. If it enters ar the
periphery and goes out ai the cen-
ter it is a motor.

“Coupling these engines in se-
ries, one can do away with gear-
ing in machinery. Factories can be
equipped without shafting. The

mator is especially adapted to au-
tomobiles, for it will run on gas ex-
plosions as well as omsieam. The
gas or steam can be lei into a dozen
ports all around the rim of the case
if desired. It is possible 1o run ir as
a gas engine with a continuous flow
of gas, gasoline and air being
mived and the continuous combus-
fiem causing expansion and pres-
sure to operate the motor. The ex-
pansive power of steam, as well as
its propulsive power, can be unlized
as in a turbine or a reciprocating
engine. By permitting the propel-
ling fluid to move along the lines
of least resistance a considerably
larger proportion of the available
power is utilized.

“As an air compressor il is
highly efficient. There is a large
engine of this tvpe now in practi-
cal operarion as an air compres-
sor and giving remarkable service,
Refrigeration em a scale hitherto
never attempted will be practical,
through the use of this engine in
compressing air, and the manigfac-
iwre of liguid air commercially is
now entirely feasible.

13
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T all whom if mry, concermn:

Be it kmown that [, Mikola Tesla. a Citi-
zen of the United States, residing at Mew
York, in the county and State of Mew York,
have invented cenmin pew and useful Im-
provemends in Rotary Engines and Torhnes,
of which the following is a full, clear, and
exact description..

T the practical application of mechani-
cal power, based on the use of fluid as the
vehicle of energy, il has been demonsirated
that, in onder o allain the bighes economy,
the changes in the vebocity and dinection of
movement of the Muid should be as gradual
us possablie. In the fomms of apparaus here-
tofore devisad or proposed. more or less sud-
den changes, shicks and vibrations are un-
avisdable, Besides, the employment of the
usual devices for imparting o, or deriving
energy from a fluid, such as pistons, paddies.
wanes and blades, necessanly intriduces mu-
merous defects and limitions and adds w
the complication, cost of prodection amd
maintenance of the machines.

The chiject of my invention is o over-
come these deficiencies and W effect the
transmission and tmnsformtion of mechani-
cal energy through the agency of fluids in a
mowe perfect manner. And by means sim-
pler and msore economical than those here-
tosfiore employ sl T accomplish this by caus-
ing the propelling Muid to move in natural
paths or stream lines of least resistance, free
from constrain and disturbance such as oo-
cosioned by vanes or kindred devices, and
wchanpe it velocity and direction of move-
menl by imperceplible degrees, thus avod-
ing the bosses due 1o sudden vanations while
thie fluid is imparting energy.

In o5 well known that & fluid possesses.
wmwng others, two salient properties, adbe-
shon and viscosity. Orwing 10 these a solid
body propelbad through soch a medium en-
counters o peculier impediment known as
skin resistance, shiock of the Nuid aganst
the aspenties of the solkl substance, the other
from intermal forces opposing mobecular
separation. As an imevitable consaquencs a
cermin amount of the Muad s drsgeed along
by the moving body. Conversely, if the body
be placed in & Auid in motion, for the same
reasons, it is impelled in the dirsction of
moverent. These 5 cffects. in themselves,
are of daily observation, but 1 belizve that |
am the first to apply them ina practical and
coommcal manner in the propulsion of flo-
#ls or in their wse as molive agents.

In an application filad by me Ociober
21st 194, Serial Mumber 523 832 of which
this case 15 a divisaon, | have illusirated the
principles underlving my discovery as eme-
bodsed in apparatus designed Tor the pro-
pulsion of Muids. The same principles, how-
ever, are capable of embodiment also in that
field of mechanical enginsering which i3
concerned in the use of Muids as motive
apents, for while in certain respects the op-
crations in the latter case are dirsctly oppo-
sile o those met with in the propulsion of
Muids, amd the means employsd may differ
in some featunes, the fundamental laws ap-
plicabde in the Iwo-cases are the same. In
ather words, the aperation is reversible, for
if water or air under pressure be admitted o
thiz peming constimting the outhet of a purmp
or blower as described, the runner is set in
rodation by repson of the peculisr properties
of the fluid which, in its movement through
the device, imparts s energy theneto.
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The present application which is a di-
vishon of that referved 1o, s specially in-
tended o describe and claim my discovery
above et forth, so far as it bears on the use
of fuids as motive apents, as distinguished
from the applications of ihe same o the pro-
pulsion or compression of fluids.

In the drawings, therefore, | have illus-
trated only the form of apparsius designed
for the thermo dynamic conversion of en-
ergy, & ekl in which the applications of the
principle have the grestest practical value.

Figure 1 is a partial end view, and Fig.
2 a vertical cross-section of & rdary engine
ar turbine, constructed and adapted 10 be op-
erated in sccordance with the principles of
MYy imvention,

The apparaius COMPrIscs o MOIGT CO4m-
posed of & plurality of flat rigid disks 13 of
suitable diameter, keyed to a shaft 16 and
beld in position thereon by & threaded mot
11, ashoolder 12, and intermediate washers
17. The disks have openings 14 adjscent o
ihe shafi and spokes 15, which may be sub-
stantially suraight. Forthe sake of cleamness,
bur a few disks. with comparatively wide
intervening spaces, are illustrated.

The rumser is masumlsd in o casing com-
prizing two end castings 19, which contain
the bearings for the shafl 16, indicated bat
not shown in detail; stulling boxes 21 and
outlets 20, The end castings are anited by a
central fing 22, which is bored oul w a circle
of a slightly larger diameter than thal of the
disks, and has flanged extensions 23, and
inlets 24, into which finished pons or
nozzles 25 are inserted. Circular groowves 16
and labyrinth packing 27 are provided on
the sides of the ruaner, Supply pipes 28, with
valves 29, gre connéctad to the flanged ex-
tensions of the central ring, one of the valves
being mormally chosed,

For a more ready and complete under-
standing of the principle of operation il is of
advantage to consider first the actions that
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 si in motation say in o clock-
wise direction. Meglecting, for the momend,
those features of construction that make for
or against the efficiency of the device as a
pumg, as distinguished from o muoior, a fuid,
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by reason of its properties of adherence and
viscosily, upon entering through the inlets
M, and coming in contact with the disks 13,
is Laken hold of by the later and subjected
by Ew Forces, one acting tangentially in the
direction of motation, and the other radially
outwand. The combined =lect of these wn-
gential and centrifugal forces is W propel
the fluid with continwously increasing ve-
locity in a spiral path until it reaches & suil-
able peripheral outlel from which it is
gjecied. This spiral moversent, free and un-
disturbed and essentially dependent on the
properties of the Muid, permitting it 1o ad-
Just itsell w natural paths or siream lines and
1o change it velocity and direction by in-
sensible degrees, 15 a characienstc and es-
sential feature of this principhe of operation,

While traversing the chamber inclosing
the runner. the particles of the Muwid may
complete one or more twms, o but a part off
ane turn, the path followed being capahle
of close caloulution and graphic representa-
tion but fairly sccurate estimates of tums can
be obtained simply by determining the num-
ber of revolutions required 1o renew the flusd
passing through the chamber and multiply-
ing it by the ratio between the mean speed
of the fluid and that of the disks. | have found
that the quantity of fluid propelled in this
manner, is, other conditions being equal. ap-
proximately proportionate to the sctive sur-
face of the ronner and to its effective speed.
For this reason, the performance of such
machinezs sugments at an exceedingly high
rabe with the increase of their size and speed
al revolution.

The dimenginns of the deviee as a
whole, and the spacing of the disks in any
given machine will be determined by the
conditions and requirements of special cases.
It may be stated that the intervening distance
should be the greater, the larger the diam-
eter of the disks, the longer the ypiral path
of the fluid and the greater its viscosity. In
general, the spacing should be such that the
entire mass of the fluid, befors leaving the
runner, s accelerated to @ nearly uniform
velocity, nol muach below that of the penph-
ery of the disks under normal working con-
ditions. and almost aqual io i when the oud-
let is closed and the particles move in con-
centric circles.

Considering now the converse of the
ahove described operation and assuming that
fluid under pressure be allowed 1o pass
through the valve at the side of the solid ar-
row, the runper will be set in rotation in a
clockwise direction, the fuid raveling in
spiral path go and with cominuously dimin-
ishing vebocity until it reaches the onfices
14 and 20, through which it is discharged.
If the munner be allowed o mm freely, in
ncarly frictionless beanimgs, ns rim will al-
tann a speed chosely approsimating the maxi-
mie of that of the adjacent Muid and the
spiral path of the particles will be comjpara-
pively g, comsisting of many almost cir-
cular twrms. I boad 1% put on amd the ranner
slowed down, the motion of the Muid is re-
tardesd, the turms are reduced, and the path is
shortened.

Orwing to m number of causss alfectng
the performance, il is difficult o frame o
precise rule which would be generally ap-
plicable. but it may be sisted that within cer-
tain limits, and other conditions being the
same, the lorque is directly proportionats to
the square of the velocity of the fluid rela-
tively to the runner and o the effective area
of the disks and, inversely. to the distance
scparating them. The machine will, gener-
ally, perfiorm its maximum work when the
elfective specd of the runner is one-half of
that of the fluid; bur to simin the highest
econoiny, the relative speed or slip, for any
piven performance should be as small as pos-
sibl, This condition may be o any desired
degree approximated by increasing the ac-
tive area af and redwcing the space betwesn
the disks.

When apparais of the kind described
is emphoyed for the transmission of power
certain departures from similarity belween
transmitier and recelver are necessary lor se-
curing the best resulis, T is evident that,
when transmitting power from one shaft 1o
anokher by such machines, any desired ratio
between the speeds of otution may be ob-
iained by a proper sebection of the diameters
of the disks, or by suitably staging the trans-
milter, the receiver or both. But it may e
pointed oul that in one respect, i leasy, e
two machines are essentially different. In the
pamp, the radial or satic pressure, due 1o

cenrifugal force, is added to the tngential
or dynamic, thus increasing the effective
bead and assisting in the expulsion of the
Muid. In the motor, on the cdatrary, the first
named pressure, being opposed to that of
supply, reduces the effective head and the
velocity of rudial Now wward the center.
Again, in the propelled machine & great
torgque is always desirable, this calling for
an incressed number of disks and smaller
distance of separation, whik: in the propel-
ling maching, for Mumerous Scomimc mes-
sons, the rotary cffort should be the small-
est and the spead the greatest practicable.
Many odher considerations, which will natu-
rally suggest themselves, may affect the de-
sigm amd consiraction, bul the preceding is
theught to contain all necessary information
ini this regand,

In order 1o bring outl a distinctive fea-
[are, assume, in the first place, that the mo-
tive medium is admited o the disk cham-
ber through a port, that is o channel which it
raveries with nearly uniform welocity. In
this case, the machine will operale as a mo-
iary engine, the fuid continuously expand-
ing o its toruous path 1o the central outber.
The cxpansion takes place chiefly along the
spiral path, for the spread inwand s opposed
by the centnifugal force due 1o the velocity
of whirl and by the greal resistance o radial
exhaust. If is w0 be observied that the resis-
tance b the passage of the Muid beraeen the
plates is, approximalzly, proporicnals o the
square of the relative speed. which is maxi-
mum i the direction towerd the center and
equal 1o the full angential velocity of the
fluid. The path of keast resistance, necessar-
ily taken in obedience to & universal law of
motkan s, vimually, also that of beast rela-
tive velocity. Mext, assume that the flud is
admitied o the disk chamber mod through a
port, but & diverging nozzle, a device con-
verning wholly or in part, the expansive into
velocily-energy. The maching will then work
rather like o turbine, absorbing the energy
of kinetic momentum of the pamicles as they
whirl, with continuously decreasing spesd,
io the exhawst.

Thee above description of the operation,
I may add, is suggestad by experienoe and
observation, and is advarced merely for the
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parpose of explanation. The undenisble fuct
15 that the machine does operate, both ex-
pansively and impulsively. When the expan-
sion in the mozzles is complete, or nearly
sy, the Muid pressure in the peripheral clear-
ance space is small; a5 the nozzle is made
less divergent and its section enlarged. the
pressure rises, finally approximating that of
the supply. Bul the wransition from purely
impulsive 1 expansive action may not be
continuous throughout, on scoount of crit-
cal states and conditions and comparatively
prest vanations of pressure may be caused
by small changes of nozzle velocity. In the
preceding it has boeen sssnmed that the pres-
sure of supply is constant or continuous, but
it will e mndersiond that the operation will
be, essentially the same if the pressure be
Muctuating or inlenmitient, as that does o ex-
plosions oceurring in more oF keas rapid suc-
vession.

A wery desirable feature, charscteristic
of machines constructed and aperated in
accordance with this invention, is their ca-
pability of reversal of rotation. Fig. 1, while
illustrative of a special case, may be re-
garded as typical in this respect. I ihe right
hand valve be shit off and the Muid supplied
theough the second pipe, the ruaner is ro-
tated in the direction of the dotted armosw,
the operation, and also the performance re-
maining the same as before the central ring
being bored 1o & circle with this purposs in
view, The same resull may be oblained in
many other wavs by specially designed
valves, poris or nozzles for reversing the
Mow. the description of which s omitted bére
in the inderest of simplicity and clearness,
For the samne reasons but one operalive port
or nozele is illusiraied which might be
adapted o a volute but does nod il best a
circular bore. It will be undersiond that a
number of suitable inlets may be provided
around the periphery of the maner o im-
prove the action and thai the construction
of the maching may be modified in many
Wiy,
Snill apother valuashle and probably
unique guality of such mosors or prime mov-
crs may be described. By proper constng-
tion and observance of working conditions
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the centrifugal pressure, opposing the pas-
sage of the Muvd, may, as already indicaad,
be made nearty equil to the pressuns of sup=
ply when the machine is rannirg wdle, I the
inlet saction be lurge, small changes in the
spead of revolution will produce great dif-
feremces in flow which are funher enhanced
by the concomitant variations in the lemgth
o the spiral path. A self-regulating machine
is thus obtained bearing 3 siriking resem-
blance 1w 2 direct-current electric motor in
this respect thal, with grest dilferences of
impressad pressure in a wide open channel
the flow of the Muid through the same is pre-
vented by virtue of mietion. Since the cen-
trifugal head increases as the squars of the
revalutions, or even more rapidly, and with
michern high grade steed great penpheral we-
locities are practicable, it is possible to at-
taim that condition ima single stage machine,
mape readily if the runmer be of large diam-
eter. Dbwviously this problem is Facilitated by
compounding, as will be understond by
those skilled im the an. Irrespactive of its
bearing on economy, this endency which
ig, o & degree, common o motors of the
above description, is of special advantage
im the operation of lurge unils, a5 it alfords a
safeguard against running away and destmue-
ton. Besides these, such a prime mover pos-
sesses many other advaniages, both con-
structive and operative. It is simple, light and
compact, subject 10 but little wear. cheap and
exceptionally easy o manulfachine as small
clearances and accurate milling work are nod
essential o good performance. In operation
it is reliable, there being no valves, shiding
contacts or iroublesome vanes. It is almost
free of windage, largely independent of
nozzke efficiency and suitable for high s
well & Tor low Muid velocities and speeds
of rewalution.

It willl b undersiood that the principles
of construction and operation shove gener-
ally set forth, are capable of embodiment in
machines of the most widely different forms
and adapied for the greatest variety of pur-
poses. In my present specification | have
anught 1o describe and explain only the gen-
eral and typacal applicatsons of the principle
which | believe | am the first 1o realize and

turn b useful sccoun.
What [ claim is:

I. & machine wdapted 10 be propelled
Ty @ fuid consisting in the combination with
a casing having inket and outlet ports at the
peripheral and central portions, respectively,
of & rotor having plane spaced surfaces be-
tween which the fluid may Mow in natural
spirals and by adbesive and viscous action
impan its energy of movement 1o the rolor,
s described.

2. A machine adapted o be propelled
by a Muid, comprising a rotor composed of
a plurality of plane spaced disks mounbed
om & shaft and open al or near the same, an
inclosing casing with & peripheral inlet or
inlets, in the plane of the disks, and an oul-
let or outlets in its central portion, as de-
scribed.

3. A rotary engine sdapled 1o be pro-
pelled by adhesive and viscous action of &
continaously expanding fluid comprising n
combination a casing fonming a chamber, an
inbet or inlets tangential to the periphery of
the same, and an outlet or cutlets in its cen-
tral portion, with & rotor composed of spaced
disks mounicd on a shafi, and open o near
the same, as described.

4. A machinc adapicd to be propellsd
by Muid. consisting in the combination of a
plurality of disks mounted on a shafi and at
or near the same, and an inclosing casing
with pons or passages of inbet and outlet at
the peripheral and central portions, respec-
tivelv, the disks being spacad to form pas-
sages through which the flusd may Flow,
under the combaned inMuence of radial and
tangential forces, in & namral spiral path
from the periphery wward the axis of, the

disks, and imparn its energy of movement to
the same by i1s mdhesive and viscous acibon
thereon, as set forth,

2. A machine adaptedto be propetied
by fluid comprising in combination a phu-
rality of spaced disks rotsiwbly mounted and
having plane surfaces, an inclosing casing
and ports of passages of inlet and cutdet ad-
jacent 10 the periphery and center of the
disks, respectively, as set Torth,

. A machine adapted 1o be propelled
by a fluid comprising in combination a rn-
mer composed of a plurality of disks having
plane surfaces and mounted at intervals on
& central shaft, and formed with openings
pear their centers, and means for admitting
the propelling Muid into the spaces between
the disks at the periphery and discharging it
at the center of the same, as sct farth

7. A themo-dymamic converter, com-
prising in combination a serics of rotatably
mounied spaced disks with plane sorfaces.
an inchosing casing, inbet pons it the periph-
eral portion and outlet pors leading from
the central portion of the same, as set forth.

E. A thermo-dynamic converier, com-
prising in combination a series of mtatably
mounted spaced disks with plane surfaces
wnd having openings adjcent wo their cen-
tral postions, an inclosing casing. inlet pors
in the peripheral porion, amd cullsl pons
lessding [roms the central partion of the same,
ws sel forth.

T testimony whereod | alfix my signa-
ture in the presence of two subscribing wit-
TRESSES.

NIKOLA TESLA.

Wimesses:

M. Lawsom Dryer,
Wim. Bohleber.
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Building the Rotor

The first items to make are the
rotor disks shown in higure 4 and
you will need 18 of them. They are
each cut from a 137 x 207 sheet of
20 gage type 304 stainless steel. The
I diameter of each disk is laid out
on the sheet with a pair of dividers
set for a 1-1/27 radius. After some
experimentation, [ found the best
way to cut the disks was with nght
angle (red handle) aviation tin snips.
Use a pair of sharp snips and vou
should be able to cut the disks from
the sheet with ease. However after
cutting out |8 disks your hand could
be a bit on the stff side. Also, watch
out for the very sharp edges created
as you cut out the disks. A pair of
leather gloves will help in this situ-
ation, but even so the sharp edges
can still get vou,

Three 3/8" exhaust holes and
one 25/64 center hole are located
in each disk. In order to build a bal-
anced rbine, it is critical that these
holes be precisely located in rela-

tion to each other. You can achieve
this with the aide of the simple
clamping jig detailed in the next
couple of paragraphs. With the aide
of the jig vou can secure ¢ach disk
in a fixed position and dnll the re-
quired holes so that each disk will
be part of a matched set.

The jig consists of two pieces
of 3" x 3" x 1/4" c.r.s. flat bar. Two
17/64™ holes are drilled in the op
half of the jig as shown in figure 5.

Figure 3, Using right hand tin snips
1o cut the rotor disks from a sheet of
20 gage type MM stainless steel.

o by + i g8
f N\

| i{i"%.
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Figure 4. Rotor disks. Cut 18 from a sheet of 20 ga. tvpe 304 stainless steel.
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DFaLL TWeD 1"

HOLES W FLATE
Ng_rﬁl
]
3

~ ALIGH BOTH TOP & 307TTOM
IPURCH T LOCATE THE 2

‘ PLATER LISE A TRANEFTR H

PLATE. THEN DRILL #7 AND
’ TAR FOR 14420 THREADS ||

Figure 5. Jig for drilling rotor disks.
Made from two pieces of 147 x 3" x
3" c.rs. Nat bar.

Then place both the top and bot-
tom halves together and align all
four edges. Using a transfer punch
inseried through the 17/64™ holes
in the top half, mark two hole lo-
cations in the bottom half. In the
marked locations in the bottom
half, drill two holes with a #7 drill

HOLES I THE BOTTOM \ |

and then tap those holes
for 1/4-20 thread. As-
E semble the, two halves
with two 1/4-20 x 1/27
RENCE bolts.

The next step is to
layout the location of
and drill the three 3/8"
T oy B2 holes and the 25/64"
center hole in the jig as
shown in figure 6. To
do that, first find the
center of the clamp face
by drawing diagonal
lines from corner to
comer. Mark the center
location with a center
punch. Then set the di-
viders at 5/8" apart and
scribe a 5/8" radius cen-
ter circle. Mark the lo-
cation where the 5/87
circle intersects the cen-
ter line on the nght side
of the jig with a center
punch. From that
marked location and

AN RAD.

Figure 6. Hole layout for rotor disk jig.
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ture reference and on the
rotor disk. A line or ar-
row pointing from the
outer edge of the disk to
4 4 the hole drawn with a
4 4 magic marker will serve
well for this purpose.

11 Seefigure 12 & 13.
. Repeat the above
T 1 drilling procedure mark-
ing the same comespond-

. ing hole on each of the
/ 17 remaining disks. The
LA NS

marked hole location on

Figure 7. Detail showing rotor disk clamped in jig. ¢2ch disk will be used

with the dividers set at 1-3/32"
apart, scribe a 1-3/32" radius circle.
Mark the two points where the
1-3732" circle passes through the
5/8" radius circle with a center
punch. After the lavout is complete,
drill the 25/64" center hole and the
three 3/87 holes at the marked in-
tersection points as shown in the
drawing.

The jig is now complete and you
are ready 1o load a rotor disk.
Loosen the bolts securning the clamp
halves and insert a rotor disk blank
between them. Align the edges of
the disk with the four sides of the
clamp. See higure 7.

Tighten the bolts to secure the
disk in the jig. Use a dnll press to
drill the three 3/8" diameter exhaust
holes and the 25/64™ center hole.
Loosen the clamp bolts and as you
remove the drilled disk from the jig,
mark the location of one of /8" ex-
haust holes both on the jig for fu-
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along with a 3/8" pilot

shaft 1o align the disks as
they are mounied on the main shafi
a little later. But before the disks
can be mounted on  shaft we first
have to make one, so that’s the next
order of business,

The rotor shaft is made rom a
5-1/8" length of 1/2” dia. stainless
steel round rod. Since it is impor-
tant that the shaft be as straight and

Figure 8. A rotor disk clamped in the
jig as the center hole is being drilled.

| 1”.
= f1iNB
2

Figure 9. Rotor shaft. Make 1 from a 5- /8" length of 1/2” dia. s.5. round rod.

balanced as possible, it is best to
chuck it in a collet and turn it be-
tween centers. To prepare the shaft
for murming, chuck one end in a 1/2”
collet and face the end off, then
countersink to fit a live center. Re-
verse the shaft in the collet to face
off and countersink the opposite end
for a live center. Finished length of
the shaft to be 5.

With both ends prepared for the
live center, adjust one end of the
shaft to extend out past the end of
the collet at least 3-3/4". Adjust the
tail stock forward to secure the live
Center.

Shaft dimensions are given in
figure 9. To make the shaft, begin
by reducing the diameter to 390"
back 3-41/64" from the end. Next,
Reduce the diameter to 3/8" back
2-1/8" from the end. Then reduce
the diameter 1o 1/4" back 1-5/87

from the end. Finally, thread the
3/8-24 section as shown in the fig-
ure. Leave the shaft chucked in the
lathe as we will be mounting the
rotor disks on it next.

Each rotor disk is aligned on the
shaft using the marked hole in each
disk as a reference and a 3" length
of 3/8" diameter round rod as a pi-
lot shaft. So in order to assemble
the turbine you will need to cul a
3/8" diameter x 3" long piece of
c.r.s. round rod for the pilot shaft.
But before the 3/8” diameter pilot
shaft will fit in the marked holes,
they must first be enlarged to 376",
To accomplish this task, use a . 376"
chucking reamer and ream the
marked hole location in each of the
18 rotor disks.

As vou assemble the turbine,
each rotor disk will be separated by
a 3/8" stainless steel Mat washer.
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— STAINLESS STEEL ROTOR DISKS. [ EXHAUST
| HOLES

FLAT 18 DISKS ARE NEEDED.
WASHER. — g EACH ONE BEING SEPARATED :

19 ARE NEEDED.

{

/1

Figure 10. Mount the 18 rotor disks on the shaft sepa-
rating each with a 8" stainless steel MNat washer.

You will need 19 such washers.
These should be readily available
from most hardware or home im-
provement stores. Mine came in
plastic bags conlaining 5 each. The
drawing in figure 11 gives the
washer dimensions.

Now, with the shaft remaining
secured in the lathe collet from the
un-threaded end, begin assembling
the wrbine, first by sliding a spacer
washer on the shall then a rolor disk
then a spacer washer. Repeat the se-
guence until all disks are
on the shaft, then finish
with a spacer washer at
the [finished end.
Loosely thread a
3/87-24 nut on the shaft.

Figure 12. The roior as-
semhly chucked in the
lathe. The disks are
aligned with a ¥8" diam-
eter length of round rod.
The alignment holes in
each disk are marked
with an arrow as shown
in the phobo,
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Ensure the alignment remains cor-
rect, then tighten the nut with a
wrench to secure the disks on the
shaft. See higures 10 & 12,

— 80472
f

@0.405
@ | ©

0046 ==

Figure 11. 38" stainless steel spacer
washer detail. 19 are required.

You are now ready to reduce the
diameter of the rotor disks to 2,707,
Leave the alignment shaft in place
tor this procedure and move the tail
stock forward to secure the shaft
fior between centers tuming. Begin
reducing the diameter of the turbine
disks to 2.70". The disks may slip
on the shaft during the process so
keep an eye on the alignment shafi.
If they do slip, simply realign and
tighten the nut to re-secure them
in position. In my expenence it 1s
best o take shallow .005™ w0 .0107
culs while wrming down the rotor
disks because deeper cuts tend to
grab the work and cause all kinds
of aggravation. Also, this portion of
the project is likely to create lots of
small hot chips, so as in all metal
working activity, you should be
wearing eye protection.

When the disks have been re-
duced as stated above, take a small
file and while the lathe is uming,
use it to remove the burrs and sharp

assemhbly. The diameter has been
reduced to 2.70" and the alignment
tool has been removed. MNote that all
exhaust holes remain in alignment.

edges from cach disk.

Next remove the shaft from the
lathe and change to a 1/4" collet.
Now chuck the 1/4” end of the shaft
in the collet, Reduce the diameter of
the shaft to 3/8" back 1-1/4" from
the end. Next reduce the diameter to
1/4" back 1-1/8" from the end.

The shaft and rotor portion of
the project is now complete and vou
may remove 1l from the lathe.

Making The Stator

The wrbine stator is that por-
tion of the turbine that remains
stationary as distinguished from
the rotor which 15 the revolving
portion of the turbine. The stator
15 made from a 2-1/4" length of 3
0.D. .065 wall type 304 stainless
steel pipe. The fimished length of
the stator is 2" so the extra 1/4™
is added 1o allow for truing up the
ends. See figure 14.

To prepare the stator, chuck the
3" Q.D. pipe in the lathe to true up

one end then tum it end for end and
rechuck in the lathe to turn the other
end. As stated, the finished length
15 o be 2°. The three 1/8™ holes
located around the circumference
of one end can be located as fol-
lows. Cut a paper stnp 12" wide to
fit around the circumference of the
stalor from card stock. Divide the
paper strip into 3} equal divisions
marking each division location 1/8"
hack from the edge. Wrap the paper
stnp around one end of the sta-




Figure 14. The stator is made
from 3" diameter 065 type
34 stainless steel pipe. Fin-
ished length of the stator to be
2"

tor and secure its ends with
tape. The edge of the paper
strip should align with the
end of the stator. Use the
miarked hole locations in the
paper &irip as a guide in
drilling the 3 equally
spaced 1/8" holes around the
circumference of the stator.

The stator requires two
emnd caps, one permanently
attached by brazing or silver
soldering and the other is at-
tached with screws. The per-
manent eénd is simply a disk
cut from a sheet of 20 ga.
stainless steel sheet metal
shightly larger than the diam-
eter of the stator. It is then
centered on one end of the
stator and silver soldered in
place. See figure 15.
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THREE EQUALLY SPACED
18" HOLES ARDUND THE
DWAMETER OF THE STATOR
TO BE LOCATED 1/8° BACK
FROM ONE END.

SILVER SOLDER A 3" DA,
20 GAGE STAINLESS STEEL
DESK TO ONE END OF STATOR

Figure 15, Attaching the fixed
end to the stator.

ST

T FORM THE 15 GA. BRASS

STRIP TO FIT THE INSIDE

STATOR MAMETER THEN

— ol lm— s  SLVERSOLDER THE ENDS
| | TOGETHER. —

tor end.

Figure 17. Position and attach

the ring Mange W complete the
removable siator end.

Figure 16. Making the ring
Nange for the remosable sta-

Center the stator in a
4-jaw chuck to tumn the
brazed end cap flush with
the stator. The outside di-
ameter of the stator will
not be true round, so
rather than cutting into
the stator wall, it will be
best to clean up the un-
even areas the lathe ool
can't reach with a file
and/or a piece of sand pa-
per.

The removable end
cap for the stator consists
of a 3-3/16" dia. stainless
steel disk with a flange
centered on and silver sol-
dered o it

Refer to figures 16
through 18 as we begin
the assembly by first cut-
ting the 3-3/16" dia. stain-
less steel disk from a

RING FLAMGE IS CENTERED OM
THEE DISK AND SILVER S0LDERED

— SOLDER INSIDE
OF FLANGE ONLY.

REMOVABLE 3-31€" DIA. DISK
CUT FROM A SHEET OF 20 GAGE
TYPE 304 STAIMLESS STEEL.
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sheet of 20 ga. type 304
stainless steel.

Cut the flange for the
removable end from a
sheet of 16 gage brass. It
must be sized to fit the in-
side diameter of the stator
and you can determine the
required length of the brass
strip using the following
formula. Diameter x
3.1416= circomference.
The inside diameter of the
stator measures 2.877, So;
1.1416 x 2.87=9.016.
9.016" is close 1o 1/647 s0
we need a 16 gage brass
strip cut 1/4" wide x
9-1/64" long. See figure
16. When cul w size, the
strip is formed to fit the in-
side diameter of the stator.

Once formed, silver solder
the ends together to com-
plete the flange.

Cenier the flange on
the 3-3/16" diameter disk.
To help center it you can
scribe acircle in the center
of the disk equal o the
0O.D. of the flange. When
positioned, secure the
flange on the disk with a
couple of small “C" clamps and
then silver solder it in place. Im-
portant! Silver solder on the inside
of the flange only. If you solder the
outside of the fange it will likely
not fit inside the stator as it should.

When the flanged end cap has
cooled, insert it in and flush against
the end of the stator. Using a trans-
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INSERT THE FLANGED REMOWABLE DISX IN THE
END OF THE STATOR. USING A TRANSFER
FUNCH, MARK THE LOCATIONS OF THE THREE
HOLES ON THE FLANGE OF THE REMCVABLE

REMOVE THE FLANGED DISK FROM THE STATOR.
DRILL EACH OF THE THREE HOLES 332" THEM
TAP 4-40.

Figure 18. Installing the remov-
able end in the stator.

fer punch, mark the hole location
on the flange ring to correspond
with one of the three 1/8" holes in
the stator. Remove the flanged end
cap and drill the marked location
with a 3/32" drill then tap for 4-40
threads. Reinsert it in the end of the
stator. Secure it with a 4-40 x 1/4"
long screw. Then mark the other

b S R A P TR T L e

two hole locations with a transfer
punch. Remove the Nanged cap and
drill the two holes 3/32" and Lap
4-40). See figure 18,

Reinsert the flanged end and se-
cure it with three 4-40 x 1/4"
screws. Carefully center the stalor
in a 4-jaw chuck to true the diam-
eter of the removable cap. Remove

it to extend approximately 1/16" be-
vond the edge of the stator wall.

For the next step leave the sta-
tor chucked in the 4-jaw. Using the
tail stock chuck, step drill a 23/64™
hole through the center of both ends
of the stator. Then ream .376".

FE. Y.L The term step drilling re-
fers to the process of gradually in-

any sharp edges with a file. The fin-  creasing the size of a hole by using
ished diameter of the cap should be  progressively larger drill bits until
approximately 3-1/8" which allows  the desired size is reached.
The Stator End Supports

The stator end supports are each  and it is important both end sup-
made from a 3" x 3-1/2" piece of  ports be formed as near alike as pos-
20 gage brass sheet. Amatched pair  sible. That is, the holes line up and
are required. Cut to size, drill, ream  the height of both brackets are the

and tap as shown in figure 19. It is
helpful to layout one end, then
clamp the two ends together and
drill both at the same time.

Each end support is bent to
shape as shown in figure 20. Keep

in mind they are an opposing pair,

same. The importance of this will

m— | 12 =

MG —=

DRILL 18 X

SHOLES T+

DRILL 1/8 X

S S

P 112

bracket lavout detail,
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become more evident as you con-
sider the next step which will be
aligning and mounting the end sup-
ports to the stator. The brass is easy
to form and the bends can be made
with a pair of sheet metal clamp pli-
ers in conjunction with a bench vise.
Or of course bends can be made
with a small sheet metal brake il
vou have thal capahility.

For the alignment procedure,
you will need a 5" length of 3/8”
diameter c.r.s. round rod. Insert the
3/8" rod through the .376" hole in
one of the support brackets, then in-
sert it through the center hole in the
stator and finally through the 376"
hole in the remaining support
bracket. Refer to figure 21 for clari-
fication.
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The support brackets are fas-
tened to the stator ends with
4-40 x 3/16” machine screws, Po-
sition the assembly on a flat surface.
Ensure that one of the screws las-
tening the removable end of the sta-
tor is on top. Use a transfer punch
to mark the locations for the holes.
Rather than marking the hole loca-
tions all at once, it is best 1o locate
one hole then remove the bracket
and drill and tap it 4-40. Reposition
the support bracket and secure if
with the one 4-40 screw. Then lo-
cate, drill & tap each successive
hole one at a time. This method will
ensure the holes all align. Repeat
the procedure for the second sup-
port brackel

b SECURE A SUPPORT BRACKET
TO EACH STATOR END WITH FOUR
440 X ¥15° MACHINE SCREWS —, «

SUPPORT
STATOR POSITIONED 80 BRACKET

HOLES ARE DRILLED AND
s TAPPED FOR 440 THREADS

Figure 21. Positioning and mounting the end support brackets.

Figure 22. Here we see the brackets
mounted to the stator ends with the
alignment shafl still remaining in
position for the next step.
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Bearings, Bearing Caps & Retainers

The bearings used in this project
are classified as high speed bearings
capable of running at speeds up w0
30,000 rpm.

You will need two bearings.
They are sold under part #'s R4A
and R4AZZ. Each bearing mea-
sures 250 LD. X .7500.D. X 2812
wide. Mine were purchased on
Ebay and I was able to buy 10 for
$19.95 plus 5.95 for shipping. The
Ebay store | purchased them from
was ‘VXB Ball Bearings’. To lo-
cate them on Ebay just type in R4A
bearings on the Ebay home page
search line. Or to access the VXB
on line Ebay store, type VXB Ball
Bearings on the Ebay store search
line.

The same bearings can also be
purchased on the web from ESI
Bearing Distribution. Their price at
the time this book goes 10 press was
quoted at $2.79 each plus shipping.
ESI's web  address is
hitp:/fwww.bearings direct.com.

0.875

0.375

Figure 23, Bearings.

With the bearings in hand, you
can begin making the bearing caps.
You will need two, and they are
made from 1" diameter brass round
rod. See figure 24 for dimensional
details. Begin making the bearing
caps by chucking a 3" length of 1"
diameter brass round rod in a 3-jaw
lathe chuck. Face off the end with
the lathe wol. Center drill the end
and with the tail stock chuck, drill
2" deep using a 23/64" drill. Ream
the 23/64™ hole 1o 376" using a
chucking reamer. Reduce the out-
side diameter to 875", .295" back
from the end. Pan off a1 .375" long.

Figure 24. Bearing cap. Make two from 17 diameier brass round rod.
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Then repeat the
above procedure (o
make the second
bearing cap.

To complete

S
=

the bearing caps,
chuck them in the
3-jaw from the
875" end. Bore the
inside diameter to
J607, 275" deep.

The bearing re-
tainers shown in
figure 25 are made
from a piece of 16 gage brass sheet.
Two are required. Scribe a circle
with a set of dividers 1o locate the
1-3/8" fimshed diameter. Then cut
out both to rough size with a
bandsaw or hacksaw. Use the di-
viders once again to scribe the
1-1/8" diameter circle in the center
of each retainer. Drop a vertical cen-
ter line to locate the position of the
/64" holes. Then drill the two
764" holes in each retainer blank
as shown in the figure.

HOLE DRILLED 14-20, 34" DEEP

RETAIMNER RING BLANK
14" FLAT WASHER

1M-20 X 12° BOLT

DRILL TWD HOLES 7/%64
118 :
LY
138
i 3]
1 i
0 8760

Figure 15. Bearing retainer detail. Make
two from a plece of 16 gage brass,

The arbor required for turning
the finished O.D. of the retainer
rings can be made from a 3" length
of 1" diameter c.r.s. round rod with
a 1/4-20 hole drilled and taped in
one end. The arbor is mounted in
the 3-jaw lathe chuck. To prepare
the retainer ring for mounting on the
arbor, drill a 1/4™ hole through its
center. Then use a 1/4-20 bolt and
flat washer to attach it to the arbor.
Reduce the diameter of the retainer
ring 1o 1-3/8", See figure 26 for the
st up.

Figure 26. Arbor used for turning the outside diameter of the bearing retain-

ers. Make one from a 3" length of 1" diameter c.rs. round rod.
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SUPFORT BRACKET —

LOCATE TWO HOLES TO SECURE
BEARING RETAINERS AT BOTH ENDS
OF STATOR WITH A TRANSFER PUNCH.
THEN DRILL ALL HOLES 332 & TAP 4-40.

Figure 27. The drawing shows the procedure for locating the
retainer ring mounting holes and securing the bearing caps.

Remove the retainer from the
arbor and center it in the lathe chuck
to bore the 876 1.D..

The bearing cap and retainers
can now be positioned on each end
of the turbine. Shde a beanng cap
on the 3/8" diameter alignment
shaft followed by a retainer nng.
Align the 7/64" holes in the retainer
ring on vertical center, and using a
transfer punch, mark the location ol
the two holes in the retainer ring on
the support bracket. Then drill and
tap the marked holes in the support
bracket for 4-40 threads. Repeat the
procedure for the opposite side of
the stator. Secure both bearing caps
and retainer rings o the brackets
with 4-40 x 3/8" machine screws.
See figure 27 for an illustration.

Remove the alignment shaft and
the support brackets from both ends
of the stator. Also remove the bear-
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ing retainers and caps from both
support brackets. It's a good idea
o reference ecach bracket and bear-
ing retainer with a mark to ensure
each goes back on the comect end
during reassembly.

'__.:L‘__I_ rE—

Figure 28. Photo shows the bearing
cap and retainer ring mounted in
position.

With both support
brackels removed,
chuck the stator in the
lathe securing it from
its fixed end, and using
a boring bar, increase
the 1.D. through both
ends to 1.3753". See
figure 29.

The rotor & stator
are ready for reassem-
bly. First install the
bearings in the bearing
caps, and using the
bearing retainers, se-
cure them to the sup-
port brackets. Remount the support
brackets on each end of the stator.

To install the rotor you will have
to once again remove the end from
the stator. This time it is OK o leave

Figure 29. Increase the center hole
LI in both ends of stator to 1375,

the support bracket attached to it.
Before inserting the rotor in the
stator, vou will need 1o make a 1/4™
1.D. spacer bushing for each end.
The spacer detail is given in figure

0.260 1.0,

',fl'_ _i
L1115 @
d =

TWO ARE REQUIRED

LENGTH OF BUSHING
OM THES END TO BE
DETERMINED DURING

I"3555'ﬂ-""-"'|‘i"l---—

ROTOR ASSEMBLY
Figure M. Make & install bronze bushings for each end of the rotor shafl.
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30 and were satisfactory for my tur-
bine. But slight length vanations in
these dimensions may exist from
turbine to turbine. What is required
is that the rotor be centered in the
stator as near as possible and that it
have no side play.

With the spacer bushings made,
the rotor can be installed in the sta-
tor as shown in figure 31. Note that

250 LD, X .T50 0.0, X 2812 WIDE
RdA HIGH SPEED BEARING

STATOR

the rotor end with the nul securing
the disks faces the direction of re-
movable end. This is also the end
with longest shaft. The extra shaft
length on this end allows for a pul-
ley if so desired. With a pulley you
may be able use the mrbine o
power a small alternator or genera-
Lo,

EACH BEARMNG RETAINER
RING SECURED WITH TWD
4-40 X 18 MACHINE SCREWS

Figure 31. The turbine assembly.
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Inlet Plumbing & Nozzle Detail

With the turbine com-

plete, construction can
begin on the pressure in-
let assembly, But first
make a base for the wr-
bine from a 3-1/2" x 6"
block of 3/4™ thick wood
as shown in figure 32, 1
used red oak, but the
preference is yours, Two
5/32” holes are drilled in
one end of the block and

— DRILL THROUGH |

then counter drilled to
1/2” diameter 1/4™ deep.

& &

= = S S

118",
COUNTER BORE 8
12" DA, 14* DEEP,

ol S

12 g L

These holes will be used
for attaching the mani-

i B

e

e g Y

fold. Also, it’s not neces- ™
sary now, but later a deco-
rative routered edge can

be applied to the mount-

ing block along with
some stain and a couple

of coats of urethane.

The manifold is made
from a 3-5/8”" length of
1" x 1" aluminum bar
stock. See figure 33 for
dimensional details. Cen-
ter the manifold blank in
a 4-jaw chuck and face
off both ends. Finished length to be
3-1/2". Center drill, then drill the
main supply line hole 3-5/16" deep
using a 21/64” drill. Then tap the
end of the main line hole for 1/8-27
pipe thread 1/2" deep.

Remove the manifold from the
lathe chuck. Locate and mark the
position of the two holes on the top
of the manifold and the two holes

Jid

Figure 32, Mounting block.

on the bottom of the manifold. Drill
the top two holes 21/64" through
to the main supply line hole and tap
for 1/8-27 N.P.T. threads. Drill the
two bottom holes in the manifold
with a #29 drill through to the main
supply line hole and tap for 8-32
threads.

The manifold is now complete
and it can be mounted 1o the base
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—— DRILL TWOHOLES 21954
THROUGH T0 THE 2184
RN SUPRLY LIME HOLE.
THEN TAP 18-2T NPT,

| -L_.__,__.:_.__j L__F‘
f 1.

RS T o

¢ “o—AaT

SUPPLY LINE HOLE.
|"”*' DRILL 214°, 3-518" DEEP,
l THEN TA® U8-27 NPT 17 DEEP.

\memmm
TOTHE 2184" MAIH SUPPLY LINE HOLE.
THEM TAP BOTH HOLES B-32.

Figure 33, Manifold. Make 1 from a 3-5/8" length of 17 x 1" aluminum bar.

with two 8-32 x 1" machine screws
and & two #10 flat washers as
shown in figure 34.

We are now ready 1o make the
nozzle or nozzles and assembile the
pressure lines for the wr-
bine.

Here you may choose
to construct either a single
nozzle wrbine or a double
nozzle turbine. If you build
a single nozzle turbine the
direction (either clockwise
or counter clockwise) in
which the turbine will ro-
tate will be determined by
which side of the stator
vou install the noezle on.
Refer back w figure 2 on
page 5 for clarification.

You can also choose 1o
install nozzles on both
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sides of the stator in which case you
will be able change the direction of
rotation by controlling the pressure
flow 1o the desired side of the tur-
bine with shut off valves.

B0 FLAT WASHERS

B8-32 X 1" MACHINE SCREWE.

Figure 34. Mounting the manifold on the base,

Figure 15. Nozzle. Make two from 127 x 17" x 1-5/8" aluminum bar.

With the that in mind, we are
ready to make the nozzle or nozzles
depending on your preference.

Each nozzle is made from a
1-5/8" length of 1/2" x 1" alumi-
num bar stock that has heen faced
off on both ends to a finished length
of 1-1/2". See figure 35 for details.

The first step in making the
nozzle is 1o drill the 13732 through
hole. That's best done in a lathe us-
ing the 4-jaw chuck. The cutouts in
the bar stock 1o form the nozzle end
can be made by clamping the bar
stock in the mill vise. Using a slit-
ting saw chucked in the milling ma-
chine vou can make the cuts to form
the nozzle end. 1 used a
2-172" x 1/327 slinting saw o make
all of the cuts to form the nozzle
end. Once the nozzle is formed. lo-
cate and drill the two 7/64™ holes
in each end of the nozzle as shown
in the detail.

Shims are needed to keep the
nozzle open and prevent it from
closing as the machine screws are

tightenad to secure the nozzle on the
4" pipe nipple. The shums can be
cut from 015 thick paper card
stock. My shims were cut from a
manila file folder which turned out
to be about the right thickness. See
figure 36 for the shim detail. The
holes shown in the shims were
punched with a scratch awl.
Insert a shim in each end of the
nozzle aligning the 3/32" hole in the
shim with the 3/32" hole in the
nozzle. Insert a 4-40 x 1/4 machine
screw through the 7/64” hole and
secure with a 4-40 nut. Do not
tighten the screws al this time,

Figure 36. Nozzle shim. Make 4 from
MNE thick paper card stock.
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4-40 X 1/4 MACHINE The pressure line assembly de-
SCREWS WITHNUTS. (415 are given in figure 38. As-
semble the individual paris as
shown, but do not tighten the
screws on the nozzles at this time.
To prevent air leaks, seal ecach
thread joint with plumbers tape or

ﬂ pipe thread putty.
Before the pressurized air can
SHIM enter the turbine, slots must be cut

Figure 37. Installing the shims.
18 FPT Cp —
i 1i8 X £ PIPE HIPPLE

1@ FIP TO MIP 80 STREET ELBOW

198 X 1/8 FPT WALVE

1 FPT X LB MPT ADAPTER

) ﬁ1ummﬂmsmrm

Figure 38. Pressure line assembly detail.

in the wp of the stator for the nozzle
end entry points. The slois need to
be 316" wide x 1-1/2" long and lo-
cated at approximalely the 10
o'clock and 2 clock position and
centered front to back.

Figure 39 shows how to find the
slot locations. As the detail indi-
cates, the turbine is centered on the
base and moved forward until flush
with the nozzle ends. As is indicated
in the drawing, the nozzle ends are
pointing straight down. Then a
scribed line is extended from the in-

CENTER THE TURBINE ON THE BASE BOARD

AND FLUSH AGAINST THE NOZZLE ENDS.
THEN EXTEND A SCRIBED LINE FROM THE

side corner of each nozzle end
across the top surface of the wrbine.
Mark off the 1-1/2" lef\gth of the
required slot so that it is centered
on the trbine from front to back.
See figure 40.

Before milling the slot in the
stator, the turbine must be com-
pletely disassembled. To prepare for
milling the slots in the stator wall,
vou will need to chuck a 3/16™ drill
bit in the chuck. Then clamp the sta-
tor in the mill vise positioning it so
that one of the slot locations is cen-

INSIDE EDGE OF EACH NOZZLE ACROSS THE
TOP OF THE TURBINE. THE SCRIBED LINE

WILL BE USED AS A REFERENCE LINE WHEN
MILLING THE 18" WIDE SLOTS IN THE TOP OF

THE TURBINE WALL FOR THE NOZZLE

Figure 3. Locating the nozzle eniry slois in the stator.
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tered and perpen-

dicular to the drill X1
chuck. Drill a starter
hole as shown in hig-
ure 41. Repeat the
procedure to drll a
starter hole in the
other slot. Replace
the drill bit with a
/16" end mill. Now
reposition the stator
50 the slot locations
are at the 10 o’clock
and 2 o'clock posi-
tion in reference o
the mill chuck. See
figure 42. Using the
367 mll, cut a slot
as shown in the

LIKES
/ \_\ — i X112
| /  MILLEDSLOT

END VIEW

photo. Adjust the  Figure 40. Detail showing the approximate locations
mill table to cut the  for the slot cutouts in the stator wall.

second shot.

Affter the slots have been milled.
remove any sharp edges and reas-
semble the turbine.

Center the turbine on the
mounting block placing it flush
against the manifold. It may be nec-
essary to swing the nozzles up to
one side as the turbine is positioned.
When in position, secure the turbine
to the base with four #6 x 3/4” brass
wood screws. See figure 43. Then
slide the nozzles in position o align
with the slots in the stator,

The 4" pipe nipples are prepared
next. 1-1/4" long x 1/8” wide slots
must be milled in the bottom of each
one. The slots are located corre-
sponding to the outlet location of
the nozzle ends. Use the procedure
as shown in figure 44 which shows

A4

scribing lines to locate the slots.
Then unscrew the nipples from the
pressure line assembly and remove
the nozzles from them as well. Note

Figure 41. Drilling a 3/16™ starter
hale in the stator wall,

A A

Figure 42. Milling one of the
Y16 slots in the stator wall.

in figure 45 that the actual length
of the nozzles are 1-1/27, but the
length of the slot in the nipple 15 o
be only 1-1/4". So mark a 1-1/4
long slot location in each nipple

SECURE THE TURBINE TO
THE MOUNTING BLOCK
WITH FOUR #6 X 102

centered between the scribe marks
made earlier. Then clamp each
nipple in the mill vise {o mill the
required slot with a 1/87 end mill.

Re-thread the 47 long nipples
into their respective élbows. Shde
the nozzles back in position align-
g them with the slot cut out in the
nipple and the entry slot in the sta-
tor wall. When comrectly positioned,
tighten the screws to clamp the
nozzles securely to the pipe nipples.
With both nozzles positioned and
secured, thread the end caps on and
tighten them securely.

The nozzle ends should extend
just inside the stator wall, but en-
sure that they do not rub against the
rolor as il rns. [t may be neces-

r— MOUNTING BLOCK
f
[

BRASS WOOD SCREWS —

THE LEG OF THE TURBINE
MOUNTING BRACKET TO BE
FLUSH AGAINST MANIFOLD —.

N

IRl

™ |

IFOLD

Figure 43. Turbine mounting detail.

VALVES
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sary to cut shims and
place them between
the mounting legs of
the support brackets
and the wooden base
to raise the turbine
closer to the nozzles.
The last turbine | built
required 1/8" shims.
The reason for the
variation 1s that the
pipe fittings do not al-
ways tighten o the
same depth.
Congratulations!
The turbine is now
complete and ready
for a test run. Connect
the air supply, open
the desired valve de-
pending on your di-
rection preference
while leaving the op-
posite valve closed.
Apply air pressure and
a way she goes.
Operation of the
unit is simple and
straight forward. An
air hose is connected
to the manifold. Air
the speed of the wr-
bine is controlled by
increasing or decreas-
ing that air pressure
And the rotational di-
rection is controlled
by opening and clos-
ing valve A & B as
shown in figure 2 on

page 5.
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Figure 44. Marking the nozzle locations
on the 4" nipples.

Conclusion

Congratulations once again on
the completion of your Tesla tur-
bine. There are a few things to con-
sider as we wind this project up.

First of all, you will likely ex-
perience air leaks between the
nozzle and the 4”7 nipple as indi-
cated in figure 46. When 1 had ini-
tially began construction of the tr-
bine I had considered making the
nozzles out of brass and then silver
soldering them to the 47 nipples. [
had also considered silver solder-
ing the nozzle ends in their open-
ing on the stator wall. And that is
certainly a viable, but permanent
option you might want to consider.

However, | was able to remedy
the leaks with silicon gasket seal-
ing compound. | found that a
Permatex product called ULTRA
GREY RTV silicone works very
well for this purpose. It's gray color
blends in well wo. The sealing pro-
cedure is to remove the nozzle
screws and shims. Spread a small
amount of silicon on each of the
shims and then reinstall them. Re-
insert the screws and slide the
nozzles back on the 4" nipples.
Apply a little silicon on the 47
nipple near each end of the nozzle.
Reposinon the nozzle and tighten
the screws to clamp them in place.
You will want to ensure that the sili-
con does not block the nozzle ends.
Allow the required time for the sili-
con to set, usually 24 hours and
your readv 10 g@o agan.

Figure 46. Photo showing potential
air lesak areas and the gap that exiis

where the nozele enters the turbine.
See text.

Also in figure 46, notice where
the arrow points to the gap between
the nozzle end and the point where
it enters the stator wall. The turbine
will operate fine with these gaps.
Essentially there will be a venturi
effect on the inlet nozzle. And there
will be some blow back on the op-
posite or closed side nozzle. There
15 a positive aspect 1o Lthese gaps in
that it offers an opportunity to show
interested ones a glimpse of the flat
disk rotor inside without having the
disassemble the unit. However the
unit will run quieter and you will
have more efficient use of air pres-
sure if the gaps are sealed. I you
decide to seal these gaps you can
do so with the same gray nv sili-
con. IT care is taken o run a small,
neat and tidy bead the job will look
very professional. However, be ex-
tremely careful not to allow silicon
to cover over or get into the nozzle
ends. A suggestion would be Lo re-
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move the front end of the stator. You
can leave the front mounting
bracket attached 10 the removable
end, but you will need 1o remove
the two screws that secure il to the
base. Of course to remove the front
end from the stator vou simply re-
maove the 3 screws securing it and
then pull it away. Then remove the
rotor assembly which will allow
you to reach inside the stator to tape
over each nozzle end before apply-
ing the silicon. When you're done
simply remove the tape. Also, if the
gaps around the nozzle ends are
very wide you may want 1o lay a
tape backing to close the gap. This
should be done from inside the sta-
tor as well which will prevent the
silicon from falling through the
gaps.

When the silicon has cured re-
assemble the rbine and your ready
to go again.

The appearance of the turbine
can be improved by rounding the
edges of the base with a router. Af-
ter sanding down the base, you
might want to consider applying
stain and urethane. Also, other parts
of the turbine such as the stator can
be painted if desired.

One of the fascinating things
about this project is that it has so

much room for experimentation.
Even this little model terbine has
potential in that it could be used 1o
power a small generator or alterna-
tor. Of course using air pressure for
other than demonstration purposes
is not very practical from an eco-
nomical standpoint, but steam pres-
sure would be. In fact that’s the way
many power plants operate today.
Coal fired boilers produce steam
that powers turbines very similar,
but much larger than what you have
constructed from this manual. Be
advised though: steam boilers are
extremely dangerous! You should
only venture down that road if vou
have experience in such matters and
then only after careful study and
consideration.

Other experiments can be con-
ducted with converting the turbine
into a water pump, air pump or even
a vacuum pump. W.M.J. Cairns dis-
cusses these and other possibilities
in his book titled “The Tesla Tur-
bine’. If you want to go further with
the Tesla concept, 1 would encour-
age vou to read Caims’ book.

Best wishes for success in this
and all of your future shop projects.

Vince Gingery




Who could make such a claim? None other than Nikola Tesla. He
was referring to his latest invention, the flat disk turbine. The year
was 1911. Did he deliver? You be the judge.

Travel back in time and experience the excitement of the era by
building your very own model Tesla Turbine. Read along as Tesla
describes in his own words the principles and incredible capabili-
ties of his turbine. Examine the original Turbine patent descrip-
tions and drawings for yourself and gain an even greater perspec-
tive of this amazing invention.

Also included in this booklet are step by step instructions in the
form of detailed photos and drawings showing how to construct
your very own Tesla turbine. Not an exact replica of the original,
but one that has been simplified, thus making it much easier to
build than the original. The result is an impressive model measur-
ing 3-1/2" wide x 6" long x 4" high. Although it comes in a small
package this turbine generates impressive power. The model as
detailed rotates at speeds in excess of 5000 r.p.m. at 80 p.s.i. of air
pressure, And it has the capability of running either clockwise or
counterclockwise at these speeds.

Because the turbine is capable of such high rotational speeds, it
has been constructed entirely of stainless steel which is a stronger
material than mild steel. Building the turbine requires basic metal
working ability including the cutting, grinding and shaping of metal.
You will need a small lathe capable of turning at least a 3-1/4" di-
ameter, a drill press and/or milling machine, a hacksaw or bandsaw
and an assortment of hand tools including metal cutting snips,
screwdrivers, wrenches etc.

This is an amazing project and one
you are sure to enjoy, But be careful.
Once you start you won't be able to
get enough of Tesla and his amazing
inventions. The more you learn the
more you will realize that Nikola Tesla
was truly a genius light years ahead
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of his time. 8 'TA1878 087294

Yincent R. Gingery
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