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Be i1t known that I, Louis JULES J_EAN_

Barriste Le RoND, a citizen of the Republic:
of France, and a resident of Paris, France,

have invented a new°and useful Improve-

ment in Engines or Pumps, which improve-.
‘ment 1s fully set forth in the following speci-

fication. o o L
My invention relatés to improvements in

nomical working by the use of a recuperator

constructon and without the employment of

packings or other friction or rubbing means.

- This recuperator construction comprises a
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chamber or chambers associated —for ex-

ample, in a double-expansion engine—either
with the high-pressure chamber or the low-
pressure chamber, its characteristic features

~ being that the said chamber or chambers 1s

or are of substantially the same. size as the

chamber with which it or they are associated,
or an independent construction may be as- |

sociated with both of said chambers.
It has been determined that if an ordinary

~double-expansion engine with high and low

-+ pressure chambers rendered steam-tight by
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packings, &c., is employed, this engine
would render as much work as would an en-
gine similar thereto, but to which has been

added a cylinder or chamber substantially
equal in-size, for example, to the low-pres-.

sure chamber, if the latter engine were also

steam - tight; but if the steam -tightness is

not perfect in this latter construction the

- presence of this additional chamber effects
- a diminution of the escape of steam to the

condenser and increases the pressure in the
low-pressure chamber in a manner to be set

- In many cases it is very advantageous to

use this recuperator construction instead of
providing the engine or pump with packings—
for example, in the case of rotary engines in
which the linear displacement of the pistons

- being always considerable with relation to the
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work produced the packings when they are
employed absorb a large proportion of the mo-
tor-work., Kurther, in ordinary reciproca-

tory machines superheated vapors cannot be

employed at temperatures as high as can be
used 1n turbines, because with the high tem-
peraturesused in thelatter thelubricant burns
and the segments wear with extreme rapidity

even it they donot grip. Thisinconvenience

| cipal difficulties which

of s'team—tigh;tiless by packings and rubbing
| elements limits, therefore, the employment
of the superheated fluid in the machines of

reciprocatory movement or others, and in
-gas-motors of blast-furnaces one of the prin-
has to be overcome

60

results from the presence of carbon particles

| carried by the gas, which produce wear on
| 21 | the packings in the cylinders despite the lu-
pumps or engines, and more especially con- RERC Aanena _ HE

‘bricant.

of the results consists in providing means for
obtaining the same work secured with a ma-
chine furnished with packings with a ma-

chine employing no packings, and this char-
| acteristic will permit the application of such™ -

last-mentioned machines in cases where the
~ordinary motors supplied with packing would
give only bad results or would not func-
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From a technical point of view the -novelty_ 5
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tion—+as, for example, in the case of the ro-

tary motors, motors of superheated vapors,
or of gas-motors used with blast-furnaces, to
which reference has been made. - - '

The invention wdl be better understood by

| reference to the accompanying drawings,
1llustrating the application of the invention

to a rotary engine or motor, and in which—
- Figure 1 is a transverse vertical sectional
view through the high or low pressure cham-
ber of an ordinary double-expansion engine
or through the recuperator-chamber used in
“conjunction with said ordinary double-expan-
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sion engine.  Kig. 2 is a longitudinal see-

‘tional view of an ordinary double-expansion
engine. Kig. 3 is a longitudinal sectional
view of a double-expansion engine embody-
1ng the recuperator device of the present in-
vention.  Fig. 4 illustrates diagrams of high
“and low pressure of an engine with two work-
chambers, supposedly steam-tight; and Fig.

| 5 Ullustrates diagrams of an identical engine,

but in which the steam-tight packings are re-

Q0
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placed by a recuperator-chamber of the same - |

dimensions as the low-pressure chamber.

- Although the recuperating device of my
invention may be placed at any part of the
machine desired—as, for example, next to

the high-pressure chamber—so long as said
chamber or chambers are of substantially the
same volume as that of the chamber with

ICO
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which it or they are associated, in view of the

fact that the sole escapes of steam which con-.

‘stitute a complete loss are the escapes to the.

-condenser, it is accordingly at the chamiber:

-

of low pressure that it is best to apply the a-
- rangement. S T
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Referring to the drawings, passage ¢, Figs.
1, 2, and 3, is a conduit leading the escape-
ment from the high-pressure chamber 1 to
the admission of low-pressure chamber 2.
Passage C, formed likewise, Ifig. 3, leads the
escapement from the chamber of low pres-
sure 2 to the admission of the second equal-
s1zed low-pressure chamber 295, Under these
conditions 1t 1t 1s supposed that the machines

are completely steam-tight the machine rep-

resented by Iig. 3 would do no more work
than that represented in Fig. 2. In fact,
piston P, Fig. 1, of chamber 2, for example,
will have in said chamber 2 on its upper face

the motor-pressure M and on its lower face

the counter-escapement pressure E. It will
be subjected, therefore, to a motor effort

~equal to M—E. In Fig. 3 the piston P of

20
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- counter-pressure of escapement k.
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chamber 2 will be subjected on its upper face
to the motor-pressure M equal to the preced-
mg. On1ts lower face it will be subjected to
the intermediate pressure I, which veigns in
the two communicating parts of the equal
chambers 2 and 2P, The motor-pressure
on thepistonwill thereforebe equal toM —1.

The corresponding piston of chamber 2bis,
Fig. 3, will have on its upper face the inter-
mediate pressure I and on its lower face the
Itwill be
subjected, therefore, to the motor-pressure
I-E. The combination of the pistons P of
the two chambers 2 and 2P will be sub-

~ jected, therefore, to the motor-pressure
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‘necessary in rotary machines.

condenser.

M—I+I-E=-M—E,

that 1s to say, the same pressure as in Fig. 2.

Suppose now that the machines are not ex-
actly steam-tight, which condition is almost
The chamber
2 of Fig. 2 loses a certain part of its pressure,
which will be proportional, on the one hand,
to the mechanical play and, on the other
hand, to the excess of the mean pressure M
(ndicated 1n Fig. 4, BP, of the first group of
diagrams) over the counter-pressure K in the
If ¥ 1s the loss of pressure re-
sulting, the motor-pressure will thus be re-
duced to M— LK. The chamber 2" of Fig. 3

loses also a certain part of its pressure, which
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- loss of pressure 77; but this leak is also pro--
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will be proportional to the same mechanical
play and also to the excess of motor-pressure
over the counter-pressure E; but here the
pressure 1n 2P 1s the pressure I of escape-
ment from the chamber 2—smaller than M.
Consequently the escape from 2Pis Fig. 3,
will be smaller than the escape from 2, Fig. 1.
The constant motor-pressure which acts in
2018 15 thus: 1—a, a being smaller than E.
Note this first diminution of escape. Fur-
ther, observe what passes in chamber 2: This
chamber vents into chamber 2bis, and it fol-
lows irom this that there will be a certain

portional to the mechanical play, which re-
mains the same, and to the diff

erence of the |

815,104

pressure existing in the chambers 2 and 2%
a difference of pressure which is less than
that which exists in Fig. 2 between cham-
ber 2 and the condenser. It follows from
this that »<Ce. Therefore m substituting
the construction of Iig. 3 for that of Ifig. 2

' we shall have, on the one hand, diminished

the escape to the condenser and, on the other
hand, mcreased the pressure in chamber 2.
We shall see now approximately to what ex-
tent. 1f the escape is smaller than unity
(which 1t must be in an operative machine)

1 : :
and equal, for example, to A this escape 1s

proportional to the mechanical play of which
1t 1s the consequence, the mechanical play is

also proportional to ?1;}

fore, a value to a nearly constant coéflicient
%}(v, v being the speed of flow of the fluid;
but, on the other hand, this speed v increases
with the difference of pressure and confines
this difference 1n factor to a certain power .
We have, consequently, in the case of Iig.

3 an escape of the order of (%) 140, which is

it will have, there-

smaller than %’, whatever 0 may be. If we

admit in order to simplifythat d—1 and, for

example, that % = % we shall have the fol-

lowing results:

First. In the case of Iig. 3 the escape from
2P15 0 the escapement will be of the order of
%, and the escape from 2 into 2*s will be of
the order of §. If we admit, in order to sim-
plify, by approximation that the escape from
2018 15 exactly § and the escape from 2 exactly
%, then the motor-pressure will be equal to

MX(1—§)—(I—a)X(I—a)—E=§XM-E.

Second. In the case of Ifig. 2 the escape ¢1s,
as we have already demonstrated, larger
than ¥; but admit even that it is only. 1, and
the advantage of the construction of Ifig. 3
will be no less evident, for we shall then have
as a mean motor-pressure in Kig. 2:

MX(A-%H-E=2M-E, inplaceof ¢ M—-—E,

the result we found in the case of Fig. 3.

The diagrams represented in Figs. 4 and 5
correspond to the working of my valveless ro-
tary machines, for which United States pat-
ents have been granted. Consequently the
counter-pressure in a work-chamber is ex-
actly the corresponding pressure in the fol-
lowing chamber. This understood, the first
ogroup of diagrams, Fig. 4, requires no fur-
ther explanation. In the second group, Fig.
5, the motor-pressure of the chamber BP*
would be constant if there were no escape
to the condenser, and the work of this cham-
ber would be represented by a rectangle.
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815,104

The inclined and nearly 'stfaightr line which |

bounds the diagram BP*® at its upper part

represents the deviation of the curve of the

5

pressure by reason of the escape to the con- |
The line of counter-pressure of BP*

denser. _

13 no other than this same line. T
All that I have said in connection with two

substantially equal-sized chambers applies a

- fortwriin the case of three or more chambers,

10

and this is true at whatever point in the ma-
chine the recuperator construction may be

. placed, and this recuperator construction

I5
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may be placed, if desired, after each .of the

chambers of a multiplex-expansion engine or

like apparatus, whatever may be-the number
of said chambers. — .

_This recuperator construction may be em-
ployed in the head of the machine to limit in

a precise manner the quantity of vapor that

can be admitted at each turn.
What I therefore claim as new, and being

- Iy Invention, is— - .
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~ and_ exhaust ports and a pis
. ireely therein and permitting limited leakage
or escape of the motive fluid to the exhaust-

1. In a motor or like apparatus actuated
by fluid - pressure, the combination with a

primary pressure-chamber having fluid inlet
piston working

port, of a secondary pressure-chamber of ap-
proximately the same capacity as the pri-

~.mary chamber having inlet and exhaust
ports the former connected to the exhaust-
port of the primary chamber, and a piston
working freely in the secondary chamber and.

permitting limited leakage .or escape of the

- pressure fluid to the exhaust-port of the sec-

ondary chamber. - S
2. In a compound motor or like apparatus

actuated by fluid-pressure, the combination
with high and low pressure cylinders or cham-

bers and pistons working freely therein and :

~each permitting limited escape or leakage of

motive fluid to its corresponding exhaust-

port, of a secondary cylinder or chamber hav—_ |

3

ilig 'a,pprb:ﬁciﬁia;téijr thé same capacity as the
low-pressure chamber and having inlet and

exhaust ports the former connected to the
exhaust-port of said low-pressure cylinder, |

and a piston working freely in said secondary

chamber and permitting limited escape or

leakage of motive fluid to the exhaust-port.
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3. In a motor or like apparatus actuated .

| by fluid-pressure, the combination with a
primary pressure-chamber having fluid inlet
‘and exhaust ports and a rotary piston work-
ing freely therein and permitting limited
leakage or escaFeof the motive fluid to the

exhaust-port, of a secondary pressure-cham-

‘ber of approximately the same capacity as

the primary chamber having inlet and ex-

55

6o.

haust ports the former connected to the ex-
haust-port of the primary chamber, and a ro-

tary piston working freely in the secondary

| chamber and permitting limited leakage or

escape of the pressure fluid to the exhaust-
port of the secondary chamber. ”

- 4. In a compound motor or like apparatus
actuated by fluid-pressure, the combination

with high and low pressure 'cylinders or

chambers and rotary pistons working freely

therein and each permitting limited escape or

leakage of motive fluid to its corresponding
exhaust - port, of a secondary cylinder or

70

chamber having approximately the same ca- -

pacity as the low-pressure chamber and hav-
g inlet and exhaust ports the former con-
nected to the exhaust-port of said low-pres-
sure cylinder, and a rotary piston working

freely in said secondary chamber and per-

mitting limited ‘escape or leakage of motive
fluid to the exhaust-port. -

In testimony whereof I have signed this
specification in the presence of two subsecrib-

Ing witnesses. |
., LOUIS JULES JEAN-BAPTISTE LE ROND.

- Witnesses:

EmiLe LEDRET,
- Hawnsonx C. Coxs.
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