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 Specification of Letters Patent No. 10,576, dated February 28, 1854., .

To.all whom it may concern ! o

Be it known that I, A. 5. Ly MAN, (jft'-he-

city, county, and State of New York, have

invented new and useful improvements in.
engines for generating power by means of |

the expansive force derived from heated air

and gases, also by means of the expansive
force of liquid carbonic acid and other ex-:
pansible liquids; and I do hereby declare .
that the following is a full, clear, and exact
description of the principles of my inven-
tion and of the construction and . operation
of the same, reference being had to the ac- |

cation.

specl

improvements may be readily understood, I
will begin by stating wherein my engine

in the usual manner. Each of these generat- |
ing cylinders contains a generating plunger,
which moves up and down, for the purpose!

of displacing the air. When this plunger

is at one end of the generating cylinder the
air is at the other, and as one end of this
- cylinder is kept at a high temperature and

air ig brought to the hot end it has 1ts tem-
erature and pressure increased; when 1t 1s:
brought to the cold end its heat and pressure.
are diminished. While moving from one:
end of the generating cylinder to the other,
it passes through a multitude of narrow
passages, called the heat repository or heat:
restorer, (the regenerator of Iricsson,)
where it leaves a part of its heat when on.
its way to the refrigerator, and takes 1t up
again when returning toward the heater.
‘These generating plungers are made to move
in opposite directions. When one 1s up, the
other is down. It follows that when the |
pressure in one vessel is increased that i
the other is diminished. The plungers are
moved nearly at the same relative time with.
the valves of a steam engine, and the piston-

is thus caused to move alternately from one

end of the working cylinder to the other.

There were, however, several serious detects

in Sterling’s engine, which prevented its
‘oeneral introduction, and these defects are:
“common to all other high pressure air en-
oines with which I am acquainted. '

ing’s or other air engines has been their lia-

bility to leak when a high pressure has been

atteinptedﬁ - Th.i_s"difﬁcultj{_’has'bé,_e_n;'- so great .
as to render it not only impracticable to at-

tempt the use of air under a very great pres-
‘sure, but utterly impossible to use carbonic
acid in a liquid state, which expands-and
contracts by given changes of temperature ~ = ..

thres or four times as mich as air, and for
other reasons is believed to be more economi- -

cal. - But in my improved apparatus so long

carbonic acid, under one hundred: -atmos-

~ Another obstacle to the success of air en-
air tight cylinders, called generating cylin- gines, which 1s often said to be insurmount- -~
ders, are connected, one with each end of 2’| able, is the burning out of the heating sur- - - .
working cylinder, in which a piston moves; face. But in this apparatus,:the heat 18 =~ .
| applied through the medium of water, or -

other suitable liquid, and it is not possible.

r

‘to overheat so as to burn the metal, - - .~ -
cess of air engines has resulted from the - =y
nature of the fluid used in-them.  While — -
steam is a lubricator, hot air generates fric-
the other cold, as is practicable, when the{ tion, and rapidly destroys the cylinder and
| packing. To avoid this - destruction ‘and=- - =
waste of power, more particularly the leaks
caused by it, some have -used the air from .
the cold end of the generating cylinder, but
this has always been done at the expense of - - .
1 a large amount of fuel wasted. In case the
air was so heated as to double its tension, 1t~
would require twice as much fuel-when the = -
working cylinder was:supplied from the cold 100 .-
| end as when supplied“from the hot-end of = = .
the generating cylinder. In my improved = -
engine, the whole working cylinder is filled -~
with water,” and “the generating cylinders - -
. 1e . . 105
cupied by the hot air chambers, the heat’
repositories, ‘-and the generating  plungers,” =~
and the hot air chamber is enlarged, as the -

~ Another difficulty in the way of

also, except their upper ends, which are oc-

A great .fob,stémé'le' tothe success of Sterl-

70 . =
c- | as there is a proper supply nothing but water = i
companying drawings, making a part of this | or oil can, in any case, leak out, or escape, - . -

ool o T T | from any joint, or through the pores of iron -
~ In order that the nature and extent of my or metal. Even when charged with hquid -
_ pheres pressure, the acid would not tend to -

resembles Sterling’s air engine and wherein . leak through its case any more than the same =

20 | amount of water would under the pressure

it differs from that and from all others in |

use. It resembles Sterling’s engine in the: of one atmosphere only. - -

fact that two strong vertical, and nearly; 80
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piston recedes from it, so that all the airis =~

kept hot, and the piston is in effect driven

with hot air, although the working .eylin-

very common remark with authors’on steam -
and the Steam Engine (. G. Renwick, -
page 251) that the maximum performance 115 .
of the low pressure engine takes place when . -



the velomty of the plston 1S from 200 tof_:f‘"'":
| wasted by the other plans, while at the same

time the air, liquid carbcmc acid, or other

280 feet per minute, because the whole ten-

~ sion of the steam acts as a pressure on the |.
- piston only; when that is at rest and with | -
increase of velocity, the pr essure must

" be diminished.” The above remark is prob- |
proved - enﬂlne

5 every

ably correct - as apphed to the ordinary
. steam engine, or to any of the forms of air
engines that have been made public, for it

3¢ is a common and a very serious defect with
~all of them that they pass the steam or air |
through contracted pipes between the boiler |

- or generator and the working cyhnder
These passages being

That  1s, when the

- gg or air must move from 2500 to 8000 feet

per minute in 1tS passsge to the Wcrklne__'

cylinder. -

My foux th 11np1 ovement consosts in com-
- b1n1n0' the generating cylinders with the
25 cpposate ends of the working cylinder di- |
- rect, and dlSPE:IlSlIlO‘ with . these contracted

~ pipes, by making the passages as large as

the working cyhnder in ‘area, so that the
: plston may be driven as fast as ‘the nlotlvc__j
| 30 power moves, without the loss of power:

from the sbove mentioned cause.

A fifth source of loss hus 1esulted fromé
depress the generating plunwels

while, at the |

the application of the heat to the lower end
- of the generating cylinder,
- 85 same. time, the a,ttenlpt has been. Inade to

keep the upper end of this cylinder cold by
‘But
. air being heated its specific gravity is les-
~ sened, and it rises, and currents are formed

40 of hot alr rising frorn the lower or heatedi |
- .end through the heat restorer into the cold .
~part, whﬂe currents of cold air flow down-
“ward. The heater and cooler thus each tendf
| nected by the boiler tubes. -
surrounded by hot water.
frigerator, consisting of small. tubes connect--
__'1ng the lower ﬂang‘es in the same manner
and surrounded by cold water; ¢, ¢, ¢, ¢, a
cap attached to-the outer edcr'es of the upper
flanges by an air tight joint. :

the application of cold water upon it.

“to neutralize the effect of the other. In my

- 45 improved engine, I apply the heat in the
- upper part of the ‘generating cylinder and
~the cooling fluid in the lower part, so that
- while the heated air rises, and the cold air
- falls, it does not tend. to. destloy the effect
80 of the heat 1"estorer, but mther to render it

“more perfect.

A sixth source of loss has srlsen flOIIl the _-
fact that the heat restorer, as commonly
Composed:
5b pr1nc1pa11y of metal it has conducted the |
-_ VVhen-_

‘made of sheets of metal separated by non-
~ conducting. substances it did not allow free
"In my improved en-

‘made, has been very defectlve

~heat from the hot to the cold side.

. passage - for the air.
€0 gine, I use glass tubes and rods, from the size
-~ ofa 11a1r upwerd standing vertical and par-

- allel, the air passing throuﬂ'h them length-

| -"Wlse the upper end. bemfr hot and the lower

end cold “As glass is.a very bad conductor,

_' 65 the heat 18 not SO much conducted down-—

“with a sectlon of others..
zontal section through one cyhndel at.D, D,
(Fig. 1), ‘and through the other at D"r D’r
also a, hol izontal plan of one of the serles of' -
é._hestlng tubes and one of the series of cooling
Fig. 4, is a section throuﬂh the 1ock-

I‘lb 5 1s' Q

only from 1o to 5
15 the area of the cylinder, the air or steam
must pass through them from 10 to 30 times |
as rapidly as the piston of the engine moves.
plston of the engine

~travels 250 or 280 feet per minute the stea:m | tubes.

ing shufts and thelr appendages

~tubes by
‘which the glass tubes and rods rest.
bad conductor of: heat, the
tubes ‘LIld rods mﬂ,y be sholt, ::Lnd ‘thh()llﬂ'hf

‘being a very

N

e '_10 -57-6.: o

urd b}? it, and fuel 1S thus saved tlnt was -

fluid passes more freely through "this heat

‘restorer than through those or dlnamly 1N use.
Plate 1, 1s a horizontal plan of my im-
is . a side view.
| Plate 3, shows the sectlons Plate 4, is a
_’vertlcal section on a larger scale, show1n0’.._’ ;
~more clearly the internal ru:'rzm':J"en'lent

Plate 2

70

5

FPlate 3 ——-—I‘lgme 1, represents 2 vertlcal_;
longltudmal section, throuﬂ*h the principal

parts.

an end view.

‘Fig. 2, 1s an end view of some parts-
- Tig. 3 1s a hori- =

Similar letters. of_ reference 1nd1catc cor-
I'eSpondmn' parts In, euch of the seveml ﬁn -

ures..

"A° A, A, A, the generating cy]mders B,

which, by their paltlal revolutlons ra1se ‘md .

-!_ J‘" / 7
Plate 4—-@ o, o, d,d,d,

bbbb&c

C’ C’, 1"enresent the 1nternsl heuter con-

C” C”’, the re-

n, 1, represent the short cyllnder connect-

"This consists

_ represents
‘the internal cyllnder n Wthh the generating
plungers; E, E, move. L
iﬂunne extendlno out from thls 1nte1:*nal cyl—- o
_-'-1nde1 Q. d:lstance equal to about one fonrth
'-=;o=f its diameter. - .

100 S
is.a.

1056
S1st1ng of Slnall tubes which connect. the up-
per two flanges in the same manner as the o
tube sheets of the locomotive boiler are con-

‘These tubes are

110

115

ﬁlno the middle flanges at their outer edges,
f 'tnd together with these flanges and the
'mnel cyhnder fOI‘lIllIlﬂ' a chumber Whlch -
120
fC’ C’, and the coollng tubes C” C”, a, @,
_'the heat repository, or heat restor. er, (called
by Ericsson the regenerator).
of a great numbel of glass rods and tubes,
from the size of a hslr upward, stsndmg
‘vertical and prevented from falling into the
a few sheets of wire gauze, upen

Glass

125

-Wokaﬂ cyhnder "J the wclkan‘ plston in .
| this cyllnder 1, ]] the gener ‘Ltlnﬂ' plungers
“moved up- and down . the O'enerat:an' eyl-
‘inders by F, F, the plunger I'ods Wlth their .

lower ends toothed to. correspond with, and
| receive the teeth of (3, the toothed seg ments _

CongaEl




wose 8

their upper ends may remain at a high tem- |-
perature, their lower ends will not be heat-.
ed by conduction. . The air also passes much |
more freely through the direct passages of |
. this regenerator than.through the same. dis-
tance of wire gauze. B, B, a short:cylinder |l “the T o
extending down from the lower flange, and | R’, 2. d, d, are boxés in which the 1nner o
‘shaft moves. 0. 2,and O, 1, are lifting rods
“attached to the block, #, Fig. 1, which-pass =

o

small openings through "this flange verti-
~cally, for the purpose of allowing the free
passage of the water, -or other. liquid, up

and down between the external strong iron

cylinder, for sustaining the pressure, and
the internal ‘thin copper cylinder tfor con-

taining the air. m, m, rings of bad con-

ducting material, -introduced between the

flanges of the upper and lower or the hot
and cold. parts of the outer case. The case 1s |

v B -

~ divided at that: point, and separated by bad

- conducting material, for the purpose. of pre-
~ venting waste of fuel, that would otherwise

30

b
L
45
b0
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ab

oceur. . t,4, small screw plugs for the pur-

pose of letting out the air from the narrow
space between the strong outer case and the |
internal copper .cylinders and “tubes,. con- |

taining the air. .. -

“Fig 2: X, is the passage between the gen-

erating cylinder and.the working eylinder.
The area of this passage 1s as. large as ‘that
of the working cylinder. - I, 1s:the piston

rod.” i L i e T T e
Tigs. 1 and 4: R, is the square link arm,

with a sliding box, ¢, in the link, through |
‘the center of which the pin S, is fixed, serv- |

ing as the connecting pin for the connecting
rod from the cam frame, P, to P’..- P”, P,
are the guides to'the cam frame, moving n
the brass boxes which are shown in aSsec-

tion, with a plan of a part of the cam frame.

N, is a cam -on the shaft, M. N’, is the|

other cam in .its relative position to. the

cam, N, to produce a proper: movement, of

the generating plungers, (6), (0)-

~ Fig. 2: A, is the box in which the toothed

shaft, and C, the arm, by means of which
this segment is worked. G’, G, are caps to |

the shifting boxes, in which the shaft, S, of

the toothed segment rolls. -

- Figs: 3-and 5: H—-5, 8, 8, H’, are the
hot svater: circulating tubes, the direction of

the currents represented by the arrows. €,
S, &, S, C* are the cold water circulat- |

ing tubes. The furnace under the hot water
tubes and thé box containing the reservoir
of cold water surrounding the refrigerating
tubes are not shown.

forming with it and . the inner cylinder the
cold air chamber; F/, T, a flange extending | , ock, |
out a short distance from the cylinder, in- | and move vertically through holes ‘bored
closing the. heat. repositories, for the pur-
pose of sipporting the heat repositories, the | _ - o
‘Theating tubes, (C”), and the cooling ‘tubes, | rocker arm connecting pins,7, 7. The lower, .
(C’"), which .are "all connected together. '
This flange. Tests ‘upon the -outer -case, .or
oenerating cylinder, (A, A). There are also

- | begins to escape. from the plug; 1t71s tigl

e

are slotted in a link

stroke. -

est point of 1ts movement 1n the _-i:fshorj;es’;.;

‘ating plunger will be brough down: about,

effected. .

‘erating cylinders with a pressure- of:200:1bs.

'.-_;.a -

‘through both shafts, in line with the center -

TFig. 4: &, is the small rocking shaft.
‘to which the link arm, R, 1, and the rocking;
‘arms, R, 1, and R”’, 1, are attached.. 87,18
‘a shaft. which turns around the surface-of
‘the shaft, S, and to which are keyed, the: ¢q

llnkal‘maR,Q, ﬁ_an‘d'athé-_I'ockel‘--;-'-&I'mS,-_.'B’;,..:'Z;;:r-' -

of the link blocks, and of their respective.

ends of the lifting rods, marked, 2 and 1,
‘which 1s at right angles:
‘and in the same plane with - the vertical. -
links, R, 1, and R, 2. A pin attached to-

‘the. end of a lifting arm, works in these

‘small limbs, 2 and 1, by which the generat-
| ing plungers are given a full or part of a

_ 30 o
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Tt will be perceived that the form:of the
cam_is such that ‘the generating plunger -
~will be brought from.the lowest to the high-
90 ..
practicable space; and consequently the. air.
‘in that cylinder will be cooled in the-short-
est practical time. It will also be seen that,
‘the form of the cam is such that the gener- =~
95
two thirds of its stroke in this case 1n: the:
shortest practicable time, when it will move; =
slowly, so that the hot air chamber shall;
| be enlarged’ only as-fast as the working
piston recedes from it and the air shall 1ot
‘expand down through the cooler. By thus BT
gradually enlarging the -hot "air chamber;
“during the entire stroke of the piston, itis
‘evident, that a great saving of fuel may be i
Directions for charging the engine—Tubes

100

leading from ~a common reservoir (not:
‘shown) connect with the lower part of each F

of the gererating cylinders  through gelf-
‘acting valves..- That separate. reservolr is.
charged to any desired pressure, and-the air~
‘permitted to escape Ireely into ‘both of the :

110

oenerating cylinders through these valves: -
‘They are consequently uniformly charged .
‘with the same pressure when the air is.of .
| the same temperature in each, if the enginé -
is.in operation., If it is desired to charge
‘with ‘air to a pressure of 600 lbs. per inch,
we first charge the whole working and gen--
. 120
We then force in water .until the whole ap- . -
| paratus is-about two-thirds full.. This: water
is easily pumped in under a pressure of 500 -
or 800 1bs, and it compresses nearly all the
air up under the internal copper cylinder. 12 B
Lioosen the small screw plug at the top of .
the outer case until the air containeéd between -
‘the internal copper cylinder and- the outer.
case has all escaped by it: When the.water
1t--




10

- 3d. The strong outer case. Now it is plain
-~ that nothing but water can leak from the
_outer case, for nothing but water comes in
- contact with it inside, so long as there is |

15 sufficient in the engine to prevent the air or

- ened. Small plugs are also loosened at the
‘highest point of the circulating tubes of the

- refrigerator and the air permitted to escape. | i e ] t] red |
the other side of the piston, and thus the re-

ciprocating motion is produced.

We have here three cylinders’ surrounding

‘the ‘air or other driving power. 1st. The
- thin copper cylinder. -This cylinder is open | | as

only at the bottom, and the air, from its less by Letters Patent, is:— .
specific gravity, remains in it. 2d. The cyl-

 inder of water surrounding this copper cyl-

1

inder and completely lining the outer case.

other driving fluid fron

~ the pressure on the outside of the thin cop-

)

- tubes, C’, around the upper part of the gen-
erating plunger case, as well as over the in-
ner cap, between it and the outer 1ron case.
~ On being heated, this water, and that in the |
- coil, expands, and a small quantity passes.
~down through the holes in the flange F,
- Plate 4, supporting the internal copper cyl--
Inder tubes, etc., and forcing the cold water, |
before it compresses the air or other driving |
‘power, still higher up under the inner cyl- |
inder. - O T

~ The operation is as follows: When the en-
gine is started by moving the starting bar, |

per cylinder and tubes being equal to the

pressure within them the air or liquid car-
- bonie acid will not tend to leak through this |
inner cylinder or tubes, even if under a Pres-
sure of a hundred atmospheres, any more

thELDL_ lf under 1} pr_ess_ur'e Ofonly '011_6- &tmOS?-

phere. "We have here, also, a very extensive
“heating surface. The hot water from the

furnace coil éirculates freely around the

‘alr which 1s in the cooling tubes, C’, and in.

~downward movement. The air in passing

~and the heating tubes, C

the space, (¢), below them will rush up

through the heat restorer and through the

heating tubes, C, and occupy the space above
the plunger, 6, 6. The space in the cooling
~tubes, C”’, and below them first occupied by |
- the air is now filled with the cold water dis-
placed by the generating plunger in its

through the upper part of the heat restorer

- sequently expanded. The same ‘movement

of the starting bar that brings one generat-
~1ng plunger down and heats the air raises
‘the other generating plunger and forces the
a1r above it, down through the heating tubes,.
C’, the heat repository, @, where it leaves

most of its heat, into the cooling tubes, C’’,

1 expanding, so as f.0

’, 1s heated, and con-

‘and also greatly
“heating surface. =

10878

1s reversed and the pressure transferred to- -

other driving power, by interposing between
it and the outer cylinder of the engine, a
‘reservolr of water, or other suitable liqud,
‘substantially in the manner described.”

“to the generating power, through the agency
as fo | of water, or other liquid, in the manner sub-
- more than fill the inner copper cylinder, and. | stantially as _specified; thus avoiding.the =
| possibility of burning and scaling the metal, =~
' increasing the extent of
| R AT EN SRS - J . S
3. 1 claim the mode of preventing the loss -

| of power, otherwise caused by the expansion
of the air, liquid carbonic acid, or other
‘driving power, in passing through the re-
pository and refrigerator, and being cooled

| the cylinder, when, by the movement of the
‘cams, the position of the generating plunger

- What I claim as new, and desire to secure

1. The mode of preventing thewaste of o
the compressed air, liquid ecarbonic acid, or

| 2.1 claim the mode of applying the heat
80

and condensed  before the working piston

has completed its stroke, in the manner de- -

scribed—that is, by ‘moving the generating

9. 1 claim the construction of the heat
_ _ repositories, and restorers, of small glass-
50 as to bring the generating plunger nearest | tubes, or glass rods, arranged substantially.
to the working piston downward, then the :

it more perfect.

plunger downward, as the workjng piston
recedes from it; thus enlarging the heating N
chamber as fast as the air or -other fluid.
expands. e T

95

4.1 claim the combination: of the gener-
ating cylinders, with the opposite ends of
the working cylinder direct; thus: dispensing
with contracted passages and 'pipes, and =
causing the piston to move as rapidly as the -
‘working fluid moves. -~ . T

100

‘as described, for the purposes specified. =~ o
6. I claim the combination of the heater, |
‘the repository, and the cooler, substantially
-as described, the heater being above the re- f
~pository, and the .cooler below it, so that as
‘the heat rises, it does not tend to destroy the
-effect of the repository, but rather renders
(. I claim the partial isolation or separa- 115
| tion, of the upper part of the outer case; -
containing the heating liquid, from the low er
‘part containing the cooling liquid, by the in-
troduction of bad conducting material be- R
8. lclaim the combination of the external -
“heater, with the internal heater, and the
~combination of the  external refrigerator,

with the internal refrigerator, ‘substantially

90

110

- Sy -- as specified, for the purposes set forth. ~ =
-and the chamber, (C), below. This air is| = T S I MAN, |
~ consequently c_ooléd an_(i'-'(;ondensed; Theair|{ . AS LYMAN o
back of the piston and condensed in front of | D.H Mzem,

‘1t, the piston is forced to the--,other ;-gnd-{.of

~ Tmvormy D. Jacksow.
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