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&::iigatio; i. 

To all whom, ii may conceri: 
Be it known that II, BALFOUR REAL, O 

Conduit road, Bedford, in the cat 
Bedford, England, have invented ce 
new and useful improvements in and gia. 
ing to internal-Combustion, ngires, of 
which the following is a specifica?iª II. 
This invention relates to improven ?? 

that class of combustion engine in whici is 
work stroke is effected in the cylinder, or in 
eath of them if there are several, if 
revolution of the crank, and especiailly 
that type in which the pumping cylinder is 

n a si ting i>o: 10 a 
of ports i 4 and iš 

is ::e ii). Such a po. 
i en to the combusticy. 

in iline with the Working cylinder and be- la exhaust por 
hind it, anti in which tie charge enter's the the pistoi, A. 
conibustion chamber fromì the pur}}p th; adinii, the cha, 
ports in a lollow sleeve connecting the 
tor and pump pistons. 
The invention is pri: ariy inte?dieši šo: 

marine propulsion but is very suitaisie, iii. 
its simplest form, when it may be inade very 
light, for aerial purposes. 

it an engine trade it 2.ccerdalace with it is 
invention the Working piston is coïtine 
to the pitping piston, y & indi low sleeve 
working in a stifting box. 

jºhe invention is iliisirated in the accºm 

four cylinder &c. 73 
certi cialis; at 180° and also 

ylizader angiaes Yvith cranks à º 
iš eis Çif the pullinping cyliin 

i: Cio Sect iyi 3 ci) yer 20 with a pas 

try constant for all 
i ci): Inbg: i their 
i{}i to the air or 

8 s 

intier einiae. 
Figure i is a pari section:l elevation of 

a engine Cmib0ci ying the inventi (), anti 
shoyying a «si od of sta ring bey co: "esse 
air ainclusiagº the e:1gine as à }}rake wheia : 

is's:--Cal the ::)- 
{: 3 (: , : li:le:it: - 

;1X{X( 

ir ner the top of the 
* };} t}} & {} · \y : si roke the i iliri eci 9 

de Y'ori: upon the pisi 

Fig. 1. neas being sirovih fºr retrting )il 
fron) tie cyli liters. iig. 4 is a section shev 
ig a sca, ve ging arrangeiteit and systelli of 
ibicatio. Fig. 5 i ion shovy ? 
packia: 

5 

. i is an en i 'ged Sectica: reci :inx: tit e spe:it g 
gis, S> : : hºl !} :are afet: ils * si afi{2}' yw ie iriet ports ai i3 

y r espera ing the congressel enter's f 
vaives, fig: 1º slovs in arraiagº: ? ?, ? ?????, ? 
cooling the sleeve. 
The cyliadeir 

water incker 2, it in ay bu 
th:y be fitted \; it in ai ty si :it: {}; 

! is sligaya nito wit 
A. 

initior de: vice ---- Anot sh (y W -- y wici i f) { 
plosive ediarge is firec! at the ap 
point, of le strike. Fxha}1st Poit 
fºtºined iru : heº Walls of tiu ?i cy iiia disarº {st :< 
in i'igs, 2 anci 3 and are li)}{r}','ere, 
pisten 4 to ware the ed of tine 3 : 
stroke. The pistol 4 is pre?et':bly of 

  

  

  

  

  



0 

s 

20 

25 

30 

35 

40 

gases and the fresh explosive mixture. 

45 

60 

65 

the stroke. Said ports in the pumping cyl 

disk 23 and the casing, a spring ring 25 dis 
posed at the back of each packing ring 24 
and a retaining cap 26 adapted to keep the 
packing in position. The packing ring 24 
may be made in segments the ends of which p 
overlap as shown in Fig.6 so as to break 
joint and avoid gaps. The segments have 
no resilience in themselves and are therefore 
not liable to spring into the ports, hence 
this form of packing is particularly ap 
plicable to engines made in accordance with 
this invention. 
Means for Scavenging the explosion cyl 

inder where no separate inlet valves are pro 
vided as shown in Figs. 1 and 4, comprises 
the pumping piston Smade with a chamber 
27 and provided with ports 28 which are 
coincident with ports in the pumping cyl 
inder when the piston is near the top of 
inder communicate with the atmosphere, 
ports 19 in the pumping cylinder commu 
nicate with the chamber within the cover 
20 said chamber being in communication 
with the explosive mixture, and a tube 29 
leads from the hollow pumping piston to 
the interior of the sleeve 9. . 
The action is as follows:--On the up 

stroke of the piston a partial vacuum is 
formed beneath the pumping piston 8. 
Near the top of the stroke ports 28 coincide 
with the pure air supply ports in the cyl 
inder thus admitting a charge of fresh air 
to the interior of the sleeve 9; immediately 
afterward the explosion mixture is admit 
ted by ports 19. The effect of this is that 
the contents of sleeve 9 consists mainly of 
pure air so that before the charge of ex 
plosive mixture enters the cylinder 1 it is 
receded by a small charge of pure air, 
orming a cushion between the burned 
The sleeve 9 may be separately connected 

to the piston 4 and sleeve and piston may be 
cooled by water circulation or forced air 
draft, as may be found desirable in large 
engines. One method of cooling the sleeve 
and piston is shown in Fig. 10 diagrammati 
cally. Within the piston 4 and the lower 
portion of the sleeve 9 is disposed a casing 
31, leaving a space 32 connected to the water 
circulating system by an inlet pipe 33 and 
an outlet pipe 34. The path of the water 
is indicated by arrows. The pipes 33 and 
34 have hollow knuckle joints, 35, 36, 37, 
38, 39 and 40 to allow for the movement of 
the piston. 
Means for lubricating the cylinder and 

packing comprises an oil reservoir 41, in 
which the pressure is maintained by the air 
pressure in the pump chamber 42, a sup 
ply pipe 43 leading from the oil reservoir 
41 to the top of the cover 20, a non-return 
valve 44, and means for raising said non 
return waive to admit, a drop of oil into 
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the pumping cylinder at each stroke of the 
engine or otherwise comprising a projection 
45 on the piston S. The-feed may be regu 
lated by a needle valve in the oil supply 
ipe 43. The drainage from the pump 

cylinder 7 is caught by a circular trough 46 
and led by two or more tubes or gutters 47 
to the upper surface of the stuffing box cap 
4S. The cap 48 is dished for the purpose 
of retaining the oil the inner edge bein 
made higher than the outer edge. The 
lower surface of the cap 4S is formed so 
that only the outer portion bears on the 
uppermost flanged disk 23. The inner por 
tion of the retaining ring is recessed so 
as to provide a small clearance 49 which 
communicates with the upper surface of the 
ring by a number of holes or passages 50 
whereby a film or small quantity of oil is 
always in contact at its inner edge with the 
sleeve 9 to be lubricated, and oil over-flow 
ing the outer edge of the retaining ring 48 
falls into the sump of the pump-chamber 
42 and is blown through the non-return 
valve 51 to the oil reservoir 41. 
The engine may be started by compressed 

air and the method of starting in either di 
rection is as follows: The compressed air is 
admitted to the combustion chamber 16 from 
a receiver by suitable piping-not shown 
either through two valves disposed separately 
as shown in detail in Fig. 7 or by a single 
balanced valve, mechanically operated. The 
valve 55 is mechanically operated by a cam 
on the cointershaft 56 which is driven at 
the same speed as the crank shaft, and 
valve 57 is automatically opened by the air 
pressure behind it. The valve 55 is timed 
to open and admit compressed air a short 
period after tlic commencement of the down 
stroke and close before the exhaust ports 
3 are (uncovered. The pressure in the cyl 
inder then falls, and a charge is delivered 
through the ports 15. On the upstroke the 
charge is compressed and fired, ignition be 
ing preferably timed to take place at a point 
between the top of the stroke and the open 
ing of the valve 5?5 so that the valve 57 is 
kept closed by the pressure in the cylin 
der. When it is desired to start the engine 
in the reverse direction, the counter shaft 
56 is slid along by a lever and another set 
of cams--not shown-brought into opera 
tion. When running under power, the valve 
55 is normally between the two sets of canus, 
and inoperative. 
The valves 55 of a multicylinder engine 

may be disposed in a separate casing (, is 
shown in Figs. 8 and 9, and arranged 'aci 
ally in the same plane at equal angles, the 
stems h pointing inward. In such all a 1'- 
rangement the shaft 36 would be provided 
with two ('anns (; and d only and Wollol p; sy 
through the center of the easing (taild oper 
ate each valve 55 in correct sequence. The 
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, are each provided with a mechanically oper 

63 and cams 64 and 65 on shaft 66. The 

quence, the exhaust taking place through the 

air admission pipe e would be led to the 
casing a, and froii thence the air would be 
distributed by each valve 55 by suitable 
piping f to its respective valve 57. 
By another arrangement for starting the 

engine by compressed air the cylinders 1 
ated valve 58 which is adapted to be re 
turned to its seat by the piston 59 and spring 
60. Compressed air is admitted to these 
vaives by a piping 61 fron 8. controlling 
mechanism, tine controlling mechanism is 
provided with an inlet valve 62 fron, the 
compressed air supply and an exhaust valve 
cams are adapted to be slid into or out 
of operative position to open and close the 
compressed air inlet valves 58 in their cor 
rect sequence but normally said cams 64: 
äre in inoperative positions. The cams may 
be slid in unison with the opening and 
closing of the valves of the controlling 
mechanism or independently thereof and at 
the same time the ignition may be cut out. 

In operation the cams (34 which are driven 
at the Saine speed as the crank shaft of the 
engine are slid to operate the inlet valves 
58, at the same time the inlet valve 62 of 
the controlling mechanism is opened to the 
compressed air supply. The engine is then 
caused to rotate by compiressed air the valves 
opening and closing in their correct se 

ordinary exhaust ports 3 of the engine, 
For the purpose of utilizing the engine as 
an efficient brake another set of cams 65 is 
provided in the shaft which are adapted to 
operate the air inlet valves 58 when the inlet 
valve 62 of the controlling mechanisia is 
closed and the exhaust valve 63 thereof is 
opened. 

In operation on the forward stroke of the 
engine air is drawn in to the cylinder ti 
Valves are shtt near the end of í he s! }'oke 
and the air confined in the cylinder is can- ; 
pressed until the top of the stroke is reached 
when the air inlet valve 5S is opened anti 
the compressed air escapes through the ex 
hast 63 in the controlling mechanisii, thUS 
producing a braking action during the ope'. 
ation the sparking device may be cut ot. 

‘’he carbu reter ay be a'r’ange to supply 
air only when the braking ope'aation is ii 
Se. 
The details described may ºf course b 

modified in various ways while 1::sel' vig 
the naain fet i tres of my i ve * i * i. 
What claim and desire to sei'i'i i y 

lettel's Patent is:- 
1. An internal coinabilstic; engine coin. 

prising a plurality of working cylinder's and 

s 
s 

pistons, an equial ilumber of pimping 
cylinders and pistons in alierient with said 
working cylinders, a stuffing box between 
each working cylinier indi respective º Np | 

cylinder, a sleeve contecting 
pistons and working in one of St. 
boxes, ports in said sleeves to: 
the charge frontin esi ch pliixnp tuj, 
working cylinder, a casing di 
close all the back ends of 
plosive mixta Fe () the pimp 
froin said casing. 

2. An nter c?b???! ????? prising a plurality of working cyli) 
pisto:Ins, aid aia elal nu: inbesi' (3Ë 
cylinders and pisions i: ali:)emen 
their respective working ylindeis, a s 
ing boK between each wyorking cylinder a ... 3 
respective pump fyinder, a sies've contect 
ing each pai' oi pistons and working in (ue 
of Said staiting buses, 30's in Said sleeve; 
inlet ports in the valis of the plaiap, cylin 
ders, 3 casing & Cia pied te) inclose Said in fet g5 
ports and all the back ends of the puining 
cylinders, forming a single closed chamber, 
which is in coinnification With the exilio 
sive mixture Suiy. 

3. Äi, in ii yn erigine coi: 1. - gig 
Criciing cylindel's as fi 

nurbe of piin:iig 
cylinders a ... Säidi 
working cy} ii 
each of sic! 7 inters and respec - Så 
tive pitia cylin?e?", a see Y'e gine: tiigri e 

* } } ing in one of sirici 
sitiffi}} (y box;&3. ':', ??: ' , ' 

. . ??? 

nitt i ing it in: c:: 
resp£as?riive yV (} rixi 
adapted to incl 
pping ryti s'es(> 'Yo i ;, coii 
nec isikºlas iba * ( , ; i i' Ser * : , : : «: ?:: ch 
} 1 cha Pinheir f : Riia ini atin pressur: ii ile 
said reservoi ?... a bra: :che : sippi y hipe le2 ci- 1.33 
ig fro: the oli "eser. i: {: te casi 
th) {}; }': 'k Çe; & {} } } 
n - 'stri vi i ves i Fal i rå inci () i 
}} }}. }}}° {{{1}}} }} {{ }} 
ion'ise s: va a circhiar troii?i ) 
puta: citi niti)o ( St fig }} & C 
** St{1- - '{ ? ?I} Š`; 
troigh : ; : }e respective 
S?ng b{N * t):-retrin valves in sid 
cºnne( ii ) ) { { : rese voi l' and the i5 
piti: citate t's for retinii ig stirpius oii 
fro}} (a i; } } e to the reservoir, 
aid reiss 
in ire t; ) ; ; 1 «» 
fra si:i', 

| kit { } : 
y working cylin 

a { } **i {a i } { !in hipe!” { } if ! ) * 1 ; 
!! ; * i ins 11 

their resi'etive a skiing cyli 
:: (ºu vy" (iiriki; i s’y iis ta ' ; } 

respective p?ii; º vitie", a 

: 11i ist i S. ; 
2 5 
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cylinders, a casing adapted to inclose said 
inlet ports and all the back ends of the pumping cylindel's, forning a single closed 
chamber which is in communication with 
the explosive mixture supply, an oil reser 
voir, connections between the Oil reservoir. 
and each pump chamber to maintain pres 
sure in the said reservoir, a branched supply 
pipe leading from the oil reservoir to the 
casing over the back ends of the pumping 
cylinders, non-return valves in each branch 
of the supply pipe, a projection on each 
pump piston to raise said valves, a circular 
trough in each pump chamber, a dished 
Stuffing bOX cap On each stuffing bOX, a gut 
ter leading from each trough to the upper 
surfaces of the respective stuffing box caps, 
and non-return valves in said connections. 
between the oil reservoir and the pump 
chambers for returning surplus oil from 
each pump chamber to the reservoir. 

5. An internal con bustion engine com 
prising a plurality of working cylinders 
and pistons, and an equal number of pump 
ing cylinders and pistons in a linement with 
their respective working cylinders, a stuff 
ing box between each working cylinder and 
l'espective pump cylinder, a sleeve connect 
ing each pair of pistons and working in one 
of said stuffing boxes, ports in said sleeves, 
inlet ports in the walls of the pump cylin 
ders, and a casing adapted to inclose Said 
inlet ports and all the back ends of the 
pumping cylinders, forming a single closed 
chamber which is in communication with 
the explosive mixture Supply, said pump 
ing piston being hollow and having ports 
therein, and said pumping cylinders having 
corresponding ports in the walls thereof 
communicating with the atmosphere, and 
tubes leading from the hollow pump pistons 
to the interior of the sleeves. 

6. An internal combustion engune con 
prising a plurality of working cylinders 
and pistons, an equal number of pumping 
cylinders and pistons in alinement with said 
working cylinders, a stuffing box between 
each working cylinder and respective pump 
cylinder, a sleeve connecting each pair of 
pistons and working in one of said stuffing 
boxes, ports in Said sleeves for admitting 

the charge from each pump to the respec 
tive working cylinder and a casing adapted 
to inclose all the back ends of the pumping 
cylinders, means for admitting the explo 
sive mixture to the pumping cylinders from 
said casing, and means for admitting air ty 
the interior of sleeves for scavenging. 

7. An internal combustion engine com 
prising a plurality of working cylinders 
and pistons, an equal number of pumping 
cylinders and pistons in alinement with said 
Working cylinders, a stuffing box between 
each working cylinder and respective pump 
cylinder, a sleeve connecting each pair of 
pistons and working in one of said stuffing 
boxes, ports in said sleeves for admitting 
the charge from each pump to the respec 
tive working cylinder, and a casing adapted 
to inclose all the back ends of the pumping 
cylinders, means for admitting the explo 
sive mixture to the pumping cylinders from 
said casing, a casing within the lower por 
tions of each sleeve and within each power 
piston, and means for circulating water be 
tween the casing and the sleeve or piston. 

8. An internal combustion engine com 
prising a plurality of working cylinders 
and pistons, and an equal number of pump 
ing cylinders and pistons in alinement with 
their respective working cylinders, a stuff 
ing box between each working cylinder and 
respective pump cylinder, a sleeve connect 
ing each pair of plstons and working in one 
of said stuffing boxes, ports in said sleeves, 
inlet ports in the walls of the pulp cylin 
ders, a casing adapted to inclose said inlet 
ports and all the back ends of the pumping 
cvlinders, forming a single closed chamber 
which is in communication with the explo 
sive mixture supply, a casing within the 
lower portions of the sleeve and within the 
power piston and means for circulating 
water between the casing and the sleeve 
or piston. 

In witness whereof, I have hereunto 
signed my name in the presence of two sub 
scribing witnesses. 

BALEFOUR READ. 
Witnesses: 

IRoIPERT MILTON SPEARPOINT, 
HERBERT D. JAMESON. 

55 

80 

65 

70 

75 

80 

85 

90 

95 


