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UNITED STATES

PateEnT OFFICE.

LUCIEN GENTY, OF TOURS,; FRANCE.

AEROTHERMIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 508,301, dated November 7, 1893,
Applica,tioﬁ filed August 12, 1892, Serial No. 442,837, (No model))

To all whonv it may.concern: o

Be'it known that I, LUCIEN GENTY, a citi-
zen of France, and a regident.of Tours, in the
Department of Indre-et-Loire, France, have
invented a new and useful Improvement in
Aerothermic Motors, of which the following
is a specification.

My invention has for its object the removal
of the disadvantages which have heretofore

prevented hot air motors from coming into

general use. c :

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

. _capable of withstanding the destructive ac-

25

tion of the flame and dust; the employment

of a jointed escape pipe admitting of free

expansion of the parts, the application of an
improved heat regemerator with provision

~ for expansion, and improvements in the con-

30

35

40

- 45

50

the fuel into the combustion chamber.

struction of the apparatus for introduci}gg
y
means of these several improvements and by
combining thesameIamenabled toconstruct
a hot air engine capable of being employed
with great advantage in practice; and in
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 refer. to the several figures on the
annexed sheets of drawings the same figures
of reference indicating corresponding parts
in all the figures. o ) R
‘Figure 1 of the accompanying drawings
represents partly in elevation and partly in
longitudinal section thegeneralarrangement
of a motor with its foundations constructed
according to my invention. Fig. 2represents
the motor in elevation and the foundations
in transverse section. Tig. 3 is 4 plan of the
same. Fig. 4. represents-the motor in side
elevation. TFig. 5 represents the motor in.
longitudinal section. Fig. 6 represents the
motor and apparatus placed upon the foun-

" dation.. Fig. 7 represents the motor cylinder

pin 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- 53
sion and escape valves. Fig. 9 represents
the escape valve in section drawnto a larger
scale. " Fig. 10illustrates the admission valve

in end élevation. Fig. 11 represents a side
elevation of the same. Fig. 12 is alongitudi- 60
nal elevation of the mechanism for working
the escape valve. . Fig. 13 is a longitudinal
elevation of the mechanism for working the
admission valve. Fig.14 representsthe stok-
ing or fuel supplying apparatus in longitudi- 65
nal elevation. Fig. 15 illustrates the same
apparatus in end 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- 70
vation. TFig. 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 on the line  F Fig. 18. Fig. 75
20 represents the combustion chamber in ver-
tical section on the line G H Fig. 19. Fig.
21 illustrates the eombustion chamber in ver-
tical section oh the line I J Fig. 19 the swivel
or ball and socket arrangement for the stir- 8o
ring instrument being omitted. Fig. 22 rep-
resentsin longitudinal section the swivel with
the end. of the stirring instrument or poker.

-Fig. 23 represents the same 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 representsthe same in trans-
verse section. Fig. 27 represents the door in go
plan. Fig. 28 represents the door in horizon- ~:
tal section. Fig. 29 represents the cap of the = .-
ball and socket swivel in vertical section.
Fig. 30 represents the same in horizontal sec-
tion. Fig. 31 is a longitudinal elevation of g3
the eccentric pin or axis of the cap. - Fig. 32

is an end view of the same. Fig.33isa front
view of the door with the cap and eccentric
Fig. 34 is a transverse sec-
tion of this combination showing the swivel 100
and poker. Fig. 35 illustrates this combina-
tion in plan without the swivel and poker.
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Fig. 36 is a horizontal 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 to3 represent the motor proper
fixed 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., Thatarm of the beam which is connected
to-the 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 of the motor eylinder 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 difficult to lu-
bricate and keep .in order. This arrange-
ment also obviates the oblique thrust upon
the piston which produces vibrations and
tends tocause the cylinder to wearoval. The
other extremity of the beam is connected to
two. rods § and 9; the rod 8 imparts rotary
motion to the horizontal shaft of 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 isprovided at its upper part
with the fixed pins 6 for gniding 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 toresist the obligue strain
which is produced in working the engine and

~ is transmitted to the 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 deseribe one by one
the several parts of the motor to which my
improvements relate and in this description
I will follow the course of the air from the
time when it is drawn in from the atimosphere
until it is discharged from the motor, de-
seribing suceessively in the order.in which
they present themselves the different pieces
of mechanism and apparatus met with or
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 10 is supplied
from a large chamber 13 arranged below the
level of the floorand communicating with the
external atmosphere through an underground
pipe 14 (Fig.1). This air chamber acls in

508,301

the same way as the air chamber of a pump
by regulating the flow of air through the pipe
14 and thus obviating the noise which would
be caused by a sudden or intermittent rush
of air. A cireular manhole provided with a

-cover:15 is provided forexamining and clean-

ing out the chamber 13. " The air thus drawn
in by the pump passes through the suction
valves 16 (Figs.5 and 6) and delivery valves
17 which may be of any suitable form. The
delivery valves are arranged above the suc-

70

75

tion valves in the interior.of thegemicireular

gallery 18 cast in one with the air pump eyl-
inder and by which the latter is connected to
the chamber 4. The pump cylinder Fig.5 is
provided with a jacket in which water is
caused to circulate in order to absorb the Lieat
resulting from the compression of 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
throngh a pipe 24 (Fig. 1) into a supplemen-
tary chamber 25 which it enters through an
orifice 26 (Fig. 2).

8o

85

9o

This chamber is formed -

by a cast iron box strengthened by ribs or -

webs and arranged in the foundation of the
motor.
is received on leaving the chamber 25 is com-
posed of a long metal pipe bent in a zig zag
or sinuous form the external surfaces of
which being provided with ribsin order to
increase the heating surface are heated by
the exhaust gases which aredischarged 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 tubeor wormn is composed
of short lengths of tube 27 (Figs. 2, 3 and 6)
in the form of theletter S connected together
by flanges and bolts in such a manner as to
form for example three tiers of ten lengths
each but I.do not limit myself tn these num-
bers. These tubes are provided, in addition
to the flanges, 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 lifted 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 sapported 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 flat 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

95
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connection with the box or casing of the.re-
generator-and exhaust valve are hereinafter
more fully described. - This casing is protect-
ed internally by a fire-brick lining 32 which
5 preserves it from contact with the hot gas and
resists the high temperature so that the wmietal
sides of the casing are simply required to re-
‘sist the slight pressure of the exhaust gases
and act as a frame or support for the fire-
brick lining. Before it enters the motor cyl-
inder the compressed air is compelled to trav-
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
,drawxnos (Fig. 2). . .
It is'necessary to enable the combination of

10

15

tubes to expand in ‘the regenerator without

injury to the points in.the interior of.the fire-
proof casing. This expansion isprovided for
asfollows: The air proceeding-from the cham-
ber 25 enters the regenerator through a bent
zpipe 33 (Figs. 3.and 6).

20

the ellipse-being vertical and it is then united
with the extremity of the regenerator at which
‘-theair is.supplied. This: flattening of- the

tube renders itflexible for a sufficient length |

30 to enable it to accommodate itself tothe elon—
gation of -the .series of regenerating pipes.

Throughout:the whole of thls length the flexi--

--ble. elhptlcal tube 33 is contained.in-a rigid

sleeve 34 of-slightly conical or taper. form_
35 (Figs. 3 and 6) rigidly attached to the side of-

1he metal casing which at-this point-is. per-

torated as well as the brickwork with a hole.

.- allowing the.flexible tube:to pass with suffi-
cient play or freedom. - This arrangement-is

40 clearly represented in dotted linesin Figs. 1,

8 and 6 of:the. accompanying drawings. On

leaving:the regenerator the compressed airis-
... conduected to the-inlet valve through a.pipe-

35. Thecombination of bent.tubes or worms.
45 is attached to the sides of the casing at the
extremity nearest to the exhaust valve and is

free .to expand. at the other!éxtremity which-

.is supported upon a ball and;is not connected

- to.the case except by the flexible tube 33.
50 The tube 33 is of -sufficient length to enable
its flexibility .to-allow of the expansion of the
case of the regenerator. -

air issu pphed ata relatlvely low temperature
55 through the long pipe85 is'a doublebalanced

valve Theld to its seat ‘by ahelical spring 37:

and worked by one-of the cams 38 (Fig.13) on:
~thehorizontalshaft. . The:movement is trans-

mitted. to the.valve by a combination of rods.

6o and bell crank levers asillustrated in. Fig.13.

This gear is so constructed as toenable a gov-:

ernor -39 (Fig. 4) to.cause the roller 40 to work

" diminish the admission of air accordlnw to
65 the variations in the speed.

The part of this pipe.
immediately -beyond the bend is flattened or:
25 of elliptical form in section'the major-axis of.

Jdining. -

Theadmission valve-
86 (Figs. 8, 10and 11) to which the compressed.

:when requued
. on either.of the cams-38 so-as to increase or: |t

tion with the compressed air chamber of the

motor: -
ishes this piston rises and falls and by means
of a.rod 37° works a valve 42* which regu-
lates the proportion of air delivered into the
pipes or passages 41 and 42. ~ After passing
through the admission valve. the air'is di-
vxded into two portions. The first portion

passes-through a passage 41 (Fig. 8) at the
lower part of the mass of .fuel containedin the-

combustion chamber through which it flows
thereby becoming largely mereased in vol-
ume. The sécond part .passes. through the

passafre ‘42 over the combustion chamber and-

is used for the combustion of the carboenic
oxide generated. :
sitnated at the lower end of the motor.cylin-
der:is constructed in such a manner as to be
capable. of being readily separated or de-
tached-for examination or repairs.

18 and 19) traveling upon rails 43 Figs. 3 and

6. The.combustion chamberis placed in:po-
‘sition by wheeling it under the cylinder:and.

attachmcr it-by means of a tight Jomt made
as heremafter deseribed.

The combustion ‘chamber 44 illustrated-
drawn to a larger scale in Figs. 18 to 21 of g5
the annexed drawmgs is of . t,he shape-of:a-

funnel of cast iron lined with: fire clay 45.

‘The -bottom is' enlarged-or widened: being-

formed by a basin 46 slwhtly convex-at the
center.and likewise protected by a fireproof
Externally:the lower part of the fur-
naceisprovided witha conical base 47 formed

in -the casting and.supported -upon four:
The Whole structure is strength--
_ened by vertical ribs 48 which enablethe com-‘
bustion- chamber. to- support a considerable:
amount of vertical pressure without break-

wheels. .

ing. -The passage 41 receiving a portion of

_the air from-the.admission valveis formed-in
casting in‘the casing of the combustion cham-

ber.: This -form of combustion chamber én-
ables the fuel to be. burned without a grate.

be continually cooled at the place where it is

.exposed to the highest temperature by water

circulating at 49, The fire proof lining is se-
cured between twomovable iron rings 50and

51 the ring 50 being loosely supported in a
1¢or respondinw recess in the lower part of the:

castiron casing44andthering 51surrounding:
the orifice of the funnel bemw on'a level Wlth
‘When the

At the lower part

Thedoor is madetight

'by. means of arrangements illustrated in de-ﬁ
‘tail in Figs.18to- 3(_) of the annexed drawings.

The combustion .chamber

‘With this-
object it is placed upon four.wheels (Figs. 2;-

As the- pressure inereases or dimin--
570

75

8o

85

[41¢]

B gele]

105

I10

‘The lower -part of the cast iron casing may: .

120

‘the edgesthereofand to Wthh itisattached by
bolts such as the bolt 52 (Fig: 7
fire proof lining requires renewal the upper
‘ring 51-is 1emoved ‘and the lining can then be
‘readily repairedorremade..
‘of the combustion chamber there is a door 53
:enabling the ashclinkersor fuel to be removed
This door requires to be
tightly closed and to be capable of -resisting.
-the pressure of the compressed air inside the
-|:combustion chamber.

The apparatus represented ab. 37a Fws 10,
and 11 is a weighted piston in communica-

130
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The door in place of being flat is formed with
a cylindrieal part of the sameradius or curva-
ture as the external easing of the combustion
chamber to which it isaccurately fitted. This
door being placed in position is pressed to its
seat or bearings on the one hand by a forked
bar 50* (Figs. 18 and 19) jointed at one ex-
tremity to a fixed 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
Ing 56° cast on the external casing and pro-
vided with a pressing screw 55 (Fig. 19) which
bears against a projection 56 on-the 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
onthe jointindependently of the way in which
the tightening up is performed. The door
thus constructed ean 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-
seribed 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 eap 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 twolugs 63 cast on the door but the
central part of the axis working in two lugs
60 on theecap is eccentric by afew millimeters
to the axis of thesaid trunnions. The lower
sideof 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 thesearrangements theswivel or ball 57 can
be enabled to rotate freely when the poker is
employed forstirring the fire and can be firmly
tightened in the position represented in Fig. 34
80 as to prevent any escape of air when the

pokerisnotinuse. Toobtaintheseresultsthe
apparatus ismanipulated as follows: Assum-
ing the furnace to have been charged with fuel
(previously tostarting the motor) and thatthe
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. 3¢. The nuts and wash-
ers 66 on the retaining bolt 65 are then per-
manently tightened up. Sufficient play is
allowed at the joints to enable the spherieal

surfaces to be brought into close econtact dur--

ing this tightening operation so that the aper-
ture provided for the passage of the poker is
effectually closed and no leakage of air ean
take place. In order to work the poker while
the parts are thustightened up, it woald be
necessary to exert considerable force but by
slightly raising the handle 61 rotary motion
is imparted to the eccentrie 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 toturn in different directions
S0 as to generate a variety of conical surfaces
having the center of the ball as their apex and
these displacements being combined with a
slidingor longitudinal movementof the poker
in the ball enable the point of this tool to reach
all parts of the combustion chamber sitnated

7¢

75

8o

85

gu

95

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. Allthe parts of the combustion cham-
ber hereinbefore described are supported
upon four wheels (Fig. 19) traveling upon rails
43 (Figs. 2 and 8). In order to place the com-
bustion chamber in position it is placed below
the motorcylinderand in the axisof thelatter.
When in this position it is immediately over
a cast steel disk 69 (Figs.5and 7). Thebody
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 supported upon the center of a
strong beam supported.at both ends by bolts
71 suspended from the bed plate 4 of the mo-
tor. As indicated in TFig. 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
71 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 tocrush
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

100
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which is powerfully compressed by the thrust-
ing action exerted upon the combustion cham-
ber by the.steel -spring disk-69. By weans
of this arrangement thé combustion chamber
is enabled - to expand freely in a vertical di-
rection without breaking any of the partsthe
sole effect of the expansion being to slightly
increase 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 lined with fire clay. Its
length is equal to-the stroke of the piston-and
it is provided with admission ports 42 and ex-
haust ports 73 and with the opening through
which the fuel is introduaced (Fig. 5). The
upper.part 74 is bored out and is cooled by'a
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 cast;iron ring carrying the
supports of the pin 6 of the links 5 (Fig. 7).
The piston being in .the form of a hollow
plunger is made in three parts bolted to-
gether in the interior. The lower part 75 is
of cylindro:conical . form and its under side

fits into the conical part 45 of the combus--

tion chamberas closely as possible in orderto
reduce the waste space but at the same time
allowing'a certain amount of play when the
piston is-at the end of its stroke. - Thislower
part of this piston is exposed to the greatest
heat' being in immediate ‘contact with the
flame and in order to preserve it from burn-
ing or overheating it ‘is: provided internally
with” a suitable number of vertical ribs or
webs 76 presenting a large surface in contact
with the external atmosphere so as to cool the
metal as. much as possible.- The metal part
78 of the piston is utilized for rigidly connect-
ing the piston to its rod which engages with
a conieal socket 79 connected: to transverse
arms 80. This connection does not require
to be jointed owing to the peculiar arrange-
ment of the main beam hereinbefore de-
seribed. . Conseéquently 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 thé piston
are of a diameter slightly less than theinter-
nal diameter of the cylinder so that they do
not rub against the sides of the latter but
leave a narrow annular space S1 between the
two cylindrical surfaces. The piston ismade
tight solely by the third part or upper section
82 ‘which is provided with- svitable metal
packing or junk rings. - The piston is made

of such a length that when it is at the upper.

part of its stroke the two lower parts which
are unprovided with' packing fill 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 effectually
protected from direct contact with the flame
which would otherwise be liable to produce

erosions. Inordertofurther protect this me-
tallic surface cold air may be injected into
an annular groove formed above the first seg-
ment. This compressed air tends:to :escape
upward into the atmosphere and downward
into the combustion chamber -between the
piston and the cylinder. This air-being un-
der greater pressure than the pressure in the
eylinder and in the combustion chamber itis
impossible for the flames and dust to escape

between the piston and the cylinder. This .

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 liereinafter
described. o S g
In the interior of the motor piston there is
a vertical tube 83 (Fig. 5) closed at-its lower
end and moving with the piston. - In this tube
works another tube 84 of smaller diameter
which ig stationary being secured 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 whichis sup-
plied from the air chamber by a pipe 87. ~ The
interior of the tube 83 communicates through
a pipe 92 with the groove 91 into which the
air- under pressure is injected. This: com-
pressed air flows 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 a tube pro-
vided with flexible parts made of "india rub-
ber and carried along the beam. = Aftereir-
culating in the double casing or hollow: sides
of the piston the water is discharged through
a pipe similar to that by which it was intro-
duced. - : ) Do
The apparatus for introducing the fuel is
arranged upon the motor cylinder.. Thisfuel
is introduced by hand- into the combustion
chamber as required by means of the charg-
ing or stoking 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 eylindér 96 turned and
fitting aceurately in a half ecylinder 97 of cast
iron with hollow sides cooled by a current of
water. In ordertointroduce a charge of fuel
intothe combustion chamberthe fuel is piaced
in a cavity 98 (Fig. 5) and by means of acrank
handle 99 the cylinder 96 is rotated upon its
axisthroughtherequired angle, soasto invert
it and cause the cavity 98 to eoincide with an
inclined passage under it.: Under these con-
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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 its- stroke.

The hollow rotary cylinder 96 is pressed-to its

semi-cylindrical seat 97 by means of the-ar-
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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 journals 104 of the eylinder 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 108 (Figs. 16 and 17) of ashaft
107 which acts in exactly the same way as the
shaft 62 of the ball and socket joint of the
stirring mechanism hereinbefore deseribed.

-In othér words the angle of the eccentric part

108 relatively to the axis of the handle 109 is
so arranged that when this handle islowered
into the vertical position represented in Figs.
14 and 15 it exerts the maximum amount of
traction on the rods 105 and the rotary eylin-
inder 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 108 loosens 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 eylinder 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
difficulties. The exhaust valve must always
fit 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 of 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 construeting the exhaust valve
of the improved motor as illustrated in detail
in Fig. 9 of theaccompanying drawings. The
valve proper marked 110 is in the shape of a

metal bottle through which a 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 off 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 metalliclinings 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. Thelower lining is capable of sliding
vertically in the casing in the same way as
the piston of a steam engine and works in a
cylindrical opening bored out in the valve
box and cooled by a current of water eircu-
lating at 116. The upper lining works ina
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 whiech pro-
jects one arm of a bell erank 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.
Thelift of the valve 110is equal to one guarter
of the diameter of the orifice which it covers
or in other words its stroke is made as short
as possible. The eapacity 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 wmanner. 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, ib proportion to
the distance traversed in the half cireum-
ferences so as to reach a minimum at 114%
The exhaust gases draw with them into the
passage 114 a stream of sparks which intime
would injure the valve 110. This injury is
not produced owing to the valvebeing drawn
up into the lower section of the guiding eyl-
inder where it is protected from the flame and
dust during the whole of theperiod 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 of the valve
which is purposely made very narrow and in-
clined. Thecontiniied eseape of airentering
the space 118 prevents the dust and hot gases
from entering the segments and the lower
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part of the valve guides. *This escape of air

constitutes a species of protecting sheath

‘around the valve especially during the ascent

and descent of the valve owing to the excess
of pressure in the air chamber acting at 118
against the pressure of the exhaust acting at
114. In addition to reducing the waste space

‘to a minimum ‘this. 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 always equal-to the pressure exerted in the
annular space due to the differencein the di-

ameters of the two fitted parts forming the.

guides. This force is independent of the
Pressure existing in the cylinderat the end of
the stroke. It does not cease suddenly atthe

moment of opening the valve as in an ordi-

nary valve constructed with-a rod or stem.
The details of the construetion and work-

E ing of the exhaust valve have been described

25

30

at considerable length because they are of the
utmost importance with regard to the work-
ing of the motor in practice.

The exhaust gases after passing the valve-
"110 enter a chamber 115 provided with a fire-

prooflining. Asstated 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

- diameter in order to: present as little resist-
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ance as-possible 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 be:liable to be dislocated in work-

ing owing to the relative displacements and
unequal-expansion caused by the change of
temperature of the different parts. This dis-
advantage- is obviated by constructing the
connecting pipe with joints so arranged asto
provide for the relative displacement in any
direction of the chamber 115 relatively to the
generator 29 and at the same time to enable

the. pipe to expand in the direetion of its |

length without tending to separate these two
parts of the motor.: Inorder to obtain these
two results the cast iron -exhaust pipe 81 is
provided at its upper extremity with a ball
and socket joint 125 working in a socket 126

- packed with asbestus'and bolted to the un-

55

der side of the chamber 115. At its lower
extremity this pipe 81 works in a stuffing box
127 provided at its lower partwith a ball and
socket joint 128 working in the same way as

; the joint'125 in a socket 129 packed with as-

6o

bestusand fixed on the cover of the metal
casing of the regenerator., Under these con-
ditions when the chamber 115 and the regen-
erator are displaced relatively to one another

- : the ball and socket joints 125 and 128 turn in
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their packed sockets and the tube 31 is also
free to expand and .contract in the direction
of itslength by sliding in the stuffing box:127,
This tube is protected internally by a fire

proof sleeve or lining 130.  On referring 'to
Fig. 9 of the drawings it will be seen that all
these arrangements although apparently com-
plicated can be 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 regenerdator in the opposite direc-

tion to the compressed air flowing in the cast
iron pipe or worm. This circulation in oppo-
site directions is highly favorable to the ex-
change of heat.

‘o

It has been shown that a great number of

the parts of the improved aerothermie motor
are cooled by a circulation of water. Oneof

‘the chief advantages of this class of motoris-

that they do not consume this liquid being-

worked solely by the fuel and air.

It is consequently advantageous in places
where water isscarce to enable the same quan-
tity of water to cireulate continually for cool-
ing the parts loss from leakage being made
good from time to time.
advisable in erecting a motor according
this invention to provide a tank or reservoir
of sufficient capacity to enable the water
heated by the circulation to remain.in 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 in the same way as

It is consequently
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the tanks frequently employed in.connection -

with gas engines.

The invention is not limited as to the forms,-

dimensions, proportions and details of con-
struction illustrated by way of example in
the accompanying drawings.

Having now particularly described and as-.

certained thenature of my said-invention and
in what mannerthe same is to be performed,

T declare that what I elaim is— RS

1. In an aerothermic motor, the combina-
tion with a motor- ¢ylinder and a movable

combustion chamber, of means for fixing -the

same- firmly in position comprising a corru-
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, comprising a valve seat, a

eylinder of the same diameter as the valve

seat, a smaller cylinder arranged above the
first named eylinder and separated therefrom

8o as to leave an annular space, and a hollow:

valve movable in-said eylinders, means for
admitting water to said:hollow valve; and
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means for admitting compressed air to the

annularspace between the two cylinders, sub-

“stantially as desecribed. :
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3. In an aerothermic motor, the combina-
tion. with an exhaust valve casing, and a re-
generator or exhaust chamber, an exhaust
pipe having ball and socket joint connections
with said valve casing and said regenerator
or exhaust chamber and a stuffing box pro-
vided in one of the ball and socket joints
within which stuffing box the exhaust pipe is
capable of sliding whereby its length may be
expanded and contracted, substantially as de-
scribed.
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4. In an aerothermic motor, the combina-
tion with a motor - eylinder, of an exhaust
valve and a jointed expansible exhaust pipe
communicating therewith. .

In testimony whereof I have signed this
specification in the presence of two subserib-

ing witnesses. o
LUCIEN GENTY.
Witnesses:
W. Jon,
O. MERILT.ARPE.
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