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To all whom, 1t mm; concern: . -

Be it known that I, CLARE}TC N. Scort , &
Sub]ect of Great Britain, residin o at Buﬂmo
county of frie, and State of T\Tew Yorik, have
invented certain new and usvful Tmprove-
-ments in Internal-Comb ustion I 116*1119 , fully

described and represented in the fo lliﬂijl’lﬂ“__

specitication, and the accompanying draw
ings, forming a part of the same.

Thls mvehtwn relates to an 1111010?&11’16111;
in compound internal combustion reciprocat-
ing engines of that class known

-or working stroke in two revolutions, the ob-

15 ject being to provide an efficient and eco-

L
..\.J

”'29

30 of the engine.
of the lines 3 of Figs. 1 and 2. Fig. 4 is a sec-

nomical compound engine of this class, and

further to provide for “the use of hght trans-

TNISSIOnN. parts fully utihzed m tmnsnutdnw
ﬁhe net load. |
"The invention ¢onsists in mwovel combina-

tmns and arrangements of cylinders in a com- |

pound four ¢ycle internal combustion engine,
as fully described and claimed. -

In the accompanying drawings. fomunﬂ' a;
part of this specriication, the n vention is
shown as &pphed in a pr efelred form of en-
gine.

Figure 1 is a side elevation oi the low pras-
“sure side ot the engine.  Iig. 21sa pifm view
F1g 3 is a cross section on any

“tion of the air and oas tank and passages on
~line 4 of Figs. 2 &nd 3. Hig.51sa dlaomm of
Lhe cyele v the four (;Vhf[ldfﬂ'b
Inthedrawings, A, A’ are two double acting
hlgh pressure cylmderb and B, B’ two double
actinglowpressurecylinders, the »twonighpres-
sure cylinders being arranged tandem on one
‘side of the engine with their pistons a, ¢’ con-

40 neécted by piston rod € and connectmg rod D

to Lhe crank ¥ on the engine shait ¥, and the

two' low pressure: cylmdels B, B’ being !

arranged tandem alongside the respective |
- high pressure cylinders, With their pistons b,

45 b’ ‘connected by the pistonrod & and connect-

+55 stems 10,levers 11 and cam rods 12 from smt— '

ing rod H to crank I on shaft F, the two
‘cranks K, 1 bemg located in the direction of
Totation at a pproximately 180° froin each
‘other. A horizontal engine is shown, butthe

50 mventlon 1S apphcable aiso to vertma,l en—_

gmes
“The high pressure cylinders are provi ded at

each end Wlth 1nlet valves ¢, which are shown
‘as'valves of common form operated by valve

1 as four cycle |
engmes in which the piston makes one power

LS AL - R L. - p e

—r— an.

| release valve 4 operated by the' gt

II ) ‘ -'

_' able cams on cain shaft 1 3 the (}h‘LI‘D o buuﬂ' de-

mitted to the Chamber Lbove the 111th Vs .-111

cthrough a mixing valve d.of any common or

suita ble form towhichthe air and o oas passtrom

air.passages 1 and gasg pa;;&ag&% 2, connecting
with the air and gas tank i thmuﬂh air.and

gaspassages 14, 15, extending *Llunﬁ' “the tank.

The gas tank 11 in the form show 115 Consists
of 8 ¢ireuiar tank mounted between and above
the enginé eylinders, and divided by a pres-
sure equf'hznw piston 16-inte- air- and. gas
‘chambers 17, 18, the passage 14 (mmutmﬂ
with the former and the passage: L5 with the
latter.
with a gas chamber 19 through valve 3; 1
which chamber 19 038 18- mamtmned at 4
pressure higher than the MAaXIMUM pressure
required in the chamber 18 by an attached or

independent gas pump and I'(}“"l.ilaL(‘:I‘-. of any

common or ﬂmtabk form. -This valve 3 1s
opened by the piston 16 engaging rod 20
when the piston 18 moved to - “the loft: suffi-
clently, so as to admit gas from the chamber

(30

(D

The gas chamber 18 is. Lozme{*tulw

70 .

o b

-16 to the chamber 18 when 1’6(11111 ed; and thus -

maintain the desired equilibrium of air and
oas pressure in the chambers 17,18, Anair
ston 16
through rod 21 1s shown for limiting the
volume and pressure of air in chamber 7.

Hach end of the high pressure cylinders. ex-—'

hausts into the wrrespmulnw end of -the ad-
;;m,.mt low pressure cylinder through pas-
sages T, which thus act as exhaust pass&n*es

30

39

for the high pressure cylinders and inlet pas-. -

sages for the low pressure cylinders;:and
these passages i are shown as controlled by
valves e actuated by rods 22 and 1evers 23
rom swmtable cams on cam shatt 18, .0 -
Each end of each low: pressure ey lmd-sar
acts alternately as a pump 'to compress air
into the tank K, and as & working cvlindér
with the piston actuated by the: exhaus from
its high pressure cylinder. . Air.is admlttcd

0o

() )

to the low pressure cyhnders through air pas-

‘sages M, cominunicating w 1th the atmos-

phere and shown as controlled: by the nlet
valves f, operated by valve rods 24 levers 25
and cam rods 26 from suitable cams on the
cam shaft 27.
pressure cylinders to the. tank K through pas-

 sages N controlled by automatic valves ¢,

which valves o dpen When the pressure:in the
cylinder exceedsthat in'the tank; as usual in
such automatic valve constructwns '

100

Air is delivered from the low =

105

The low pressure cylinders exhaust through 116
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passages O to the atmosphere or otherwise, | letters as follows:—P indicates the power
these passages being shown as controlled by | stroke, obtained in the high pressure cylin-
exhaust valves i operated by stems 28 and | ders from the compressed eharge and in the
levers 29 from suitable cams on the cam | low pressure cylinders by further expansion

= shaft 27.° | . | o of the exhaust from the high pressure cylin- 70
1t 1s desirable that some form of governor | ders. E indicates the exhaust stroke, that
control be used on the high and low pressure | is, the exhaust of the high pressure cylinders
cylinders to maintain a constant speed with | to, the low pressure cylinders and the ex-
varying load or to maintain constant the | haust of the low pressure cylinders to the at-

10 work done per revolution with varying | mosphere. S indicates the suction stroke 75
speeds. In the drawings a governor control | during which the charge is admitted into the
by separate cut off-valves is indicated, the | high pressure cylinders and air s drawn into
high pressure cylinders being provided with | the low pressure cylinders. C indicates the
cut off valves 2 which close at some point in | compression stroke by which the charge, al-

15 the high pressure suction stroke and prevent | ready under considerable pressure, is further: 8o
further mixing and admission of mixture | compressed in the high pressure cylinders

“during the remainder.of the high pressure | and air is compressed from the low pressure
suction stroke, dnd the low pressure cylinders | cylinders into the tank K. From these dia-
being provided with air cut off valvesk, which, | grams of Fig. 5, it will be seen that there is

20- when the air required for the combustion of | one and only one power or impulse stroke on: 85
the gases has been admitted, close and pre- | each crank at each stroke or movement-of
vent admission of air to the low pressure cyl- | the pistons in either direction, and that the

1nders during the remainder of the low pres- | initial load on each high pressure stroke is
sure suction stroke, these valves being actu- | directly resisted by the initial back pressure

25 ated independently of the main valves by | or expansion load on the saime or a connected 90

- suitable connections from a governor of any | piston, so that the maximum load to be trans-

- desired form.  As shown, the governor P ac- | mitted is only that due to the high pressure

~ tuates cam shafts 30, 31, which control the | initial propulsion load minus the high pres-
valves.s, k through cam rods 5, 6, and trip le- | sure initial back pressure or expansion load. -

30 vers 7, 8. Any other suitable form of gov- | The results secured by these features of the 95

ernor control may be used, however, as well

as any other form of valves and valve actu-
ating devices, these forming no part of the

cylinder arrangement and cycle described
are véry important m the construction and
operation of the engine, as they enable the

size and welght of the crank shaft and fly
wheel, the parts transmitting the power from 100
the pistons to the crank sha?t,’;an the fram-
ing connecting the crank shaft journals with
the power cylinders to be reduced. The size
and welght of all these parts depend upon the
maximum Initial net propulsion load and the 105
regularity of the turning moment, and with '
the cylinder arrangement and cycle above .
described, the total net initial load to be®
transmitted to the crank shaft on any stroke
1s reduced so far as possible without reducing 110
the mitial propulsion pressure, and the turn-
ing moment is regular on account of the rela-
tions of the power orimpulse strokes through--
out the cycle. The transmission parts, also,
are fully utilized in transmitting, there being 115
no idle strokes and the proper quota of work -
being done on each strol?e. - o

An important result in compound internal
combustion engines 1s secured, also, by an
arrangement ot high and low pressure cylin- 120
ders, such that each high pressure cylinder
lies alongside of the low pressire cylinder to
whichjit exhausts, in that the 'ports or pipes
through which the exhaust gases passin ex- |
panding from a high pressure into a low pres. 125
sure -C(}?'Tinder may (lbe made direct and very -
short,is6 as to expose to the expanding gases |
the mmimum of cooling surface and secure
simplicity 1n the high pressure exhaust pip-
ing and valve mechanisim. (The arrange- 130

. |
b

resent invention, the form shown being se-

ected only for purpose of illustration and as
one torm of many suitable for use in an en-
gine embodying the invention. The illus-
tration of the valves is largely diagrammatic,
actuating springs being omitted, as such
‘main and cut ofl valve constructions are well- |
known. Igniting “devices of any suitable
- Tform may be used, or combustion secured in
any manner desired. - -

It will be understood that high pressure in-
let valves ¢ are open during the suction stroke
of the high pressure pistons and closed dur-

‘1ng the rest of the cycle; the combined ex-
haust and inlet valves ¢ are open during the
exhaust stroke of the high pressure pistons
and the corresponding working stroke of the
low pressure cylinders and closed during the
rest of the cycle; the low pressure air imlet
~valves fare open during the suction stroke of
- the low pressure cylinders and remain open
55 during the .compression or delivery stroke
and are closed during the rest of the cycle;
and the exhaust valves A of the low pressure
cylinders are open-during the exhaust stroke
of the low pressure cylinders and closed dur-

- 60 1ng the rest of the cyecle. _ -

The cycle on which this engine will prefer-
ably operate, 1s illustrated diagrammatic-
ally in Fig. 5, which shows the stroke in each
end of each cylinder throughout the cycle.
In tlus figure, the strokes are indicated by

40
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~ combination with two double acting low
pressure cylinders arranged tandem and sub-

0o

898,271

ment of cylinders shown and above de-
scribed, with two high pressure cylinders on
one side and two low pressure cylinders on
the other side, 1s preferred for securmg this

result, as well as securing important results

by the speecial cyele 1t permits, but this fea-
ture of arranging the eylinders of a four cycle
compound engine with two cylinders.tandem

on each side and each high pressure-cylinder
placed alongside the low pressure eylinder to

which it exhausts, forms a specific feature ox
the present invention, independently ol the

narticular arrangement of cylinders or special

cyele shown and deseribed.

* L

The cylinders will be so proportioned and

sucli pressure in the tank K be maintained by

the low pressure pistons, as to secure the mi-

tial and terminal pressures in the high pres- |

sure c¢ylinders required for the effective oper-
ation of the low pressure cylinders by the
exhaust from the high pressure cylinders, ac-
cording to the running conditions of the en-
aine. R | "

Tt will he understood that the invention is
not to be linited to an mternal combustion
engine of any special class or using a charge
of {ucl of any special character, or securing
combustion in any special manner, but that
the invention, as defined by the claims, 1s
applicable generally in internal combustion
engines. _

What I claim 18— |

1. A compound internal combustion four
cyele reciprocating engine, having two double
acting high pressure cylinders arranged tan-
dem with their pistons on the samne crank, m
combination with two double acting low
pressure cyvlinders arranged tandem and sub-
stantially parallel with and beside the hgh
pressure cylinders with their pistons on a
second crank on the same shaft and at ap-
proximately 180° from the high pressure
crank. |

2. In a compound internal combustion
four cvele reciprocating engine, two double

acting high pressure cylinders arranged tan-

dem with their pistons on the same crank, in
combination with two double acting low
pressure cylinders arranged tandem and sub-
stantially parallel with and beside the Ingh
pressure cylinders with their pistous on a
second crank ;on the same shatt and at ap-
proximately 180° from the  high pressure
crank, and suitable passages and mechanism
for operating the high pressure pistons by the
initial pressure of a charge and the low pres-

sure pistons by the exhaust from the corre-

sponding ends of the high pressure cylinders.
8. In a compound internal combustion

four cycle reciprocating engine, two- double

acting high pressure cylinders arranged tan-
dem with their pistons on the same crank, m

stantially parallel with and beside the high

pressure cyvhnders with their pistons, on-a
second crank on the same-shaft and at ap-
proximately 180° from the high pressure

crank, and suitable passages and mechanism

for operating the high pressure pistons by, the

initial pressure of a charge eompressed by the,

low pressure pistons and further compressed.

on the high pressure comvression stroke; and.
the low pressure pistons by exhaust froni.the.

high pressure eylinders.: . ..

‘s [ -

4. In a cowpound internal . combustion
four cvele reciprocating engine, two:doubie
acting high pressure cylinders arranged tan-

dem with their pistons on the same crank, in:

combination with two double acting low
pressure cvlinders arranged tandem and sub-
stantially parallel with and. beside the high

pressure cvlinders with, their pistons: on a.

second crank on the same shaft and at. ap-

proximately 180° from “the. high ‘pressure.
crank, and suitable passages and mechanism

for operating the high pressure pistons by the
initial pressure of a charge and the low pres-
sure pistons by the exhaust from the corre-
sponding ends of the high pressure cylmders,
and arranged to secure a high pressure power

stroke in one end of one eylinder at each

stroke and with each high pressure power
stroke opposed by the back pressure of a high
pressure exhaust stroke. o

5. In a compound internal combustion
four cycle reciprocating engine, two double
acting high pressure cylinders arranged tan-
dem with their pistons on the same crank, m
combination with two double acting low
pressure cylinders arranged tandem and sub-

| stantially parallel with and beside the high

pressure cylinders with their pistons on a

second crank on the same shatt and at ap-

proximately 180° from the high pressure

crank, and suitable passages and mechanism

for operating the high pressure pistons by the
initial pressure of a charge compressed by the

low pressure pistons and further compressed
on the high pressure compression stroke, and
the low pressure pistons by exhaust from the
high pressure cylinders, and having the
strokes of the four cylinders thrcughout the
evele arranged substantially as herein shown
and deseribed. '

5. A compound internal combustion four
cyele reciprocating engine having two double

“acting high pressure eylindersand two double

acting low pressure cylinders arranged with
two cylinders tandem on each of two cranks
substantially 180° apart on the same shaft,
and with each high pressure cylinder placed
substantially parallel with and beside the

Jow pressure cylinder to which 1t exhausts,

in combination with suitable passages and

mechanism for operating the high pressure
pistons by the initial pressure of a charge and

the low pressure pistons by the exhaust from
the ‘adjacent ends of the high pressure cyl-
inders. | - |

10
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7. A compound internal combustion four
cycle reciprocating engine having two double

acting high pressure cylinders and two double

acting low pressure cylinders arranged with
two cylinders tandem on each of two cranks
substantially 180° apart on the same shaft,

and with each high pressire cylinder placed

substantially parallel with and beside the
low pressure cylinder to which it exhausts, in
combination withsuitable passages and mech-
anism for operating the high pressure pistons
by the initial pressure of a charge compressed

- by the low pressure pistons and further com-

15

20

pressed on the high pressure compression
stroke, and the low pressure pistons by the
exhaust from the adjacent ends of the high
pressure cylinders. |

8. A compound internal combustion four
cycle reciprocating engine having two double
acting high pressure cylinders and two double
acting low ‘pressure cylinders arranged with

two. cylinders tandem on each of two cranks |

/

808,271

substantially 180° apart on the same shaft,
and with each high pressure ¢ylinder placed
substantially parallel with and beside the
low pressure cylinder to which it exhausts, in

combination with an air receiver into which

IND
b ]

the air is compressed from each end of the

low pressure cylinders on their COMpression

stroke, means for supplying fuel under regu-

lated pressure, and suitable passages and
mechanism for mixing air from the receiver

30

with fuel and charging the high pressure cyl-

inders, delivering the exhaust from the high .

pressure cylinders to the low pressure cylin-
ders, and compressing air from, the low pres-

sure cylinders to the receiver.

In testimony whereof, I have hereunto set
presence of two subscribing

my hand, in the

witnesses.
_ CLARENCE N. SCOTT.
Witnesses: . o
A. K. BarLix,

S. B. DAUGHERTY.
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