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UNTITED STATES
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IMPROVEMENT IN AIR-ENGINES.

Speciﬁcatidn fdrmiug part of Letters Patent No. 11,696, dated September 19, 1854, |

To all whom it maz 1/ CONCEFTL:

Be it known that we, JAMES ROBERT NA-

PIER, mechanical- engineer and iron -ship
bmlder of Tancefield Ilouse, Glasgow, in the
county of Lanark aund Lmted Iunndom of
Great Britain and Ireland, and WILLIAM JOHN

MACQUORN RANKINE, CIV il engineer, formerly
of Rosebank ITouse,in the parish of Ruther-
glen and county 1f01(“-¢t1{] now of Moss Farm-
C‘ottanp in the parish of Govan and county of

Renfrew in the said Kingdom, subjects of the

-Queen of Great Britain, Taveinvented or dis-
covered new and u%eful Improvements in Kn-

gines for Developing Mechanical Power by
the Action of 1feat on Air and other Elastic

- Fluids; and we, the said JAMES ROBERT NA-

PIER and WILLIAM JOHN MACQUORN RAN-

KINE, do her eby d eelare the nature of our said

mventiou and inwhat manner the same 1s to

‘be perfmmed to be particularly described

and ascertained in and by the following state-

‘ments—that is to say:

The engines w hich this invention lb caleu-
lated to improve are those which dwelop me-
chanical power applicable to the moving of

any kind of machinery by successively heat-
ing, dilating, cooling, and condensing a por-

tion or portions ot air or any other elastie
fluidin suchamannerthatthe dilatation takes

~place at a higher temperature. and the con--

densation at a lower temperature, and which
are known by then umes of “ air- enn*me%” and

“caloric engines.’
The engine which we w 111 now describe for

the purpose of showing the nature of the im-
provementspr oposed bv us,and whichis repre-

sented in the annexed drawings, forming part

of this specification, consists partly of parts
and combinations of parts which have been
heretofore used and partly of parts and com-
binations of parts which we claim as our in-
vention for the improvement of such engines,
and which we shall herulmfter speelfy and

claim in detail.

The arrangement of the different porllons
of the engine shown in the drawings is one
of many practicable arrangements w]nch we
select as Dbeing well a ﬂ&pted to display all
the essential parts of the engine at one view.

It is obvious that the essential parts of the

gngine being properly connected with each

lobher may be arranged in an y other way
which may be found best suited to the situ-
ation in which it is to be used and the work

whieh it is to perform. The frame-work by
‘which the working parts of the engine are to

be supported is omitted from the drawmﬂ's
becaunse it involves nothing new or pecuhar
and would interfere with Lhe distinet repre-
sentation of the working parts.
IFigure 1 lepresentq ::'Wertleal section of tﬂe
engine. Tigs. 2, 3,4, and 5 are plans of de-
aehed portlons to be afterward ‘more > par-
ticularly specified.

In Fig. 1, A is a vertical section of acyl-
inder coitaining a piston B, which is con- -

nected by means of a conne(,tuw*-md D with

a crank E and gives motion to a shaft F,

which may be used to drive any m&chmery

and on which is a fly-wheel. (Not shown in

the drawings.) Besides themode here shown

of connectmﬂ* the piston with the crank, any
of the other modes used in steam- engines and

air-engines might be employed.
II is a passage connecting the eylinder mth
a strong air-tight receiver K, the bodyor cen-

tral p.:u't of which is ey lmdrieal and is shown

in section in Fig. 1. Theu ppermo‘s‘t part of
this receiver consists of a number of tubes of
brass or other suitable metalopen atthe Lot-

tom, where they are strongly. fixed in a plate
7. These tubes are to be surrounded by wa-
ter circulating in a tdnk O.: Their arrange-
ment is shown in the plan, Fl“‘ 2. Three‘of
these tubes (inarked I) are pmvlded with stuft-

‘ing-boxes at the top, being intended for the

passage of rods to be atterward described.
The remainder (marked z) are closed at the
top, and it is intended that the air or other

oas should be cooled in thewn.
The lowest part of .the receiver K consmts

of a number of tubes-of brass or other suit-

able metal (mm ked k) arranged in the man-

ner shown in the p]:m Fig. 3, closed-at the

bottom and open at the top where they are
strongly fixed in a plate 2. - It is i1ntended
that the air or other gas q}muld receive heat
through them by eenductmu from the flame
of a furn.«,me circulating in a flue L around
and between the tubes. The plate L is pro-

tected from.the action of the flame by & fire-

clay shield o.




o lonee: hn‘ht and strong
o Fig. 4. Some of these: compartments are: to
1. be a1r~t1ﬂ‘ht and to be filled with brick-dust,
SRR 5ﬁ?1‘-'e-f(31?f?l}?; orsome other snbstanee which con-
o duets hieat slowly;
o ments.are

. which may pass through;:
iiocecupled as de&cmbed 18 1*ep1*<,sented by p :m
o the seetion and pl.-_m -
o The plunger P 1s to: be madf... t@ ﬁt the b(}(ly
SRR ot the receiver I{ as closely as is consistent
o ooowith its moving up and down: with as Iitﬂeg.:_
. friction as ‘may be against the sides of there- |
o It1s:to be suspenﬂed by one or more
 rods from levers (marked R) which move on |
g pivot o and have a counterpoise at V.
' the engine shown in the drawings: there are
. two such rods for this plunger, (mdrl{ed Q.)
i+ They work through stuffing-boxes at the top .
.+ of two of the tubes I and are attached to a
Lo eross-har, which isthung from the levers R by |
g pairof han..Lfmd_ is so formed as toallow |

b gelver

o nace; N, aflue which conduets: 13110 pl odm,ts

SEEE %of eombuétmn to the ehnnne)

o Piisa phmwer of sheet iron or other metal 5
?-?dwlded into compartments so:as' to: be at
, ag shown in the plan,

hut.one or more compart-

. the tubes I is traversed by this rod.

tion, are occupied by cylindrical rod-shaped
metal plungers g, which, being arranged as
shown in the plan, Fig. 4, are fixed to Lthe top

of the plunger P, fm‘muw‘ part of it and mov-
and ﬁttmﬂ' the tubes 7

ing along with 1t
'1005@13 s0 as to leave a passage for airor gas

all rmmd eﬂ.ch tithe &bout an ewhth of an
inch wide.

works throu ﬂ'h astufling-boxatthetopofone of
the tubes]l, and debcendm othrough that tube,

waverses also the center of the plunﬂ'er P by
a passage wide enough to let it work without

~ friction, and 1s attached to the heat-screen S,

This heat-screen consists of a circular plate
s,of iron, brass, orothersuaitable metal, pierced
with holes fitting the eylindrical part of the
“receiver K, but not so tight as to produce
friction, and of a series of rod-shaped plun-
gerst, of brass, copper, or other suitable metal,
ﬁxed to this plate and moving with it a,nd
capable of filling the tubes k, except a pas-

sage of about an eighth ot an inch all round

each fube. This heat-screen is shown in plan
in Fig. 5, where the holes in the pla,te S are
mdlcated by smnall full eirecles, the rod-shaped

plungers ¢ by dotted cll*eles, and the rod T |

by which the hedt-ﬁoreen is snspended 'by a
dark spot.

SRR “to extend throu oh the plunger, so
. as to form a. passage for alr or gas, and are to-
¢ be filled with a series of layers of Wire-f-ga;uze |
. or thin perforated metal plates,

i wires, or of: some substance: ea,pable of .con- .
EEREEE ductmn‘ heat rapidly, and so formed and ar-
R l‘anged.a%_ to expose a large surface for the SRR
oo ecommunieation ot heat ‘tfo:, éa.ni(‘l% from the air | the receiver be made of any othershape, the . .
‘heat-sereen: must be made to fit it. SNEEEEE N
‘manner the top of the plunger I 1s:to -be . . ..
| made to fit the top of the receiver.

One such fpits"%aﬂ‘ﬁ

o In

“Another of
: g r.[l'he '
- tubes 'y, two of 'which only are shown in see-:

oo M isaa flue conducting the flame frony afar-

‘strips, or |

. a'third rod 'L’ to pass freely through it fora |
R pur*po'%e to be afterward stated.

of the engine.

;pmtmlly the weight of the heat-sereen. SERESEREES
‘statiohary engines a. pfepondemnee may be ..
allowed fo the heat-sereen sufficient to make -

it descend to the bottom of the receiver from ... . .
| the top of its stroke with: rapidity, butnot: - .
In marine and locomotiveen- .
‘gines the balance of weight should beexact. ... .. -
and the descent of the. hefztnaefeen shouldbe .
produced by means of a spring or Some other.; S

bmta,ble mechanieal contrivanee:
W the
| fl'ame onwhichthe cam &GtW 2, a,.%mail Hmde-; SRR

with violenee.

11,696

X is a cam for moving the beam: U

rod for this frame, and w a md by whmh 1bf .
is suspended from the béam U.. - S -
cam X is so formed- that whlle the |

The ¢
air is being eompressed or being cooled-the

“heat-screen S remains qmescent at the bot-

tomn of the receiver K, and while the air is

| e*{pandm o and receiving heat the heat-sereen

rises and falls. Other mechanical contriv-

‘ances might be used to produce the. same

| ‘motion of the heat-screen.
The rod T, snsp@nded from the beam U‘ '

D d is a handle for raising the heat-screen
by hand.

Y is an eccentnc wheel for working the
plunger P. By means of the rod Z it gives
& 1*emp100&t11w motion to the levers R.

‘Eeisarod for working a forcing-pump F f,

by which air or the other gas employed is to

be compressed into the receiver and cylinder,
both to obtain a sufficient pre&sure and to
supply the loss by leakage.

"H A is an adjusting-serew by which the rod

E e can be lengthened or shortened, so as to

increase or dlIIllIllSll or altogether to stop the
supply of compressed air or gas forced into

the engine at each stroke of. the pump.

L1l is a valve epening upward leading from |
the compressing-pump into thé receiver and

,eyhnder -

Mmisa safet3 valve
‘N n is a forcing-pump, which supplies a

'Strenm of cold water to thé tank O, which

The ub,]ectr of the heat-screen is to. regulate. .0
%thu transmission of heat from the ﬂmne i1 SR S N
the chamber L to the air or other: SEREEE NN
| lower part of the receiver K, so: that it shall- ...
take place wholly or chiefly durmw theexpan- ...
sion of thisair or othergas, which istheperiod: =+ . .
most favorable for .the develomnenb of me-
¢hanieal power, and shall be, wholly oralmost . .
wholly eut off at other times when the-heat. . .1
would be wasted or would impede the action + -+
T’he rods¢g and ¢t may be made. . .. .
‘Thollow fov the s&ke of hn‘htneﬁs, but the hol—; SRR -
;lows should be air-tight. NENERE SRR

The form of the heat-sereen shown m. the e
@dmwnws is a ‘result of the. tubulm:- formof -

| the bottom of the receiver with which itis =
‘made to correspond. Should the bottom: of ..

gas inthe .

In like

‘The beam.
U, from which the heat-screen: ha,n% by the
:rodTmevesonthemlsu
V-is a counterpoise to: bala,nee Wlmlly or
In .. '



~ shall now describe how it isto work.
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oradually rising among the tubes contained
1n that tank escapes finally by the waste-pipe
O o0, which should be conducted to some con-
venient outlet. In locomotive and marine
engines the tanks should be subdivided by

their perforated partitionsto check agitation

of the water. - Another mode of cooling the
tubes is to sprinkle them with water from a
number of jets. |

) ¢ is & pressure-gage. It should be eapa-
- ble of indicating pressures up totwo hundred

pounds on the square inch. ;

P p is an outercasing {or the lower part of
the eylindrical body of the rceeiver K, filled
with brick-dust, engine-ashes, or zome other
siow conductor of heat.

R » are dampers for the flues. In the en-
gine shown in the drawings the receivers are
vertical; butit-is obvious that they might be
placed horizontally, the plungers and heat-
screens being supported on rollers and the
motion of the heat-screens toward the hot
sides of the receivers being produced by
springs or other mechanical contrivances. .

Having thus described the parts of the en-
- glne and their connection with each other, we
' During
the working of the engine the following is
the succession of changes undergone by the

airin the receiver K: During the downstroke |
of the piston the heat-screen lies at the bot--

- tom of thereceiver. The plunger? descends
~and the air, with the exception of a trifling

~quantity, passes through the passage »-and.

gives out a large portion of its sensible leat

to the wires, strips, or sheets of metal or other |
conducting-bodies contained in that passage..
T'he remainder of the excess of the heat of
~ the air above that of the water in the tank O

1s abstracted by the surface of the tubes ¢ and
rods ¢g. The downstroke of the piston causes

this air to be compressed. This ecompression
produces heat, which is also abstracted by
these rods and tubes.. This heat were it not

so abstracted would increase the elastieity of
-the air and oppose the motion of the piston.
Duringtheupstroketheplunger Prises, theair
“descends throughthe passage p and recovers

the greater part of the sensible heat formerly
lost from the wires or metal sheets or strips
or other conducting substances, the heat-

screen S is raised and dropped, and the air by
“circulating over its rods ¢ and through the
hot tubes % acquires the remainder of the

sensible heat necessary to elevate its tempera-

ture and also the latent heat necessary to ex-
pand it. This completes the eycle of opera-
- tions. : The effect of these operations is of a

similar natare to that which takes place in
all engines driven by.the action of heaton an
elastic substance—viz., that the substance is
alternately expanded at a highertemperature
and contracted at a lower, gn that the power
developed by the expansion is greater than
the power consumed by the contraction, and

clitnery.

a surplus of power remains {o drive ma-

When the engine begins to work, should
the eylinder and receivers be filled with air
or other gas at a pressure not sufficiently
great to perform the required work, the en-
gine must be disconnected from the machin-
ery 1t is intended to crive, and the pump-rods

K ebeing adjusted by the serew (I 7, so that

the cylinder with compressed air.

the piston of the pump shall nearly touch the
bottom of the barrel at each stroke, the whole
surplus power of the engine will be employed
for some minutes in filling the receiver and
W hen the
cage indicates that the required pressure has
been attained, the engine may e conneected
with the machinery to be driven and the
pamp-rod Eeshortened by meansof the screw
IT /i, s0 as to supply eunough of air only to
make up for leakage, which condition will be
indicated vy the pressure-gage.

- I'he engine shown in the drawings is a sin-
gle-acting engine, being the most simple form,
steadiness of motion being obtained by

‘means of the inertia of a fly-wheel and by

properly adjusting the weight of the piston I3.
The steadiness of n.otion may be increased,

as in the case of steam-engines, by using a
double-acting engine having a receiver con-

nected with each end of the cylinder, or by

using two or more engines to drive the same

shaft, their motion being so.adjusted as to

produce the nea,re’St‘.:pdSsible'a'pproac"h to uni-

formity-of action on the shaft. . . .
1t 1s evident that many of the details may”
be varied without departing from the pecu-

liar character of our invention as herein de-
‘seribed. . o T S

]

Having thus described the nature of our

invention, we would have it understood that

we make no claim to any

- ey any of the mechanical
parts separately; but - - 7 .7

- Weclaim as the improvements which con-
stitute the peculiarity of the engine— =
- 1. The invention and adaptation of what
we have called a “heat-screen,” the form of
which may be varied, and the means of giv-
ing- motion thereto may also be varied, the

‘said heat-screen being separate and distinet

from the plunger which drives the air or
other gas from the hot to the cold end of the¢
receiver, and vice versa, and being adapted
to the following purnoses: first, to screen the

| prineipal portions of the air.or other gas from

the eommunication of heat from the furnace

or soarce of heat at those times when that

heat would impede the motion of the engine—

‘that is to say, when the air or other gas is be-

ing passed toward the cold end of the re-

ceiver to be cooled, when it is not being ex-

panded, and when it is being compressed;.
second, to rceeive and store up in. its own

‘material atsuch times the heat communicated

Lo

from the furnace; third, to permit and accel-
erate the communication of heat to the air
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or other gas at the time when it is most ef-

feetivein developing mechanical power—that
is-to say, when the air or other gas 15 bemn{

expanded.-

9. The adaptation of tubular receivers for |

the purpose of heating and cooling the air
or other gas in the manner described in this

speuﬁea;tlon—that is to say, by the aid of rod-

- shaped heat-screens or plungers nearly fill-
ing the tubes and serving by being moved

out and in, whether by the mechamsm shown

in the dra,wmﬂ's or by any other suitable

mechandism, to admit and expel the air or
other gas and promote its circulation overthe
heated or cooled surface.

3. We do not, however, claim the invention
of tubes as a means of increasing heat-con-

ducting surface, but simply the adaptation of

tubes to engines worked by the action of heat

on air or other gas by the aid of the md—shaped
he&t-screens or plunrrms before described.

W. J. MACQUORN RANKINE.

- Witnesses:
GEO. PITT, .
4. Old Square, London.
WILLIAM EWING,
No. 4 Prmcess Street Bmﬂ., of Englcmd Lon-

don.
JAMES R. NAPIER.
Wltnesses |
D. ¥ORBES,
45 West G‘eorge Str eez‘ (ﬂasou} Sola;cw‘pr mﬁ
Law.
| JAMES K. SMITH,
45 West Gﬁorge Street, G lasgow, Clerk at Law.
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