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Serial No. 235,881

ALIEN PROPERTY CUSTODIAN

FORMATION OF THE COMBUSTIBLE MIX-
TURE IN INTERNAL COMBUSTION EN-

GINES
Prosper L'Orange,

Stutigart-Feuerbach, Ger-

many; vested in the Alien Propertiy Custodian
Application flled October 19, 1938

This invention relates to a method of and ap-
paratus for the formation of the combustible
mixture in Internal combustion engines.

The formation of the combustible mixture in
internal combustion engines by means of car-
burettors has the advantage that the quantity of
fuel is adapted directly to the quantity of air
supplied, but suffers on the other hand from the
drawbacks that the fuel surface 1s exposed, that
the carburettor is sensitive to position, and that
the mixture is Hable to be too rich at high speeds.
The fuel pressures produced are also too low to
effect sufficient atomisation, particularly if the
fuel 1s Injected Into the interior of the cy¥linder.

With a vilew to retalning the above-mentioned
advantages whilst avoiding the disadvantages it
has been proposed to employ fuel pumps de-
signed to glve a varlable supply and regulated by
means of apparatus influenced by the pressure of
the suction alr supply. Such regulation cannot,
however, be carried out sufficlently simply and
sensitively.

According to the present invention the energy
of flow of the alr being supplied to a cylinder,
which 1is also effective with a carburettor, is
caused to act upon an overflow valve of a supply
of fuel delivered in excess to a fuel injection noz-
zle, 50 a5 to maintain the fuel supply at a pressurc
proportional to the square of the velocity of the
air supply, whereby the quantity of fuel ejected
per unit of time from the nozzle at a constant
value thereon is directly proportional to the
quantity of alr being supplled per unit of time.

In carrying the invention into effect the energy
of flow of the air supply may be caused to act
either directly upon, or by producing a partial
vacuum upon, a piston or a diaphragm surfacc
so arranged that the force acting thereon Influ-
ences the loading of an overflow valve in the fuel
pipe by which fuel is supplled to an injectlon
nozzle or nozzles.

The speed of flow of the air increases In direct
proportion to the quantity of alr drawn Into the
engine per unit of time, but the alr pressure
thereby produced Increases as the square of the
speed of flow. Consequently, the load on the
overflow valve, and therefore the pressure in the
fuel supply pipe, increases as the square of the
alr speed. The Injection veloclty of the fuel,
however, corresponds to the square root of the
pressure of the supply thereof and thus is pro-
portional to the speed of flow of the alr.

The formation of the mixture in accordance
with the Invention can be effected whilst using
elther pumps with a uniform rate of delivery, for
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eXample, gear pumps, or plston pumps having a
separate piston for each nozzle to be supplied.
In the first case, a declslve factor In the design
is whether a carburettor dellvering a uniform
flow of mixture to a plurality of cylinders is to he
replaced, or whether the fuel is to be delivered to
each cylinder Individually Just before or just
after the inlet valve, In which event the Injection
valves must be controlled, but only one overflow
valve is necessary for each pump. In the second
case, no control of the injection valves need take
place if a speclal overfiow valve Is provided for
each nozzle, On the other hand, if it is desired
to use a multiple cylinder pump with only one
overflow valve, control of the Injection valves Is
necessary. Such a control is frequently difficult
to provide for, however, particularly when the
invention is to be applied to existing types of
engines,

According to a further featurc of the Invention,
therefore, when a multiple piston pump 1s em-
ployed with only one overflow valve, the control
of the Injection nozzles Is effected by the pump
itself,

In order to effect such control In a simple man-
ner and, in particular, to avold as far as possible
externally operated control members producing
condensation, the plston of each pumping unit is
utilised to control the communication between
a pump delivery space common to all the pump-
ing units, and a nozzle corresponding to the sald
piston. In this case a glven plston does not oper-
ate to convey the charge delivered thereby to the
corresponding nozzle, but actuates a control
member which establishes a connection between
the nozzle and the pump dellvery space into
which all the pumping units deliver, so that on
the one hand a portlon of the discharge of the
other pumping units passes through the opened
nozzle and, on the other hand, the total discharge
of the piston actually operating does not pass
through the sald nozzle.

The quantity of fuel supplied through an open
nozzle is determined by the regulated pressure
common to all the pump dellvery spaces and by
the cross-sectlons of the nozzle supply passage
and the injection aperture.

The overflow valve loaded by the pressure of
flow can, in principle, be designed In two differ-
ent ways.

Thus, according to one constructional embodi-
ment ¢of the Inventlon a constriction may be pro-
vided in the suction pipe, for example by means
of a sp-called venturl tube, and a connection
made between the position therein at which the
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air has its maximum velocity and lowest pres-
sure and the lower side of a plston or diaphragm
regulating the overflow valve, the upper side of
which piston is exposed to the pressure of the
alr in the suction pipe before reaching the con-
striction,

The overflow valve is thus loaded by a resultant
pressure which, if necessary, may be increased by
the pressure of a spring for the purposes here-
after described; the valve will therefore open as
goon as the pressure of the lquid multiplled by
the cross-section of the valve 1s greater than the
resultant pressure acting on the regulating pis-
ton multiplled by the cross-section of the latter,
plus the force of the spring.

The pressure of the liquid thus always remains
proportional to the difference of pressure of the
flowing alr at the two points in the suction pipe
to which the valve regulating device is connected,
and this ratlo can easlly be made very large, as
for example a thousand to one, so that a fuc-
tuation of the alr pressure produced by a vari-
ation In the velocity of the alr and amounting to
a few-one-hundredths of an atmosphere will
cause an edcess pressire in the fuel pipe amount.
ing to several atmospheres,

The overflowing liquid Is carried back into the
supply tank or lnto the pump suction pipe.

In an alternative construction, in order to avoid
the necessity for any air-seallng member, the
load on the overflow valve is obtained by placing
in the air-stream an obstacle, for example a plate
or other deflection surface, by which the current
of alr is deflected,

Such an arrangement can readily be so formed
that there 15 no considerable loss of air velocity.
It can also be convenlently designed to escillate
about a pivot and be made to act upon the over-
flow valve through a transmission mechanism.

The Injection nozzle, when 1t Is controlled,
can be closed by a valve opening inwardly or out-
wardly. When the nazzle is not controlled it
can, particularly when the Injection takes place
in the cylinder, be closed by an outwardly open-
ing needle or by a spring-loaded check valve open-
ing inwardly. The nazzle, however, can also be
quite open, especially when It discharges into
the suctlon plpe leading to ihe inlet valve.

If a controlled Injectlon nozzle is used in con-
Junctlon with a pump having e uniform output,
the conirol may he effected by means of a me-
chanical control derived from the cam shaft, and
convenlently from the existing control of the in-
let valve.

In addltion to effecting a control of the fuel sup-
ply In the manner already described It may be
necessary or desirable to effect a correction of
the richness of the mixture, the nature of the
correction depending upon the particular cir-
cumstances or requirements, nnd further features
of the Invention are concerned with such cor-
rections. Thus it i{s sometimes found that the
quanttly of fue] at higher engine speeds becomes
too great as a consequence of the alr attenua-
tlon then taking place, so that the mixture be-
comes too rich. In order to obviate this difficuity
according to a further feature of the inventlon,
the overflow valve, in additlon to being loaded
in accordance with the pressure of the air flow,
1s also loaded with an approximately constant ad-
ditional force, for example by means of & spring.
It is possible In this way to maintaln the propor-
tions of the mixture substantially constant.

On the other hand, In many cases, particularly
In the case of aircraft englnes, i1t may not be
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desired to maintain a constant mixture for all
speeds and, consequently degrees of loading but
to vary the mixture so as, for example, to be
richer with light or full load than with inter-
mediate loads. This variation is effected, accord-
ing to the invention, by loading the overflow
valve with a varlable force, additional to that
depending upon the pressure of the air flow, and
supplied, for example, by a spring the tension of
which is varied with the load. For this purpose
the tension of the spring may be varied simul-
taneously with the adjustment of the throttle reg-
ulating the output, so that an additional initial
tension is impearted to the spring when the throt-
ile is slizhtly open and when it is fully open, but
the tension is relieved in the intermediate posi-
tion of the throttle corresponding for example,
to the stage between sixty per cent and eighty
per cent of the full load.

In still other cases, notably in the case of heavy
motor vehicles, it may be desired that the milx-
ture should he particularly rich at a certain speed,
for example at the speed at which gear-chang-
ing takes place, and should become weaker with
increasing speed. In such cases, according to
another feature of the Invention, the fuel curve
1s corrected for example, by employing the Iner-
tia of a centrifugal regulator, by loading the over-
flow valve with a force, additional to that de-
pending upon the pressure of the air flow, which
is influenced by the speed and increases or de-
creases therewith. In this way, a mixture can
be preduced which is richer at low gpeed and &t
maximum speed, but poor at intermediate speeds,
or which is richest at any glven speed.

Another feature of the invention relates to the
correction of the mixture proportions to compen-
sate for variations of the altitude wt which the
engine Iis operafing. The method of mixture
formation salready described ensures that the
quanttiy of fuel supplied in a given time shadl
be In direct proportion to the quantity of air
supplied in the same time, subject to any of the
previously described corrections that may be ap-
plled, and provided that the density of the air
remains constant. The proportions of the mix-
ture would not, however, remain constant with
variations in the altitude at which the engine
is operating, since, although the fuel pressure
1s reduced in direct proportion to the fall in air
density, the quantity of fuel supplied per unit
of time varles as the square root of the air density.
The quantity of fuel supplled is therefore not
reduced to the same extent as the air density and
the mixture thus becomes relatively richer with
increasing altitude. In accordance with the In-
ventlon, this fault is corrected by reducing the
Iorce loading the overfiow valve a&s the altitude
Increases. This may be effected by applylng an
additlonal force having a negatlve action, the
sald force belng provided, for example, by a dia-
phiragm chamber, filled with air at normal at-
mospheric pressure so as to expand as the alti-
tude increases, and arranged to reduce the load
on the overfiow valve when such increase takes
place, If a supercharging blower is provided, the
difference between the blower pressure and the
external pressure may be employed to produce
the variation in loading of the overflow valve,
the said difference in pressure being compensated
for by a spring as Is mcre fully described here-
after.

In order that the invention may be clearly
understood and readily carrlied Into effect ref-
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erence will now be made to the accompanying
drawings, In which:

Figure 1 illusirates diagrammatically an en-
gine having a fuel supply installation according
to the inventicn which embodies controlled In-
jection nozzles and a fuel supply pump with a
uniform output;

Figure 2 illustrates an arrangement for con-
trolling the injection nozzles;

Figure 3 {llustrates an alternatlve arrangement
for the regulation of the overflow valve in which
an uncontrolied injection nozzle is used In con-
Junction with an Intermittently discharging pis-
ton pump;

Figure 4 illustrates a modification of the In-
venfion in which several injection nozzles are
supplied separately from the pumping units of
s multiple piston pump and the operation of
the nozzles is controlled by the pump pistons;

Figure 5 [llustrates in detail a construction
of a pumping unit and injection-valve control
suitable for use in the embodiment iliustrated
in Plgure 4.

Figure 6 is a diagram illustrating the opera-
tlon of a fuel supply installation constructed In
accordance with the invention, and one way in
which the mixture proportions may be corrected.

Figures 7 to 10 are further diagrams illustrating
the correction of the mixture prcportions to take
account of different circumstances and condi-
tions, and Pigures 11, 12, 13 and 14 illusirate
varlous modificatlons of an apparatus construct-
ed according to the invention, designed to effect
the corrections 1ltustrated respectively in Figures
7,8,9and 10.

Referring to the construction illustrated in

Figure 1 of the drawings, the four controiled
injection valves d of an engine a are supplied
with fuel from a pump ! having a uniform rate
of dellvery, by means of a plpe n connected in
parallel with the four Injection valves d. The
pipe n iIs connected to an overflow pipe k, con-
trolled by an overflow valve h, and leading to the
supply tank and thence back to the suction side
of the pump L.
. There Iz inserted in the air suctlon pipe b of
the engine @ a constriction ¢ from the narrowest
point of whieh a connection !s made with the
underside of a regular piston f which works
in & cylinder e and is thus subjected on its un-
derside to the reduced pressure resulting from
the partial vacuum at the noint ¢ In the pipe b.
The upper end of the cylinder e is connected to
the pipe at a point on the inlet side of the con-
striction e¢. The piston f is thus loaded In ac-
cordance with the difference {n the pressures in
the pipe b at the point ¢ and on the inlet side
thereof. In addition the piston f is loaded by
a spring ¢ for effecting a correction of the fuel
delivery curve in a manner more fully described
hereafter In connection with Figure 6 of the
drawings. These loads are applied to the over-
flow valve i which Is made as a needie and closes
the pipe k¥ from the pump ! until the pressure
in the pipe n 1s sufficient to lift the valve R,
whereupon a portion of the liquid flows back to
the fuel tank {1 and subsequenfly, by way of the
pipe m, to the suctlon side of the pump .

The manner ih which this construction oper-
ates lg lilustrated In Fleure 6 of the drawings,
in which the full line curve A’, B’ lllustrates the
increase of the fuel pressure p with the engine
and air supply speeds, at a constant position of
the air throttle. By taking the square roots of
the values for the pressure p glven by the curve
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A’ B’, a curve E’, F' corresponding to the fuel
injection velocity » is obtained. This curve, as
can be seen, Ig In the form of a stralght line,
indicating that the fuel injection veloecity in-
creases proportionally to the engine speed.

PFlgure 2 {llustrates one manner of controlling
the Injection valves d lllustrated in PFlgure 1.
In this construction, the valve Is moved by the
lever o of the cylinder !nlet valve, so that it is
open during the whole or a portion of the suc-
tion period. By shifting a collar 3, the period
of opening and the helght of the opehing move-
ment of the valve d can be adjusted. The in-
Jection valve could equally well be controlled di-
rectly from the cam shaft f by means of cams
and double armed levers. ‘The adiustment of the
valve durlng working (for example, to obtaln
& weak or a rich mixture) could then take place,
for example, by adjusting the lever pin which in
this case would be eccentric.

In the modification illustrated in Figure 3.
the energy of the alr flowing in the suction pas-
sage acts on a blade-like deflection surface u
which, by means of a small lever arm w, bears
upon the needle & of the overflow valve. The
needle R closes a passage k& communicating with
the passage n through which fuel is supplied to
an uncontrolled injection nozzle d.

The fuel is supplled by a piston pump (not
shown) which supplies perlodically and to ex-
cess during the corresponding suction stroke.
so that there arlses in the passage n a pressure
proportional to the square of the air velocity.
When the fuel exceeds this value the valve h
opens to permit the overflow of fuel to pass by
the passage r back to the suctlon side of the
pump, whilst the remainder of the fuel Is in-
Jected into the passage b through the nozzle d,
which has a small bore directed towards the in-
let valve r in the cylinder a.

The entire overflow valve and regulating de-
vice is mounted in and on a body o which is 50
fitted In & socket in the suction pipe b at an
enlarged portion thereof that the current of air
deflected by the blade u is caused to follow an
8-shaped path.

In use, the pump is 50 adjusted as to commence
its delivery stroke shortly after the commenhce-
ment of the suction in the passage o and to end
its delivery stroke slightly before the moment
when the suction In the passage b ceases. Dur-
ing the delivery stroke of the pump, therefore,
the overflow valve h is continuously loaded pro-
portionally to the square of the quantity of air
passing the blade u per unlt of time.

A spring ¢ is provided in this case also to effect
a correction of the fuel delivery curve as de-
scribed hereafter with reference to Flgure 6.

The rebound surface u may also be made round
and act directly on the needle k.

The nozzle opening may also be closed by an
automatic valve, especlally when the Injection
takes place in the cylinder itself,

In addition to effecting the correction described
with reference to Figure 8, the spring ¢ may be
used to provide a supplementary load in order
to compensate for a constant resistance in the
injection pipe n or the nozzle d, for example, the
resistance of a spring-loaded valve therein. The
fuel pressure necessary for the openlng of such
a valve would then be determined by the spring
¢ which would have to be designed to provide a
force corresponding to that pressure, in addition
to the force required for effecting the correction
of the mixture proportions.
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In the modificalion illustraled in Figure 4 the
air suction pipe b of a six-cylinder englone a is
connected to a regulating device e, for example
of the form illustrated in Figure 1. The pressure
of the fuel supply to the injection nogeles is pro-
duced by a multiple piston pump G, all the units
of which discharge into the same dellvery space
D which i1s connected by a pipe k& Lo the overflow
valve cf the deviee e. The pressure In the deliv-
ery space of the pump G is thus kept at a level
corresponding to the quentity of alr supplied
per unit of time, The outflow of the excess fuel
from the device e takes place through the pipe
E to the pump suction pipe m.

The pistons L of the pump G are so adjusted
that each piston reaches the end of its discharge
stroke approximately at the mid point of the In-
jectlon period of the corresponding injection
valve.

During the compression stroke of a given pis-
ton L a pressure valve H opens, but the stroke of
the said valve H Is limited by a valve J, which
is held on its seat by a strong spring. At the
end of the compression stroke, however, the pis-
ton L positively engages the valve H and thus
{ifts it and the valve J by a small amount, so
that during this period the pressure space D is
connected to cne of the pipes, I, II, IIT, IV, V,
or VI supplyving the injection nozzles d.

The econstruction of one of the pumping units
diagrammatically illustrated in Figure 4 is more
clearly illustrated in Figure 5. In this construc-
tion the pump housing G containg a piston gulde
K in which the piston L slides. In the position
shown, the piston L is at the upper end of its
stroke and has lifted, by means of an extension
3, the pump discharge valve H and with it the
control valve J, so that the passage in the union
R is connected to the pump delivery space D
and with the overflow valve of the regulating
device €, The valve J is moved agalnst the pres-
sure of a strong spring P, go dimensioned as to
maintain the valve J closed against the highest
fluid pressure arising beneath it.

The delivery valve H is fitted in a secrew-
threaded body M which bears upon the pilston
guide X and is closed at the top by a cap B. The
eontrol valve J moves in a guide member O which
is tightly screwed into the cap N. The height of
opening of the control valve J can be determined
by the thickness of a packing T.

In place of a control valve J of the form illus-
trated, a ground slide valve may be employed.

In each of the constructions described, since
the loading of the overflow valve is derived solely
from the energy of flow, the connections for uti-
lising that energy can be made in front of or
behind the air throttle. Similarly, the injection
nozzle, when fitted in front of the air inlet valve.
can be inserted at any position in the suction
passage in front of or behind the alr throttle.

As has already been bolnted out, it may be
necessary or desirable to correct the proportions
of the mixture to take account of different eir-
cumstances. Thus, it may be found that the
quantity of fuel at higher engine speeds becomes
too great as 8 consequence of the air attenua-
tion then taking place, s0 that the mixture he-
comes too rich, This difficulty is met by the
provision of the spring ¢ illustrated In Figures 1
and 3, which acfs to apply an apbroximately con-
stant load to the overflow valve h additional to
the load derjved from the pressure of the air flow.
The effect of such additlonal load can be seen
from Figure 8, in which the addition of th- load

10

26

30

35

40

45

1]

55

60

a5

70

7

235,881

P, e produces the final fuel pressure curve indi-
cated by the broken line C’, I. By taking the
square roots of tlle values glven for the pressurc
(p+p, e by the curve C’, I, the cuwrve G', H' is
obiained which, as can be seen from the drawing,
has a downward curve, in contradlstinction to
the straight line curve E’, ¥, that s, the rate
of increase of the fuel injection velocity 1s not
directly proportional to the engine speed but de-
creasSes somewhat as Lhe engine speed increases.
It is eagy by the choice of a spring of appropri-
ate strength so to adjust this relative decrease
cof the fuel injection velocity ss to permit the
maintenance of a mixture of uniform proportions
at all engine speeds.

Figure 7 1llustrates a case In which the mix-
ture proportions are corrected so that the mix-
ture is richer with light and full load than with
intermediate loads, ags may be required, for ex-
amplie, in an aircraft engine. In the figure the
continuous curve I' represents the variation of
air pressure behind the throttle and, conse-
quently, of the approximate alr density in the
cylinder, with variations In load. The curve ®
represents the variation of the fuel supply pres-
sure when no correction is applied, and curve b!
being proportional to the curve I'. The supply
should, however, comply with the curve b2, that
is to say, the mixture should be richer with no
load and with full load than with intermediate
loads,

This may be achieved, for example, by the ap-
paratus illustrated in Figure 11, which comprises
a regulator e, operating similarly to the regulator
illustrated in Figure 1, and having an overflow
needle . loaded by a dlaphragm /, the upper side
of which Is connected to a region of high pres-
sure in the air supply passage, while the lower
side thereof Is connected to a region of lower
Pressure.

The said diephragm [ is further loaded by a
spring g, the upper abutment of which is formed
by the displaceable piston g! in the casing cover
e!, The piston ¢! is displaced by a cam disc ¢*
and the spring g is tensioned as soon as the cam
dise, which is connected to the throttle valve A
by a connecting rod A? and a lever A3, moves
upon opening the throttle. As is illustrated, the
cam g2 is designed to correct the supply curve in
the desired manner.

It desired, instead of employing the mechanism
A? A3 the correctlon may be effected by actuat-
ing the cam disc g? by means of a piston which 1s
loaded on one side by the pressure of the air sup-
ply In front of the throttle and on the other side
by a spring and by the negative pressure behind
the throitle.

Figure B illustrates a correction which is suit-
able, for example, for the engines of heavy motor
vehlicles. In this case, the additional output and
consequently the Increase in the supply is pro-
vided, as indicated at b, at & road speed at which
gear-changing takes place after which a rapid in-
crease in the torque is necessary. The correc-
tion Indicated in Figure 8 may be obtzined by
means of the apparatus {llustrated in Figure 12
which comprises a centrifugal regulator ¢® which
actuates 8 cam disc ¢? through a lever g* and
connecting rod g® in a manner similar to that
illustrated in Figure 11. When the regulator g*
rises owing to an increase in the speed, the cam
disc ¢? Is thereby displaced to the left and so re-
duces the spring tension. When the regulator
g° descends, the cam Increases the tenslon of the
spring and consequently the supply of fuel.
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If the engine 15 to be used at conslderably
varying altitudes it 1s desirable to effect a correc-
tion to combpensate for the change in the alr
density, the reduction of which from a very low
gltitude up to an altitude of 12 kllometres is In-
dicated by the curve ! in Figure 9. The reduction
in pressure of the fuel supply, however, follows
the curve B! if no correction is applied, and thus
differs increasingly from the alr pressure with in-
creasing altitude., The present invention pro-
vides & correction of the fuel pressure whereby
the curve b? is obtained, which provides a suffi-
clent approximation of the fuel pressure varia-
tion to the air density variation.

A device sultable for this correction is illus-
trated in Figure 13, in which a dlaphragm cham-
ber f' is mounted on the cover e! of a regulator
casing ¢ of the form already described, the sald
diaphragm chamber f acting, through a lever /2
and a connecting rod /° on the regulator dia-
phragm and expanding with Increasing altitude,
due to the decreasing alr density, so as to reduce
the load on sald regulator diaphragm.

When the engine i supercharged the correc-
tlon to compensate for variations In altitude re-
quires to be modified, and the manner in which
the correction is effected is 1llustrated In Figure
10, in which the curve Il represents the reduc-
tion in the external air bressure from a very low
altitude up to an altitude of 12 kilometres. By
adfustment of the supercharger it is usually pos-
slble to malntain the alr supply substantially at
atmospheric pressure curve & and b! unti] a glven
maximum altitude (indlcated In the figure as 6
kilometres) is reached, Bubsequently the pres-
sure of the alr supply decfeases substantially in
the same proportion as theé external alr pressure,
as indicated by curve I7. The device illustrated in
Flgure 1 of the drawlngs wpuld provlde a mixture
of the correct proportions up to the sald maxi-
mum altltude, (curve P and b!) but as indicated
by the curve b! would then produce the same
deviation as Is indleated In Figure 9. If, at this
point, the actlon of the dlaphragm chamber ¢ is
replaced by that of a small piston which is loaded
on one side by the external air pressure and on
the other side by the pressure of the alr supply,
an effect can be obtalned whiech is similar to that
produced by the dlaphragm chamber f! illustrated

in Plgure 13, so that the fuel curve bl Is corrected :

at its right hand end to the form of the curve b,
This result Is obtained if the correcting piston is
rendered operative, for example by means of the
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charging regulator, only when the given max-
imum altitude of 6 kilometres has been ex-
ceeded. However, it Is advantageous for this
correction also to be rendered effective before the
said altitude has been attained as in indicated in
Figure 10. This is due to the fact that if the air
supply pressure s maintained constant up to the
sald maximum altitude, the quantity of fresh air
charged does not remain constant, but is in-
creased by an amount varying f{rom approxi-
mately 20% untll the sald altltude is reached,
owlng to the Influence of residual gas and tem-
perature. By applying the correction referred
to, however, the alr supply pressure curve and the
fuel supply curve are corrected to the form of the
curve I3 and the left hand end of the curve b=,

Since the differential pressure increases when
descending from the sald maximum altitude, that
is to say from 6 kllometres in this case, the ar-
rangement also produces the correction when de-
scending from that altitude,

An apparatus suitable for effecting the correc-
ticn {llustrated in Flgure 10 is illustrated in Fig-
ure 14, in which a piston B and spring B3, which
are both enclosed in a cylinder B, act on a regu-
lator diaphragm 7, such as is illustrated in Figure
11, through a connecting rod C.

The space above the piston B communicates
through & passage Bf with the space above the
regulator diaphragm f and thus with the alr sup-
ply pipe in front of the throttle. The space be-
low the piston B is in communication with the ex-
ternal air through apertures B®.

At very low altitudes, no differential pressure is
produced on the piston B and the spring tenslon
effects a maximum reduction of the load on the
rezulator diaphragm f. At the glven maximum
altitude of 6 kilometres the differential pressure
is at & maximum and nullifies the spring pressure,
Upon a further increase of altitude, however, the
spring pressure agaln becomes effective.

The different corrections described can be em-
ployed simultaneously; for example, the correc-
tlon llustrated by Figtire 7 may be employed si-
multanecusly with the altitude correction illus-
trated by Figure 10. In such a case, in addition
to the piston B loaded with the differential pres-
sure, there would be a spring of varlable tension
acting oh the regulator diaphragm and controlled
as in Pigure 11. Alternatively the tension of the
spring B? below the piston B would be controlled
to produce the correction indicated in Figure 7.
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