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UNITED STATES PATENT OFFICE

GEOBGE CONSTANTINESCO, OF ALPERTON, ENGLAND, ASSIGNOR OF ONE-HALI' TO
WALTER HADDON’ OF LONDON ENGLAND : . A

" HYDRAULIC TZB.ANSIISSION’

i4 7'38 » Speciﬂcation of Reissued Letters ratent Reissued Oct. 14, 1919 .

Origina.l No. 1 211 680, dated January 9, 1917, Serial No. 829,718, filed April 4, 1914, Applicaﬁon for reissuo .
ﬂled December 28, 1918. Serial No. 288, 076 .

7o all whom it may concern.:

Be is known that I, GeorGe (known also as
Gocr) CONSTANTINESCO, a subject of the
King of Great Britain and Ireland, for-
merly a subject of the  King of Roumama., re-
siding at Alperton, in the county of Mid-
dlesex, England, formerly of 8 Lichfield
road, Kew Gardens, London, England, have
mvented certain new and useful Improve-
ments in Hydraulic Transmission, of which
the following is a specification.

The present invention relates to hydraulic
transmission, and particularly to long dis-
tance transmission, of power.

The object of the present invention is to
provide an apparatus which allows the hy--

draulic transmission of power to very great
distances, or which allows periodic displace-

~‘mient of considerable volunies of liquid in

20

25

the pipes, without occasioning excessive rises
of pressure, and Wlth the lea,st possible loss
of power.

Hitherto it has been found 1mp0551b1e to
transmit power by hydraulic means in which
reciprocation of a liquid column is required

" over any great distance, owing to the fact

-that the inertia of the 11qu1d column gives

~ rise to extremely high pressures in the pipes

30

35

40

along which it 15 desired to transmit power,
if the period of the oscillations and extent of
movement of the liquid is above a very small
quantity. According to this invention, the
pressures can be reduced to practical
amounts, although considerable powers are

tra,nsmltted with oscillations of any - de- -

sired frequency.
The invention consists broadly in the use

of hydraulic condensers to counteract the
effect of inertia in liquid columns, the con-
~densers being placed in a pipe or pipes be- -

tween a generator and a recéiver.
The invention also consists in means for
transmitting energy by means of a series of

. periodic pressure variations, producing

45

small 1I:erlodlc changes of pressure and vol-
ume -throughout a liquid column, whereby

energy is transmitted through the liquid in

a manner analogous to that in which electric
waves are propagated through space.

‘The invention further conmsts in a,rrang- 50
ing in the connection between a generator
and receiver a hydraulic condenser, consist-
ing of an elastic body dividing the column
of liquid between the generator and the re-
ceiver. - 55

The invention also consists in the useofa
hydraulic transformer, such, for instance, as
a differential piston between the generator
and the receiver. :

The invention further cons1sts in the use 60
of an additional inertia device, such, for in-
stance, as a weighted piston situated between.

" the generator and. receiver.

The invention also consists in the appara- .
tus for hydraulic -transmission of power 65
hereinafter described. o

I have found by mathematical analysis
that if the capacity C of a condenser formed
by a piston of section s, held in a mean posi-
tion by means of sprmgs, “be defined by the: 70-

relation
: - AV=sAf=CAp

where AV is the variation of volume under
variation of pressure, Ap’, and Af is the
variation in length of the springs, and if T
define the coefficient of inertia L of a weight
submitted to a pemodlc pressure distributed

75

- over the surface 8’ normal to the direction of
- movement, of the Welght by the relation

80
di ‘
p—p'=Lg
p—p’ being the dlﬂerenee of pressure a.ctmg
over the surface s’ normal to the direction of g
fluid across the section s/, and if I define the
resistance R to ﬂow in the plpes by the Te- -
lation 7
p—P '=Ri
Where iis the flow per second, it will be 90
found that the effect of such capamhes, in-

. ertias and resistances in liquid columns can

be calculated in a manner analogous to that
in which the effects of electrical capacity:
inertia and resistance can be calculated, the 95
same equations being applicable to the two
cases. And T have found by mathematical .
analysis that energy can be tra.nSInltted over
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very long dlst‘lnces without excessive pres-
sures, by producing a series of periodic pres-
sure variations which produce periodic
changes of pressure and volume throughout
a liquid column.

The objects of the condenser and of the
additional inertia devices of the applicant’s
invention are to render possible an appara-
tus in which the inertia and elasticity are
such that the natural time period of vibra-
tions of the liquid and other masses con-
tained between the generator and the re-
ceiver vibrating under its own elasticity, is
the same as the period of the periodic -

- pulses which are tmpressed on the liquid col-

umn by the pistons of the generator. It will
be seen that if these two. time periods are
equal, when once the system has been started
vibrating, no further work will have to be
done by the genérator beyond that which 1s
taken up by the receiver, the inertia of the
liquid being counteracted by the capacity of
the condenser. The only loss of energy Is
caused by friction. - This is exactly anal-
ogous to the transmission of power by elec-
tric waves, and the same mathematical con-
siderations apply to the two cases.

Referring to the accompanying diagram-
matic drawings, Figure 11s a sectional - view,
showing a Oeneratm and devices used in
connection therewith. .Fig. 2 is a similar
view of a modified arranwement Fig. 3
is a verticgl section throuwh the «renerator
shown in Fig. 2. Fig. 4 is a section in a
plane at mght angles to Fig. 3. Tig. 5 is

a sectional plan of the gener ator on the line
5 5, Fig.38. Fig. 6isa sectionml plan on the
line 6, 6, Fig. 3. Fig. 7 is a diagrammatic
view, showmg methods of arranging con-
densers and inertia devices. Figs. 8 and 9
show respectively a condenser and an inertia
device between two liquid columns.  Fig. 10
shows a simple form of condenser, while
Figs. 11 and 12 show modified forms. Fig.
13 shows a combined tr ansformer, inertia
device and condenser.

In carrying the invention into effect ac-
cording to the example shown in Fig. 1,
the generator e, comprises two remproc.1t~
ing plstons bb, caused to reciprocate by ro-
tating cams or eccentrics ¢, or other suitable
means. - The pistons work in two chambers
d d, each of which is connected by a length
of piping e, to the receiver, which in tluq
case will also have two plstom similar to
those in the generator transmitting power

in any suitable manner to the desired uti--

lizer. In each of the pipes there is situated
a. vessel £, in which slides a differential pis-
ton ¢, whose larger end is toward the gen-
erator, the smaller end wor king in a cylln—
der of smaller diameter than the lar cer and
transmitting the power to the colimn of
liquid in the pipe, bevoad. In each pipe
there is also situated a chamber h, divided

14,738

by an elastic diaphragm %, which acts as a
condenser. The motion of the liquid into
the chamber on the generator side causes
a movement of the membrane %, whose elas-
ticity causes it to return and the membrane
can thus be made to counteract the inertia
of the colunin of liquid in the pipe. Theve
may also be situated in each pipe a hydrau-
lic device i the nature of an additional
inertin device comprising a heavy piston
! having sinaller pistons san, and its ends
sliding 1n c¢ylinders, one of which is in com-
munication with the generator side and the
other with the receiver side of the pipe.con-
nections. It will be seen that in this ar-
rangement the pulsations of the liquid
caused by the generator arve transformed
by the differential piston to pulsations of
higher pressure and the pulsations of Tiquid
on one side of the diaphragm .of the hydrau-
lic condenser are transmitted to-the other
side; the recoil owing to its elasticity serv-
ing to give back to the column of liquid
the energy which is taken up in its forward
movement. The pulsation s thus trans-
mitted to the receiver side of the condenser
and the inertia of the liquid column can
be counteracted.

It will be seen that a hy(h aulic condenser
of the kind described above, arranged in the
lignid. column acts on the vibrations of the
liquid' colummn so as to annul the inertia of
the column and it is advisable to regulate the
elasticity and the length of the pipe and pe-
riod of the pulsations so as to completely nen-

tralize the high pressures which would arise
owmor to inertia of the column.

Tn order to obtain the correct relative
values of elasticity and inertia the auxiliary
inertia device consisting of a weighted pis-
ton may be varied so as to obtain complete
neutralization of the effect due to the inertia
of the liquid column and the clasticity of
the condenser.
paratus it is possible to obtain a periodic
movement in the hydraulic column in which
the natural period of the column with its
condenser and additional inertia device is
substantially the same as the period of the
impulses given by the generator which de-
pend on the speed with “Which i it isrun. In
this manner the loss of power in transmis-
sion may be reduced to a minimum, the
only losses being the losses due to the frie-
tion in the pipes.

According to the modification of the in-
vention shown in Fig. 2 three liquid col-
umns may be employed between the genera-
tor and receiver.. The generator 1, sce Figs.
3 to 6, in this case may consist of six cyl-

inders 2, having reciprocating pistons 3.

These reciproc: 1t1n<r pistons are driven by ec-
centrics 31, 32, ‘%‘3. 34, 35 and 36, so p]a(‘ed
that the ec centries of each pair 31, 82: 33, 34

35,86 ; differ in phase by 180°; while the pairs

By these two pieces of ap-.
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of eccentrics are arranged so that 31, 32, dif-
fer from 33, 34, and from 35, 36, by 120°.
-yne of each pair of pistons would then be.
_connected to each of the columns of liquid, .
"4, and the other three pistons would be con-
-nected to a common point 5.. . :
The condensers 8 may if desired be placed
with one side of each connecting to each of
the pipes 39, 40, 41, leading to the three
pipes 4, to which are connected one or more
receivers. The other side of the condensers
may be connected to a common point 42,
as shown in Fig. 7, or if desired, the con--
densers 8 may be placed across branch pipes
43, 44, 45, leading from the pipes 4, as also
shown in Fig.:7. Inertia devices 9 may be
arranged in a similar manner across branch
pipes 46, 47, 48, as also shown on Fig. 7.

10
15

20 grammatically, connected with the pipes 4.
" It will be seen that various -modié)cations
of the invention may be made. according to
the most suitable method of transmitting

. the power in different circumstances. - Fur-

-25. ther, it will be seen that the condenser 8§,

or additional inertia device 9, may be placed
across two liquid columns ¢ ¢, if desired, as

". shown in Figs. 8 and 9.

- In the arrangement of power transmis-

30 sion above described, condensers are used
- as shown at Fig. 10, consisting of a cham-

_ ber 15, having within it an elastic diaphragm:
(116 ﬁ pistonhll,' may be Eesded instea}t)i of the
" diaphragm, however, ac upon by suit- -

35 able springs 12, which tend to keep it in a
- inean position, see Fig. 11, or if desired, an.

. elastic chamber 13, inside.a second cham-

‘ber 14, may be employed, the inner chamber.
being connected to the generator and the

‘outer chamber to the receiver or vice versa,

see Fig. 12, -~ . - . . '
“The transformer and inertia device may
be combined as shown at Fig. 13, if desired.

L By the system of transmission above de--
- 45 scribed, power can be transmitted for a va-

" ~riety of purposes, and the 'invention is,
" therefore, of very wide application, and
" -either "high or low powers can be trans-.

"mitted, -such, for instance, as powers re-
quired to run machivery from a distance, or

. low powers, such as might be used in the

- ‘transmission of sound through pipes con-
. taining liquid: This is effected by causin,

" gound - waves which are to be transmitte

.55 to act through a diaphragm or suitable de-

" vice on one end of a liquid column, the dia-

* phragm thus taking the place of the piston
" 'of the generator, the sound producing device
acting itself as the generator of power. It

will be seen that there will thus be impressed

on the liquid column a series of periodic
pressure variations, which are transmitted

. along the column in exactly the same manner

as the periodic variations where higher pow-

‘65 ers for performing work are transmitted.

50

60
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In Fig. 7, a receiver 50 is also shown dia-

I claim: , _

1. A system of transmitting energy com-
prising: a container for a liquid column,
means acting on said liquid column to:pro-
duce variations, that travel along the liquid
column, in the pressufe and volume of it,
and means responsive to said.variations in
pressure and volume for utilizing the .en-
ergy produced by said variations: _

2. A system of transmitting energy com-
prising:, a ‘container for a liquid column,
means acting on said liquid column to §
duce periodic variations, that travel along
the liquid column, in the pressure and vol-.
ume off it, and means responsive to said
periodic variations in pressure and volume
for utilizing the energy produced by said
periodic variations. : o

3. A system of transmitting energy com-
prising: a container for a liquid column,
means acting on the liquid column for uti-

lizing the elasticity of the liquid to produce

volume compression and rarefication in the
liquid éolumn in a - series of waves, and
means responsive to the action of such waves
for utilizing the energy thus produced. -
4, A system of transmitting energy com-

‘prising: a container for a liquid column,

‘means for impressing impulses on the liquid
at one point of the column to produce

.changes, that travel along the liquid column,

70

75

To-

80

85

90

95

in the pressure and volume of it, means, re-

‘sponsive to said changes in pressure and
volume for utilizing at another point.if the
column the energy produced by said
changes, and 1neans associated with said
contalner for counteracting the effect of
inertia in the liquid column. - I

5. A system of transmitting energy com-
prising: & container for a liquid column,
vibrating' means for. impressing on 'the
liquid at ope point of the column a series
‘of periodic impulses to produce periodic
changes, that travel along the liquid column,
in the pressure and volume of it, means re-
sponsive to such periodic changes in pres-.
sure and volume for utilizing at another
point of the liquid column the energy pro-
duced by such periodic changes, and another
vibrating means associated with said con-
tainer for counteracting the effect of in-

100

105

110

118

ertia in the. liquid column, the-movements .

of said vibrating means being in unison
with, and of the same frequency as, those

. of the first mentioned vibrating means.

6. A system of transmitting energy com-

i
glea,ns for utilizing the elasticity of the
liquid to impress impulses on it at one point
of the column to produce volume compres-
sion and rarefication in the liquid column
in ‘a series of waves, means mponsive to
the action of said waves for utilizing, at
another point of the column, the energy pro-
caced by said waves, and means associated

120

sing: a container for a liquid column, -

125

130
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with said container for counteracting the
effect of inertia in the liquid column.

7. Means for transmitting power com-
prising: a container for a column of liquid,
power means acting against the liquid col-
umn . to impart an impulse thereto, work
means responsive to an impulse in the col-
umn of liquid, and a vibrating member con-
structed and arranged as and for the pur-

poses set’ forth and interposed in the liquid -

column between the power and the work
means whereby an impulse may be received
and transmitted in both directions by the
liquid in contact with opposite sides of the
vibrating member.

8. Means for transmitting power com-
prising : a container for a column of Hquid,
power means acting against the liquid col-
umn to. impart an impulse thereto,- work
means responsive to an impulse in the col-
umn of liquid, and a vibrating member con-
structed and arranged as and for the pur-
poses set forth and interposed in the liquid
column between the power and the work
means whereby an impulse may be received

- and_transmitted alternately in opposite di-

30

35

45
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rections by the liquid in contact with

, oppo-
site sides of the vibrating member. ‘

9. Means for transmitting power com--

prising: a container for a column of liquid,
vibrating power means acting against the
liquid, work means responsive to power
transmitted through the liguid column, and
‘a vibrating member constructed and ar-
ranged as and for the purposes set forth and
interposed in the liquid column between the
power and the work means  whereby the

- liquid will be in contact with opposite sides

of the vibrating member, the frequency of
the movements of said member being syn-
chronous with those of the power means.
10. A hydraulic condenser comprising in
combination, a chamber, a solid body elas-
tically supported in both directions divid-
ing said chamber, passages for liquid con-

"nected to said chamber on both sides of said

solid’ body, said passages and chamber be-
ing adapted to contain liquid in contact
with both ends of said solid body, as and
for the purpose described.

11. A hydraulic condenser comprising in
combination, a chamber, a piston in said
.chamber, springs on each side of said piston,
pipes connected to said chamber on both
sides of said piston, said pipes and said
chamber being adapted to contain liquid in
contact with both sides of said piston, as and
for the purposes described. - - ‘

12. Apparatus for the hydraulic trans--

mission of power comprising in combination,
a %enerator, a receiver, a pipe connecting
said generator and said receiver, and a hy-
draulic condenser connected in said pipe, as
set forth. : '

13. Apparatus for the hydraulic transmis-

14,738

sion of power comprising in combination, a
generator, a receiver, a pipe connecting said
generator and said receiver, a hydraulic con-
denser connected in said pipe, and an addi-
tional inertia device connected in said pipe,
as set forth. ‘ :

14. Apparatus for the hydraulic transmis-
sion of power comprising in combination, a
generator, a receiver, a plpe connecting said
generator and said receiver, a hydraulic con-
denser connected in said pipe, an additional
inertia device connected in said pipe, said
generator being adapted to produce periodic
pressure variations in said pipe, and said
hydraulic condenser and additional inertia
device being so proportioned that the period
of natural oscillation in the system is equal
to the period of the expressed pressure varia-
tions, as set forth.

15. Apparatus for the hydraulic transmis-
sion of power comprising in combination, a

generator, a receiver, a pipe connecting said .

generator and said receiver, a hydraulic con-
denser connected in said pipe, an additional
inertia device connected in said pipe, and a
hydraulic transformer connected in said
pipe.

16. Apparatus for the hydraulic transmis-
sion of power comprising in combination, a
generator, including three chambers, recip-
rocating pistons in said chambers, a receiver,
including three chambers and reciprocating
pistons in said chambers, three pipes, each
connecting one of said chambers in said
generator to one of said chambers in said
receiver, hydraulic condensers connected in

-said pipes, the whole system being filled with

liquid, as set forth.

17. Apparatus for the hydraulic transmis-

sion of power comprising in combination, a
generator, including three chambers, recip-

rocating pistons in said chambers, a receiver

including three chambers and reciprocating
pistons in said chambers, three pipes, each
connecting’ one of said chambers. in said
generator to one of said chambers in said
receiver, hydraulic condensers connected in
said pipes, inertia devices inserted in said
pipes, the whole system being filled with
liquid, as set forth.

18. Apparatus for the hydraulic trans-

mission of power comprising in combination, -

a generator, including three chambers, re-
ciprocating pistons in said chambers, a re-
ceiver. including three chambers and recip-
rocating pistons in said chambers, three

" pipes, -each connecting one of said chambers

in said generator to one of said ¢chambers in
said receiver, hydraulic condensers connected:
in said pipes. transformers inserted in said
pipes, the whole system being filled with
liquid, as set forth.

'19. Apparatus for the hydraulic transmis-
sion of power, comprising in combination, a
generator, including three pairs of cham-
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bers, pistons in said chambers, eccentrics co-

operating with said pistons in said chambers,
the eccentrics of each pair being 180° apart,
and the eccentrics of the pairs being 120°

‘apart, three pipes each connecting one cham-

ber of each .of said pairs to the correspond-
ing chamber of a receiver, three pipes con-

necting the other three chambers to a com- -

&8

. mon point, a receiver similar to said gen-
erator, and hydraulic condensers in the pipes 10

between said generator and said receiver, as
set. forth. . . .

Signed at Alperton in the county of Mid-
dlesex, England this 22nd day of November, -

1918.
- GEORGE CONSTANTINESCO.




