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Lo el whom i1 MY Coricer erator and that the phase ditference hetween,

Be it known that I, Goev Consmant;.
S EsCos a subject of the IKing of Great Brit-
A oand Ireland, and resident of Westoe,

Stanley avenue, Alperton, Middlesex, Eng-
land, have mvented certain new and usefi]

Iniprovements in Liquid Wave Transmis-
sion ot Power, of whicl, the following is
specification,

The present invention relates to systeins
of transmitting power by wave transmission
through liquids.

In the United States patent applications
Serial Nos. 24231, 24,980 and 63,762, meth-
ods have been describud by which power is
transmitted from one point to another by a
series of periodic variations of pressure and
volume traveling along o liquid column or
columns,

In such applications the power is trans-
mitted in 2" manner analogous to that in
which sound ¥ aves are transmitted throngh
liquids. ’

According to one method
colunms of Tquid are employed between
Lenerator and o receiver, that is to say, the
piece of apparatus by which the power ig
ufilized at'the point where it ig required.

described, three

According to one form, which may be
ralled o three-phags system, three Dipes are
employed between the generator and .re-

ceiver.  The generator in thig case consists
of a reciprocating punip having three, or a
multiple of three, cylinders with pistons
working in these cylinders so that the three
pistons or sets of pistons are reciprocated

with a phase difference between them of
120°. Each of the three cvlinders or sets of
eylinders communicates with a pipe, one of

the pipes leading to the receiver which may
e of exactly similar form to the generator.
The vesult of this is that as the generator
1s actuated, causing the piston to recipro-
cate, In each liquid column there is trans-
mitted d series of periodic variftions of
pressure and volume which travel along the
liquid column  with substantially the ve.
locity with which sound would trave] along
the column. TIn a ence m which there are
three Tiquid columns, and in which the en-
exator and the receiver gre exactly similar,
it will be seen that the receiver pistons,
supposing that there is 5 single cylinder con.
nected to each liquid column, will be actu-
ated once ddaring each revolution of the gen-

- periodic variations of

the motion of (e three
ceiver will be ghe same as that between the
three pistons of the generator, namely, 120°,
It will be readily seen thag by the nse of
A generator having o single piston recipro-
cated once during each revolution of a cam
or eccentric with o single pipe connected to
stich a generator containing liquid, a series
of variations of bressure and volume can he
trausmitted along a single liquid column in
an cxactly similar manner to that in which
the three series of waves are transmitted
along the three liquid columns in the Sys-
tem above described, which may be ternied
 three-phase system. A system having a
single liquid colihn may be termed 5 single
Phase system,
he object of the bresent invention is to
obtain from such a single phase svstem o
three-phase system or a system having other
number of phases so that by tapping off sub-
sidiary columns at different points of the
single column leading from the generator, a
two, three, or other number of phase sys-
tems, can be obtained capable of actuating
a recetver suitable fop any desired nunher
of phases, that is to say, in a receiver—gq
take the case in which rotation is required—
there may e any number of cylinders ang
pistons giving impulses to a crank oI eccen-
tric at any desired number of points in «
For example, to actuate

Pistons of the re.

single revolution.
a three-phase receiver it would be necessary
to have three liquid columns, the impulses
in these liquid columns differing in phase
by 120°, : ‘

It will be seen from the analogy of the
transmission of sound through liquids that
m wave transmission of power by the
method above described there will occur n
the liquid column or columns a series of
pressure and volume
which will travel along the column ang for
each speed of revolution of the generating
crank there will he o definite wave length in
the liquid column, that is to say, if the col-
umn is sufficiently long, there will at any in-
stant be a number of points along the col-
unm  where the pressure is & maximum,
Half way between these points there will be
points at which the pressure is a minimum:
and, with a piston reciprocating harmoni-
ally, that is, driven by a rotating erank
with a connecting rod whose eccentricity can
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be neglected, the pressure along the pipe be-
tween two points at maximum pressure will
follow a harmonic law. The result of this
is that at any instant the pressure in the pipe
may be represented by the ordinates of a
sine curve whose abseissa represent distances
along the pipe. The points where this curve
crosses the zero line. that is, the points
where the pressure is zero or equivalent to
the mean pressure, will be at a distance apart
equal to the wave length of the waves gen-
erated in the pipe. It will be seen, there-
fore, that in order to obtain three liquid col-
wmns in which the variations of pressure and
volume differ in phase by 120°, it is only
necessary to tap off from the main column
subsidiary columns at intervals of 120°, the
wave length in the main column being repre-
sented by 360°. , '

The present invention, therefore, con-
Gists -in obtaining any number of phases
from an oscillating liquid column by divid-
ing one wave. length of the vibrating col-
umn into cqual lengths and tapping from
the points of division an equal number of
colummns.  The colunms thus derived from
the main oscillating columm will then differ
in phase from each other by the same angle.

The invention conversely consists in ob-
taining a single phase column from two or
more columns differing in phase by connect-
ing such two or more colunns leading from
the generator to the single column at suit-
able points of the latter.

Owing tosthe comparatively low elasticity,
of liquids such as water. the wave length of
the waves in the liquid colummn, unless the
periodicity is_extremely high, will be m-
conveniently long and in some cases it 1s
desirable to utilize a phase transformer oc-
cupying a smaller space than the single wave
length, ’ o

Tt can be shown mathematically that the

offect of decreased elasticity in series 1n a-

liquid column is to shorten the wave length,
while the effect of inertia in the liquid col-
umn is to lengthen the wave length. By
utilizing this phenomenon it is possible to
construct a charged liquid column having
less elasticity than that due to the liquid
alone and to utilize such a liguid cohunn for
the purpose of shortening the length of col-

“numn required to give the requisite length for

the complete wave length, and this length
of charged line may be considerably less
than the length required for a wave length
in a column containing lquid alone and
carrying’ impulses produced with the same
frequency.

The present invention, therefore, further
consists in a phase transformer in which
the wave length of the line is artificially
shortened by using inertias in series, or con-
densers in parallel, or both. :

In earrying the invention into effect ac-

1,334,200

cording to one example. we may have a
main pipe in which a water column is trans-
mitting oscillations at a frequency of, say,
20 per second. The wave length with
water at this number of oscillations per sec-
ond will be about 70 meters, the velocity of
the wave in the liguid being about 1100 me-
ters per second. ~The pipe for 35 meters
may be made into a coil and two branch
pipes may be connected at the ends of this
coil. There will thus be produced in the
branch pipes oscillations in the liquid col-
umns which will differ in phase by 180°.
The oscillations in the two branch pipes
may thus be used to act on the two sides of
a moving piston or diaphragm which would
thus be set in motion and would vibrate at
the same frequency. Similarly, according
to another example, three branch pipes
might be connected to the main pipe at dis-
tances of 23.38 meters apart and in these
branch pipes oscillations differing in phase
by 120° would be produced of the same fre-
quency as the oscillations in the main line!
These three branch pipes may be connect-
ed to & motor formed with three pistons hav-
ing their axes 120° apart and acting on a
common crank, thus rotating the crank at
the frequency of the main water column.
Referring to the accompanying draw-

in%s —

igure 1 is a diagram illustrating one
method of carrying out the invention in
which a three-phase system is derived from
oscillations in a single pipe.

Fig. 2 shows a further method ot obtain-
ing a three-phase system from a single
phase system. )

In carrying the invention intojeffect as
shown by the diagram in Fig. 1, the genera-
tor @ consists of a reciprocating piston
working in a cylinder which is directly con-
nected to a pipe » full of liquid. The re-
ciprocations of the piston produce periodic
variations of volume which travel along
the liquid column with substantially the
speed of sound. The ordinates of the dot-
ted curve ¢, d, ¢, f, g, may be taken to rep-
resent the pressure 1n the liquid column at

‘any particular instant, the distance between

¢ and ¢ being the wave léngth. Pomts Z,
m, along the pipe are selected such that ¢ !
equals I m and 7 m equals m ¢, and three
pipes are connected, one at , one at m, and
one at g. The result of this will be that im-
pulses will be produced in the liquid col-
umns in the branch pipes leading from
7, m and g which will differ in phase by 120°
so that a three-phase alternating liquid cur-
rent is obtained from the single phase cur-
rent in the main pipe b.

Fig. 2 shows diagrammatically how the
distance between the points at which the
three-phase current is drawn off may be

shortened so that the actual length required 1
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between the points of tapping may be made
muach less for the same periodicity than
Is the case with g single line. Although the
length as illustrated between the tapping
points is tlie same. by suitably varyving the
clasticity by eans of capucities and in-
ertias, the distance between the actnal Points
of tapping of the pipe may he very nael
reduced, and it wil] he understood that the
scale of Figs. 1 and » does not represent
the difference which may be obtained,

In Fig. 2 the wave length in the line 4
s automatically shortened by inserting in-
ertias o ¢ in series in the Iine and capacitios
/¢ i parallel. The wave Iength in this
cise will he very much Jogs than in the case
Where liquid alone is used in the pipe, and
if on the scale of the figure the distance
represents the full wave length the
branch lines can be tapped at the points -
voand e the wetual distance hetween these
pomts depending on the vilues of capacity
i fine is charged.

It will be seen that the method s quite
general. and any numbey of phases can he
obtained. - Further, the Process may be pe-
versed s a polyphase oscillation traveling in
# pipes ean be transformed to a single phase
oscillation Dy connecting the » pipes to a
main e, and keeping the connecting pipes
atadistance of % where 2 is {he wave Jengtl.
The wave length whicly js to be used in the
transformer inay e reduced simply to «
~uecession of inertias in gerjes, and con-
densers in parallel. the charged Tine com-
prising for example at least nine Lroups of
cotidensers and inertias for o complete wave
length, The phase transformer may thys
he constructed in g very compact forn,

Aecording o anothey example. a0 short
Save mny e readily obtained by nsing a
tlexible tihe, for example. a ruliber tube, in
which the capacity coeflicient. i« very small,
fnosuelr tube the wave length will he very
-hort.
pecessary wave inoa short length. if o fairly
high frequency is employved, is to make the

N

“wave length of

‘subjected to variations, that travel

A simple method of obtaining thje.

8

2 metal tube coiled like g
spring, so as to keep the branch Ppipes close
together.

It will be readily understood that Instead
of a condenser, a capacity may be en)-
Ployed, that is to Says & strong vessel con-
pletely filled with liguid. Sueh capacity
will take the place of u condenser and will
operate in an exactly similie manner, The
inertia devices according to the invention
consist merely of Pistons placed in the wayve
transmission pipe, these pistons supporting
heavy weights so as to present considerable
ertia to the movement of the liquid in
the columnmn, These devices ave fully de-
scribed in the patent specifications above
referred to.

What T clain is:—

L In a system of Liquid wave transijs-
sion of power in which a liquid column is
along the
lquid column, in the pressure and volumge
of it. means for obtaining phuality of
columns. whose wave Tengths differ in phase,
from a single phase colinnn. or viee versa,
comprising: a main Pipe and a plurality of
subsidiary pipes connected to the main pipe
at equidistant points within the compass
of u single wave length in the main pipe,

2. In a system of liquid wave transmis.
sion of power in which a liquid column i
subjected to vaviations, that travel along
the liquid column, in the pressure and
volume. of it, means for obtaining a plu-
rality of columns, whose wavo lengths differ
in phase. from » single phase column, or
Vice versa, comprising: a muin pipe and u
plurality of subsidiary pipes connected to
the main pipe at equidistant })nintls within
the compass of a single wave fength in the
main pipe and means for artificially short-
ening the wave Iength of the liguid column
in_the main pipe.

In testimony whereof T have signed my
nate to this speecification.

GOGU CONSTANTI NESCO.
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