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To all chon, it may concern; 
Be it known that I, JAMEs McKECHNIE, 

a subject of the King of Great Britain, re 
siding at Naval ('onstruction Works, Bar 
row-in-Furness, in the county of Lancaster, 
England, have invented certain new and 
useful Improvements in Means for Supply 
ing Liquid Fuel to Internal-Combustion En 
gines, of which the following is a specifica 
tion. 
This invention relates to means for sup 

plying liquid fuel to internal combustion 
engines of the kind in which the fuel is in 
jected Suddenly under extremely high resili 
ent pressure into a highly compressed charge 
of air in the cylinder. 

According to this invention the apparatus 
employed for injecting the fuel comprises a 
tube or tubes the walls of which are made so 
as to yield slightly under high internal pres 
sure, obtained by the action of a fuel de livery pump while the cylinder injection 
valve is held closed, and, on the opening of 
the said valve, to cause a contraction of the 
tubular volume and force a definite charge 
of fuel into the cylinder. For this purpose 
I propose to make the tube of elliptical or 
flattened cross section, so that, on subjecting 
it to the high internal liquid pressure, the 
walls tend to take a cylindrical form and 
the volume is thus increased to admit the 
charge, the amount of liquid admitted being 
determined by the pump. When the injec 
tion valve (preferably a needle valve at the 
cylinder end of the inlet passage) is opened, 
the tube walls return suddenly to their flat 
tened form and force into the cylinder all 
the excess liquid admitted by the previous 
expansion of volume. 
To prevent expansion of the tube until a 

predetermined high pressure has been 
reached a distance piece may be placed with 
in the tube which prevents the full contrac 
tion of the walls to their free flattened form 
so that, on the relief of the internal pressure, 
they contract upon the distance piece with 
great force. When the internal pressure is 
sufficient to overconne this initial force the 
tube begins to expand. The distance piece 
may be in the shape of a rod bridging the 
shorter diameter of the tube throughout its length, but leaving space for the liquid at 
each side and having channels to allow the 
liquid to reach the flattened surface of the 
tube. By this device the injection of the full 

fuel charge is insured at each opening of the 
alve, as even at the end of the operation the 

contracting pressure of the tube walls is 
greatly in excess of the pressure inside the 
cylinder. Two or more such tubes may be 
employed, placed in parallel or series, ac 
cording to the size of the engine and the 
amount of fuel to be passed through the 
tubes. The form of the tubes may also be 
varied as found desirable. 
In order that the said invention may. be 

clearly understood and readily carried into 
effect I will describe the same more fully 
With reference to the accompanying draw 
ings in which :- 

Figure 1 is a general view showing the ap 
plication of the pressure tube to: an engine. 
Fig. 2 is a longitudinal section of one con 
struction of pressure tube device, talken on 
the line a-a of Fig. 3, which is an end 
elevation of the same. Fig. 4 is a longitu 
dinal section taken on the broken line y-y 
of Fig. 2. IFig. 5 is a cross section of the 
tube. Fig. 6 is a detail section on the line 
2-2 of IFig. 3. IFig. 7 shows in section a 
modification employing two tubes, and Fig. 
8 is a cross section of one of these tubes. 
A is the pressure tube. 
l3 is the distance piece placed within the 

said tube to prevent its full contraction and 
produce an initial contracting pressure. 
C is the tube fitting by which connection 

is made to the pump D and the engine cyl 
inder E. 

In the general arrangement shown in Fig. 
1 the pressure tube A is placed between the 
pump D and the cylinder E, to which it is 
connected by the pipes d and e. The pump 
ID is of a known type capable of producing 
an extremely high pressure. The liquid fuel 
is admitted to the cylinder under the ex 
treme pressure due to the contraction of the 
tube walls, which have been expanded by the 
liquid forced in by the pump. The admis 
sion of the liquid fuel is controlled by the 
valve e' at the cylinder end of the inlet pas 
Sage e", the liquid passing through fine holes 
in a spraying cape over the end of the pas 
sage. The valve is operated by the lever e' 
and cam e”, the cam having a small projec 
tion e' on a circular periphery so that the 
opening of the valve is almost momentary 
and during the injection of the fuel the 
piston E has time to move only a short 
distance. 
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Referring to the special construction illus 
trated in Figs. 2 to 6, the tube A is shown 
of considerably flattened form except at its 
ends, which are left circular, and the dis tance piece B is made with longitudinal 
grooves b extending almost throughout its 
length and permitting the liquid readily to 
reach the flattened tube walls and to be ex 
pelled on the contraction of the tube. The 
ends of the grooves are exposed at the round 
ends of the tube so that free communication 
is established throughout the tube. The ex 
tremities of the distance piece are arched at 
b' to provide a cross passage at the ends. 
One end of the tube is covered by the 

screwed cap C, the fitting C being secured 
on the other end. The position of the fit 
ting is however merely a matter of conven 
ience and, as in the modification shown in 
Fig. 7, the liquid may be supplied from the 
pump at one end and expelled at the other; 
or supplied and expelled at any other con 
venient points. The connection to the pump 
is made through the inlet c and that to the 
engine through the outlet o'. 
gage may be fitted at 6' and a relief valve at 
c. The tube and all the openings in the 
fitting C are inter-connected by the passages 
o'. A needle stop valve c' shown in Fig. 6 
is provided at the air vent c'. This air vent 
should be placed at the highest point of the 
tubular pressure device in any construction 
which may be adopted. In the apparatus 
just described, the pressure tube is horizon 
tal, so that the vent c is situated well 
above it. 
I prefer to construct the parts so that the 

initial pressure which must be exceeded be 
fore the tube A begins to expand is about 
2000 lbs. per square inch and the maximum 
pressure, when the tube receives the full 
charge, may be from 4000 to 6000 lbs. per 
square inch. The tube must therefore be 
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made of substantial thickness to provide for 
such high pressures by the distortion of its 
walls. At these pressures it is very desir 
able that there should be as few moving 
parts as possible, in order to avoid leakage. 
a small loss in the charge largely decreasing 
the efficiency of the engine. The tubular 
pressure device allows of ready application 
of the extremely high resilient pressure de 
sired in order to provide for the sudden in 
jection of the liquid fuel, without the use 
of a spring controlled plunger or other re 
ciprocating or sliding member. 
In the modification shown in Fig. 7 two 

pressure tubes A are provided, mounted in 
parallel on the fittings C which are placed at 
opposite ends, the pump pipe d being con 
nected to one fitting, and the cylinder pipee 
to the other, so that the liquid passes through 
the tubes A on its way from the pump to 

the tube across its reduced diameter. 
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the cylinder. The section of one of the tubes 
given in Fig. 8 shows it as of only slightly 
elliptical or flattened form, and the distance 
piece B is curved at its meeting faces to fit 
fairly closely against the inner surface of 

On 
charging the tube it is slightly expanded 
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into the circular form, as shown by the dot 
ted circle. The distance piece may be made 
with cross channels b° to permit ready access 
of the liquid between it and the contracted 
tube walls. The precise arrangement or 
number of tubes employed is immaterial and 

75 

depends on the size and type of engine to 
which the device is fitted. 
What I claim and desire to secure by Let 

ters Patent of the United States is:- 
1. In an internal combustion engine, liquid 

fuel injecting means comprising a fuel 
E" a tube adapted to expand slightly un 

igh internal liquid pressure derived 
from the said pump, mechanical means for 
limiting the free contraction of the tube on 
release of pressure, and an inlet valve which 
on opening allows the tube to contract upon 
the liquid fuel and force it suddenly under 
high resilient pressure into the cylinder. 

2. In an internal combustion engine, liquid 
fuel injecting means comprising a fuel 
pump, a flattened tube adapted to expand 
slightly by distortion of its walls under high 
internal liquid pressure derived from the 
said pump, an internal distance piece upon 
which the flattened walls of the tube col 
lapse, and an inlet valve through which the 
liquid fuel is forced into the cylinder by the 
contracting pressure of the tube walls. 

3. In an internal combustion engine, liquid 
fuel injecting means comprising a fuel 
pump, a flattened expanding pressure tube 
receiving the fuel, an internal distance piece 
on which the flattened tube walls contract, 
having fuel channels in its contacting faces, 
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and an inlet valve through which the liquid 
fuel is forced into the cylinder by the con 
tracting pressure of the tube walls. 

4. In an internal combustion engine, liquid 
fuel injecting means comprising a fuel 
pump, an expanding pressure tube, a tube 
fitting through which the tube is connected 
to the said pump and to the engine cylinder, 
an air vent at the uppermost point of the 
said fitting, a stop valve controlling the said 
air vent and a fuel inlet valve through which 
the liquid fuel is forced into the cylinder by 
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the contracting pressure of the tube walls. 
In testimony whereof I affix my signature 120 . 

in presence of two witnesses. 
JAMES McKECHNIE. 

Witnesses: 
CHARLEs GEORGE Ro13ERTSON, 
HENRY KING. 

  


