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To cult, whon, it may concern: 
Be it known that I, GEORGE DIXON, a sub 

ject of the Queen of Great Britain and Ire 
land, residing at Bolton, in the county of Lan 

5 caster, England, have invented Improvements 
in Fluid-Pressure Engines, of which the foll 
lowing is a specification. 

In the specification of another application 
for Letters Patent filed by me of even date 

Io herewith, Serial No. 483,301, there is described 
a method of Working fluid pressure engines 
according to which in order to reduce the con 
sumption of steam in the engine, heated air 
or gas is introduced into the engine cylinder 

I5 during the period of exhaust, this heated air 
or gas being caused to take the place of the 
mixture which has already done work so that 
when the piston is nearing the end of its 
stroke and the exhaust port closes, the hot 

2 or air or gas is compressed into the clearance 
spaces, and on the completion of the stroke, 
when steam is admitted for the return stroke, 
the surface with which it comes into contact 
will have been by the use of the hot air or 

25 gas raised to such a temperature that initial 
condensation is much reduced or even prac 
tically prevented. The presence of the heated 
air or gas will also have an important influ 
ence as experiments have shown that when 

3o steam is mixed with air or gas sufficiently 
heated great expansion takes place so that 
considerable economy may be expected from 
this source. 
Now my present invention has reference to 

35 a construction of engine whereby the above 
described method of working such engines 
can be carried out in an efficient manner. 
Where a sufficiently high pressure of steam 

is available two or more cylinders may be em 
4o ployed the steam being expanded in one or 

more cylinders in the usual way and exhaust 
ed therefrom and hot air or gas being intro 
duced as hereinbefore described into the final 
or low pressure cylinder. The heated air or 

45 gas may be employed to superheat the steam. 
after it leaves the boiler, by causing the steam 
to pass through vessels or pipes surrounded 
by the heated air orgas, 
ers, and valve chests or receivers may be jack 

5e eted and surrounded by hot air orgas circu 

The cylinders, cov 

lating in the jackets to prevent radiation and 
maintain a suitable temperature. The air, 
may be heated, by means of the Waste gases 
on their way to the chimney or by any other 
suitable means. The waste gases themselves 
may be employed in the engine cylinder in 
lieu of heated air after being purified of all 
grit or other matter likely to injure the work 
ing parts of the engine. Such purification of 
the gases might be effected by means of ap 
paratus such as shown in and described with 
reference to Figure 7 of the drawings ap 
pended to the specification of Letters Patent 
of the United States granted to Edward Field, 
dated December 2, 1890, No. 442,027. 

In the accompanying drawings, Figs. 1 and 
2, represent the cylinder of a steam engine 
with valves for the admission of heated air or 
gas, (for example hot waste gas, that has been 
purified of all grit or other matter likely to 
injure the Working part of the engine,) ar. 
ranged in the sides of the cylinder, Fig. 1 
being a side elevation, and Fig. 2 an end ele 
vation, both partly in section. Figs. 3 to 7 
illustrate a modification in which the hot air 75 
or gas valves are arranged in the covers of the 
cylinder; Fig. 3 being a sectional elevation 
showing the cylinder and its covers. Fig. 4 is 

55 

?? 

7 ? 

an end view of the cover, as seen from the 
inside; Fig. 5, a corresponding view as seen 8o 
from the outside; Fig. 6, a sectional view, to 
a larger scale, of the hot air or gas inlet and 
valve for same; and Fig. 7 a device for pro 
tecting the Working parts from injury in case 
a valve should become detached from its 
spindle. Fig. 8 shows in plan a general ar 
rangement of the System applied to a sta 
tionary engine. 

Referring to Figs. 1 and 2, a is the cylinder. 
bb’ are its covers. c is the hot air orgas valve go 
chest. d is the inlet for the heated air orgas, 
e e are the valves for controlling the admis 
sion of heated air or gas to the cylinder. ff 
are their seats; g. g., ports for conducting the 
heated air or gas into the cylinder. These 95 
ports are (as shown) so shaped as to deliver 
the heated air or gas into the cylinder in a 
longitudinal direction. Such as is favorable for 

85 

ejecting through the porth, the mixture which 
has just previously done Work in the cylinder. Ioo 
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The valvese are held closed by the springs i, 
until owing to the opening of the exhaust 
valves, the pressure of fluid in the cylinder is 
sufficiently reduced to allow the pressure of 

5 heated air or gas to open the valves e. The 
heated air or gas then flows into the cylinder, 

the mixture, ejecting (through the port h) 
which has just before done work; and, on the 
closing of the exhaust valve, a portion of the 

1o heated air or gas is compressed into the clear 
ance space, as the piston K completes its 
stroke. - 

For convenience of inspection and repair 
the valve chest c may be made separate from 

15 the cylinder, as shown. The heated air or 
gas enters by the branch d. 

In the arrangement shown in Figs, 3 to 7 in 
clusive:-ddareinlet branches for the heated 
air or gas, ee are the valves and if f their 

The construction and ??????! he 
ports and passages for the admission of steam, 
and for the exhaust from the cylinder, are: 

Seats. 
of these are shown in detail in Eig. 6. 

shown as of the ordinary Corliss type, being 
25 the steam inlet to the steam chestfi, provided 

at k with rotary valves, and h', h' being the 
exhaust branches controlled by other rotary 
valves arranged ath, has well understood, 
but any well known or suitable forms of 
valves and ports may be adopted. A cross 
piece such as e' (Figs. 6 and 7) is securely at 
tached to the cover, in front of each hot air 
orgas valve, to prevent the possibility of a 
valve getting inside the cylinder. 

35 

40 
able for the air. Its pressure should be suf 
ficient to overcome the back pressure of the 
exhaust. Satisfactory results have been ob 
tained when using air at a pressure of about 
half a pound per square inchin-excess of the 45 
back pressure of the exhaust. 
The valvese shown in the drawings for the 

admission of the heated air or gas to the en 
gine cylinder are intended to be opened by a 

5o slight fluid pressure generally say about one 
half p0 

a fan, blower, or air pump that may be placed 
in any suitable position for causing a current 
of heated air or gas to flowinto the cylinder; 
or the inflow of heated air or gas to the cyl 
inder may be caused by creating a partial 
vacuum in the-cylinder by means of a suit 

6o able exhauster. 

55 

In the general arrangement of the system 
shown in Fig. 8, 1 is the boiler, 2 the engine, 
and 3 the fan or blower, which may be of the 
well known Root' type. 4 is the air heater, 

65 constructed in this example, with metal pipes 
through which the air passes, the hot gas cir 
culating around the outsides of these pipes; 

With regard to the temperature and press 
ure of the air, it has been found when work 
ing such an engine with steam at a pressure 
of from one hundred pounds to one hundred 
and twenty pounds per square inch that a 
temperature of about 400°Fahrenheitis suit 

und to one pound per square inch in 
-excess of the back pressure of the exhaust: 
which slight pressure can be maintained by 

but this arrangement might obviously be re 
versed. The heater is shown placed in the 
boiler flue. 5 is a super-heater through which 
the steam and air pass one within and the 
other around metal pipes. The pipes 6, 7, 8 
constitute the air supply. They respectively 
connect the blower to the heater; the heater 
to the superheater; and the superheater to 
the engine cylinder. The pipes 9, 10, conduct 
the steam, respectively, from the boiler to the 
superheater and from the superheater to the 
engine. 
The air heater may be placed in any suit 

able position. It may either take the heat 
directly from the furnace of the boiler; or it 

7 ? 
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may take only the waste heat on its way to 
the chimney; or the heater may be divided, 
part being heated by waste heat, and part by 
-direct heat; or a special furnace may be pro 
vided. In iron, steel, or other works, the 
waste heat from the Various furnaces in use 
may be utilized to heat the air. 
As will be evident, this invention may be 

carried out in various forms and applied inen 
gines designed for various purposes whether 
stationary marine, or locomotive, simple or 
compound and whether the steam be ex 
panded once or twice or other number of times 
successively. Again instead of introducing 
the hot air or gas into the cylinder entirely 
through valves in the sides or ends of the cyl 
inder or through a hollow piston, it mightbe 
introduced into the cylinder partly through 

go 

95 
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valves in the cylinder sides or ends (or both) 
and partly through a hollow piston. In lieu 
of air valves of the forms shown in the draw 
ings valves of any other suitable construc 
tion might be employed, such for example as 
slide valves, Corliss valves, or piston valves 
these being actuated as well understood by 
any suitable means such as eccentrics, levers, 
caims, or slip motions for admitting or cut 
ting off the supply of hot air or gas to the 
cylinder at any required point of the stroke 
taking care to provide against the opening 
of the valves for admitting hot air or gas to 
the cylinder until after the pressure in the 
icylinder has been reduced below the avail 
able pressure of hot air orgas and also to pro 
vide for the closing of the air or gas admis 
sion valves before the proper time for com 
mencement of the compression of the hot air 
or gas in the cylinder. I2O 

Engines according to this invention maybe 
sconstructed with two or more cylinders in 
each or some of which steam direct from the 
boiler may be used in conjunction with 
heated air or gas introduced into the cylinder 
as and for the purpose above set forth. 
What I claim is 
1. In a fluid worked engine, an engine cylin 

der having at one or at each end thereof sepa 
rate steam and gaseous fluid supply pipes or 13o 
passages, a valve acting to place the gaseous 
fluid supply pipe or passage in communica 
tion with said cylinder during the period of 
exhaust, and a valve acting to place the steam . 

IOS 
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supply pipe in communication with said cyl 
inder after compression of gaseous fluid 
therein. 

2. In a fluid worked engine, the combina 
5 tion with an engine cylinder having a steam 

inlet and valve at one or at each end thereof, 
of a gaseous fluid supply pipe or passage to 
one or to each end of said cylinder, and a 
valve or valves acting to open communica 

Io tion between said pipe of passage and said 
cylinder during the period orexhaust thereof. 

3. The combination with a steam engine 
cylinder and its steam supply and exhaust 
valve or valves, of a pipe or passage for sup 

I5 plying hot air to said cylinder, and a valve 
or valves acting to open and admit hot air to 
said cylinder during the period of exhaust 
thereof substantially as described. 

4. The combination with a steam engine 
cylinder and its steam supply and exhaust 
valve or valves, of a supply pipe or passage 
for supplying hot air to said cylinder, and a 
non-return valve or valves adapted to open 
automatically during the period of exhaust 

25 of said cylinder and to close when the press 
ure within said cylinder exceeds that of the 
hot air in said pipe or passage substantially 
as described. 

and port, and a valve for controlling the same 
substantially as herein described. 

6. In a fluid worked engine an engine cyl 
inder provided at each end with a port that 4o 
serves alternately as a steam port and as 
an exhaust port and a valve for controlling 
said port, and with a hollow cover provided 
with an inlet passage for hot gases in com 
munication with its interior and also pro- 45 
vided with one or more inlet ports each con 
trolled by a non-return valve opening inward 
and normally held againstits seat by a spring 
substantially as herein described. 

7. The combination with an engine cylin 
der having separate inlets for heated gaseous 
fluid and for steam and valves for controlling 
said inlets, of a heater, pipes connecting the 
the same with the gas inlet passages of said 
engine cylinder, a blower for forcing gas 55 
through said heater and connecting pipes, a 
steam generator, and a steam superheater ar 
ranged in the steam pipe between said steam 
generator and engine cylinder and formed 
with separate but adjacent passages for steam 6o 
and hot gaseous fluid substantially as de 
scribed for the purpose specified. 
In testimony whereof I have signed my 

name to this specification in the presence of 
5. In a fluid Worked engine an engine cyl- two subscribing witnesses. 

3o inder provided at each end with an inlet pas 
sage and port for gaseous fluid, a non-return 
valve controlling the same and arranged to 
open inward when the pressure within the 
corresponding end of said cylinder falls be 

35 low that of the gaseous fluid supplied to said 
inlet passage, a separate steam inlet passage 

GEORGE DIXON. 
Witnesses: 

JOHN O. NUTTALL, 
213 Chorley O. Road, Halliwell, Cashier. 

JAMES HAMMOND, - 
229 Chorley Old Rd, Halliwell, Clerk. 


