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20 .all whom, it.mq;y concern: . . ) The compressors A and B may be of any
Be it-knbw‘n.-that I, SIDNEY A, RERVE, of suitable construction and may be operated by
- -Boston, in ‘the county of Suffolk and State of bower applied in any suitable way, and as my
' _‘Massachusetts;‘ ‘have -invented certain new. invention does not relate to the construction 5
5 and useful Improvements in Apparatus for and mode of operation of the compressors I
Utilizing Liquid or . aseous Fuel for Power, |'do not illustrate their construction or the
-..of which the following is » Specification. means for actuating them. - ‘
his invention relates to gus or liquid fuel | = The reservoirs € and ' are provided, re-
. engines-in ‘which g mixture of air and fuel is spectively, with outlets C? and C?, through 6o
ro -continuously burned: in 5 combustion-cham- which th‘eir'eor:tenlgs pass through g propor-
ei',conn‘ec.ted"v:viﬁh the working eylinders of. tioning-valve D to g combustion-chamber E,
the engine; and itconsists in certain improve- where combustion is continuously carried on,
ments, hereinafter described ang claimed, | the valve D being of such construction as to
having.for;i_;heir general objects, first, the con- supply the fuel and air in such broportion, 6g
15 trol.of the Droportion of fuel ang airadmitteq ‘whatever the quantity may be, as to insure
.. Yo the combustion-chau;ber, 80 that the rela- perfect combustion. The valve D here shown
“tive quantities of fiel and air shall not ma-- comprises g casing 2, having an air-passage
,,tu_.lti'a,ql_,ly‘ yary, and, secondly, the automatic | 3 and 3 fuel-passage 3° and a sliding valve 4,
and uniform reduction of the fixed gases re- | having corresponding passages 5 6. Portions 30
2o sulting from’ the combustion to 3 predeter- | of the airand fuel passing through the valve
mined working temperature before they en- | have access through ports 7 8 to faces on the
ter the working cylinders of the engine. valve and tend to close the valve, the tend-
. Of the aé'companying drawings, forming a ‘ency varying with the pressure of the airand
part of this Specification, Figure 1 is g dia- | fuel and being exerted against the pressure 78
25 grammatic view illu‘stra.t-ing & suitable ar- | of a.spring 9. This construction of propor-
rangement of the parts of an apparatus em- tioning-valve is one of g nomber which ma;
bodying my invention, Fig. 2 represents a beemployed, and I donotlimit myself thereto.
section on line 2 2 of Fig. 1. " Figs. 3,4,5,and | The combustion of the mixture of fuel and
- Grepresent detached viewsof parts of the ap- | air-produces a mixture of nitrogbn, ecarbonic 8o
30 paratus hereinafter referred to. acid, and superheated steam, which is con.
* Inthe drawings, A represents a compressor | ducted through a conduit E/ to a cooling-
or pump adapted to force into a reservoir C | chamber hereinafter described and from the
a coustant quantity of fuel, which may be | latter to the working.cylinders of the engine,
- either gaseous or liquid, the part A being a Itisessential to complete combustion of the 85
35 compressor when gaseous fuel is used and 3. mixtire of fuel and air that the Proportion of
" punip‘Wwhen liguid fuel is used. . | said elements admitteq to the combustion-
‘ As the ‘apparatus hereinafter deseribed’ is- | chamber be closely controlled, and to this end
desighied with reference to the use of 8aseous | the pressures in the reservoirs C and C’' must .
- fuel, I will hereinafter callthe part A g ‘‘com- | not be allowed to differ in any great degree go
40 pressor,” although I donot Yimit myself to an from each other, however much the pressure
apparatas organized to use gaseous fuel and | of either may vary. Inother words, any con-

45 The compressor A is supplied with fue] by | reservoir, .To this end I provide 5 tube or
a pipe A', and supplies it to the reservoir C | passage ct, connecting the lower portions of
through a pipe A%, - : said reservoirs, said passage being filled with

Tepresents an air-compressor which re- | g body.of liquid C* such as water, which ax-

ceives atmospheric air through a snitable in- tends into the lower portions of the reservoirg 100
io let and supplies it through a pi pe B’ to a res- | and constitutes a liquid seal which Prevents
" o the mixture or osmose of the stored fuel and

ervoir C
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2

air and stanas at. different levels in the two..
reservoirs when the pressure in one exceeds |
that intite other. 1 utilize this differencerin’
level to practically equalize pressure in.the
two reservoirs, - This equalization may be of-
fected by thé codperation with the liquid geal
of any sSuitable devices adapted to beoper-
ated by the rise and fall of the liguid seal W0
‘either fielease the excess of pressure from the
reservoir containing.it or to admit an addi-
tional sapply to the reservoir needing it, or

both. The equalizing devices here shown
comprise & valve K in the {usl-reservair, &
‘fioat H'in the fael-reservoir conneeted with
said valve byarod 1, & foat H' in the air-res-
ervoir, and a lever B, pivoted at H*in the
passage C* and connected by rods H?>H? with
the floats H H', each-float being proportionate
in volume to the volume of the.reservoir con-:
teining it, while eacl arm of ‘the lever H3is
inversely proportional to ‘the volume of the
fioat with which iyis. connected. - -The valve

" K controla & supplemental cutlet or by-pass
K, extending from thef uel-reservoir C tothe
supply-pipe A',s0 that when said valve-is
opened fuel will eseape from the reserveir to
the supply-pipe, thus reddcing the pressure
in the reservoir. - L
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30 shown is guch that when the pressure’is sub-
" stentially alike in both . regervoins the valve.
will occupy the position shown in Fig. 4, clos-
ing the by-pass K, and when the level of the
liquid in thé, reservoir Cis lowered by an ex-
cess of fuel-pressure the valve will be de-
pressed, ag'shown in Fig. 5, thus opening the
‘by-pass until the fuel-pressure is reduced to
substantially that of the ‘air-pressure in the

- 35

‘e at leastpne.

“within - elose limits of -variation. 1 be
T make the prgssurein or.

 beyond the eombustion-cham
| ling factor and cause

' The arrangement. of ‘the vaive K as hefé}‘

) " reservoirC’,when the valve will beraised toits
© 40 closed position. Ths. air-pressure. therefore

7 peteto control the fuel-pressure, so that there
. ean benomaterial variation between the pres-

.. gure of the air and fuel, slthough they may

-yary simultaneously to. any extent without
operating.the valve K. ..t v
. “The liguid seal between the two reservoirs,
acting to prevent ‘ in
" eitherreservoir, and therefore closely control-
‘ling the proportion of fuel and air admitted
to the combustion-chamber, i3’ an important
feature of my invention.. o

In furtherearrying out my invention I pro-
~vide for theregulation of the pressure of the

‘compresséd air in the reaservoir C' by thepres-
‘55 sureof the produets of combastion in and be-
.. yond the e-ambust-ion—ehamberby means of a
-sgpplemental outlet orby-pass &'; connecting
‘the reservoir O’ with the conduit E', and a.
lightly-confined safety-valve G in said by-
pass, the chief object of such regulation be-
ing tl_le mainteuance and control of a differ-
eneein pressure between the airsreservoir and
the combustion-chamber, upon which differ-
ence depende the -velocity and:quantity of
65 flowsof alr and fuelinto the'combustion-chams
" Pber. - In order that the proportion between .
the air and fuel may be controlled, $his dif-
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‘for reducing the

‘an excess of pressure in |

. cludes superheated.
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fer’énce, jus’t menbioqed,mhét- begeveral times

greaterthan the maximum differance between
the reservoirs of air and gas. Inother words,

if itis found im © 1 inta
reservoirs within less than

gures in 116 tw : .
two onnces of each other both of them-mush

onndaabd‘ve-the pressure 1n-
the combustion-chamber in -order, that the
proportion between the air and fuel flowing
into the. combustion-chamber may be certain
) ) " 1t will be

geen, therefore, that

ber th‘e»'-(;ontrol-

10 follow this at &

reservoir distance of at

“least one pound higher by means of the valve

¢. It will
liguid seal ) ol
follow: the air-pressure. I find in practice
thatthe fuel-pressuré follows the air-pressure
‘at & distange of not more thdn two ounces
above or below. - o L
Another object of the regulation of the air-
pressure by the pressure of the produecis of
combustion is the utilization
fuid of any excess of compressed
may be on hand—that is to say, excess over
the amount needed for combustion. : The ad-
‘vantages of -suich utilization are a8 follows:
First; the avoidance of
t #n aonnt of “air proportional to the
Joad momentarily imposed on
‘being sufficient with this machine
-compress an amount sufficient for

mum capacity and load-for which the engine

also be seen that by means of the

{s designed, ' Under-any lighter load there.

would result an excess of compressed air,
uotsof combustion; seqondly,t’.hp partialcool-
ing of the products of combustion 0 the de-
sired working temperature by the addition of

a working fluid (compressed air) more eco-

‘nomical than steam..

. My inpvention further includes novel meéans
‘temperature of the mixzed

)

from the combustion of .the

ing cylinders of the engine.

The combustion of the mixzture of ‘ahydro-
carbon fuel -and air produces & mixture of
fixed gases, which, &s already stated, in-
steam and usually nitro-
gen and carbenic acid, the gases being at o1
_above the temperature and pressurd of super
heated steam. It is necessary to reduce thit
temperature to the_predetem_nined degres &
working temperature efore introducing thy
pases into the ‘working cylinder; and to thi
and it has been proposed to. injeet into th
gases some diluent, such as water of &ir,
jet or streain of the diluent being introduce
into the moving current of combined gase
while they are on their way to ‘the engini
It is impossibie, however, to meet in this wa
‘the copstantly-varying conditiong as to qual
$ity and temperature of the Sow of the hi

ssible £ maintain the pres-.

I causethe f.\_xel-pljessnrefto closely .

as a working,
air which

s predetermined degree of
working temperature suitable for the work-

1%

8o

the pressure it the alr- -

9c

the necessity for-com- .
the engine, it -

to. always:
the maxi--

- whieh I utilize by discharging it into the prod- -



quantity as will reduce the temperature to
-the desireq point from instant to instant, bug 70
without the employment, of any accumula-
tion of the cooling agent tq automatically

“heated gases from the 'e'omb'ustion-chamber
fo continuously thronghi a body of Water con- -
tained in a champep F, Whiéh.receive'ssa_id
Sases frorr} the conduit E/ and d_iScha,rges_ them

and the consequent uniform and automatie

reduction of the gases to the desireq working

_ | DPressure, ) 8o

being above the maximum water-level in the is ev .
15 chamber F. The volume of water in the |

chamber F . ig in excess of the maximum

" duantity which the heated gages are able to | ch mk ;

‘ . o yet the amount of water DPresent-has no in- 85

s1y:| gases, no iattor i what quantity orat whag

£ temperature they enter if only the Smallest
: _ o nace of | permissible amount ‘be. present op exeeeded.
the water by means of 5 perfora,.t-'ed:_.ca'p Fion |'In fact, i b might be found preferable to make 90
e discharging end of the conduig B, go as | the .aoolin'g‘-chamberco'mpara_ti'vely largeang *-
25 %o divide the. gages into &' large Dumber of to fill:it; only Periodically. - _ e
Small bubbles, Wwhich rigq to the surface and.| ‘& ui_t’able"means,should'be employed to sup:

Separate from the water gt their will, -The’ ply-the water at g relatively warm tempera- - 4
' pi ture=say no lowes than: 150° Fahrenheit, 95
' cooling-chj; , 'i-,'l»‘he-,éobliﬁg'-chamber has a .’suppl‘y-pipe‘F’,_
30 body of water sufficiently large ‘to ‘be in ex. Which may be

35 steam of the Pressure exist.i_ng -thfet'-eix} at alny

y the acid, and saturated steam under-a pr'ess‘ure_xos
. and must thereby evaporate a-portion of the. Xit e C
o water, It ig f-urt;hvenevidei]b that the 8asés | |
~ cannot Possibly he cooled to g temperature X
lower than that at which the w'aterevaporatos -of es ig 2ls ] e
“in the cooling-chamber unless cold water is gylind[ers_ of ‘any tybe of Steam . or yapor en- rro
Supplied to the chamber taster than the hot gines, - The:diagram represents 8 Westing-
5 gases can vaporize it and carry it away, in, A'hbuse.s'tandard
which cage the~cooling-chamber would be ‘I elaime— o T
gradually filleq Wwith water to’oVerﬂowi_’ng and |1 The cotbination of a,combustion-cham- .
the process therefore would not be continu- ber;an air-reservoirand a fuél-r'eservoi_r.bbth ‘115
ous. -The cooling-chambe‘r should therefore | ¢ i i mber, g liquid: :

igned and operated as thag, first, the conmn
Ot gages shall be 80 ﬁnely:di_vid,evd and forced | gyy

to pass through the water ‘through a path. of
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one of the reservoirs may be released; " .. 120

outlet or by-pass connected with-one of the -
reservoirs,aliquid-sealeq connection between - 1, 5

said reservoirs, a valve controlling gaid by-
pass, and .connections between the valve ang

excess of pressure in one of the reservoirs, . 130
| 8. The combination of & pump or com-
Pressor adapted. to sg pply a constant quan-
tity of fuel, 5 fuel-reservoir conngcted with

‘empts heretofore Lo eool the hot gages by in-
ecting into the gases water, air, or any other
liluent, + Tn. all such attempts the effort has

| said {pum;‘) and Provided with g brimary or
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normal outlet, a supplemental outlet or by-
pass connecting said reservoir with the source

of fuel-supply, a valve in said by-pass, and
antomatic valve-operating means through
which an excess of pressure in the reservoir

. actstoopen the valve and reduce the pressure.

1o

4. The combination of a fuel pump.or com-.

pressor; an .- air-compressor; reservoirs con-

-nected with said compressor, each reservoir

having a primary or normal outlet; a supple-
mental outlet or by-pass connecting the fuel-

- ‘veservoir with the source of fuel-supply, a

5

. - liquid-sealed connection between said reser-
" voirs, a valve controlling said by-pass, and

‘connections between the valve and the liquid

.8eal whereby the valve is opened by displace-

- ment of the liquid seal caused by an excess of
‘pressure in the fuel-reservoir.

20

5. The combination of a combustioh-cham-

‘ber,a conduit leading therefrom for the prod-
‘uets of combustion, an air-reservoir and a

- fuel-reservoir connected with the combus-

25

tion-chamber, a supplemental outlet or by-
pass conngcting the -air-reservoir with said
conduit and provided with a yielding valve

- adapted to reléase into said conduit any ex-
cess of air-pressure over the pressure of the
products of combustion in the conduit, & sup-
plémental outlet or by-pass connecting the
fuel-reservoir with the source of fuel-supply,
a liquid-senled connection between the two

30
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reservoirs, a valve controlling the by-pass or
supplemental outlet of the fuel-reservoir, and
connections between the valve and the liquid
seal whereby the valve is opened by an ex-
cess of pressure in the fuel-reservoir,

" 6. The combination of a combustion-cham-
ber, an air-reservoir and a fuel-reservoir both
connected with said chamber, means for sup-
plying gaseous fuel and air to said reservoirs

-under pressure and for proportioning the

pressure in said two reservoirs, an engine,
and a cooling-chamber having 'its interior
connected with the combustion-chamber and
with the engine, and containing a body of

-water,

7. The combination of a ¢ombustion-cham-

35
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ber, an air-reservoir and a fuel-reservoir both .

connected with said chamber, means for sup-

“plying gaseous fuel and air tosaid reservoirs
under- pressure, an engine, and a cooling-

chamber having its interior connected with
the combustion-chamber and with the en gine,
and containing a body of water.

In testimony whereof I have signed my
name to this specification, in the presence of
two subseribing witnesses, this 8th day of De-
cember, A. D. 1894, , :

‘ "*  SIDNEY A. REEVE..
“Witnesses: ) '
C. F. Brown,

WILLIAM QUINBY.
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