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This Invention is directed to a reactlon or re-
coll nozzle through which the exhaust gases of an
internal combustion engine pass to produce a re-
coll force which alds in the forward propulsion of
& vehicle, as for example, an aircraft. More par-
ticularly, the Invention s directed to a recoll
nozzle which has a variable discharge orifice so
that the efficlency of the discharge gases In pro-
ducing a recoil action is maintajned despite
changes in atmospheric pressure, and in the ve-
locity of the relative wind.

Recoll nozzles have been developed particularly
with respect to aircraft englnes, by means of
which the gases from the cylinders of the engine
gre exhausted through a special condult for each
engine cylinder in a direction opposite the move-
ment of the aircraft, In prior known construc-
tlons these recoil nozzles were of a fixed con-
struction which could not be adjusted for changes
in the physical conditions under which it was op-
erated. The efficlency of a recoll nozzle depends,
of course, upon its construction with relation to
the pressure of the gases passing therethrough,
the pressure of the atmosphere into which the
gases are exhausted, and upon the velocity of the
relative wind which passes exteriorly of the
nozzle and Into which the gases are exhausted.

As aircraft are operated at different altitudes
and at different speeds, the heretofore known
nozzles were efficlent for only one predetermined
altitude and speed.

It is an object of this inventlon to produce a
recoil nozele of the type described which can be
adjusted so as to function efficiently at differ-
ent atmospheric pressures.

Another object of the Inventlon Is to produce a
recoll nozzle of the type described in which the
size of the outlet orlfice can be varied, so that
the efficiency of the nozzle is malntalned despite
changes in the physical conditions in which 1t is
operated.

Another object of the Inventlon is to produce a
recofl nozzle in which the outflow of gas through
the nozzle can be maintained at the highest
veloclty over the greatest period of time possible.

Another object of the Invention is to produce
a recoll nozzle for an internal combustion air-
craft engine in which the eficlency of the nozzle
is maintained by automatically adjusting the
nozzle to compensate for changes In the altitude
and speed at which the aircraft is fiying.

Anopther object of the Inventlon is to produce
s recol] nozzle In which the ratic hetween the
gas Inlet and discharge orifices of the nozzle can
be automatically increased with a decrease in at-
mospheric pressure Into which the gases are dis-
charged, and decreased with an Increase of the
relative wind into which the gases are discharged.

Generally, these objects are obtained by pro-
viding a recoil nozzle with an outlet orifice which
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is adiustable as to size. It has been dlscovered
that by varying the ratio between the areas of
the discharge and inlet orifices of the nozzle such
that the ratio increases with an increase In air-
craft fiying altifude, and decreases as the speed
of the relative wind increases, the nozzle can dis-
charge the gases with a substantially constant
maximum recoil eficiency. The adjustment may
be easily obtained by utilizing a member which is
sensltive to change in barometric pressure and
the pressure of the relative wind, these changes
being used to actuate the adjustable orifice. For
example, & Venturl tube may be used in com-
bination with a spring balanced piston as the
Instrument sensitive to the changes in the physl-
cal conditions, and these changes may be used to
actuate a shutter for varying the opening of the
discharge orifice of the nozzle.

The means by which the objects of this inven-
tion may be obtalned are more fully disclosed in
the accompanying drawings in which:

Fig. 1, dlagrammatically, is a cross-sectional
vilew of a recoil nozzle of unvariable shape at-
tached to a cylinder of an internal combustion
engine,

Fig. 2 is s graph disclosing the effect of changes
in the atmospheric pressure into which the gases
from the nozzle of Fig. 1 are discharged, upon the
velocity and time of discharge of the gases from
the nozzle.

Fig. 3 is & graph disclosing the effect of changes
in the size of the discharge orifice of the nozzle
upon the veloclty and time of the discharge of
the gases from the nozzle,

Fig. 4, diagrammatically, is a cross-sectfonal
view of a recoil nozzle having & discharge orifice
constructed according to this invention.

In Fig. 1 a recoll nozzle 2 is shown attached to
& cylinder 4 of an Internal combustion engine
within which is the conventional piston 8. The
gases enter the nozzle 2 through throat 8 in
which an exhaust valve 10 is diagrammatically
Indicated. The gases are exhausted from the
nozzle 2 into the atmosphere through the orifice
{2 which, In this nozzle, is of invariant cross-sec-
tion. In the discharge of the gases from the cyl-
inder 4 through the nozzle 2 into the atmosphere,
the gases are exhausted from the combustion
chamber at a varlable pressure Pi, through the
throat 8 into the nozzle 2 where the gases have a
variable pressure P. The gases are exhausted
from the nozzle 2 through the orifice 12 into the
atmosphere. The quantity of gas entering noz-
zle 12 15 dependent upon the pressure P and on
the cross-sectiona] area fv of the throat 8. The
quantity of gas passing through orifice 12 is de-
pendent upon the atmospheric pressure Ps ad-
Jacent the orifice. The discharge end of the hoz-
zle 2, containing orifice 12, has different shapes
all depending upon the relationship between the
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pressure of the atmosphere and the pressure P In
the nozzle. For example, the nozzle may have
the shape disclosed in Fig. 1 if the pressure ratio
P2/P is hypercritical, and the cross-sectional area
fa of orifice §2 then serves as the critical dis-
charge dimenslon of the nozzle. If the pressure
ratio Pa/P 13 sub-critical, a Venturi discharge
nozzle would be used, and the cross-sectlonal area
of its end would be the critical area.

The pressure P in nozzle 2 periodically varies as
the gases are forced from the combustion cham-
ber into the nozzle, and the degree of variation
depends upon changes in the cross-sectional area
ratlo fa/fv. Furthermore as may be seen from
Fig. 1, during the exhaust period, that is when
when valve 10 Is open, a greater quantity of gas
will enter nozzle 2 then can be discharged there-
from during the same period of time. Of course,
discharge from nozzle 2 continues when exhaust
valve 10 is closed and does not stop until P and P2
are equalized. Consequently, the variation of
pressure P within the nozzle 2 is also dependent
upon Pz. The velocity of the discharge of the
gases through orifice {2 is dependent primarily
upon the ratio P2 to P. It is apparent that for
aircraft engines the pressure Pa varies inversely
as the altitude at which the englne is heing op-
erated.

Thus a nozzle which has a fixed ratio of fa/f+v
will not operate the same at all altitudes. This
is graphically demonstrated in Fig. 2 whereln the
velocity of discharge of the gases from a hozzle
over a period of time is shown for three differ-
ent altitudes. The curve Hi shows the velocity
of the gas passing through orifice 12 plotted
against the time of discharge for the highest al-
titude. The curves Hz and I3 disclose the dis-
charge of the gas from the same nozzle at succes-
sively lower altitudes. It is thus seen that at the
lowest altitude Hs, the gas maintained a substan-
tially constant velocity w3 only between the
points I and II during the time 3. The same
nozzle operated at the highest altitude H; maln-
tained a higher velocity wi over a longer period of
time ¢'1.

As it is desirable to maintain a substantial con-
stant veloclty of the gases discharged from the
nozzle during as long a time as possible, it is clear
that 1t is necessary to change the nozzle as the
atmospheric pressure P: changes, as occurs at
different altitudes. Changlng of the size of the
discharge orifice 12 will change the relationship
fa/fv which accordingly changes the ratio be-
tween P and Pa. Therefore as the altitude in-
creases, the cross-sectional area ratio fa/fv must
be increased.

The maximum dynamic efficiency of a reaction
nozzle s dependent upon the velocity of the gases
dlscharged from the reaction device with respect
to the speed of the reiative wind passing the ex-
haust nozzle I, the latter of course, being essen-
tially determined by the velocity of the aircraft.
As aireraft fly at different speeds, it 1s apparent
that the discharge velocity w of the exhaust gases
must be varied in order to maintain the maxi-
mum dynamlc efficiency of the nozzle. Fig. 3 il-
lustrates the effect upon the discharge velocity of
the exhaust gases when the ratio a=fa/fv is
varled. The curves a1, az, «3 represent the ef-
fect upon the discharge velocity w over a perlod
of time when the alrcraft is traveling at the some
speed and at a constant altitude, the area of the
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discharge oriflce being varied. 'The curve a: rep-
resents the least cross-sectional area of fa/fv and
shows that at this ratio the discharge velocity w1
of the gases through the outlet orifice of the noz-
zle is the greatest over the longest period of time
t1. Both the time of the discharge and the ve-
locity of gases decreases with increase of cross-
sectional area ratio fa/fv. Conseguently, the
cross-sectional area ratio must decrease as the
speed of the alrcraft increases In order to maln-
tain the maximum dynamic efficiency of the re-
coil nozzle,

An apparatus for varying the relationship be-
tween fa/fv so that the ratio can be Increased for
an increase in altitude or decrease of Pa, and de-
creased upon an increase of flying speed, is shown
in Fig. 4. The nozzle {4 hasa unconstricted open-
ing 16 into the atmosphere. The discharge orl-
flce is obtained by means of a shutter 18 which
may be hinged at 20 to nozzle 4. This shutter is
operated through a crank 22 attached to an arm
24, and to the connecting rod 26 of a piston 29
mounted In a cylinder 30. A spring 32 of a pre-
determined pressure is mounted on one side of
piston 28, while the other side of piston 28 com-
municates with the pressure of the atmosphere
and of the relative wind V through manifold 34
and a Venturi tube 35. The spring loaded end
of piston 28 communicates with the atmosphere
through a port 36.

It is apparent that as the shutter 18 is moved
by piston 28, the cross-sectional area fa of the
discharge oriflce of nozzle 14 will be varied.

In accordance with the requirements as illus-
trated by the graph of Fig. 3, when the velocity
of the relative wind V increases, If the speed of
the alrcraft is increased, the pressure in the
Venturi-tube 35 decreases, the piston 30 is urged
downwardly by the spring 32, and the shutter 18
rises to decrease the cross-sectional area fa and
thus to decrease the ratio fa/fv, in order to main-
tain the gas velocity w, the greatest for the long-
est period of time as illustrated for the curve ai,
Fig.3. .

The apparatus of Fig. 4 is merely llustrative
of one form of apparatus which can satisfy the
requirements of maintaining the proper ratio
fa/fv, which Is preferably within the limits 0.4 to
1.6. Other apparatus which are responsive, for
example to the temperature of the exhaust gases,
or to other physical factors, can be used to vary
automatically the size of the discharge orifice,
and thus to maintain the proper ratlo of fa/fv.

It is therefore apparent that the invention
majntains the maximum efficlency of the recoil
nozzle despite changes in the physical conditions
under which 1t is operating, and that this change
is effected by making the cross-sectional area Fv
upon which depends the amount of gas emntering
the exhaust nozzle per unit of time, proportionsl
to the cross-sectional area fa of the discharge
orifice upon which depends the amount of gas
discharged from the nozzle per unit of time. The
device increases this proportion or ratlo as the
altitude of the alreraft increases, and decreases
the ratio as the speed of the aircraft increases.
Continuous and automatic regulation of the
fa/fv ratio is obtalned to keep the recoll nozzle
working at maximum efficlency.

ANSELM FRANZ.
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