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To all whom it may concern: . . 
Be it known that I, SIDNEY A. REEVE, of 

Boston, in the county of Suffolk and State of Massachusetts, have invented certain new 5 and useful.Improvements in Apparatus for Utilizing Liquid or Gaseous Fuel for Power, 
of which the following is a specification. 
. This invention relates to gas or liquid fuel 
engines in which a mixture of air and fuel is O continuously burned in a combustion-cham ber connected with the working cylinders of 
the engine; and it consists in certain improve 
ments, hereinafter described and claimed, having for their general objects, first, the con 15 trol of the proportion of fuel and air admitted 
to the combustion-chamber, so that the rela 
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tive quantities of fuel and air shall not ma-. terially vary, and, secondly, the automatic 
i and unifornireduction of the fixed gases re sulting from the combustion to a predeter mined working temperature before they en 
ter the working cylinders of the engine. 
Of the accompanying drawings, forming a 

part of this specification, Figure 1 is a dia 
grammatic view illustrating a suitable ar 
rangement of the parts of an apparatus em 
bodying my invention. Fig. 2 represents a 
section online 22 of Fig. 1. Figs. 3,4,5, and 
6. represent detached views of parts of the ap paratus hereinafter referred to. 
In the drawings, Arepresents a compressor 

or pump adapted to force into a reservoir C 
a constant quantity of fuel, which may be 
either gaseous or liquid, the part A being a 
compressor when gaseous fuel is used and a puig when liquid fuel is used. 
As the apparatus hereinafter described is designed with reference to the use of gaseous 

fuel, I will hereinafter call the part Aacom 40 pressor,” although I do not limit myself to an 
apparatus organized to use gaseous fuel and 
may modify the apparatus so that it will util 
ize liquid fuel without departing from the 

45 spirit of my invention. The compressor A is supplied with fuel by 
a pipe A, and supplies it to the reservoir C through a pipe A. 
B represents an air-compressor which re 

ceives atmospheric air through a suitable in 
let and supplies it through a pipe B" to a res ervoir C'. 

The conpressors A and B may be of any 
suitable construction and may be operated by 
power applied in any suitable way, and as my 
invention does not relate to the construction and mode of operation of the compressors I 
do not illustrate their construction or the means for actuating them. 
The reservoirs C and C are provided, re 

spectively, with outlets Cand C, through 
which their contents pass through a propor 
tioning-valve D to a combustion-chamber E, where combustion is continuously carried on, 
the valve D being of such construction as to 
supply the fuel and air in such proportion, 
whatever the quantity may be, as to insure 
perfect combustion. The valve Dhere shown comprises a casing 2, having an air-passage 
3 and a fuel-passage 3° and a sliding valve 4, having corresponding passages 56. Portions 
of the air and fuel passing through the yalve 
have access through ports 78 to faces on the 
valve and tend to close the valve, the tend 
ency varying with the pressure of the air and 
fuel and being exerted against the pressure 
of a spring 9. This construction of propor 
tioning-valve is one of a number which may 
beenployed, and do not imit myself thereto. 
The combustion of the mixture of fuel and 

air produces a mixture of nitrogen, carbonic 
acid, and superheated steam, which is con 
ducted through a conduit E to a cooling 
chamber hereinafter described and from the 
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latter to the working-cylinders of the engine. 
It is essential to complete combustion of the 

mixtuire of fuel and air that the proportion of 
said elements admitted to the combustion 
chamber be closely controlled, and to this end 
the pressures in the reservoirs C and C must 
not be allowed to differ in any great degree 
from each other, however much the pressure 
of either may vary. In other words, any con 
siderable variation in the pressure in either 
reservoir should be accompanied by a corre 
sponding variationin the pressurein the other 
reservoir. To this end I provide a tube or 
passage c, connecting the lower portions of 
said reservoirs, said passage being filled with 
a body of liquid C, such as water, which x 
tends into the lower portions of the reservoirs 
and constitutes a liquid seal which prevents 
the mixture or osmose of the stored fuel and 
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both. The equalizing devices here shown 
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K controls a supplemental outlet or by-pass 

2 5ssi's 

air and stands at . different levels in the two. 
reservoirs when the pressure in one exceeds 
that in the other. I utilize this difference in level to practically equalize pressure in the 
two reservoirs. This equalization may be ef 
fected by the coöperation with the liquid seal 
of any suitable devices adapted to be oper 
ated by the rise and fall of the liquid seal to 
either release the excess of pressure from the 
reservoir containing, it gr to admit an addi 
tional supply to the reservoir needing it, or 
comprise a valve K in the fuel-reservoir, a 
float Hin the fuel-reservoir connected with 
said valve by a rod I, a floatH' in the air-res 
ervoir, and a lever H, pivoted at H in the 
passage C and connected by rods HH with the floats H', each float being proportionate 
in volume to the volume of the reservoir con 
taining it, while each arm of the lever His 
inversely proportional to the volume of the 
float with which it is connected....The valve 

K, extending from the fuel-reservoir C to the 
supply-pipe A, so that when said valve is 
opened fuel will escape from the reservoir to 
the supply-pipe, thus reducing the pressure 
in the reservoir. 
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The arrangement of the valve K. as here 
shown is such that when the pressure is sub 
stantially alike in both reservoirs the valve. 
will occupy the position shown in Fig. 4, clos 
ing the bypass K', and when the level of the 
liquid in the reservoir C is lowered by an ex 
cess of fuel-pressure the valve will be de 
pressed, as shown in Fig. 5, thus opening the 
by-pass until the fuel-pressure is reduced to 
substantially that of the air-pressure in the 
reservoir C, when the valve will be raised to its 

40. acts to control the fuel-pressure, so that there 
closed position. The air-pressure, therefore 
can be no material variation between the pres sure of the air and fuel, although they may 

AS 

So 

wary simultaneously to any extent without 
operating the valve K. ... . . . . . . . 
The liquid seal between the two reservoirs, acting to prevent an excess of pressure in 

either reservoir, and therefore closely control ling the proportion of fuel and air admitted 
to the combustion-chamber, is an important 
feature of my invention. - Infurther earrying out my invention I pro 

... vide for the regulation of the pressure of the 
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compressed airin the reservoir C' by the pres 
sure of the products of corabtastionia and be is 

... yond the contjustion-chamber by means of a 
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supplemental outlet or by-pass G, connecting 
the reservoir C' with the conduit E", and a lightly-confined safety-valve G in said by 
pass, the chief object of such regulation be 
ing the mainteuance and control of a differ 
ence in pressure between the air reservoir and 
the combustion-chamber, upon which differ ence depends the velocity and quantity of 
flow of air and fuelinto the combustion chams ber. In order that the proportion between 
the air and fuel may be controlled,' his dif. 

at a distance of not more 

. ference, just mentioned, must be several times 
greaterthan the maximum difference between . he reservoirs of air and gas. In otherwords, 7o if it is found impossible to maintain the pes. 
sures in the tw8 reservoirs within less than two ounces of each other both of them inst beat east one poindeboye the pressure in 
the combustion chamber in order, that the is proportion between the air and fuel flowing 
into the combustion-chamber may be ceilin within close limits of variation. It will be 
seen, therefore, that I make the pressure in or. beyond the combustion-chamber the Qatrol 8o 
ling factor and cause the pressure in the air reservoir to follow this at a distance of at least one pound higher by means of the Vale 
G.It will also be seen that by means of the liquid seal Icause the fuel-pressure to closely 8s 
foilow, the air-pressure. I find in practice 
that the fuel-pressure follows the air-pressure this two Ollées 
above or below. - - . . . Another object of the regulation of the air. 9C 
pressure by the pressure of the products of 
combustion is the utilization as a working. 
fluid of any excess of compressed air which 
may be on hand-that is to say, excess over the amount needed for combustion. The ad- 9. 
vantages of such utilization areas follows: First, the avoidance of the necessity for.com pressing an amount of air proportional to the joad momentarily imposed on the engine, it 
being sufficient with this machine to always: 
compress an amount sufficient foi the maxi mum capacity and load for which the engine is designed, Under any lighter load there. 
would result an excess of compressed air, 
which I utilize by discharging if into the prod 
ucts of combustion; secondly,the partial cool 
ing of the products of combustion to the de sired working temperature by the addition of 
a working fluid (compressed air) more eco 
nomical than steam . . ... My invention further includes novel means for educing the temperature, of the mixed 
gases resulting from the combustion of the fuel and air to a predetermined degree of working temperature suitable for the work 
ing cylinders of the engine. . 
The combustion of the mixture of a hydro 

carbon fuel and air produces a mixture of 
fixed gases, which, as already stated, in 
cludes superheated steam and usually nitro 
gen and carbonic acid, the gases, being at of 
above the temperature and pressure of super 
heated steam. It is necessary to reduce this 
temperature to the predetermined degree Q. 
working temperature before introducing th 
gases into the working cylinder; and to thi 
end it has been proposed to inject into th 
gases some diluent, such as water or air, 
jet or stream of the diluent being introduce 
into the moving current of contined gase 
while they are on their way to the engin 
It is impossible, however, togreet in this wa 
the constantly varying conditions as to qual 
tity and temperature of the flow of the h. 
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gases, SO that the reduction of the gases to a 

d 

to the engine through a conduit F, the latter pressure. 

uniform working temperature by the injec 
tion of a diluent into it is not feasible. This part of my invention has for its object to automatically meet the said varying condi 
tions and to supply the gases to the engine 
at a uniform and practically unvarying work ing temperature; and to this end I pass the 
heated gases from the combustion-chamber continuously through a body of water con 
tained in a chamber F, which receives said gases from the conduit" and discharges them 
being above the maximum water-level in the chamber F. * 

chamber F. is in excess of the maximum 
quantity which the heated gases are able to 
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in the cooling-chamber, unless cold water is 

evaporate. 
The manner of and means for passing'the gases through the water may be variously 

modified. I prefer to divide the stream" of ... gases into small jets beneath the surface of 
the water by means of a perforated cap Fon 
the discharging end of the conduit E!, so as 
to divide the gases into a large. number of 
small bubbles, which rise to the surface and separate from the water at their will. The 
essential feature is that there shall be present in a suitable receptacle or cooling-chamber a 
body of water sufficiently large to be in ex 
cess of the maximum amount which the gases are able to evaporate. It is evident that no 
water could exist in such a cooling-chamber 
at a temperature higher than that of saturated 
steam of the pressure existing therein at any given time. 
ing,the body of water and passing through it 
must be somewhat cooled down by the water, and must thereby evaporate a portion of the 
water. It is further evident that the gases cannot possibly be cooled to a temperature 
lower than that at which the water evaporates 
supplied to the chamber faster than the hot 
gases can vaporize it and carry it away, in house standard automatic steam engine J. which case the cooling-chamber would be...I claim- . . . ." . . . gradually filled with water to overflowing and 
the process therefore would not be continu ous. The cooling-chamber should therefore be so designed and operated as that, first, the 
hot gases shall be so finely divided and forced to pass through the water through a path of 
such length that they shall have ample time 
to give up to the waterall of their heat above the temperature of saturation, and, secondly, the cooling-chambershall be supplied with 
Water in only such amount as will keep the wa ter-level approximately constant. These two conditions of design being fulfilled, the tem perature of mixed permanent gases and steam 
cannot vary preceptibly above or below that 
of saturated steam of the pressure existing in the cooling-chamber. If thus avoid the 
varying results which have attended all at 
empts heretofore to cool the hot gases by in eeting into the gases water, air, or any other 
liluent. In all such attempts the effort has 

hot gases. 

The volume of water in the 

Therefore the hot gases enter 

been to supply, the diluent in just such a quantity as will reduce the temperature to 
the desired point from instant to instant, but without the employment of any accumula tion of the cooling agent to automatically 
meet the constantly-varying conditions as to 
quantity and temperature of the flow of the 

The distinctive feature of this part of my invention is therefore the employ 
ment of an accumulation of the cooling agent 
and the consequent uniform and automatic 
reduction of the gases to the desired working 
It is evident that while the amount of en tering water must be regulated within cer tain limits in order to prevent the cooling 

chamber: either overflowing or running dry, 
yet the amount of water present has no in 
fluence oyer the temperature of the issuing 
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gases, no matter in what quantity or at what 
temperature they enter, if only the smallest permissible amount be present or exceeded. 
in fact, it might be found preferable to make the cooling chamber comparatively large and to fillit only periodically. 
Suitable means should be employed to sup: ply the water at a relatively warm tempera 

ture--say not lower than 150 Fahrenheit. 'The cooling-chamber has a supply-pipe 'F', 
which may be controlled by automatic means, so that it will be openied when the water falls 
below a given leveland closed when the water rises to the maximum height desired. A glass gage-tibe F may be provided to indicate the height of water in the chamber. . . . . . 
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The gases coming from the tooling-chamber 
F consist of a mixture of nitrogen, carbonic 
acid, and saturated steam under a pressure. approximating the initial pressure.to which 
they were compressed and under which the entire system must operate. This mixture of gases is expanded in the regular working . . . cylinders of any type of steam. or vaporen gines. The diagram represents a Westing 

i. The combination of a combustion-cham ber, an air-reservoir and a fuel-reservoir both connected with said chamber, a liquid-sealed connection between said reservoirs, and pres sure-releasing devices coöperating with the 
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liquidseal whereby an excess of pressure in 
one of the reservoirs may be released. 

2. The combination of a combustion-cham ber, an air-reservoir and a fuel-reservoir both connected with said chamber, a supplemental 
outlet or by-pass connected with one of the 
reservoirs, aliquid-sealed connection between 
said reservoirs, a valve controlling said by 
pass, and connections between the valve and 
the liquid seal whereby the valve is opened 
by a displacement of the seal caused by an 
excess of pressure in one of the reservoirs. 

3. The combination of a pump or com pressor adapted to supply a constant quan 
tity of fuel, a fuel-reservoir. connected with said pump and provided with a primary 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 
automatic valve - operating means through 
which an excess of pressure in the reservoir 
acts to open the valve and reduce the pressure. 

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 
reservoir with the source of fuel-supply, a 

s 
liquid-sealed connection between said reser 
voirs, a valve controlling said by-pass and 
gonnections between the valve and the liquid 
seal whereby the valve is opened by displace. 
ment of the liquid seal caused by an excess of 
pressure in the fuel-reservoir. 

5. The combination of a combustion-cham 
ber, a conduit leading therefrom for the prod 
ucts of combustion, an air-reservoir and a 
fuel-reservoir connected with the combus 
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tion-chamber, a supplemental outlet or by 
pass connecting the air-reservoir with said 
conduit and provided with a yielding valve 
adapted to release into said conduit any ex 
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cess of air-pressure over the pressure of the 
products of combustion in the conduit, a sup 
plemental outlet or by-pass connecting the 
fuel-reservoir with the source of fuel-supply, 
a liquid-sealed connection between the two 
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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 combustion-cham 
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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 to said reservoirs 
under pressure, an engine, and a cooling 
chamber having its interior connected with 
the combustion-chamber and with the engine, 
and containing a body of water. 
In testimony whereof I have signed my 

name to this specification, in the presence of 
two subscribing witnesses, this 8th day of De 
cember, A. D. 1894. 

SIDNEY A. REEVE. 
Witnesses: 

C. E. BROWN, 
WILLIAM QUINBY. 

So 
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