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Our invention relatesto the supply of fuel to 
internal‘ combustion engines and has particular 
reference to means for freeing the liquid fuel 
injected into such engines from the air admixed 
to it. ' - . 

It is well known' that air present in a- fuel sup 
’ ply system leading from the fuel tank through a 
delivery pump and an injecting pump to the en 
gine, if entering the working chambers of the 
injection pump, injection pipes and nozzles, is 
liable to disturb the operation of the system. 

It is a particular object of our invention to con 
struct a system of fuel supply in such manner 
that before starting operation‘ of the engine as 
well as during normal operation any air present 
in the fuel fed to the injection pump is separated 
from the fuel in the most perfect possible man 
ner. ‘ , - 

Means have already been provided for separat 
ing the air from liquid'fuel ?owing from a de 
livery pump to an injection pump. As a rule 
these separating means merely removethe great 
er part of the air or other gases which may be 
admixed to the fuel, before it reaches the injec 
tion pump and engine. It has however been 
found that even if such separating means are 
provided, disturbances of the injection by the air 
‘in the fuel may occur. This is due to the fact 
vthat the small quantities of air, which were-not 
separated out by the separating device, will 
gradually collect in the low pressure space, of the 
injectionv pump, until ?nally a larger quantity of 
collected air passes into this pump. - ' 
In order to avoid this drawback, we provide a 

connection, through which the fuel supplied to. 
the injection pump in excess and therefore not 
entering the engine is returned to the suction 
side of the delivery pump, from which it can now 
be conveyed afresh to the separating device and 
from there to the injection pump. ' 
“ Our invention thus comprises a method of air 
and fuel separation, in which the fuel is per 
manently kept circulating from the delivery 
‘pump through the separating device to- the in 
jection pump and back to the delivery pump, so 
that also small quantities which may'have been 
left in thefuel during its ?rst passage through 
the separating ‘device, are now prevented from 
collecting‘ in the low pressure space of the injec- ' 
tion pump, being permanently carried back by 
the fuel returning into the separating device, to 
be there removed. We thereby obtain a highly 
e?icient separation of the air, which will prove 
useful also in the case where fuel is fed to the 55 space. I‘ of the injection pump, are carried along 
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injection pump under a considerable pressure 
‘above normal. ' 
In order to remove the air,“ which before the 

start of the engine ?lls the fuel pipes between 
the delivery pump and the engine, as completely .' 
as possible from all parts of the pipes and more 
especially also from the injection pump, we may 
further connect the space on the low pressure 
side‘of the injection pump, which contains fuel, 
with the separating device by means of a separate 
pipe, through which'this air may escape into the 

_ separating device and into atmosphere. 
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In the case of an aero'engine provision has to 
be madefor' the inclined position of the longi 
tudinal axis of the aeroplane when the aeroplane 
rests upon. the ground, the tailof the plane being 
lower than the nose. No part of the fuel line 
should make with the longitudinal axis of the 
craft an angle which is smaller than ‘the angle 
which this axis makes with the horizontal in the 
tail- down position. If care is taken to avoid this, 
the fuel is prevented from accumulating in the 
line and from blocking it, and therefore air can 
be successfully separated from the fuel in the 
tail down position of the plane. I 
In the drawing afllxed to this speci?cation and 

forming part thereof an embodiment of our in. 
vention is illustrated by way of example in a dia 
grammatic elevation,_part1y in vertical section. 

’ Referring to the drawing, I is a fuel tank, 2 
indicates the internal combustion engine, 3 is a 
hand-operated pump-and 4 is‘ the fuel pump 
driven by the engine. 5 is the air and fuel sepa 
rating device, 6 is the injection pump. From the 
end of the low pressure space l6 of the injection 
pump, which is opposite the point where the 
pipe ‘I coming from‘the separating device ends, 
a pipe‘ .8 .leads to the pressure regulating and 
check valve 9 and from here back to-the suction‘ 
side of the fuel pump 4. - _ 
During normal operation this system operates 

in such manner that fuel is forced by the pump 
4 through pipe l0 into the separating device 5, to 
be freed in this device from the'greater part of 
the air admixed to it. which can escape into at 
mosphere through a pipe ll, so that- as a rule 

. fuel substantially free from air ?ows through 
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pipe I to the injection pump i. That part of the 
fuel conveyed by pump 4," which exceeds the 
quantity to be injected into the engine, returns 
through the pipe 8 to the fuel pump in orderto 
be conveyed afresh through the separating de 

. vice to the injection pump. The small quantities 
of air which have still entered the low pressure 



by the fuel in excess returning through pipe 8 
andv are carried back to the suction side of the 
fuel pump 4. This part of the fuel, which still 
contains some air, .is then returnedLtogether 
with fresh fuel, by the pump 4 through pipe In 
to the separating device 5, to be there freed again 
from air before being fed again to the injection‘ 
pump 6. Since this circulation is permanently 
kept going during the operation of the engine, 
any accumulation of air or other gaseous admix 
tures, which might disturb the injection, in the 
low pressure space of the injection pump 6 is 
avoided altogether. . ' '. 

In order toexplain the mode of action of the 
invention before the engine of an aircraft is 
started, let usaissume that ‘the longitudinal axis 
11-1! of thej'engine 2 and the longitudinal axis 
:r-a: of the injection pump extend in parallel to 
the longitudinal‘ axis of the craft and that the 
position of these axes :c—-a: and 11-1! in the draw 
ing corresponds to the tail down position of the 
craft on the ‘ground. During normal ?ight these 
axes take up the horizontal position illustrated by 
the line z-z, which makes - _with the tail down 
position 11-1! the angle a. The direction of ?ight 
is indicated bythe arrow a! parallel to line 2-2. 
Before the engine is started, no fuel, but only 

air is present in the pipe “I, the separating de-_ 
vice 5, the pipe ‘I, the injection pump 6 and the 
return pipe 8. Now ?rst the casing of the sepa 
rating device 5 is ?lled with fuel by means of the 
hand‘pump 3. When the fuel.‘ after having al 
ready been freed from most of the air admixed 
to‘it through the action of the separating device, . 
reaches the pipe 1, it will ?ow through this pipe 
into the low pressure space l6 of the injection 
pump 5, gradually displacing the air ?lling ‘this ' 
space. In order to enable the air to escape from 
the pipe ‘I and the low pressure space ll of the 
injection pump, as narrow pipe II is connected to 
that point II of the space Ii, which is the highest 
in the tail down position of the craft and up to 
which the fuel rises only after having ?lled the 
suction ports ii of all the cylinders of the in- - 
:Iection pump. ‘The pipe I! leads back to the 
separating device 5, ending at the point I4 above 
.the end of the pipe ‘I. The nine l3 conducts the 
air displaced by the fuel from the pipe ‘I and the 
space I‘ into the top part of the separating de 
vice ' so that it can escape through the pipe II. 
In order to guarantee a reliable exhausting of 
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the air from the low pressure space It of the in 
jection pump, the pipe I3 is so arranged that it 
constantly rises from the injection pump with 
the inclination of the pipev I3 relative to the 
longitudinal axis of the craft greater at any point 
than the angle a. .We thus prevent any quanti 
ties of fuel from accumulating in the pipe ll 
while the craft occupies the tail down position, 
which might impair the supply of the engine 
with air-free fuel by preventing the air exhaus-v 
tion from taking place. 
Preferably the pipe 1 leading from the air 

separating device to the injection pump is ar 
ranged in a similar manner in order to prevent 
any residual fuel from remaining in this pipe, 
when the fuel line is emptied, which might pre 
vent or hinder the air from escaping‘ when fresh 
fuel is ?lled in. As long as the craft occupies 

- during ?ight a position, in which the end ll of 
20 the pipe l3 lies below the fuel level in the sepa 

rating device 5, a small fraction of the fuel ?ows 
' through this pipe ii to the injection ‘pump. In 
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all other cases, for instance during a steep climb, 
this pipe is ?lled with fuel up to a corresponding 
level so that the operation of the engine is not 

' impaired by the presence of the pipev I3. 
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We wish it to be understood that we do not 
desire to be limited to the exact details of con 
struction shown and described for obvious modi 
?cations will occur to a person skilled in the art. 
We-olaim: . - 

An air eliminating system for the fuel supply 
to an internal combustion engine provided with a 
fuel pump’ and an indection' pump, said system 
comprising, in combination with said fuel pump 
and injection pump, an air and fuel separating 
device between the two pumps, and a fuel circu 
lating system interconnecting said fuel pump, de 
vice, and injected pump composed of a ?rst con 
duit for conducting fuel from said fuel pump to 

-- said device, a second conduit for conducting fuel 
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from said device to said injection pump, a third 
conduit for conducting excess fuel from said in 

. ,jection pump directly to said fuel pump for re 
circulation therethrough, and a fourth conduit 
connecting said injection pump and said device 
for releasing air entrapped in said injection 
Dump. 
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