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FRANCISQUE MILLION, OF PARIS, FRANGE.
|  Letters Patent No. 83,4186, dated Apﬁz__ 2, 1867.
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~ IMPKOVEMENT IN GAS ENGINE.

- ﬂligz Schednls mferrey ty i fhese Hetters. Patend ;tﬁh miRhimy 'ym of it{t STIRe,

Bpecification of lmprovements in Hot-Air and Gas Engines invented by FRaNCISQUE MTLLION, of Paris,
in the Empire of France, | o R "
| Introduction.
| All Eﬂgh}ﬁﬂ Qf this geneml ﬂh_#i‘acte;‘, a8 usua,lljf canétmcted, invelve very grave aefects by reason of the
mezns commonly employed for heating or igniting the air and gases to produce the necessary sxpansive force.
Among theue: defects are the following: In ecaseswhere the fire is npplied outside of the engine, like the
t. wanner pract-_lsed with steaim eng_inas,= heaters qf erormous size are required, owing to the large extent of hesting
. ~ surfacerequired, In cases where the fire ig ‘applied inside of the engine, as usually practised in some gas
-engines, its proper management has been ‘found 'a matter of no little dificulty, aud the working of the parts
“bas been impeded by the imperities of the gas and the products of combustien which find their way inte or
form in the cylinder. The.object of this invention is to overcome these difficulties by meana. of an engine
2apable of efficiently burning internally gases prepared for combustion by the admixture of a proper propor-
tica of atmospheric air, and said invention consists in the imprevements hereinufter more fully described and
get forth. | o : . o
| Description of 1he Drawingsa.
In the accompanying drawings— | J
Figure 1 is a side elevation of my machine. | |
‘Higure 2 is a plan or horivonial view of the eame, showin g the driving-cylinder, cylinder-heads, valve-chest,
valves, and some other paris in section. | B - L
Figure 8 is a vertical transverse section of ths driving-cylinder; pumps, and some other parta. o
 Figure 4 i3 & vertical longitudinal section of the pipe and apparatus, in which the diffsrent gases are mixed
~on their way to the velvechest. I S |
~ TFigure § is a vertical section taken through the centre of the pipes a’ and ¥, (fig. 4,) and showing more
clearly the construction of the apparatas for dividing both the gas and air into veins or thin sheets, and ihter-
polating the veins of gas with the oorrespording veins of air as they pass into the open or unobstructed portion /
'_‘nf.thepip_'e. B | - | K o
Figure © is a central section of the driving-piston and a part of the main cylinder, showing the device for
passing the electric eurrent through the cylinder-head and igniting the gases inside of the cylinder.
. Figure T is a detail view, showing the construction of parts for connecting the wire which conveys elec-
| tricity into the driving-cylinder t¢ ignite the gases, with a wire connected witk an clectrical battery.
o | Figuve 8 is & ceniral section of an auxiliary valve-box or pipe, to be placed on: the main valve-chest, and
_provided with elack-valves to preveut the resurn of the combustible gases through the pipes leading to the
- valve-chest wheun the spark in the cylinder ignites the gases. | -

Figure 9 represents an arrangement in which there are two separate receivers in which the gas andair
used ave received from the pumps, one pf which receivers is connected to oue end of the drivin g-cylinder, and
the other with the other end, each of the pumps being double acting. | |

Figure 10 represents an arrangemen: of parts by which the gases are fired in an suxiliery cylinder, end
conducted in an expanded state to the driving-cylinder, where the effect of such expansion is utilized. It also
shows the mode of lining the combustien-cylinder. |
' , General Descrifition. - .

In the drawings, hes. 2, 8, 6, and 9, C is the msin or dri#ing—cyliﬁdgr of the angine,‘which cyl‘indgr 18
:E'I:plieﬁ with & mixture of atinospheric air and inflammable gas by means of two pumps, A and B, the fopmer
supplying air, and the.lattc' supplying gas. In the arrangement represented io figs. 1, 2, and 33 the piston
rods of these pumps are cennected direcily by meane of the cross-_hea_d R to tha 'pistou-ro_d'c-f the -driving-
ey}inder;'mn&“are moved by it. This eylinder, C, is 5urrounde{i by s casing, Q, which is sceurately fitted Eo the
_eylinder at the .ends and around the gas passages, and the jeints carefully packed, as represented, leaving s
space or opening.around the cylinder, and between it and the -casing, for o current of water to pass 1‘TI!hIW::H:i'gl:l
for the purpose of cooling the. cylinder, T‘hef heads of the driving-eylinder frsre.'ﬁlsu._chumbgred, a3 snown, to
2llow o similar cireulation of water through them for the samne purpose; and the chambers in these cylinder
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heads are-so connected. with the space between the cylinder and.its casing, wna so provided with external open-
- ings, that the water to.coo! the cylinder may be forzed into or supplied to tha chomber in the cy]inder-heaﬁ af
~ one-end of the cylinder, and passing between the cyvinder and the casing enter and be dischatged through the
- chamber in_the opposite head of the oylinder. The cylinder may aldo be eooled by placing & large casing
- around it, with an opeding at the bottom of the casing and ﬁ.nothje'r at the top, to the latter of which it would
 be well to attach a chimney to cause the air to circulate rapidly thiough the casing to cool the cylinder. The
gylinder might algobe cooled by injecting into it o jet of ol water, in which case the cading Q.would be dis '.
- pensed with,. The cylinder € is provided with o slide-valve, ¢, opening paasages into the eylinder, and 4 cut-off;
d, placed in. o cut-off box outside the main valve-chest, as shown. These valves may be operated by any of.
the appliances used to operate similar valves in steam and other gas engines, and the power of this engine is
- applied by means of* & erank in the ordinary manner. ' In constructing and ‘arranging the mein slide-valve, I
meke it hollow throaghout its entirghickness, and in two paris, with o gasket or other packing between them,
as shown, the two parts together having sufficient depth to extend from the valve-seat to the cover of the valve-
‘chest; and I also make an exhouss opening thréugh the said cover, 86 as to allow the engino to exhaust directly
through the valve, and obyiate tlle necessity of an exhaust port inthe eylinder, and at the same time in such
2 mapnor as not t¢- require move then the usmal single pair of passages from the slile-valve into the cylinder
for the induction and eduction of the gises. The puﬁ;p'ﬁ supplies at-niaspheric air, as above stated, and the
pump:-B furnishes ¢ombustible gaa from 5. gasoheter, or -other sonrce of supply, 2aid pumps dischsrging through |
{liepfpes @ and & respectively into the respective brancheg/a’ and &’ of ‘the mixer, represented. in figs. 4 and 5
Yt will be observed that the construction and arrangement of the two putips and the cylinder, in combination
~with each other, is snch that one of these pumps forees forward & supply of air a¢ the same instént that the
other forces forward a supply of gas, go that both air and gas, in their proportionate quantities, are forced intp
end through the mixer eimultaneoucly, thus insuring o uniform mixture of the two'elements. F, in figs. 4 and
* B, is » diaphragm, the purpoge of which is to divide the air and the gas into thin pavallel and interpolated veins,
‘and may be made of a single sheet of metal folded several times on itself in such a manrer as to - form parallel
~‘passages opening alternately, one from the side at- which the gns i admitted, and the other from the ride from
which the air is received; or it may be construuted of separate sheots anited by ribs placed on the air side and
~ gas side alternately, as shown in fig. 5. 1In consequence of this. arrangement, the.air and the gas, on entering
the mixer, are divided into parallel and interpolated veins, which very much facilitates .théifl?aéing avenly:
mingled when they .come togbther ‘after passing this disphragm. The gas and air thus -interpelated come:
together in the pipe e, acrose.which, if thought desirable, wire clo.us may be placed to perfest the mixing;.
The gases thus mixed pess through the pipe ¢ to & pressure reservoir or gasometer made of mefal, of any”
desired capacity, and provided with a'sp,fety-valﬁe to allow the gas to cscape when it reaches an unsafe limit.
| '];ha' gos from said reservoir subsequently passes to the valve-chest through' the pipe: T, and the supply to. the

.engine is regulated by & butterfly-valve and governow in the seme way that. the supply of stesm to a steam

engine is controlled. The mixer may be placed in either of two different positions with relation to other parts.
“First, it.-may be located between ine pumps and the reservoir, as already described s second, it may be placed
in the pipe which conveys the gases to the driving oylinder and near the valve-chest, in which-case there should -
be two reservoirs, one to regéive aii from'the air-pump, and the:other to receive gas from tho gas-pump. The
gas, mixed with air, being thus introduced into the eylinderof the engine, is ignited at. the proper point in
each stroke by means of a Rubinkorff apparatus, or electrical battery, which is controllea by tho rod which
works the cut-off valve, The advantages of working the igniting app?aﬁifus'- by the cus-off will be apparens
when we consider that by.such-arrangement the ignition is acoomplished a¢ the precise momant that the closing
of the passage is effected by the cut-off, which insures security on the one hand snd the earliest practicable
ignition on the other. ~To accomplish thie purpose two insulated.wirss pass through the’ eylindor. head, se-
represented ot z in fig. 6, and their ends,.inside of the cylinder, are placed near to esch other, so that the
electric spark may pass from one to the other to ignite the gas contained in tha cylinder. These wires may,
however, be conireoted by a piese of platinum, and the gases ignited by the heat produced in it by the paeting
curent. - These wires are properly connected to a Rubinkorfl ﬁppa.rﬁtuﬁ, or other electrical machine or battery

‘the connection being controlled by means of the ‘apparatus ‘represénted in detsil in fig. 7, and leze distinctly
shown in fig. 2. In figl 7, B is u sliding iron rod connected to the cut-off rod, which operates’the parts that
open and close the electric circitit., - This rod carries an adjustable insulatéd metallic ‘button or gtep, B, to
which one.of the wires of the circuitis attached, and one of the wires to.connect with it snd complete the cir-
cuit is attached Lo o spring secured-to the fixed portion of the engine, ahd made adjustable by means of the
serew v in fig. 7. It will readily bo perceived thag by this arrangement as the cut-off rod B reaches the end of
its stroke the bution B, coming in contact with the spging,-will close the circuit and cause the discharge of an
slectiic spark in.the cylinder, and the copsequent ignition of the gas in that end of ‘the cylinder in which the
spark is discharged. ~ It will also be obvious thut by s.similai connection .at the other end of .the stroke of the .
rod B to the other end of the cylinder » corresponding ignition of the gas, al the other end of the cylinder,
can be produced at .the proper time for the return stroke. It will be well to have several I ghting points in the
evlinder, so a8 to secure a more simultaneous ignition of the gas, ora small chamber may be made upon the
¢, wider head with holes opening into the main portion of the cylinder at different points, so that the gns, being
§rat ignited in this chember, will be forced simultan-ously, or-nearly ee, through .t]inésﬁ different holes and
jgnite the main body of the giain the cylinder ot goverel different points at once. To:prevent the inereased
pressure, cauded 'B{g;,the ignition of the gas, from recoiling upeti the pumps and reservoirs, ind for the further
and equally important purpose of prevensing the combuation {rom extending back teo fur, I place in the pipe
Tasding te the velve-chast of the ongine, between esid valve-cnest and the resavvoirs and pumps, & serizr af
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claek-vahea, A & as shown in fig, 8, so armnged as' t3 be opened by the flow of pas {o the driving-cylinder
and to be m'ﬂtmﬂy closed hy tha first cffect of the back: pressure produced by the ignition of the gas in the
eylinder. - As these valves, owing to the sudden manner in which they are shut, ave liable to der a.ngement 3
is adviseble for better security to place several, scts, one behind the other a% proper intervals, {n the pipe, 8o
that if one fails the next can be relied on. Asa iulther sgearity against the pa: ,.,ans, of the flame to the reser.
~voir and pumps, I also place a series of wire cloths, B, in the pipe just back of one of the sets of valves; as
shown in fig. 8. These wire-cioths are not md;spens.tble. tut they afford additional security, and it is a matter
of prudence to use them. It-will be obvious that by modifying, the arrangement of the siide-valve, cut-off
_'m!ve and igniting apparatus with relation to each other, or by changing thelr movements re]atwely t6 eacl
other and the driving-piston, the action of .the parts and the effect of the _expansion caused by ignition may be-
greatly modified; and if the. armngement snould be such that the cut-off valve would be ‘closed during the whole..
time of the ignition, the m.lves shown in fig. 8 would be waterially relieved, if not, mde{,d entir-ﬂly dmpbnaed
with. For the purpose of lubrieating the ‘piston und sl:dmg-vahe and of freeing ihie engine from any. tar or
other impurities which may be carried over into the engine by the gas ased, it may be desirable to it tro UCP A
small amount of water into the gas as it is brought to'the engine, or directly.into the engine itself. This can
_be done by means of various appliances. For the sake of extending the same benefits to the pumps, it will
probably be the best arrangement to introduce this water by means of stop-cocks into the air and gas pipes
between the pumps and the sources of supply from which the gas and air are received, carc being taken to turn
them off shen the engme is stopped; or the same thing may be done by very small pumps worked by the engme,
ond these last would need'no such attention. A hmd -pump may be used for chargi ing the reservors in the
first instance, 2o as to supply the engive for the first stroke before the main pumps are put in operation, if
{found neceasary. The proportions of air and combusiible gas may be modified to any desirable extent by meuns
of butterfly-vaives placed in the sir and gas pipes between the pumps and the sources of supply, and by this
means the proper proportions to secure prompt and perfect combustion in the cylinder may alwasy- be regulatgd..

Fig. 9 shows a, modlﬁcatmn, in which there is a sepmatc reservoi- and a separate slide valve for each end
of the cyl:nder, the reservoir being mwsade of the pmper size to hold the proper amount of gas and air to be
burned at a single stroke, and the clack or check-valves being placed between the reservoir and.the pumns, o
85 to allow the gas to be lgmted in the resorvoirs, In this drmung A. is the air-pump; B is the gas-pump s O
W the driving-cylinder; F' F mixers; G & the reservoirs; and H H the slide velves, Each raservoir is com-
nected to one of the valve chests and to one end of both of the pumps. The construction and operation will -
be sufficiently obvious without furthe: dnscrlptwn . | |

Fig. 10 ehows another modificstion, in which & mode of lining the combnatmn—cyhnder, or a portion thereof
®ith refractory materials, as represented, and in which is also shown a modified mode of wor king the gas. - In this
ﬁgure, T is the driving-cylinder; \’S is the slide-valve; and M is a pipe which leads from an suxiliary cylinder,
A, where the gases are burned,.to the drmng-cylmder. This combustion-cylinder, A, is provided at the top.
with a water-chamber, C, and the lower part, where the combustion takes placs, is l-ned with o refractory non-
conducting material, P, and the piston G has a similar facmg, H. In this arrangement the gas ig burned in
the lower part of the cyhnder A, and the expansive force is used-and applied in the cylinder T, the piston G
being used as a simple dispiacer, and to separate the body of gas beluw it from that above, so as. to compel
whatever gas passes from sbove the. piston to the chamber below it to pess tnrough a porous body, whleh by
having been 1tse1f heated by the outgoing gas which has already been burned and is hot when it escapes, is
made to impart its heat thus received to the incoming gas and prepare it for combustion. The porous body 7
wmay be composed of wire cloths, or plates of sheet iron, or any other suitable material which will make the
interstices sufficiently fine to prevent the passage of flame, and will yét be sufficiently open to allow the gas to
pass with sufficient freedom. It is placed in the pipe I, which forms & communication between the upper and
- lower portions of the cylinder A, or it may be placed in the piston G itself. . The gas. ie fired in the lower part.
of the cylinder A by means of electricity introduced through the wire L. -

- The operation of the arrangement represented in fig. 10 is as follows: The gas and air to supply the engine
are introduced through the pipes V V, which receive: i:hem from the gas generator and from the outside atmos-
phere, or from pumps, in the manner already described with relation to figs. I, 3, and passing through the valve
0 and the pipe M enter the upper part of the cylinder A, from which a portion of it passes through the pipe
d and the porous heater J to the lower part of the same cylmder Having errived there, it is ignited at the
proper moment by the electric spark, and the smount contained in the lower part of the cylinder below the
piston G will be burned and caunse an e:z:pa;nsinn, which will raise the valve P and force the gas under pressure
into the slide-valve chest and into the cylinder T, where its power will be utilized in the same manner that the
power of steam is utilized in the common steam engine, and the spent gas will be discharged in the same manner
that spent stesm is ordinarily discharged. As the pressure on one side of the piston G is substantml]y the
saine that it is upon the other, it is obvious that to make it useful for any purpose 28 a piston it must be
moved automatically by.some connection with tue driving-piston.  This connection should be such as to give it
" two strokes for éach one made by the driving-piston. It will be observed that those gases only which are below.
the piston A and the heater J will be burned, consequently the greatest amount of combustion and consequent
expansion will take phice when the piston A is in its highest-position; and the descent of this piston, by forcing
the burnt gases through the pﬂrous body J, and thergby cooling them, will have a tendency to create s partial
vacuum in this ¢ylinder and the pipes I and M, which will close the valve P and open the valve O to let in fresh
gas and air, which, passing through the porous heater J as,the piston A rises, will beconie heated by the caloriv -
Teft by the burnt gases which have just passed through it, and thus prepared for more ready and complete com-
bustion. After the clom:g of the valu P, the stroks otf the pman T will, of course, be com. Ietead bsf ths
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SEREEEE R ﬂ:&'pm;dmg f’oree of the gales slfesdy i in the aﬁméﬂ and the maﬁngeg leading : ¢ it from the valve P. Emh
i1 aeing the! cage, the piston A msy: properly sommencedts upward stroke at about the time of the commencement © | |
11 of a'stgoke inl either direction by the piston-T, ond the ignition of the gnses in the cyhnder A should take plﬂﬁﬂ‘ EESEEEEEEE
i nt shout the same time. It is obvious that ithe different arrangements above dascr:bﬁd mvolve lcnnﬁidemblas SRR NS

i chmgeu n i;lw eﬂnﬁtmctmn of ‘the engine, bnt they al‘ have carta,m feamreg in commm, thwgh thay do mt SRR

L dJI of thewm have all the features emnbodied in my mprw&menﬁa. o SEREEEEREE SRR R
Tha combastible materml used ia all these Biyles of. emgsnes conaiats @t' % gaa ma,de hy the du;tlllatwn of IRRREE

SR aﬂai or other gas-producing substande, the process bemg similay to that of the distillation: of ‘ordinary illwmi- . 0
SEEEEE ,wﬂng gas with the exception that & small quantity of air, and pm*hapa » small qmntaty of water alsa, ig iatro- i
1 duoed doto. the gas-pmﬂm‘:mg substanee in w: process of disttllncion o a5 to produce o gas- wumh is o wiktare 10
o o wmhmﬁhmn of ‘sommon Hluminating gas and the products of eombustion, aud by this means make theges i 0
i more officient: and. yﬁt readily: combustible; anid g&sx being m%xed after distiliationpand bafors it redches the
0 eylinder of %he engme mth & proper qmntz&y of ﬁ.af te mal’:e 1ts cambizmoaz aad prepulswe eﬁ’eet complete and 1 1
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mg’um 41 repmaenia B dam@ f’ar mﬂmmg the heat crf the spen% gus after it passes: irom the mgme oo

SERREE ‘E'.Ema figave, Alis the pipe which hrmgs the spent gas from the engine. B is a metal or ¢arthen pipe pierced = -
NERRERERE a‘mund the upper part with holes, & ¢.9, the otgh which the: gaa maseﬂ into said pipe B, by which it is conducted "
10 intola reservoir, b, ﬁentmmng water to e hieated by the gas. The pipe B is open a the bottom and dwehargea* ERRERREERRE
1o the gas into the ‘water;, which 1% passes tbrwghﬁ snd is discharged through the pipe B, Bis a ﬂuppﬂy BIPS
0 which bribge ‘the necessary water to the Feservoir D. ' This armngemem mav be modified by wmg B pamuﬁz HEREEEREEEE S
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S "lamg
Y claim o5 my invention~. - .

b 1aThe mm’bmmtmn of the! rﬂm&w U ihze pnmps A smti B tha bmmh recewmg lpea @ ami 5, md thﬁa
SERRE R mnmr ¥, iu'such = manner that the siriand gasito sappﬁy the enging shell be forced simultaneocsly t‘hrwgh
SERERRERERE %he miXer to sapply the eyﬁmda‘r 'by the simultanecus action of the two pumps, A and B, as set forth: SRR
T8 The éombination of the mixer F, represented in figs. 4 and 5, ecompored of & folded plate of mata} as’g SEERRRER R

SERREEE &%ﬁ@f&heﬁ with the hrmmh plp@a a’ and ¥, so counstracted and arranged in ¢e.: hmatwn with ﬂﬂﬂh ﬁﬁher and thﬁé

1 smain pipe 53 to deliver tho'gas in the lstter in: thir, slternate layers, as set fortu. SRR
EEE 8. The combinntion of the paits mpresamad in fig; ?T; or their ﬁqmm’iant&, with the cnb-ﬁif rad in aueh ag SRR

i é";mnmsr thet the slesibg: of the enrrent. eball: M aﬁ’mtaﬂ
RN Snﬁﬁtﬂmmlly an ond for %h@ PRYPOBE-BES forth, EENS
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' :ﬁltmauush? wit;h tha ﬁﬁeslng n«f &h.n mt-aﬁ' mlw.?

4. The combination, with s gas-burning @ngm@, ﬁf 2, purwa ﬂnbﬂta%me,, B, plmed in the r:acemng pnpa, as;_.; SRR
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