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UNITED', _STATES "PATENT ' OFFICE. 

lLUCIEN GENTY, or TOURS, FRANCE. 

AERoTHl-:RMIC MoToR. 

SPECIFICATION forming part of Letters-Patent No. 508,301, dated November ’7, 1893. 

Application ñled August 12,1892. Serial No. 442,937. (No model.) 

To a/ZZ ,whom it mag/.conc'erm . _ > 

Beit known that I, LUCIEN GENTv, a citi 
Zen of France, and a resident of Tours, in the 
Department of Indre-et-Loire, France, have 
invented a new and useful Improvement 1n 
Aerothermic Motors, of which the following 
is a specification. 
My invention has for its object the removal 

of thedisadvantages which have heretofore 
Vprevented hot air motors'from coming into 
general use. » . , . 

As hereinafter explained in detail my in 
vention consists in improvements relating to 
the following parts namely:’-the construc 
tion of the furnace or combustion chamber 
which is rendered capable of being easily re 
moved and enables the fuel to be.consumed 
without a grate, the arrangement of a .poker 
or instrument for stirring or clearing the nre, 
the construction of an improved escape valve 

» _capable of withstanding the destructive ac 
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tion of the liame and dust; the employment 
of a jointed escape pipe admitting of free 
­expansion of the parts, the application of an 
improved heat regenerator with provision 

I for expansion, and improvements in the con 
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ythe fuel into the combustion chamber. 
struction of the apparatus‘for introduciëg 

.Y 
means of these several improvements and by 
combining the same I am enabledto construct 
a hot air engine capable of being employed 
with great advantage in' practice; andA 1n 
order that my-said invention may be fully 
understood I shall now proceed more particu 
larly to describe the same and for that pur 
pose shall referv to the several figures on the 
annexed sheets of drawings the same figures 
of reference indicating corresponding parts 
in all the ligures. ` ì _ _ 

Figure l of the accompanying drawings 
represents partly in elevation and partly in 
longitu dinall section the general arrangement 
of a motor with its foundations constructed 
according to my invention. Fig. 2 represents 
the motor in elevation and the foundations 
in “transverse section. Fig. 3 is a plan of the 
same. Fig. 4­ represents-the motor in side 
elevation. Fig. 5 represents the motor 1n, 
longitudinal section. Fig. 6 represents the 
motor and apparatus placed upon the foun 

' dation.> Fig. 7 represents the motor cylinder 

lpin in position. 

in section. Fig. 8 illustrates the lower por 
tion of the motor cylinder in section on the 
line A. B. C. D. Fig. 6, showing the connec 
tion' between the regenerator and the admis- 55 
sion and escape valves. Fig. 9 represents 
the escape valve in section drawn to a larger 
scale. ' Fig. l0illustrates the admission­ valve 
in end elevation. Fig. 11 .represents a side 
elevation of the same. Fig. 12 is alongitudi- 6o 
nal elevation of the mechanism foi-.working 
the escape valve. . Fig. 13 is a longitudinal 
elevation of the mechanism for working the 
admission'valve. Fig. 14 represents the stok 
ing or fuel 'supplying apparatus in longitudi- 65 
nal elevation. Fig. 15 illustrates the same 
apparatus in endl elevation.` Fig. 16 illus- ` 
»trates the eccentric shaft’ of the stoking ap 
paratus drawn on an enlarged scale. Fig. 
17 represents this shaft in longitudinal ele- 7o 
Vation. Fig. 18 illustrates the exterior of 
the combustion chamber showing the con 
struction and fastening of the door. ­ Fig. 19 
represents the combustion chamber in hori 
zontal-section onthe line E F Fig. 18. Fig. 75V 
2O represents thel'com’bustion chamber inver 
tical section on the line GII Fig. 19. Fig. 
2l illustrates vthe combustion chamber in Ver 
tical 'section on the line I J Fig. 19 the swivel 
or ball and socket arrangement for the stir- 8vo 
ring instrument being omitted. Fig. 22 rep 
resents in longitudinal'section the swivel with 
the endof the stirring instrument or poker. 
Fig. 23 represents the'saine in end elevation. 
Fig. 24 illustrates the shape of the extremity 85 
of the poker. Fig. 25 is a front elevation of 
the combustion chamber door the cap or cover 
of the swivel or socket of the poker being re 
moved. Fig. 26 represents the same in trans 
verse section. Fig. 27 represents the door in 9o 
plan. Fig. 28 represents the doorin horizon- ‘ i 
tal section. 
ball and socket swivel in vertical section. 
Fig. 30 represents the same in horizontal sec 
tion. Fig. 31 is a longitudinal elevation of 95 
the eccentric p_in or axis of the cap. ‘ Fig. 32 
is an end view of the same. Fig. 33 isafront 
View of the door with the cap and eccentric 

Fig. 34 is a transverse sec 
tion of this combination showing the swivel roo 
and poker. Fig. 35 illustrates this combina 
tion in plan without the swivel and poker.V 

Fig. 29 represents the cap of the I 
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Fig. 36 is ahorizontal section showing the po 
sition occupied by the ball or swivel arrange 
ment between the door and the cap. 
The illustrations of the general arrange 

ment Figs. 1 to 3 represent the motor proper 
íixed with its base on the level of the ground 
upon a foundation in which are arranged an 
air chamber and an apparatus _for heating the 
compressed air. The motor is of the ‘beam 
engine type. The beam marked 1 in the 
drawings in place of being suspended on a 
fixed center is supported by astrong vertical 
arm or rod 2 capable of oscillating on a fixed 
axis 3 working in bearings on the bed plate 
4. That arm of the beam which is connected 
tothe piston'rod is connected at about the 
middle of its length by two small lateral rods 
or links 5 totwo pins 6 rigidly attached to the 
upper part ofthe motor cylinder 7. Under 
these conditions the extremity of the beam is> 
compelled to travel practically in a straight 
line and the necessity for connecting the beam 
to the piston by means of a jointed connect­ 
ing rod is obviated the jointat the lower end 
of such connecting rod being diñicult to lu 
bricate and keep ̀ in order. This arrange~ 
ment also obviates the oblique thrust upon 
the piston which produces vibrations and 
tends to cause the cylinder to wear oval. The 
other extremity of the beam is connected to 
two rods 8 and 9; the rod 8 imparts rotary 
motion to the horizontal shaft ot' the engine 
and the rod 9 works an air compressing pump 
10. Figs. 4 and 5 illustrate the manner in 
which the bearings of the horizontal shaft 
and of the oscillating arm 2 are arranged 
upon the hollow bed plate 4 which forms a 
chamber for the compressed air. The motor 
cylinder 7 which is provided at its upperpart 
with the fixed pins 6 for guiding the beam is 
firmly fixed in a vertical position being sup 
ported laterally by two hollow struts 11 and 
longitudinally by two stays or inclined legs 
>12 which enable it to resist the oblique strain 
which is produced in working the engine and 

` is transmitted tothe cylinder by the links 5. 
By means of this arrangement great strength 
is imparted to the Whole structure While all 
the parts are rendered easily accessible. 

I= will now proceed to describe one by one 
the several parts ot the motor to which my 
improvements relate and in this description 
I will follow the course ofv the air from the 
timeiwhen it is drawn infrom the atmosphere 
until it is discharged from the motor, .de~ 
scribing successively in the orderin which 
they present themselves the different pieces 
of mechanism and apparatus met with vor 
traversed by the said air or gases of combus 
tion in their passage through the motor. 
In order to obviate the noise which would 

be‘produced by drawing air direct from the 
engine house the air pump l0 is supplied 
from a large chamber 13 arranged below the 
level of the tioor and communicating with the 
external atmosphere through an underground 
pipe 14 (Fig. 1). This air chamber act-s in 
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the same way as the air chamber ot' a pump 
by regulating the fiow of air through the pipe 
14 and thus obviating the noise which would 
be caused by a sudden or intermittent rush 
of air. A circular manhole provided with a 
`cover 15 is provided forexamining and clean 
ing ont the chamber 13. The air thus drawn 
in by the pump passes through the suction 
valves 16 (Figspö and 6) and delivery valves 
17 which may be of any suitable form. The 
delivery valves are arranged above the suc 
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tion valves in the interior ot' the semicircular ‘ 
gallery 18 cast in one with the air pump cyl 
inder and by which the latter is connected to 
the chamber 4. The pump cylinder Fig. 5 is 
provided with a jacket in lwhich water is 
causedto circulate in order to absorb the heat 
resulting from the compression ot' the air. 
The air being suitably cooled passes through 
the circular passage or gallery 18 into the 
hollow bed plate 4 which forms a reservoir 
or storage chamber for the compressed air. 
The air proceeding from the chamber 4 passes 
through a pipe 24 (Fig. l) into a supplemen 
tary chamber 25 which it enters through an 
oritice 26 (Fig. 2). 

85 

90 

This chamber is formed ‘ 
bya cast iron box strengthened by ribs or f 
webs and arranged in the foundationy of the 
motor. 
is received on leaving the chamber 25 is coni 
posed of a long metal pipe bent in a zig zag 
or sinuous form the external surfaces of 
which being'provided with ribs Ain order to 
increase the heating surface are heated by 
the exhaust gases which are "discharged from 
the motor cylinder in a heated condition. By 
these means the greater part of the heat which 
has not been expended in doing work by act 
ing upon the motor piston is utilized for the 
`preliminary heating of the supply of air. 
The curved metal tube or worm is composed 

of short lengths of tube 27 (Figs. 2, 3 and 6) 
in the form of the letter S connected together 
by tlanges and bolts in such a manner as to 
form for example threetiers of ten lengths 
each but I do not limit myself to these num 
bers. These tubes are provided, in addition 
to the lianges, with projections 28 which when 
the lengths of the tube are _joined together 
are connected to vertical iron plates by which 
the three lines of pipe are firmly tied to 
gether and are enabled to be lit'ted in one 
piece. The three worms are connected at 
each end to a suitable collecting pipe. This 
combination is inclosed in a cast iron box or 
casing 29 supported on a fixed point at-the 
end farthest from the engine being the end ­ 
least heated by the exhaust gases and sup 
ported at its other extremity upon a ball 30 
(Figs. 1, 2, 8 and 9) which being capable of 
rolling on a ilat or slightly concave surface, 
enables the cast iron box to expand under 
the influence of the high temperature of the 
exhaust gases which pass through it being 
discharged from the motor cylinder through 
an exhaust pipe 31 (Figs. 2,8 and 9). The 
special action of this exhaust pipe and its 

The heat exchanger in which the air' 
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connection with the box-or casing of there. 
generatorfand exhau'st .valve are‘h'ereinafter 
more fully described. This casing is protect 
edinternally by a 4lire-brick lining 32 which 

5 preserves it from contactwith the-hot gas and 
resists the high temperature so thatth’e metal 
sides of the casingïare simply required to re-_ 
­sist the slight pressure of» the exhaust gases 
and act as a frame or support forßrhe fire-_ 
brick lining. Before it enters the motor cyl 
inder. the compressed air is compelled to trav-V 
erse the whole length of the worm 27 while 

...the flames heat the ribs or webs on the exte 
rior of the worm the said ribs or webs being 
arranged vertically as represented in the 
ldrawings (Fig. 2). , . _ 

It is’necessary to enable thecombination of 
tubes to expand in lthe regenerator 'without 
injury to the points infthe interior ofrthe tire 
proof casing. = This expansionis provided'for 
as follows: The Aair proceeding-from the cham 
ber 2_5 enters the regenerator through a bent 

`;>pipe 33 (Figsf3and 6.). 

the ellipse being vertical and it- is then united 
with the extremity ofthe regenerator atkwhich 

~ etheair is 1 supplied. This liattening 'of- the 
tube renders it’flexible for a sufficient length . 

3o to enable it to accommodate itself to the elon 
gation of-the _series of regenerating pipes. 
Throughoutmhe whole of this length the-next' 

A 'ble elliptical­ tube 33 is containedina rigid 
sleeve l34 ofv slightly conical or taperform. 

3 5 (Figs. 3 and 6) rigidly attached :to the side of­` 
the metal'casing .which at-this point‘is. per 
forated as well as the brickwork >with'a hole, 

~ allowing theflexible tubetto pass with suffi 
cient play or freedom. This-arrangement‘is 

4o clearly .represented in dotted lines in Figs. 1,' 
3 and 6 of.theaccompanying;drawings. On 
leavingthe regenerator the compressed air is> 
conducted to. theinlet valve vthrough apipeV 
35. The combination of .beuttubes or worms. 

45 is attached tothe sides of. the casing at the 
extremityr'nearest to the exhaust valve andis 
free lto expandat the other‘ïextremity which'. 

' . is supported- upon a ball andtis no_t connected 
to-_the case except by the flexible tube 33. 

5o The tube 33 is of sufficient `length-to enable 
its íiexibility _toallow of the expansion ofthe 
case of the regenerator. ~ The ad mission valve' 
36 (Figs. 8, 10 and l1) to which the compressed. 
air is su pplied ata relatively low temperature 

5 5 through the long pipe 35 is a double‘balanced 
Valve held to its seat 'by ahelical spring '37.1 
and worked by one-ofthe. cams 38 (Fig. ‘13) on­ 

ì , thehorizontalshaft. _ Themo'vement‘is trans 

mitted` to thevalve by a combination of rods. 
6o and bell crank levers asfillustrated in_Fig.13. 

This :gear is so constructed as toenable a gov-z 
ernorV-39 (Fig.,4) tocause the’roller. 40 to work 

' diminish the'admission of air accordingfto 
65 the variations in ­the speed. « ­> ­ ~ 

The apparatus represented 

The part of this-pipe. 
immediately vbeyond the bend is flattened or: 

25 of elliptical form in section'the major-axis of» 

- t 3 

tion .with the compressed air. chamber of the' 
motor: _ As ,the4 pressure increases/or dimin­'y 
ishes this piston rises and falls and by means 
'of a„_rod V37.b works a‘valve 42€”‘which` regu 
lates the proportion'of air delivered into the 
pipesorpassagesßtl and 42. After passing 
through~_the admission valve the airv is di 
videdinto two portions. The .'tirst portion 
lpasses-through a passage 4l (Fig. 8) at ‘the 
lower part of the mass offuel containedin the ' 
combustion chamber Íthrough which it liows 
thereby becoming largely increasedin vol 
ume. The second part passes, through the 
passage/42 over the combustion chamber and' 
is used for the combustion-of thecarbonic 
oxide generated. e The combustion ‘.chambery 
situ-ated atthe lower end of the motorcylin 
derfisconstructed in such a manner as'to be 
capable. of being readily 'separated 'or de 
tached-for examination or repairs. .Wit-h‘this­ 
object it isr placed uponI fourwheels (Figs. 2,1 
18 and 19) traveling upon rails 43­‘Figs..3 and 
`6. Thezcombustion chamberis placed in~p`o­ 
‘sition by wheelingit under the vcylinder zand­ 
attachingit-by means of a tight-joint made 
as herein-after described. ' " '­ 

The combustion 'chamber .44> illustrated- 
Adrawn to a larger scale in Figs. 18 'to'2l of-r95 
the; annexed drawings is 'ofthe'shapevof'a 
funnelfofcast iron lined ­with fire­ clay‘45. 
­The‘bottom isl enlargedAor widened‘being» 
formed by a basin ­ 4G slightly convexat the 
centerand likewise protected'A >by a iireproof 
Ilining. y Alilxternallyrthe lower part of the fur 
nace is provided with'a conical base 47 -formedl 
in >the casting and _ supported“ upon four: 
wheels. i The whole structure isv strength­" 
_ened by vertical ribs 48 which enable'the com'-4 
bustion~ chamber to- support a ~ considerable 
>amount of vertical pressure without break 
ing. -The _passage41 receiving a portion of 
the air from'th’e .admission valve .is formed in 
>castingin'the casing of the combustion cham 
ber.»­ This‘formbf combustion’chamber en 
ables the 'fuel to beA burned without agrate. 

be continually cooled at the place where it is 
.exposed to thehighest temperature bywat-er 
circulating'at'49. The lire proof liningisse 
cured between two movable iron rings 50fand 
51» the ring 50 being loosely supported in’ a 
gcorresponding recess in the lower part of the*v 
cast iron casing 44 and the’ring 51 surrounding 
the 'orifice of the funnel being'on'a level with 

This ldoor requires'fto be 

The door is made tight 
:by means of- arrangements illustrated 'in' de-ï 
_tail in Figs. 18~­to -36 of the annexed drawings.` 

v35 

90 

m5 

vThe lower Apart of the cast iron casing may ' 

120 

the edges thereof and to which it is attached by ̀ 
.bol-ts such as the bolt 52 (Fig.` '7)'.~ When the­ 
.fire proofzlining requires renewal the-upper 
jring 51is removed ‘and the lining can' then be 
'readilyrepairedorremade._ `At thelowerp‘a'rt‘ 
4ofthe combustion chamber there is a door 53 
4,enabling the ash-clinkers'or fuel to be removed 
_when required. 
îtightly closed and to vbe capable of :resisting 
Ithe pressure of thecompre'ssed ai'r inside the 

_ .Y ._ __ A, -- ¿combustion chamber. 

at., 37?;Figsf10, 
and 11 is a weightedpiston in communica­` 

125 
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The door in place of being fiat is formed with 
a cylindrical part of the same radius or curva 
ture as the external casing of the combustion 
chamber to which it is accurately fitted. This 
door being placed in position is pressed to its 
seat or bearings on the one hand by a forked 
bar 50a (Figs. 1S and 19) jointed at one ex 
tremity to a iixed lug cast on the outer cas 
ing of the combustion chamber and at the 
other extremity to two lugs 54 on the door. 
On the other side the door is secured by a 
strap or stirrup 56“ likewise hinged on a fixed 
lug 56b cast on the external casing and pro 
vided with a pressing screw 55 (Fig. 19) which 
bears against a projection 56 onthe door. By 
these means the pressures exerted upon the 
lugs and the projection 56 on the door are 
always equal and directed in such a manner 
that the resultant of the said pressures passes 
through the .center of the area of the door 
and is normal or perpendicular to the latter. 
In other words the door may be described as 
being pressed against the cylindrical surface 
of the combustion chamber in the same way 
as a belt is pressed against the rim of a pul 
ley and the pressure is uniformly distributed 
on the joint independently of the way in which 
the tightening up is. performed. The door 
thus constructed can be employed to obtain 
access to the combustion chamber only dur 
ing stoppages of the motor and when there is 
no pressure in the said chamber. It is also 
necessary to provide means for loosening 
from the exterior the mass of clinkers that is 
formed in the combustion chamber and with 
out stopping the motor as they would other 
wise run together under the mass of burning 
fuel and end by choking up the passage for 
the air. With this object there is provided 
on the outer side of the door hereinbefore de 
scribed a ball and socket swivel 57 through 
the axis of which passes a poker or stirring 
instrument 58 which is consequently capable 
of lateral motion upon the axis of the said 
swivel. The latter is formed by a ball or 
sphere working in a corresponding cavity or 
recess formed in two parts one of which is 
formed in casting upon the door itself. The 
other part consists of a cast iron cap 59 pro 
vided with two lugs 60 perforated with oval 
holes through which is passed a pin or rotary 
shaft rotated by means of a handle 61. The 
trunnions 62 (Figs. 31 and 32) of this shaft 
work in the two lugs 63 cast on the door but the 
central part ot' the axis working in two lugs 
60 on the cap is eccentric by a few millimeters 
to the axis of the said trunnions. The lower 
side of the cap is perforated with a hole (Figs. 
33 and 34) through .which passes loosely a re 
taining bolt 65 (Figs. 26 and 34) provided with 
nuts and washers 66 and by means of which 
the cap is connected to the door. By means 
of these arrangements the swivel or ball 57 can 
be enabled to rotate freely when the poker is 
employed for stirring the tire and can be ñrmly 
tightened in the position represented in Fig. 34 
so as to prevent any escape of air when the 

poker is not in use. To obtain these results the 
apparatus is manipulated as follows: Assum 
ing the furnaceto have been charged with fuel 
(previously to starting the motor) and that the 
fire consequently does not require stirring the 
handle 61 (Fig. 33) is placed in a vertical po 
sition the ball and poker being in the position 
represented in Fig. 34. The nuts and wash~ 
ers 66 on the retaining bolt 65 are then per 
manently tightened up. Sufûcient play is 
allowed at the joints to enable the spherical 
surfaces to be brought into close contact dur- 
ing this tightening operation so that the aper 
ture provided for the passage of the poker is 
etfectually closed and no leakage of air can 
take place. In order to work the poker while 
the parts are thus tightened up, it would be 
necessary to exert considerable force but by 
slightly raising the handle 61 rotary motion 
is imparted to the eccentric pins 62, 64 so as 
to cause the two lugs 60 to move away from 
the door. By thus temporarily looseningthe 
cap the axis of the ball may be caused with 
out great effort to turn in different directions 
so as to generate a variety of conical surfaces 
having the center of theball as their apex and 
these displacements being combined with a 
sliding or longitudinal movementof the poker 
in the ball enable the point of this tool to reach 
all parts of the combustion chamber situated 
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within a field of action determined by cutting ‘ 
away more or less of the hemispherical sur 
faces between which the ball rotates. The fire 
being cleared or stirred the poker is raised as 
represented in Figs. 5 and 34 and the handle 
61 is forced down in order to tighten the cap. 
The poker may then be withdrawn and laid 
aside. All the parts of the combustion cham 
ber hereinbefore described are supported 
upon four Wheels (Fig. 19) traveling upon rails 
43 (Figs. 2 and 3). In order to place the com 
bustion chamber in position it is placed below 
the motor cylinder and in the axis of thelatter. 
When in this position it is immediately over 
a cast steel disk 69 (Figs. 5 and 7). 'l‘he body 
of this disk is provided with concentric cor, 
rugations which impart toit a certain amount 
of elasticity. The circumference of the disk 
bears against the under side of the base 47 
of the combustion chamber. The center of 
the disk 69 is supportedupon the center of a 
strong beam supportedat both ends by bolts 
71 suspended from the bed plate 4 of the mo 
tor. As indicated in Fig. 7 the bearings of 
these parts are of spherical form and the 
holes through which the rods or bolts are 
passed are tapered or conical to allow of oscil 
lation. When the nut of either of the bolts 
7l is tightened powerful pressure is exerted 
upon the joint between the combustion cham 
ber and the cylinder. In order to enable it 
to support this pressure which tends to crush 
it the sides of the combustion chamber are 
provided with webs 48. The joint between 
the ̀ lower edge of the cylinder and the upper 
edge of the combustion chamber is packed 
with a composition of asbestus and plumbago 
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which is powerfully compressed by the thrust 
ing action exerted upon the combustion cham 
ber by the-steel spring disky 69. By means 
of this arrangement the combustion chamber 
is enabled to expand freely in> a vertical di 
rection without breaking any _of the parts the 
sole'effect of the expansion being to slightly 
increasey the deflection of the disk 69.' and 
thus increase the pressure upon the asbestus 
packing.' , , ' » 

' »The motor cylinder is made in two parts.' 
The lower part‘72 is linedy with fire clay. Its 
length is equal to-the stroke of the pistonand 
it is provided withadmission ports 42 and ex 
haust ports 73 and with the vopeningthrough 
which thefuel is introduced (Fig. 5).v Thef 
upperpart 74 is bored out uand i's cooled by'la 
water jacket.> This second part attached to 
the first part by bolts is connected to the 
struts 11 (Fig. 7). On the top of this cylin 
der 'is bolted a castgiron 'ring carrying the 
supports of the pin G` of'the'links 5 (Fig. 7). 
Thepiston being in .the form ‘of a hollow 
plunger is made in three Aparts bolted to 
gether inthe interior. The lower part 75 is 
ofzcylindroîconicalform and its under side 
lits into the 'conical part 45 of the 'combus-v 
tion chamber as closely as possible in order to 
reduce the Waste space but at the same time 
allowingla certain amount of play when the 
piston isat the end of its> stroke. This> lower 
part ofthis piston is exposed to the greatest 
heat. being­ in immediate fcontact with the 
_dame and'in order to preserve it from burn 
ing or overheating it ­is`> provided internally 
withA a suitable number of vertical ribs or 
webs 76 presentin'galarge surface in contact 
with the external atmosphere so as to cool' the 
metal asmuch as possible. ­ The metal part 
78 of the piston is utilized for rigidly connect 
ing the piston‘to its rod which Vengages with 
a conical socket 79 connected to transverse 
arms 80. This connection does not require 
to be jointed owing to Vthe peculiar arrange 
Ament ofthe main beam hereinbefore de 
scribed. Y Consequently there is no joint re 
quiring lubrication in the interior of the pis 
ton this being an important advantage the 
temperature at the lower part of the >piston 
being too high to admit of the use of ­lubri 
cants. The two parts 75 and 78 of the piston 
are of a diameter slightly less than the inter 
nal diameter of the cylinder so that they do 
not> rub against thev sides of the latter but 
leave a narrow annular space Sl between the 
two cylindrical surfaces. The piston is made 
tight solely by’ the vthird part or upper section 
82 .which is provided with' suitable 'metal 
packing orjunk rings. The piston is ­ made 
of such a length that when it is at the upper. 
part of its stroke the two' lower yparts which 
are unprovided with“ packing ñll the ’bored 
part 74 of the cylinder which is exposed by 
the ascent of the’upper section­ 82 of the pis 
ton. This metal surface is thus Aeffectua’lly­ 
protected from direct contact with the llame 
which wouldl otherwise be liable4 to produce 

erosions. ln order to further protect this me 
tallic surface cold air _may be injected into 
an annular groove »formed above theïûrstseg 
ment. This ­compressed air tends to escape 
upwardinto the atmosphere­ and downward 
into ’the> combustion'chamber between the 
piston and the cylinder. This air‘being iun 
­der greater pressure than the pressure in the 
cylinder and’in the combustion chamber itis 
impossible for the dames and dust to escape 
between thepiston and the cylinder. .This4 
cold air is injected by placing the _groove in 
the piston continuously in connection-with 
the main compressed air chamber of the) mo 
tor by means’of the arrangement hereinafter 
described. - ' i ~ ' ' - - 1 ­ 

In the interior of the motor piston there is 
a vertical tube 83 (Fig. 5) closed atv its lower 
end and moving with the piston'. In this tube 
Works another tube‘84 of smaller diameter 
which is stationary beingsecured at’its'upper 
part to a bracket 85 bolted to the­ cast iron, 
ring on the top of the cylinder. This second 
tube works in glands 86 like the plunger' of a 
pump and introduces into the first tube a con` 
tinual 'supply of compressed air which'is sup 
plied fro’m the air chamber by a pipe 87. ' The 
interior o'f the tube 83 communicates through 
a pipe 92 with the groove 91 into whichthe 
air» under pressure is injected. This.­ com 
pressed'air iiows into the said groove and into 
the annular space 81 and clears and cools the 
sides of the cylinder and of the piston. The 
water employed for cooling the acting surface 
of this piston is supplied" through atube pro 
vided with iiexible parts made' of‘india rub 
ber andvcarried along the> beam.> After cir 
culating in the double casing o'r hollow sides 
of the-piston the water is discharged through 
a pipe similar to that by which it wasfintr‘o 
duced. " ­ ' ` 1 ’ 

The apparatus for introducing the 4fuel is 
arranged upon the motor cylinder.­ This fuel 
is introduced by hand into the combustion 
chamber as required by means of the charg 
ing or stokingl apparatus illustrated in the 
general view Fig-5 and in detail drawn'to'a 
larger scale in Figs. 14 to 17 of-the drawings. 
This >stoking or fuel feeding apparatus is con# 
structed with a hollow cylinder 96 turned and 
fitting accurately in a half cylinder 97 of cast 
iron with hollow sides cooled by a current‘of 
water. In order >to introduce a charge offuel 
into the combustion chamber the fuel is placed 
in a cavity 98 (Fig. 5) and by means of a crank 
handle 99 the cylinder 96 is rotated upon its 
axis through the required angle, so as to invert 
it and cause the cavity'98 to coincide with an 
inclined passage under it. = Under these cen-V 
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ditions the fuel slides down the incline and ' 
falls into the combustion chamber. The un; 
der side of the piston is provided with'a’re 
cess 101 opposite to the feed opening ̀ 100 'so 
that the latter may not be closed by the pis 
ton when it is at ­the bottom of itsst'roke. 
The hollow­ rotary cylinder 96 is 'pressed-to its' 
semi>cylindrical >seat’ 97 by ‘means of the‘a‘r 
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rangement next hereinafter described. On 
two fixed centers 102 (Figs. 14 and 15) are piv 
oted two levers 103 which transmit to the axis 
or ljournals 104 of the cylinder the pressure 
which they receive from two rods 105 con 
nected to their extremities by nuts and wash 
ers 106. These rods are provided at their 
other extremity with eyes in which work the 
eccentric ends 10S (Figs. 16 and 17) ofashaft 
107 which acts in exactly the same way as the 
shaft 62 of the ball and socket joint of the 
stirrmg mechanism hereinbefore described. 

»i In othe‘r words the angle of the eccentric part ­ 
108 relatively to the axis of the handle 109 is 
_so arranged that when this handle is lowered 
into the vertical position represented in Figs. 
14. and 15 it exerts the maximum amount of 
­traction on the rods 105 and the rotary cylin 
luder 96 of the charging apparatus is power 
fully forced down onto its seat 97. In this 
closed position it is necessary to make a tight 
joint so that no leakage can take place. This 
leakage is only prevented by tightening the 
parts as described which renders it extremely 
difficult to work the crank 99 so that when it 
1s necessary to introduce the charge of fuel 
the lever handle 109 must be lifted. The ro 
tary motion thus imparted to the shaft 107 
and to the eccentric ends 1081oosens slightly 
the rods 105 and enables the journals 104 of 
the charging cylinder 96 to rotate freely in 
their bearings. When the fuel has been in 
troduced and the cylinder brought back to 
the closed position the parts are tightened up 
by lowering the handle 109. The gases after 
acting on the motor piston are discharged 
into the casing 29 of the regenerator through 
a valve which is opened by a motor at the re» 
quired intervals. The construction of a du 
rable valve for this purpose presents peculiar 
difñculties. The exhaust valve must always 
fît perfectly tight. During the exhaust it is 
exposed to a kind of blow pipe jet which 
would very rapidly burn and destroy an or 
dinary gas valve. Moreover the exhaust car 
ries with it mechanically a quantity of parti 
cles of carbon, of dust and of sparks which 
would be liable to get between the rubbing 
surfaces ot' the guides causing them to bind, 
or stick and would be liable to stop between 
the valve and its seat so as to prevent it from 
closing properly. These disadvantages are 
obviated by constructing the exhaust valve 
of the improved motor as illustrated in detail 
in Fig. 9 of the accompanyingdrawings. The 
valve proper marked 110 is in the shape of a 
metal bottle through which al current of cold ‘ 
water is caused to flow it being introduced at 
the lower part through a vertical pipe at 111 
and escaping at the upper part through a pipe 
112 after having cooled the sides of the valve. 
In Fig. 9 the valve is represented as being in 
the raised or open position. In closing it de 
scends and rests upon its seat 113 thus cut 
ting 0E a communication between the space 
114 through which the gases are discharged 
and the exhaust chamber 115. The valve is 
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guided by means of two metallic linings made 
in segments one of which surrounds the lower 
part of the valve while the other surrounds 
the upper part which is of smaller diameter 
and corresponds to the rod in an ordinary 
valve. The lower lining is capable of sliding 
vertically inthe casing in the same way as 
the piston of a steam engine and works 1n a 
cylindrical opening bored out in the valve 
box and cooled by a current of water circu 
lating at 116. The upper lining works .1n a 
similar manner in a sleeve forming a tight 
joint with the valve box. The valve isbrought 
down on to its seat by the action of com 
pressed air supplied from the air chamber 
through a small pipe 117 acting in the space 
118 upon the annular shoulder formed by the 
difference in the diameters of the two parts 
of the valve. At the upper part of this valve 
there is fixed a stirrup 119 into which pro 
jects one arm of a bell crank lever 120 (Fig. 
12) which bears upon the lower extremity of 
an adjustable screw 121. This lever receiv 
ing oscillating motion from a cam 122 by the 
intervention of a connecting rod 123 lifts and 
opens the exhaust valve and allows it to de 
scend and' close at the required intervals. 
The lift of the valve 110 is equal to one quarter 
of the diameter of the orifice which it covers 
or in other words its stroke is made as short 
as possible. The capacity of the space 114 
surrounding the valve is also made as small 
as possible in order to reduce the waste space 
to a minimum but its shape is designed with 
a view to guiding the exhaust gases in a most 
advantageous manner. When the valve is 
raised the exhaust gases rush through the. 
port 73 and are divided into two lateral cur 
rents by a spur or projection 124. Each of 
these currents being caused to flow around 
half the circumference of the valve the area 
of the vertical section of the two halves of 
the annular passage 114 being symmetrical 
relatively to the plane of section in Fig. 9 
must diminish according to the same law as 
the number of streams of gas traversing the 
said section-_that is to say, in proportion to 
the distance traversed in the half circum 
ferences so as to reach a minimum at 114‘”. 
The exhaust gases draw with them into the 
passage 114 a stream of sparks which in time 
would injure the valve 110. This injury is 
not produced owing to the valve being drawn 
up into the lower section of the guiding cyl 
inder where it is protected from the flame and 
dust during the whole of the period of the ex 
haust. The lower end only which serves to 
direct the gaseous current is unprotected but 
presents a rough surface of cast iron which is 
continually cooled and is consequently not 
liable to be injured by the impact of the par 
ticles of solid matter. 
not accumulate upon `the seat ot the valve 
which is purposely made very narrow and in 
clined. The continued escape of air entering 
the space 118 prevents the dust and hot gases 
from entering the segments and the lower 
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These particles can- . 
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part of the valve guides. ­This escape of air 
constitutes a species 'of protecting sheath 
V‘arou nd the valve especially during the ascent . 
and descent of the valve owing to- the excess 
ofpressure in the air chamber acting at 118 
against the pressure of the exhaust acting at 
114. lIn addition'toreducing the waste'spa’ce 
-to a minimum'thisV arrangement of the ex 
haust Valve presents the following advan 
tages namely: No counter spring is required 
and the .valve guides are easily lubricated not 
being liable to become` choked ­with dust. 

is alwaysequal‘to the pressure exerted in the 
annular space due to' the difference in the di 
ameters of the two fitted parts forming thek 
guides; 'This force is independent of the 
pressure existing in the cylinder'at the end of 
the stroke. It does not cease suddenly at the 
moment of opening the valve as in an ordi-` 
nary valveA _constructed witha rod or stem. 
The details of Vthe constructionand work 

I- ing of the> exhaust valve have been described 
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at considerable length because theyare of the 
utmost importance with regard to the work 
ing of the motor in practice. 
The exhaust gases after passing lthe valve 

'.110 enter a chamber 115 provided with a ñre 
proof lining. As stated at the commencement 
of this description the hot exhaust gases' are 
employed for heating the regenerator to which 
they are conducted by a pipe made’of large 

Y diameter in order to ­.present as little resist 
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ance'asipossible to the flow of the gases. If 
the chamber 115 and the casing-29 of the re 
generator were simply connected by a rigid 
pipe with rigid joints all this part of the mo 
'tor would beliable to be dislocated in work 
ing owing to the relative displacements and 
Vunequalgex-pansion caused by the change of 
temperature of the different parts; This dis­` 
advantage'is obviated by ’constructing the 
connecting pipe .with joints so‘arra-nge‘d as to 
provide for the relative displacement in any 
direction of the chamber. 1115 relatively to the 
generator 29 and at the same time to enable 
the pipe tol expand in the direction of its ' 
length without tending to separate these two 
parts of thermotor.' In'order to obtain ‘these 
two results the cast iron »exhaust îpip’e'i'âl" is 
provided at its ­upper extremity with a ball 
and socket joint 125` working in a socket 126 

1 packed with‘asbestus’and bolted to the'un 

55 
der side of the chamber 115. At its lower 
extremity this pipe âlxworks in a stuffing box 
127 provided'at its lower part'with a ball and 
socket joint 12S working inthe same way as 

2 the joint'125­ in a socket' 129 packed with as 
bestus ­and fixed on the cover of the metal 
casing ofthe regenerator. Under these’con­` 
ditions when the chamber 115 and the regen-­ 
erator are displaced relatively to one another 

1 ­ the ball and socket jointsv125 and 128 turn in 
their packedsockets and the tube 31 is also 
free. to expand and .contract in the direction' 
of its length byv sliding in the stuffing boxß127. 
This tube> is protected internally> byl a ñre 

proof sleeve orlining 130. On referringjto 
Fig. 9 of the drawings it wi-ll be seen that all 
these arrangements although apparently com 
plicated can kbe easily constructed and taken 
apart. The gases thus conducted into the 
casing-of the regenerator ̀ are compelled to 
pass‘through the latter from one end to the 
other being caused to flow between 'the ­ver 
tical webs of the Worm before escaping into 
the chimney. It will be seen that in this pas 
sage the exhaust gases circulate in the cas 
'.ing of the'regenerator in the opposite direc 
tion to the'compressed air flowing in the cast 
iron pipe or worm.` lThis circulation in oppo 
site directions is highly favorable to the ex 
change of heat. 

75 

So 

It has been shown that a great number of ' 
the parts ofthe improved aerothermic motor 
are cooledïbya circulation of water. One of 
'the chief advantages of this class of motor is ' 
that' they do not consume this liquid being 
worked solely by the fuel and air. 

It is consequently advantageous in places 
where water is scarce to enable the same quan 
tity of water to circulate continually for cool 
ing the parts loss from leakage being made 
good from time to time. 
advisable in erecting- a motor according tb 
this invention to provide a tank or reservoir 
of sufficient capacity to enable the Water 
heated by the circulation to remainin the 
tank for a sufficient time to enable it to be 
cooled before it returns to the motor. This 
tank is not represented in the accompanying 
drawings but it will be readily understood 
that it may be arranged inthe same way as 
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lt is consequently' 
95 

the tanks frequently employed inconnection ~ 
with` gas engines. 105 
The invention is not limited as to the forms, 

dimensions, proportions and details 'of'con 
struction illustrated b_y way of example in 
the accompanying drawings. 
Having now particularly described and as­­ 

certained the nature of my saidlinvention and 
in what mannerthe same is to be performed­` 

IIC 

'1; In an aerothermic motor, the combina' 
tion with a motor-cylinder and a movable 115 
combustion chamber, of means for tixing'the 
sameifirmly in position comprising afcorru 
gated flexible plate,` swiveled rods, and a 
beam suspended by said rods and adapted to 
engage and force the flexible corrugated plate 
against the combustion chamber, substan 
tially as described'. ' ‘ . 

2. In­ an aerothermic motor, the combina 
tion with a motor-cylinder, of an exhaust 
valve mechanism,I comprising a vaive’seat, a 12g 
cylinder of lthe same diameter as the valve 
seat,'a smaller cylinder arranged above' the 
?rst named cylinder and separated therefrom 
so as to leave an annular space, and a> hollow' 
valvemovable infsaid cylinders, means for 
admitting waterto said‘hollow valve, ­and 
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means for admitting compressed air to the» . 
annular space between the two cylinders, sub 
stantially as described. v 




