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* This invention relates to improvements in fluid
Jet producing nozzles and has particular refer-
ence to an improved nozzle for directing the ex-
" haust gases of an internal-combustion engine
" into a reaction jet, o 3
An object of the invention resides in the pro-
vision of an improved fluid nozzle of the char-
acter indicated arranged to produce reaction jets
of maximum efficiency when the préssure differ-
ential between the gas within the nozzle and 10
the air at the nozzle exit is both above and below
the critical value.
A further object resides in the ‘provision of
an improved fluid jet directing nozzle of the
character indicated which acts ag & convergent 13
nozzle under some circumstances and as a con-
vergent-divergent nozzle under different circum-
stances, : . .
Other objects and advantages will be more
particularly pointed out hereinafter or will be- 20
come apparent as the description proceeds. ‘.
"~ 'In the accompanying drawing, in which like
reference numerals are used to designate similar
parts throughout, there is illustrated in several:
slightly modified forms a suitable mechanical 25
embodiment, for the purpose of disclosing the in-
vention. The drawing, however, is for the ‘pur-
bose of illustration only ‘and is not to be taken as
limiting or restricting the Invention since it will
be apparent to those skilled in the art that var- 30
lous changes in the illustrated embodiment may
be resorted to without in any way exceeding the
scope: of the invention. S
In the drawing, s
Fig. 1 is a somewhat diagrammatic sectional 35
view of a fragmentary portion of an engine cyl-
inder with an exhaust gas jet directing 'nozzle
constructed according to the invention applied
thereto. . S .
Fig. 2 is an end elevational view of the nozze. 40
shown in section in Fig. 1, ' : :
- Fig. 3 is g longitudinal sectional view of the
exit end portion of a somewhat modified form of
fluid jet directing nozzle. N - B
Fig. 4 is an end elevational view of the nozzle 45
shown in Fig. 3. .
- Fig. 5.is a sectional view of the exit end por-
tion of a still further modified form of nozzle, -
Fig. 6 is an end elevational view of the nozzle .
illustrated in Fig. 5. - . 50
Fig. 7 is a longitudinal Sectional view of & still
turther modified form of nozzle, and

Fig. 8 is an end elevational view of the nozzle
illustrated in Fig, 7.

Referring to the drawing in detail, and par- 5°

‘pulsive effort of the engine. In

ticularly to Figs. 1 and 2, the numeral 10 indi-
cates an internal-combustion -engine cylinder
within which there is g reciprocable piston 12
connected by & suitable connecting rod 14 to the

; engine crankshaft, not illustrated, in a manner

well known to the art. The engine may have a
plurality of .cylinders all of the same general
form and construction and each cylinder may be
connected with an exhaust gas jet directing nozzle
constructed according to the invention. .
The cylinder 10 is also provided with an intake
valve, not illustrated, 'and an exhaust valve 16
controlling the opening of an exhaust gas port
18 in the closed end of the cylinder. The intake
and exhaust valves may be operated by suitable
valve gear ‘mechanisms, not illustrated in the
accompanying drawing but of some suitable form
known to the art. ) .
When the exhaust gases are ejected from the

-cylinders of an internal-combustion engine these

gases retain a considerable amount of energy
which the engine has been unable to absorb and’
transmit into mechanica] bower. This energy
is in the form of pressure, velocities, and heat
energy and the complete waste of this residual
exhaust gas energy has previously been con-.
sidered a necessary condition to the operation
of internal-combustion engines. Recent experi-
ments; with high speed aircraft have indicated
that & portion of this residual exhaust gas energy
may be recovered by directing the exhaust gases
rearwardly in a high speed jet adding the re-
active thrust of the exhaust gas jets to the pro-
order to obtain
this conversion of exhaust gas energy the ex-
haust gases are led tiirough a rearwardly directed
conduit which terminates in a convergent re-
stricted nozzle which emits the exhaust gases at
high velocity in & rearward direction. Such pre-
vious installations have utilized a separate nozzle
for each engine cylinder and have also utilized
compound nozzles through which the exhaust
gases from several cylinders are elected, and
some have gone s0 far as to eject all of the ex-
haust gas from an engine through a single nozzle
connected with the engine cylinders by means of .
& suitable exhaust conduit. For various reasons,
such as lightness and maximum efficiency, the
arrangement in which a separate nozzle is pro-
vided for each engine cylinder is thought to be

- superior and it is among the objects of this in-

vention to provide an:improved nozzle form for
such an arrangement, The improved nozzle

may, however, be used with an exhaust man-

ifold or collector .ring in cases where it is not -
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desired to provide a separate nozzle for each
cylinder.

The pressure of the exhaust gas leaving the en~

gine cylinder varies greatly over the time of the

~ exhaust stroke, particularly in modern engines in

" which the exhaust valves may be left open for as

much as two hundred and sixty degrees of crank-

shaft revolution. At the beginning of the exhaust -

stroke the exhaust gas is highly compressed in
the cylinder and, as soon as the exhaust valve has
been partly opened, the exhaust gases leave the
cylinder at a high velocity. However, as the pres-
sure of the exhaust gas in the cylinder is relieved
this velocity decreases and approaches zero to-
ward the end of the exhaust stroke. The pres-
sure of the air at the nozzle exit also varies to
some extent with changes in altitude. With the
nozzle connected to the exhaust port we have &

condition in which the exit end of the nozzle.

represents an aperture, the pressure within the
nozzle represents the fluid pressure at one side of
the aperture and the pressure of the air at the
nozzle exit represents the fluid pressure at the
opposite side of the aperture. According to well-
known physical principles a gas flowing from a
“region of high pressure to a region cf lower pres-
sure through a convergent passage will expand
with decreasing pressure and increasing velocity.
The final pressure to which it can expand within
the convergent passage depends on the ratio of
pressures in the regions ahead of and after the
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the nozzle and the;outside atmosphere does not
exceed the critical ratio of approximately two to
one, and which will act as convergent-divergent

_ nozzle when the pressure of the exhaust gases
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nozzle. When the pressure ahead of the nozzle

..is less than approximately twice the pressure after
the nozzle, the gas will expand to a pressure equal
to that of the region into which it discharges:
However, if the pressure ahead of the nozzle is
greater than approximately twice the pressure
after the nozzle, the gas will expand within the
nozzle only until it reaches a pressure equal to
approximately half the initial pressure. It will,
therefore, issue from the nozzle at a pressure
above that of the surrounding atmosphere.
Since the velocity is determined by the ex-
pansion ratio, the velocity of discharge from &
convergent passage is limited to the velocity ob-
tained by expansion through a pressure ratio
of approximately two to one. It is known that
to expand a gas through pressure ratios of
more than two to one, it is necessary to add a
divergent- exit to the convergent passage. The
gas can thus be expanded to a pressure equal
to that of the surreunding atmosphere, and the
discharge velocity is then determined by the ratio
of initial to final pressures rather than the crit-
ical ratio of two to one.

In the case of a nozz'e attached to the exhaust
port of an aircraft engine, the ratio of pressures
before and after the nozzle fluctuates rapidly
from very high values to less than two to one.
In order to expand the exhaust gas completely to
atmospheric pressure for all.values of this fluc-
tuating pressure ratio, it is necessary to provide
a nozzle which will operate efficiently under var-
ious pressure ratios above and below the eritical
value of approximately two to one. From the
preceding discussion, it will be seen that a con-
vergent passage is sufficient for expansion
through pressure ratios of less than two to one,
but that a divergent exit is required for greater
pressure ratios. )

With these considerations in view. it is among
the objects of this invention to provide an im-
proved exhaust gas directing nozzle which will act
as @ convergent nozzle or orifice as long as the
pressure differential between the exhaust gas in
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is more than twice as great as the pressure of the
air at the nozzle exit.

in accomplishing this object the nozzle, gen-
erally indicated at 20, is provided at its exit end
with one or more inner partition members, such
4s the members shown in Figs. 1 and 2 and indi-
cated by the numeral 22, The nozzle 20 has side
walls which converge to a location of minimum
cross sectional area illustrated in the drawing as
a neck 24. This neck 24 constitutes an exit or
aperture for the convergent channel ahead of it
and beyond this aperture the nozzle is somewhat
expanded to provide an enlarged end portion 26.
The inner member 22 is uniformly spaced from
the inner surface of the end portion 26 and has
an internal cross-sectional area substantially the
same as the cross-sectional area of the neck or
throat portion 24. The inner end of the member
22 terminates somewhat short of the neck 24 in
order to provide an additional gas passage from
the neck between this inner member and the en-
larged end portion 26, and the inner end of the
member 22 is preferably somewhat rounded to
provide a smooth entrance for exhaust gas flow-
ing through this member from the neck por-
tion 24. o

With this arrangement, when the pressure dif-
ferential of the gas within the nozzle 20 and the
outside atmosphere is below the critical value the
gas will flow from the neck directly through the
inner member 22 and the nozzle will act as a
straight or simple convergent nozzle but, when
this pressure differential exceeds the -critical
value, & portion of the gas will be forced to flow
through the space between the inner member 22
and the enlarged end portion of the nozzle. As
the cross-sectional area of this space plus the
cross-sectional area of the inner member 22 is
greater than the cross-sectional area of the neck
portion 24 the nozzle then becomes a divergent

13 nozzle and increases the jet velocity as the pres-

sure differential beéetween the gas within the
nozzle and the outside atmosphere increases up to
the expansion capacity of the nozzle. This nozzle
will, therefore, act both as a simple convergent
nozzle and as a convergent-divergent nozzle de-
pending upon the value of the pressure differen-
tial between the gas within the nozzle and the
outside atmosphere.

In the form of the invention shown in Figs. 3
and 4 the principles involved are the same as
those explained above but the expansion capacity
of the nozzle has been increased by incorporating:
therein an additional inner member 28 disposec
between the inner member 22’ and the enlarged
end portion 26’ extending beyond the neck 24’ of
the main nozzle 20°. This intermediate memberx
28 is provided with a straight entrance portion
30 and an enlarged divergent portion 32 sur-
rounding the inner member 22’ and unifermly
spaced therefrom as well as from the interior of
the enlarged end portion 26°. With this ar-
rangement, when the above mentioned pressure
differential is below the critical value the gas wili
flow through the neck 24’ of the main nozzie,
through the straight portion 38 of the interme-
diate member 28 and through the straight inner

_member 22’ to the atmosphere and the nozzle

5

will then act as a simple convergent nozzle. When
the pressure differential is slightly above the criti-
cal value the gas may flow from the neck portion
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24’ of the main nozzle through the straight por-
tion 30 of the intermediate member 28 and from
thence through the inner member 22’ and through
the space between the inner member and the ex-
pansion portion 32 of the intermediate member
28 thus providing a modified convergent-diver-
gent nozzle and, when the pressure diffeirential
is materially above the critical value the gas may
flow through the space between the intermediate
member 28 and the enlarged end portion 26’,in
addition to the space between the members 22 and
28 and through the member 22 thus providing a
further divergent effect to take advantage of the
increased pressure differential.

In the form shown in Figs. 5 and 6 the prin- i

ciples are the same as those described for Figs.
1 and 2 and the only material difference is that
the enlarged end portion 26b of the main nozzle
20 is flared outwardly towards the open end of
the nozzle thus giving an increased expansion
effect to the space between this enlarged end por-
tion and the inner member 22,

The form shown in Figs, 7 and 8§ is the same as
that shown in PFigs. 1 and 2 except that the nozzle
is given a somewhat different form being rela-
tively straight instead of ‘curved as shown in
Figs. 1 and 2, and having a circular cross-section
rather than the substantially rectangular cross-
section shown in Figs. 1 and 2. In this last form
of  the invention the nozzle is generally indicated
at 34 and has a somewhat elongated neck portion
36 leading into the enlarged end portion 38 with-
in which is located the circular inner member 40.
The principles of operation of this modified form

- of nozzle are, however, in all respects similar to
the principles described above in connection with
Figs. 1 and 2; ,

While a suitable mechanical embodiment has
been hereinabove described and illustrated in the
accompanying drawing, in several slightly differ-
ent forms, for the purpose of disclosing the in-
vention, it is to be understood that the invention
is not limited to the particular embodiments so
illustrated and described but that such changes

it
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in the size, shape and arrangement of the various
parts may be resorted to as come within.the scope
of the sub-joined claims, ‘

Having now described the invention so that
others skilled in the art may clearly understand
the same, what it is desired to secure by Letters
Patent is as follows:

1. A fluid ejection nozzle comprising, a con-
vergent portion having a restricted neck, an en-
larged end portion beyond said neck portion in
the direction of fluid flow, and a tubular member
of substantially the same cross-sectional area as
said neck within said enlarged. portion, and ra-
dially spaced therefrom, said member also being
axially spaced from said neck in the direction of
fluid flow whereby fluid may flow from said neck
portion through said tubular member or through
both said tubular member and the space between
said tubular member and said enlarged end por-

. tion.

2. ‘A nozzle for directing engine exhaust gases
into a rearwardly directed high velocity jet com-
prising, a convergent nozzle portion for receiving
the exhaust gas from the engine, a divergem
nozzle portion connected to the convergent nozzle
portion for expanding said exhaust gas, and .
cylindrical tubular member within said diver-
gent portion and spaced radially from said. di
vergent portion and axially from said convergent
portion,

3. A nozzle comprising, a convergent nozzle
portion for receiving gas, a divergent nhozzle por-
tion connected to the convergent nozzle portion
for expanding said gas, and a member within said
divergent portion and spaced therefrom to form
an exit passage therebetween, said member hav-
ing a non-divergent exit channel therein, .

4. A nozzle as set forth in claim 3 including at
least one auxiliary member which increases uni-
formly in cross-sectional area in the direction of
fluid flow located between said non-divergent
channel member and said divergent portion.
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