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To all whonv i6 maly concerm:

. Be it known that I, PIBRRE RAVARD, a citi-
zen of France, residing in Paris, in the King-

dom of France, have invented a new and use- |
ful Apparatus Applieable to the Purpose of

Raising Water from 'Wells and other Reser-

voirs, which I denominate the * Aeolipile

Hydraulic Apparatus;’ and I do hereby de-
clare that the following is a full and exact de-
scription thergof. | -

It 18 a:_._well-l;nowﬂ'fa}cb that when stcmn. s |
allowed to escape rapidly through a small ori- |

fice into the atmesphere it carries with 1t &

considerable portion of the surrounding air, -

and that the instrument denominated the

‘iyeolipile”’ lias been from this circumstance

proposed to be applied to the blowing of alr
into forges and furnaces. . The same principle
is also applied in the locomotive steam-engine
to create a partial vacuum in the furnace by

projecting a.jet of waste steam up-the chim-
ney, which carries with it ‘a large portion of .

air, thereby eftfecting the object desired. In
my apparatus for raising water I apply this
same principle to the producing of a partial
vacuum in suitable receivers or reservoirs,
into which water is then to be forced from the
well or other reservoir by the pressure of the
‘atmosphere. To effect this purpose I connect
a, tube or system of tubes from the receptacle
or receptacles, reservoir or reservoirs, into
which the water is to be raised, with another

part of my apparatus, into which highly-elas-

tic steam is to he admitted, and from which'it
is to be allowed to escape in such manner as
to carry with it a portion of the air from the
receptacles or reservoirs, sufficient to produce
the required degree of exhaustion. .

The apparatus may be so constructed and
its operation so regulated as to vary the ex-
tent of this exbhaunstion; but, according to my
experience, the best and most economical pro-
cedure for the raising of wateris that by which
the density of the air in the receptacles.or res-

ervoirs is so diminished as tobe equal to three-

fifths of the 01“{1inary density of the atmos-

phere. _ - | _
‘In the accompanying drawings, I have rep-

resented the manner in which I construct the

apparatus invented by me and applied to the
above-named purpose. These drawings con-
~sist of four sheets, and are numbered 1, 2, 3,
~and 4, respectively,

‘the passage ol steam. .

Figure 1-in drawing No. 1 i a vertical pro-

| jection, in section, of that part of the appara-

tus by which the exhaustion of air is to b
produced, the part in which the elevating of
the water is to take place being represented

on thedrawings Nos. 3and 4. Fig.2on draw-

| ing No. 1 is a horizontal projection.of the ap:

paratus-shown in Fig. 1, and in these two
figures corresponding parts are designated by

the same letters of reference. -

The line. Y Z in Fig. 2 is that of the see-
tional view, Fig. 1. S
A is a pipe or tube,which leads from a boil-
er,in which the steam used is to be generated,

“into the eXhﬂ,USﬁﬂg - a-PD?l-I‘atHS, Whii;h " it en:
ters at A’ Fig. 1. A _

B is a cork, to allow, arrest, and regulate

C'is a pipe or tube, by which the exhaust-
ing apparatus is connected with that intended
for the raising of water, A |

X X'is a eylindrieal or other formed vessel, .
within which is contained the principal part
of the apparatus concerned in producing the
exhaustion. This ecylinder is composed of.

several parts, which are connected together.

by means of flanges in-the -ordinary way, as
shown in the drawings. o +
- D and E are tubes, through which air is to
escipe from the receptacles, reservoirs, and
the air-vessels, which parts are to be pres-

-ently described.

Fis a tube, into which the steam from the

boiler is to be projected by its own elastic

force, and throngh which it 18 to carry the air

entering through the tubes D and L.
- "H is a tube for leading the escape steam and

the accompanying air into the atmosphere In
any required direction. The steam which en-
ters into the fore part of thé cylinder X X
through the steam:-tube at A’ passes thence
through a small orifice into the tube F. This
orifice is at the point ¢, and an end view of it

is shown at Fig. Byin which also is seen the

mouth of the tube I, This Fig. B represents
a cross-section of the apparatus in the line 1 g,

Fig. 1, and in dI‘ﬂWi_ﬂg No, 2 a Similar CroSs-
section is shown, and is there represented of

the ordinary size in the acting instrument.
The following proportions T deem the best 1n
this part, having found them to answer well

in practice: Theinner diameter of the tube

I make one-fourteenth greater than that of 1),
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and the area of the cross-section of the aju-
tage « for the emission of steam equal to one-
tenth of that of the tube IS. |

The foregoing proportions, as well as others
herein given, may be varied according to cir-
cumstances, one of the most important of which

is the degree of the pressure of the steam in

the boiler, which I prefer to be equal Lo that
of five atmospheres, and have made my calea-
lations accordingly. ‘Where the pressure 1s
agreater or less th;m this, it will be proper to
diminish or to enlarge tlle-'ﬁjumge of sveam
in accordance thel‘ewlbh -

K is an air-vessel, between which and the
cylinder N X there isa {ree communication by |
means of the tubes I T, and this air-vessel is,
1in consequence of this connection, subjected
to the same degree of exhaustion with the tube
C and the receivers or reservoirs with which
- it is connected, and by its capacity it serves

to equalize this exhaustion.

Sand T are manometers of the ordmarv con-
struetion, the rise of the mereury in whielh will.
at once 1nd1mte the degree in which the air is
rarefied in the cylmder X and in the tube C.
The cock M regulates the communication be-
tween the exhausting part of the a,ppm*dtus
and that in which the raising of water 18 to
be eftected, -

Indrawing No. 21 have givenanother modi- |
fieation of the above-described exhausting ap-
paratus,in which twoair-vesselsare employed
together with a cylindrieal or other formed
vessel of considerable capacity, so constructed
~and connected as to operate concurrently with
the air-vessels in regulating the exnaustion.
‘Tig. 1 on this sheet'is a vertleel projection in

section of this apparatus in the line W Y Y of

Fig. 2, whiech is a horizontal projection of the
same. In each of these figures the same let-
ters of reference are used to designate the cor-
responding parts. . The Slmll‘u‘lty of this ar-
rangement to that first deseribed’ will render
it unnecessary to.do more in the present in-
stance than to point out the variations there-
from which are therein proposed.

A 1s the pipe or tube for the 'Ldmlsemu of
steam from a steam-boiler; B, a cock to regu-
Jate its admission; X X, a eylmder similar te
that so marked in dmmno‘ No. 1;-C, a tube |
leading mto this eylinder, and through which

air, if desired, may be admitted from the at-

mosphere iteadmission being arrested orregu--

lated by means of the cock M. The tubes D

‘and E are the same with those in No. 1, but
in this modification of the apparatus the tube,.

E and the steam-ajutage « discharge into.a
tube, I, which is inclosed within, and passes
through the center of a eylindrical body, O P,

the tube I? opening into that marked G which

leads into II, the office of whmh is the same | g

with that so (lulfrnated in No. 1
- Tig.
tage a, and of the opening of the tube E,
represented of the size employed by mcin the
acting machine. b b is the case of the cylin-
der or drnm O . The air- vessel IL 1s com-

al . . . . . H . . . . . .
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instead of leading

Bisa sectlonel wew of the steam- *13 =

bined with the apparatus in the same way

1 with that in drawing No. 1.

T, is the additional air-vessel, whiclh stands
on the top of the eylinder or’ drum O P, and
communicates with it by means of the tube

or neck Y, and may be considered as making

one with the portion P ofsaid eylinder.

- R R is a tube or pipe corresponding In Its
use with that- marked C in drawing No. 1; but
from the wqter elev 1tmn

apparatus into the rear of the cylinder X N

it leads into the portion O of the cylinder or
| drum O 1.

The portion O of this cylinder.
into which the tube R R opens, constitutes a
distinet chamber separated from the portion

‘P by an interior cylindrical case, ¢ ¢, but

communicating with 1t by means of the coni-:

cal tube @ through the air from it and from

the tube R R is to pass into the tube G, being

arged by the force of the steem-agutwe aot- |

ing through thetnbe . Thisaction produces
also the exhanstion of air from the portion I’
of the cylinder or drum and from the air-ves-
sel I... There is a cock, N, in the tube R, and
‘manometers at 8, T, and U the purposes of

which have been prewouslv explained.
The light shading in the tubes of the ex-

hausting app%ratus indicates those parts

through which steam passes,
In drawing No. 3, Iigs.'1 and 2 show on

a reduced scale the exhausting appqratue
represented on drawing No. 1, Fig. 1 being a
horizontal, and Fig. 2 a vertical prOJectlon of
it. 'The correstldm parts in these two fig--
ures are designated by the same letters of ref-
erence, and these figures are given for the pur-
pose of recapitulating the deSIgn of the prinei-

pal parts, and to furnish some- additional ob-

servations before desembmg the hydraulic ma-
chine represented In Fig. 3 of this drawing.
A A is a distributing-receiver of steam.,

from which ‘descend three pipes, B B, which
may serve to feed three steam-ad] ut'tges and

their corresponding tubes, F I, all proceeding
from the same box or steam- receptacle, C C,
attached to the pipe K, which corresponds
with that marked C in dmwmo‘ No. 1.

- D is the pipe leading from the steam- anEl -
ator to supply the receiver A A, a cock, L,
being employ ed to 1'en*ula,te and govern the

| sapply.

F ¥ urve the tubes th rough which the air and

ﬁ-steam are to eseape; G G, the air-vessels; H
H, pipes estebhshmg a communication be-

tween the air-vessels and the steam-box C (.
The pipe K is that which connects the ex-
hausting with the hydraulic apparatus, and 1,

‘a cock therein intended to open or close this

communication.

I 18 the manometer for mdlcetmcr the {le-' |
airee of rarefaction in the e\haustmg appara-
'tus, and M that for indicating the degree of

rarefaction in the pipe K. T will here. re-

mark that the degree of rarefaction indicated
by the monometer I is always less than that
shown by the monometer M as existing in the
interior of the e*chmetmg ql)pamtus 'md that
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‘this is not chanfmd by the supply of air which
passes through the apparatus.

The foregoing figures serve to exemplify the
manner in which two, three, or more steam-

‘ajutages, with their appropriate appendages,_

may be apphed to and employed in the same
apparatus. The inncr parts of this appa-
ratus having been fully described in the ex-
1)1&113131011 of drawing No. 1 need nob be re-
peated.

- The Hﬂ:aulm Machine. ——Flg 3 in dmmnﬂ"
projection of my

No. -3 represents a vertical
hydraulic machine which.is calculated to raise
water to any height required by means of the

rarefaction and pressure.of air, the air being

rarefied by the action of the within- descrlbed
__exhausbmg apparatus..
tion 1s a section made in the line C D of Fig.
4, which is a horizontal prmectwn a,ﬂcmdmw
| ﬂth the lJine A Bin I'ig. 3.  Fig. 5 represents
a verfical projection of a part of this appara-

tus, being a -section .in the line C' D’ of Fig.

4, InFE I‘lgs 3,4, and 5 the same parts, although

shown under dlf”erent aspects, are designated

by the mme letfers of reference.
X, Fig. 3, represents.the well or main res-

@rvoir h om whieh water is to he 111sed GG,

raising - mains or ascending pipes thronfrh
W thh it 18 to rise from the main reservoir mto
‘the reservoir E, No. 1, in the first story or lift,
aud from this ]‘LSt reqervou to the next, (L,

No. 2,) and so on suecessively until it has. at-

‘tamed the required elevation, the whole ele-
vation being divided into separate ‘lifts or

stories, three of which are shown in the draw-
1ngs, and these I have denominated and num-
- bered the first, second, and third stories. The
water does not pass dlrecbl y from the ascend-
ing pipes (x G into the reservoirs E, but into

receivers F F, which in each story cons:st of

two air-tight quadra,nﬂ*uhr hoxes having the
openings into them closed by means of val ves

or cocks, and operating in a way to be pres |

ently deﬁmibed FKach of the pipes G is di-

vided at its upper end into two ‘branches,

H. H, leading, respecbwe]y, into the tWo
‘receivers F' F, which in each of the stories

stand above the reservoirs E, into which the

water received by them is to descend by its

own gravity when air is admitted into the re-
The branches of the pipes G are each:

celvers.
furnished with a valve, L, opening upward
within-a chamber or en]argement of the branch
tubes prepared for that parpose.
of the branch pipes H H there proceeds a

curved branch pipe, Q, in the manner shown |

distinetly in the section, Fig. 5. These enryed
pipes extend up nearly to the top of the res-
ervoir K, and are closed by a valve, U, The
entrance from H into these tubes ]S shown at
Il, Figs. 3 and b

P P are floats contamed W 1bhm thereceivers
1RO

as to rise to the top of the receivers when

these are nearly filled with water—say up to §

the point ¢, Fig., b—and when so raised they
are bronght into contact with the tails of two

ceiver,

“This vertical projec-

ing No. 4.
| at o pressure of five atmospheres, and the two

From each

These floats are so graduated in weight |

stage No. 1.

valves, 1' T,which they raise from their seals,
and thus allow an influx of air into the re-
They, when thus raised, also close the
orifice R of the tube N, Fig. '5. At other

times these floats rest upon the bottoms of the

receivers V V;in which a recess or excava-
tion may be. made to receive and keep them
in place, as shown in the drawings. - Each of

| the stories constituting the¢ upper part of each

lift is similarly constructed.
I now proceed to describe the manner in

which the exhausting apparatus is connected

with- and made to actuate the hydraullc por-
tion of the machinery. K is a pipe or tnbe
leading fronmt the exhausting apparatus into

tuabes M M, which latter are connected with

each of the receivers by means of the tubes N

‘N, one of the orifices through which 18 show

at R, Fig. 5, which orifice is, closed by the

float P at the same time that it opensthe valves

T T. To each of the connecting-tubes N there
is a cock, O, which must be opened when the

.exha,usblnfr wpparatucs is to. set npon its corre-

sponding receiver.
In drawing No. 4 T have represented another

modification of my h ydraulicapparatus,which,

although it varies in form from the foregoing, 18
identical with it.in principle; but, having suf-

ficiently described one modification of this ap-

paratus, and also shown the construction of
the exhausting or rarefying a,ppfl,ratus I will
now explain their combined action, and after:
ward proceed to the explanation of the draw-.
The steam in the generator being

cocks B and M, drawing No. 1, being closed,

if the cock B is opened, the steam will l;hcn_ |

enter the appamtus a,nd escape by the steam-

ajutage a, carrying with it a portion-of air
sufficient to rarefy to therequired degree that
in the cylmder X X in the air-vessel K, and
to produce a tise of the mercury in the manom -

~eter T tothe helghb of about twenty-one inches
~above the level of its basin, where it'will re-
- IQIn.

- The cock M is then to be opened;and
the air in the receivers of the hydraulic ap-
paratus escapes with great.rapidity, and that
without lessening the degree of rarefaction in
the eylinder X X or the air-vessel K, with
which it eommumcates, as will be evmced by

-an actual rise instead of a depression of the

mercury inthe manometer T.  Werenot fresh
air admitted into the tube C by the passing of
air into the receivers of the hydraulic appa-
ratus, the mercury would rise to the same

“helght in the manometer 8 as in that marked
I, The height indicated in the manometer S

is about twelve inches; at which it will con-
tinue during the dlscharge of the air admitted
in the operation of the hydraulic apparatus,-
and which is sufficient for the proposed appli-
cation thereof to the raising of water. -
When the hydraulic apparabus 18 to be put

1n action, the cocks O O of the tubes N are to

he all LlOSE(] excepting one of those of the
The air in the receiver F corre-
sponding to this cock will become rarefied,as
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raising-main G, communicating with-it. .‘Llie
pressure of the atmosphereonthesurfaceof the
water contained in the reservoir X will ‘then
cause il to rise through G to open thévalve L
and to fill the receiver F. This causes the float
within said receiver to rise and to open the

 valves T'T, asaboveexplained. Airbeingthus
admitted, the valve L will be closed, and the’

water contained in the receiver will pass by its
own gravity through the pipe Q,will raise the

valve U, Fig. 5, and flow into the reservoir K.

"The second cock of the same story 1s to be
opened as the water in the first receiver be-
gins to descend, and this second receiver will

in like manner be filled ‘with water. Thus

while one of the receivers is being ¢mptied
‘the other is being filled, and so on alternately.
As each of the stories or lifts is similarly con-
structed, the same proceeding 1s-to be pur-
sued until the whole machine is'in full oper-
ation, the reservoirs If I bearing the samere-
' lation to the story next 4bove it as the reser-

also will that contained inthe branch Hand thic | reservoir in.the hydraulic apparatus first de-

Y Y is. the well cor main reservoir: irom

| which the water is to be raised. T T are the

raising-mains or ascending pipes;. S S, the res-
ervoirs of the respective stories.into which
the water is to. rise through the ascending
pipes. - The ascending-pipes are each fur-

nished with a valve, Y, opening upward in

an enlargement or chamber, as in the 1nstra-

ment formerly deseribed..

- 7 is the pipe.throug]l'_:whmh:thé, air ex:

‘Thausted {from the reservoirs is to pass to the
exhausting apparatus, with which it .18 con-
nected by the pip> K.- FromthepipeZ pipes

proceed which open into the reservoirs 1m-
mediately above the floats, as shown at U U.
Small valves V V for the admission of air are
situated and operate like those marked T T

{ in drawing No. 3. X X are the floats, whicl

voir X does to the firsi'story. When the wa-

~ter has been thus raised to the desired height,
it may be conducted off to any required placc

through an opening in the side of the upper- |

- most reservoir. From the reservoir of the

~ first story, or from either of the others, the
~ water may be let out upon a water-wheel for
. the purpose of driving machinery, and a por-

'to operate a sapply-pump to feed the steam-
- generator.
of the steam will-'be ‘applied in the most sim-

 tion of the power thus obtained may be made ._ .
| by its connection with the exhausting appara-

By this arrangement the power

ple and effective manner to any purpose to.

- which it may be adapted. A small portion
" of the water which is raised inay be used for
~working the supply-pump when it is not de-
‘sired to propel a large wheel.

~ Drawing No. 4.—In this

by rising open these valves and close the ori-
fices. U, throngh which the air is discharged
from thereservoirs. The reservoirs S'S have
no other openings into them than thoseof the

raising mains, the orifice U, and the air-valves

-V V. In this figure the pipe Z isrepresented

as extending down and opening intothe water
in the well or main reservoir Y Y, and this 1s
done for the purpose of allowing of the dis-

‘charge of any water which may accidentally

pass through the tubes U U into it. When
this hydranlie apparatus is put inte operation

tus, as fully described under the first modifi-
cation of the hydraulic. machine, the exhaus-
tion produced in the pipe Z will causethe wa-
ter to rise into the reservoir S of story No. 1

| through the ascending pipe T, and this water

drawing Figs. 1

and 2 are the same in all respects with Figs,

1 and 2 in drawing No g, and do not there-

fore require to be further noticed, the main:

design of this drawing (No. 4) being to af-

ford an example of the manner in which the.

hydraulic apparatus already described may
be modified. . Fig. 3.is a vertical projection
of the hydraulic apparatus in accordance with
a section thereof made in the line I” Q of Fig.
4. which-is a horizontal projection of .story
No. 1, Fig. 8, according with the line N O of

that figure, In this apparatus, as in thab of |

~drawing No. 3, the height to which the wa-

ter is to be raised is divided info stories at |

equal distances from cach other, and each of
these stories consists in part of a reservoir,
into and from which the water is to be raised,
and of a float which is operated upon, and

will force the float X up against the orifice
U, which it will close, while it will raise the
valves V'V by pressing against their tails.
The air being admitted through the seats of
these valves will press upon thesurface of the
water in thefirstreceiver, and will force it up
into the receiver of the second story, in which
the air is in a state of rarefaction. Within
this the same operation will take place as that

| just described, the water being in like manner
| forced up fromitinto the reservoir of the third.

operates in a manner similar to those in.

“drawing No. 3; but there is not a reservoir
“and receiver distinct from each other, as In
the apparatus represented in that drawing,
but the reservoir itself. is made an air-tight
vessel, and is adapted to the production of

—

story. While this is being effected,the reser-

voir of the first story will be refilled, the float

having descended, the valves V 'V closed, and
the air having again become exhausted with-

in it, and thus the operation will go on alter-

nately thronghout the series of reservoirs so
long as the exhausting-machine 1s kept 1n ac-
tion, the air-valves of stories Nos. 1 and 3 be-
ing raised at the same time by their floats,
while the valves of No: 2 and its float resume
their first position. In the reservoir of the
upper story, No. 3, there is inserted a curved
pipe, W, furnished with a valve, w, through
which the water may pass into the distribut-
ing-receiver R in the same manner in which it
passes from one of the receivers into oneof the

the whole effect produced by the receiver and ! reservoirs in the first-described hydraulicap-

e T T U g R e e Ry TR .- _ :
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paratus. Thecircle Zrepresentsthe entran ce contmned tube or tubes for the etiux of air, the

into atube of distribution for carrying the wa-
ter wherever it may be wanted.

- I have thus shown various modifications of
my apparatus, and it will be obvious to every
competent machinist that many other changes
may be made in the respective parts,whilethe
general construction and the principle upon
which it operates will still remain the same.
Thus, for example, in the exhausting appa-
ratus represented in drawing No. 1 and else-

where the pipe'D may be omitted, and that

marked I alone retained, althouﬂh by their
concurrent action a better result is obmmed
than with a single pipe.

Having fully deseribed thenature of my ap-
paratus and shown the manner in which the.
same operate, what I claim therein as con-

stituting my invention, and desire to secure

by Letters Patent, is— |
1. The manner in which I have constr ucted.

and combined the various partsof theappara- |

tus for effecting the rarefaction of air by the
rapid emission of steam from a steam-gener-
ator, reference being had to drawing No. 1 for
afreneml exempllﬁcdtwn of this comblnatlon
which eonsmts m'unly n the cylinder X, its

air-vessel connected therewith,and the manom-

eters or gages for indicating the degree of ex-
bhaustion. I donot claim either of these parts
taken separately as of my invention; but I do
claim the so arranging and cembmlno' them,
substantially as herein set. forth, as to "dept
them to the purpose of pr oducmg and indieat-

‘ing the degree of exhﬂmstlon in my hydraulic

appa1 atus,
2. The arr mwement and combination of the

1ece1vers and. reservoirs, as described in the

| first modification thereof, or of the reservoirs
| alone, as described in the second modification
- thereef with the ﬂoats alr-valves and tubes

for the exha,nstmn of airsituated 1mmednte]y
above the ﬂoatﬂ as deseribed, so as to co-op-
erate with each other yn the manner and to

produce the effects, as herein set forth, and

these 1. claim, together with such modlﬁca
tions thereof as are analogous in construection
and mode of operation, and which in conse-

‘quence thereof pwduce a like efiect.

| P. RAVARD.
W itnesses: _
DETTHITONY,
A. FOURNIER.
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