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~ which the above- deserlbed process will take
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To all whom it may ConCern.:

Be it known that I, EDWARD FIELD, a sub-
jeet of the Queen of Great Britain a,nd Ire-
land, residing at Buckingham Street, Adelphi,
1n the eounty of London England, have in-
vented a new and Improved Method or Pro- [
cess of Working Motor-Engines with Hot
Gases and Steam, (for which T have received

Lotters Patent as follows: In Great Britain j -

February 4, 1889, No. 1,997; in France Janu-
ary 6, 1890, No. 202 990, in Belgium Janu-
ary 8 1890, No. 89,106; in Norway January
21, 1890 No. 1,670; in Luxembmo January 22, |
1890 No 1, 241 in Italy March 31 1890, Reﬂ'
Att. Vol. LIII 'No. 93; in Canada May 22
1890, No. 34, 388 and in Brazil March 20, 1890
No. 843,) of which the following is a spemﬁ-
cation.

This invention relates to a method Or Pro-
cess of working engines with hot gases, such
as air or product% of combustion, “With addi-
tion of steam, for the purpose of developmn*
motive power.

. According to my invention the mixture of
the steam Wlth the hot gases to form a charn'_e'
for doing duty in the workin g-cylinder (or in
one of the workin g-cylinders) of the engine is
effected in a chamber in the follawmcr way:
First, said chamber having supplied a eharﬂe
of mixture to the Workmn cylinder and been |
thereafter opened to an exhaust, hot gases
are passed through said chamber £ cleanand
dryit. Then while said chamberis yet full of |
hot dry gases it is closed. Then steam at a
smtable pressure 1s admitted into said cham-
ber and mixes with the hot gases therein,
thus forming the working mlxture for use in
the cvhnder This mlxture, being at a high
pressure, then expands into sald cylmdel
and after it has done duty in effecting a stroke
of the piston said cylinder is opened to the
exhaust and the spent mixture is allowed to
escape from 1t. For a single-acting engine
one mixing-chamber will usu&lly Suﬂice A
double- aetmcr engine, however, requires at
least two such mixing- chamberb, in each of

place; but the chamber or chambers to sup-
ply actuating-fluid to one end of the eylmdel |

-
= =

I (Or of each cylmde1) must be sepa.late from 50
the chamber or chambers that supply the

other end, in order to allow ample time for -
the above-descmbed process of cleaning out, -

drying, filling with hot gases, and admlttmt_,
steam thereto to take place in-an efficient

manner in eaeh of said cha,mberb in the re-.

quired order.”

of combustion Wlthout addition of steam, I

chamber (by which I mean substitution for

gases with steam of hot gases, such as air or

25

By “hot dry gases,” W’thh explesswnl use, .
primarily, to distinguish hot air or produects |
6o
‘mean;asrespects temperature, say, about 400°
-Fahrenhelt and, asrespectsdryness, asdry-as
I can practleally obtain such gases, taking
care that the clearing out of “the mmmg-i_

products of combustion alone) shall -be as -

complete as possible. In such an engine,
whereof the cylinder (oreach cylinder, if there
be more than one) is provided with two mix-

connection with one end only of the cylinder
and withthe exhaust, and-each mixing-cham-

o |
ing-chambers. Hach of these chambers isin =~

ber is provided with a slide or valve a,dapted o

to control ports leading, respectively, to the

/5

one end of the cylinder and to the exhaust, -

also with an inlet and an exit for hot gases,

such as products of combustion or heated air,
also suitably controlled; and likewise with

an inlet for steam controlled by a suitable

slide or valve adapted to admit steam and

close the inlet while all other openings to

the mixing-chamber are closed. The arran ge-
ment and operation of the var 1ous parts are
such that while motive fluid ( <. e., hot gases
having steam mixed therewith,) is passing
from one of thesaid mixing-chambersintoone
end of the cylinder and is domn' duty in pro-

pelling the piston one way, the fluid that

previously entered the other end of the cylin-

8¢

00

der and has done duty in it will be escaping

to the exhaust past the slide or valve of the
~other mixing-chamber, and this last-men-

tioned mixing-chamber will be opened to an’

exhaust, so as to allow a part of its contents

to escape, thus reducing the pressure in such:
chamber to atmospheric pressure. - Thenthis : -
chamber will be cleared out, dried, closed, and

95
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" left full of hot gases. At a suitable pressure

- steamwill be admitted tosuch gases.
ture will be admitted to the corresponding end

Themix-

of the cylinder todo duty in the eylmder dur-
Ing the return-stroke of the piston,and during

thls stroke exhaustion of the contents from the |

other end of the cylinder and the exhaustion,

- clearing out, drying, filling, closing, and ad-

10

L5

20

25

mission of steam to the proper mixing-cham-

ber for effecting the succeeding stroke of the

piston will be eﬁected -

According to a modification. t,he cyhn der (or
each cylmder if more than one,) might have
fourmixing-chambers—twoin cennectmnmth
one end of thecylinder,the other two in con-
nection with the other end of the cylinder,
and all in connection with the exhaust—each
mixing-chamber being provided with a slide

or Valve, and with an inlet and exit for hot |
gases and an inlet for steam, with slide or

valve for controlhn‘g thesame. The arrange-

ment would in this case be such that the -
strokes of the piston in each direction—that
is to say, what I will call for distinction, re- |
spectively, the ‘“instrokes” and the out-

strokes,” would be effected by mixture of hot

- gases and steam su pphed alternately, respeet-

30

40

50

- verse section, on the line I 1m m of Fig. 1

55

iTe

partlyonthelineabcdeg

ively,fromthetwomixing-chambersinconnec-

tion with the one end of the ¢ylinderand from

the two mixing-chambers in connection with |
the otherend of the eylinder, so that, for exam-

ple, one outstroke having been effected by

mixture of hot gases and steamn from the one |

mixing-chamber in connection with the inner

end of the cylinder the succeeding outstroke
would. be effected by mixture of hot gases
‘and steam from the other mlxmﬂ'—chambel in

connection with the sameend of the cylinder,
and so with regard to the instrokes.

‘It will be advantageous that all \he c¢ylin-
ders and chambers as far as practicable
should be jacketed with hlﬂ'h-preseme steam
or equivalent for maintaining heat.

- Referring now to the accompanying draw-

ings, Figure 118 a longitudinal sectional view

showing acylinder with mixing-chambers and
valves according to my invention, being taken
partly on the line becdef of Fig. 2 and
h i of the same
figure. Fig.2is anend wew partly in trans-

Fig.3 1s a plan of ecylinder and IZ[HXII]'D‘-C].I&III-

bers with the cover of both chambers and the |

]

|

casing removed, and showing the two distrib-

“utin n*-valves in the positions they respectively
occupy at the commencement of the back-

stroke. Fig. 4is.aplan with the cover of the

steam-slide ,]acket and part of the easing-
cover removed to show the course of .the hot

gases before entering and after leaving the
chambers
diagrammatic sections. A B C D of the dis-
tributing valves and ports. Each of these
sections shows to the right a position of rest

of theslide-valve located in the mixing-cham-

ber that communicates with the front end of-

the cylinder, while to theleft -each section |

-Figs. 5 show four lonﬂltudmal-

‘shows a pomtmn of the slide-valve at rest in

the other mixing - chamber—namely, that

-which communicates with the back end of the
Tt is to be noted that the two slides |

cylinder.
have an equal and simultaneous intermittent
travel imparted to them by any well-known
or suitable means,such as a cam actuated by
the motion of the crank-shaft. Fig. 6 shows,
partly in elevation and partly in section, an
engine for carrying out my invention, with
apparatus for heating the air or gases for use
therein. Fig. 7 is a similar Vlew* to Fig. 6,
1llustrating a modification.

~11is the eylmder It is e?temally heated
or steam-jacketed.

218 a m1x1n0*-ehaniber that commumcates |
through sultable ports with the back end of

the cyhnder and with the exhaust.
3 1s another mixing-chamber.

It communi-

70

75

30

cates through suitable ports with the front -

end of the cyhnder and with the exhaust.

4 18 the exhaust port or passaﬂ'e from mm-' o

90
5 is the exhaust pmt or passa{re from mix-
ing-chamber 3.

ing-chamber 2.

6'is the port through whlch hot gases, Wlth
added steam, (heremafter called * mlxture,”)
passes from mixing-chamber 2 to the back
end of the cylmder |

-7 18 the port through which mmture pasees |

from mlxmw-chamher 3 to the front end of the
eylmder

S is the slide-valve for contlollmg the ad-
‘mission and emission of the mixture to and-

from the back end of the cylinder.

9 i1s theslide-valve for serving the front end
of the eylinder, but operatmﬂ'mvereely tothe -

valve 8, though having the same travel and:

the same tlmes of travel as valve 8. Itis to

95

IGO0
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be mnoted that this simultaneous travel is

adopted to simplify construction, and: that

these valves can be aetuated by separate mo-

tions, if desired.

10 and 11 are V&l\» es that serve for the emt

of mixture alternately from the mmmw-cham-
bers 2 and 3. | -
12 and 13 are two similar valves servmﬂ' al-
ternately for the admission of hot gases mto
the mixing-chambers 2 and 3.

The pairs of valves 10 12 and 11 13 are

opened and closed alternately by two rock-
ing shafts having slightly dlfferent times' of
travel as herelnafter explained, these rock-

ing shafte being actuated by any well-known
_devme from the crank-shaft.

- In the draw-

"II0O

115

120

ings the rocking shafts are arranﬂ'ed one

wﬂ:hm the other but they may be othermse
conStrueted

125

14 is the steam-shde jacket, 15 the steam- o
valve having two ShOI‘tI‘GClpI‘OO&tIH“‘ motions, - -

first in one d1reet10n and then in the other—-

that is to say, for example, first to the left -

and back, then to the right and back. It
opens and closes the steam-porte 16 and 17
alternately and momentamly, always coming

130

to rest in a position which will insure: the a

closing of both ports effectively. The rodof -
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30

35

- practlea,ble before commencing to work. As-

40°

50

ag7586.. - g .

this shde is fitted with dlsconneetmﬂ'-ﬂ'ear so | reversing the slide 15 by hand at the end of O

that the slide can be worked by hand when
necessary. The port 16 serves the mixing-
chamber 2 and the port 17 serves the mix-

ing-chamber 3 with steam from the qtea,m-
shde Jacket 14.

18 is the inlet for steam from :;my conven- |
ient source, governed by a suitable throttle- |

valve. |
19 is an external easmﬂ* enveloping the
mlxmg-chambers 2 and 3 and the jacket 14.
20 is a chamber formed between the casing
19 and its inclosure. Intfo this chamber the
hot gases are forced or drawn previousto en-
tering the chambers 2 and 3. 21 is a simi-

~ larly-constructed chamber, but smaller, and

separated by the walls 22 and the cover of
the chambers 2 and 3 from the chamber 20.
This chamber 21 serves to receive spent mix-
ture and convey it to the exit 25.

23 is the inlet for hot gases mto chamber
20. (See Figs. 1, 2, and 4)

24 is the exha,ust from cyhnder and ohcun-

bers 2 and 3.

25 18 the outlet for mmture after usein the-

eylinder-1. ~

In etplalnmﬂ* the operation of the above-
described engine I will assume steam -at the
desired pressure to be available. Ior the
purpose of heating the cylinder 1 and other
parts steam 1s admltted in the usual way
from the boiler to the jacket of the cylinder

and to the steam valve-jacket 14, and is

allowed to escape through peteoeks, (not

shown,). as well understood care being taken

to clear the engine of water as completely as

suming the valves8and 9 to occupy the posi-
tions indicated at A, Fig. 5,and thatthe piston
isin the position shown bv full lines in Kig.1,

to now start the engine, the gear of the ste&m—-
valve 15 having been previously disconnected
to admit of bemcr worked by hand, the crank
is put alittle past the dead-center, thus bring-
ing the piston to, say, the p051t1011 111d10ated

by the dotted lines in Fig. 1 in readiness to

be acted on by fluid-pressure admitted at the
front end of the cylmder In starting from
the position shown the steam-valve 15 is
moved first to the left, thereby opening port

- 17 and admitting steam to the mixing-

55

chamber 3. This steam will pass dlrect13
through the mixing - chamber 3 by port 7
into the outer end of the cylinder, causing
the piston to complete its inward str oke—
namely, from right to left, Fig.1. The steam-

valve 15 is then to be moved by hand from.
left to right, and thus the port 17 will be

closed and pmt 16 will be -opened, thereby

60 «admitting steam to the mixing-chamber 2,

and as by the working of the engine the valve
8 will have been caused to open port 6,steam

will pass from the mixing-chamber 2- into the

back end of the cylmder At the same time

the valve 9 will have been caused to assume.

a position in which the front end of the cyl-
inder will be open to the exhaust. -On now

each stroke of the piston the engine will be
-driven by steam alone. This should be con- 7o

‘tinued until 4 moderate speed has been at- -

tained,whereupon the valve 15 18 to be thrown -
into gear, and the engine will then run w1th :
mlxture mstead of W1th steam alone.
For the purpose of now describing the eyele M
of operations when running the engine with
mixture I will assume the parts of the en-
gine to be in the same positions as at start- -
ing—namely, with the valves 8 and 9 in the -

positions indicated at A, Figs. 5, and the pis- 8o

‘ton as shown by full lines in Fig. 1.. The -

slide-valves 8 and 9 will move to the right-
hand positionindicated at B, Figs. 5,and thus
the back end of the cylinder will be opened
to the exhaust through the ports 6 and 4. 35
At this moment, the Valves 11 and 13 having
been just prekusly closed, the valves10and - -
12 will be opened. The valves. 11and 13 will
remain closed and -the valves 10 and 12 will

remain open until just before the completion: g.o

of the inward or right-to-left stroke of the.:

piston, whereupon the valves 10 and 12. will

be closed, and immediately afterward. the

valves 11 and 13 will be opened. Steam will "

be admitted momentarily through the port.gs
16 into the mixing - chamber 2 which will .

thereby be charged n readiness. for the re- -
turn or outward stroke. 'The slides 8 and 9
will complete their stroke from left to right,
assuming the position C, Figs. 5, and ‘while . 100
they do so the slide 9 will connect the ports -

5 and 7, momentarily putting the front end.

of thecylinder in communication with the ex-. .

| haust through the port 5. In completingits: -

travel to the right the slide 9 will open the 105

mixing-chamber 3 through the port 5 to.the

exhaust 24, at the same time opening the . -
charged mixing-chamber 2 to the back end of
the eylinder. The slides will now move from

‘right to left to the position D, Kigs. 5, shut- 110

ting off the mixing-chamber 3 from the ex- .
haunst through the port 5 and opening the
front end of the cylinder to the exhaust. At
this instant, the valves 10 and 12 having just
previously been closed, the valves 11 and 13 115
will be opened, steam wﬂl be admitted mo-
mentarily through the port 17, and the mix- -

‘ing-chamber 3 will be charged for the next

inward or right-to-leftstroke.: Theslideswill =~ -
now revert to the original position.A, Figs. 5, 120
and in so doing wﬂl momentarily connect. -
the back end of the cylinder with the exhaust. -

24 through the ports 6 and 4, also opening. -
mixing - cha,mber 2 to the exhaust and the. -

char ﬂ*ed mixing-chamber 3 to the front end.t--ré 5

of the eylmdel through the port 7 and com-.

pleting the revolution of the engine. ... .= .- .
In Fig. 6.1 have illustrated an engine, such-
as herembefore described, with apparatus for ..
heating the air or gases f01 use therein. The 30
air or gases'1s.or.are drawn or forced from -

‘some. convenient souree and heated by:the

hot produets of combustion from. a boiler-
-flue, although. hot products. of: combustion
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from another source might be employed for |
‘the purpose. 1 is the engine-cylinder; 18,the

steam-inlet; 19, the chamber-casing; 23, the
inlet for hot gases, and 25 the exit for spent
mixture. Eispart of a Cornish boiler, where-
of I is the fire-tube, and G is the flue. H is

‘the heater located in the flue G, wherein it

will be surrounded by hot products of com-

‘bustion. This heater is composed of a cham-
ber, with shelves so disposed that the gases

shall be compelled to take a zigzag upward

- course, 1n order to insure their being heated

20

20

by contact with the heafed metal, or a large

~coil of thin metal might be substituted, or

any other suitable arrangement adapted to
impart heat and at the same time to prevent

‘the mixture of the products of combustion

with the gases to be heated. With such an
arrangement as referred to air or gases is or
are forced by a blower or other suitable means
through the pipe Lirtothe heater H, and being
heated therein then passes or pass through
the pipe K into the engine at 23, and for use

as before explained. . |

Fig.7isasimilar arrangement to that shown

in Kig. 6, with this difference, that products
of combustion from the flues are used in the

place of air or gases. 1 is the engine-cylin-

der; 18, the inlet for steam; 19, the chamber-

casing; 23, the inlet for products of combus-

tion; 24, the engine-exhaust; 25;the exit for

. spent mixture; E, part of any suitable boiler,

35

- H i8 a dust-depositing vessel.

(Cornish); F, the fire-tube, and G the flues.
I 1s the inlet
for produets of combustion, and K is the exit

from the depositing-vessel for the hot pro-

- duets of combustion to the engine. The de-

40

435

positing-vessel H may be of the form shown,
or of any.other suitable form, or, in some-
cases, where the products of combustion are

free from:dust, as in the case where gaseous
fuel is used, the depositing-vessel may be dis-
pensed with. The action is as follows: The
products of combustion pass from the tube

F around the depositing-vessel H, depositing

the greater part of the solid matter, Then
they rise to the top part of the lue G, and enter-

- ing the inlet I pass down thé cone in" the di-

50

55

bo

rection of the arrows to the bottom of the de-

positing-vessel, where the remainder of solid

particles are deposited, and rising quietly to

the exit K, from whence they pass into the

chamber 2 or 3, Fig. 3, as required, and here-

inbefore explained. An exhauster of any
suitable description is connected with the

pipe 25, so as to draw the products of com-
- bustion rapidly through the chambers 2 and |
‘3 alternately, as hereinbefore described. -

Although I have deseribed my invention as

applied in the construction of double-acting
engines, yet it will be evident a mixing-cham-:

ber (or more than one) with distributing-

“valve, steam-supply valve, and exhausting
and clearing valves, arranged to operate as I

have above explained, could be advantage-
ously used in a single-acting engine—that is
to say,an engine wherein the piston would be

|
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propelled by mixture in one direction only,
the return-stroke being effected by the mo- .
mentum of a fly-wheel or otherwise; as well

understood. | o L
It istobe understood that by “clearing out”
a mixing-chamber I mean practically remov-

ing from it the mixture it contains, the same

being replaced by gasesalone asdistinguished

trom gases with steam; also, thatanimportant
feature in carrying out my present invention
is the provision whereby I insure the practi~ =

cal drying of the mixing-chamber by hot gases -

caused to flow through it in advance of the

charge of hot gases to which steam is admit-
ted to form each chargeof mixture to besup-

plied to the engine-cylinder.

Having now particularly described and ex-

plained the nature of mysaid invention andin

declare that what I claim is— =~
1. The herein described method or process

what manner the same is to be performed, I

75

35

of working an engine with hot gases, such -

as air or products of combustion, with addi-

90

tion of steam, which consists in passing hot - -

‘gases through a chamber to clear and dry such

chamber, closing said chamber and leaving
same full of hot dry gases, admitting steam to

sald hot gases to form the working mixture,

and expanding said mixture into the engine-

05

cylinder and afterward exhausting the spent

mixturefromsaid ¢ylinder,and repeating said

processes of clearing and drying said cham-

ber, filling it with hot gases, closing it, admit-

100

ting steam to its contained hot gases, and ex-.
panding the mixtare so formed into the en-.

of working an engine with hot gases, such as

| gine-cylinder for effecting successive strokes.
- 2. In the herein-described method or process = -+

b -
- : . h 1 "Ir

air or produets of combustion, with addition -

b [

of steam, the following cycle of operations in .-

a mixing-chamber each time after it has sup- -

plied mixture for effecting a stroke of the'en-' '« o
gine-piston and preparatory to the next stroke
for which such mixing chamber-is to supply = "

the actuating mixture, namely: () the open- -

ing of said mixing-chamber to an exhaust, so
astoreduce thé contentsof said mixing-cham-

ber to atmospheric pressure, (b) the clearing
out of said mixing -chamber, (¢) the drying

115

thereof by hot gases, (d) the closing of said
mixing-chamber while full of hot gases, and

(¢) the admission of a supply of steam suffi-
clent with the gaseous contents of the mix-

ing-chamber to produce a charge of mixture
at the desired pressure for propelling the
engine-piston. | | o

120

3. The herein-described method or IpPOCeSﬁS-_ g

of working an engine with hot gases, such as
alr.or products of combustion, with addition
of steam, which consists in admitting alter-

125

nately to each end of the working-cylinder

(or of each working-cylinder, if there be more

than one) a charge of working mixture from

140

a mixing-chamberseparate from that whence ~

‘mixture is supplied to the other end of said” =~

cylinder, and each of which mixing-chambers
preparatory to the formation therein of-a -
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working-charge is epened to exhaust, has het“' and in the cor 1*eepend1nﬂ' end of the wOrkiﬂcr-.

gases passed through it to clear and dry it,

- 1S closed while fullof hot dry gases, hassteam

IO

admitted to it to mix with said hot gases and

so form the working mixture, which, having
been expanded into one end of the engine-
cylinder,and havingeffecteda workin fr-stroke
18 afterward exhensted from said cylmder

while from another similar mixing-chamber |

a like charge of mixture similarly formed is
expanded into the otherend of said working-
cylinder, &c., the like operations being re-
peated alternately in each mixing- chambel

cylinderof the engine, as and forthe purpose

| set forth. -

1

In testimony whereof I have signed m yname
to this specification in the presence of twosub-
ser 1b1n0' W1tn esses. |

. EDWARD FIELD.

W1tneeses. o 5 |
JAMES STEMPSON MAODONALD
46 Lancoln’s Inn Helds, London, W O
WM. THOS. MARSHALL,
2 Pope’s Head Alley, Oornhzll London, E. O

15.
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