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This invention relates to nozzles for convert 
ing pressure energy of a gas into kinetic energy, 
and is particularly applicable to nozzles or rock 
ets and jet engines, nozzles for turbines operated 
by steam of variable pressure, and‘ other uses 
Where jets of a compressible ?uid are discharged 
into a space within which the pressure varies, it 
being understood that the uses must be compati 
ble with the physical characteristics of the struc 
tural materials of a nozzle, particularly the re 
sistance of heat. 
One object of the invention is a‘ provision of 

a nozzle for converting pressure‘energy of a gas 
into kinetic energy in which the nozzle walls 
automatically assume a position providing the 
substantially maximum delivery of kinetic en 
ergy. 
Another object of the invention is a provision 

of a nozzle for converting the pressure energy of 
a gas into kinetic energy in which‘ the walls of the 
nozzle are automatically movable substantially to 
balance the internal and external pressures 
thereon to secure substantially the maximum de 
livered kinetic energy in the discharged gas. 
Another object of the invention is a provision 

of a nozzle in accordance with the preceding ob 
jects in which the maximum divergence of the 
nozzle walls is controlled. 
‘ Another object of the invention is the provision 
of a nozzle in accordance with the preceding ob- .. 
jects in which a provision is made for streamlin 
ing the variable nozzle exit to facilitate its move 
ment through a gas. 
Other objects and features of the invention 

will be readily apparent to those skilled in the art 
from the speci?cation and appended drawing i1 
lustrating certain preferred embodiments in 
which: 

Figure 1 is a sectional ‘view through a nozzle 
according to the‘ present invention. 

Figure‘ 2 is an end ‘view of the nozzle of Fig 
ure 1. 

Figure 3 is a sectional view of .a modi?ed form 
of a nozzle. 
Figure 4 is an end view of the nozzle of Fig 

ure 3. 

Figure 5 is a sectional view of a further modi 
‘?ed ‘form of nozzle. 

Figure 6 is ‘a View of the nozzle of Figure 5 
showing the shape of the .nozzzle with gas passing 
therethrough. 
Figure 7 is a sectional view on the line VII-—VII 

of Figure 6. ' 

Figure 8 is an enlarged detail sectional view 
through the wall of. the nozzle of Figures .5 and 6. 
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Figure 9 is a detail showing the contracted and 

expanded positions of an interior element limiting 
the divergence of the nozzle wall. 
Figure 10 is a modi?ed partial View of a di 

vergence limiter. 
Figure 11 is a view partly in section and partly 

in elevation of a modi?ed form of nozzle includ 
ng streamlining of the variable outlet opening. 
Figure 12 is a sectional view of a modi?ed form 

of nozzle wall element particularly adapted for 
use in curved surface nozzles according to pres 
ent invention. 
Figure 13 is an enlarged transverse sectional 

detail of the wall of Figure 12. 
Figure 14 is a sectional view of a'further modi 

?ed form of nozzle. ‘ 
Figure 15 is an end view of the nozzle of Fig 

ure 14. 
In the form of the invention illustrated in Fig 

ures 1 and 2, there is provided a rigid nozzle por 
tion I into which gas ?owing from the tube 2 is 
discharged to e?ect conversion of the pressure 
energy of the gas into kinetic energy. If the pres 
sure differential between the nozzle inlet and out 
let for a given gas condition is too great, the en 
ergy conversion is not effected throughout’ the 
entire length of the nozzle but is incomplete and 
at the outer portion of the nozzle the gas sim 
ply expands to lower its remaining velocity and 
kinetic energy. After the pressure energy of the 
gas has been converted ‘into kinetic energy it is 
desired that there be no further divergence of 
the nozzle chamber walls so that the gas will con 
tinue its movement through a passage of constant 
width. To effect this change in the surface of 
the walls de?ning the nozzle opening there is 
provided Within the rigid nozzle'portion I a re 
silient member 3 which is readily flexible in a 
transverse direction but with its longitudinal 
length maintained substantially'constant. The 
walls of the interior member 3 will assume a po 
sition where the interior gas pressure is not less 
than the exterior pressure. As indicated in full 
lines in Figure 1, the pressure differential between 
the inlet and outlet of the nozzle is such as to 
effect the conversion of thepressure energy of 
the gas into kinetic energy along the tapered noz 
zle wall only to the plane 4, At this point the in 
teriorggas pressure is substantially equal‘ to the 
exterior pressure assuming the tendencyofthe 
member 3 to expand. or contract by itself is non 
existent or negligible and the walls of the mem 
ber 3 beyond plane4 form a cylinder of substan 
tially constant diameter with substantially maxi 
mum delivery of kinetic energy of. thegas. The 
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rigidnozzle portion l determines the angle of di 
vergence of the walls of the member 3 in opera 
tion regardless of the pressure difference between 
the interior and exterior of the nozzle to insure 
contact of the gas with the nozzle surfaces. 

In broken lines in Figure 1 have been illus 
trated other conditions of operation of the nozzle. 
Assuming that the inlet and outlet pressure dif 
ferential is lowered from the full line condition, 
conversion of energy will be e?ected only to the 
plane 5, and thereafter the member 3 assumes a 
cylindrical shape to the nozzle outlet. Similarly, 
should the pressure differential increase, the mem 
ber 3 will conform to the surface of the rigid por 
tion I to the plane 6, with its ?nal exit portion 
cylindrical. 

In the form of the invention of Figures 3 and 4. 
there is provided a rectangular nozzle having its 
cross-sectional variation produced by flexible 
metal wall portions. While shown as rectangu 
lar, the invention is not limited ‘thereto as other 
metal wall shapes could obviously be used. As 
speci?cally shown in Figures 3 and 4, there is 
shown a discharge tube ‘5 formed into a'rectangu 
lar shape at the portion 8. 
walls beyond the portion 8 are discontinued but 
the parallel side wall portions 9 and H are con 
tinued with substantially increasing height to 
ward the outlet. The edges of the side walls 9 
and H are inwardly directed at 12 to provide “ 
stops. Intermediate of the‘side walls 9 and H 
the tube 7 carries ribs 53 and I4 whose inner sur~ 
faces diverge and which again form stops. Con 
necting to the top and bottom walls of the pore 
tion 8 of the tube 7 are ?exible metallic walls 15 
and I6 forming the top and bottom surfaces of 
the discharge nozzle. The operation of the nozzle 
of Figures 3 and 4 is similar to that described for 
Figures land 2. The ?exible walls l5 and it 
are acted upon by the inside and the outside 
pressure. In the area within which the inside 
pressure is greater than the outside pressure the 
walls rest against the stops l2, l3 and My At 
the point of equal pressures and beyond this point 
the walls l5'and l6 continue substantially parallel 
thus providing a duct of substantially constant 
cross section. ‘Energy conversionis thus being 
eifected efficiently within the tapered portion and 
thereafter further expansion of the gas is avoided 
by maintaining the internal pressure substantially 

The divergence of " equal to the external pressure. 
the walls [5 and i6 is determined by stops [2, l3 
and I4. In view of the thin section of the side 
walls and ribs a substantial streamlining'is ef 
fected. ' 

In the form of the nozzle illustrated in Figures ' 
5, 6 and 7, the nozzle is shown as circular in cross-' 
section ‘and comprised of a pair of concentric 
resilient tubes formed of a material such as rub 
ber, indicated at I‘! and 18. These tubes are 
joined together to form a plurality of circum 
ferentia-lly spaced pockets IS in which are disposed 
contracted wires or cords 2| of progressively'in 
creasing expanded length from the inlet toward 
the outlet of the nozzle. The resilient material 
of the, tubes ,l'! and 18 is prevented from expand 
ing lengthwiseby longitudinally extending wires 
22 shown particularly in Figures 7 and 8. 

Figure 9 illustrates the expanded and con 
tracted positions of one of the circumferential .. 
elements 2 I. 

Figure 10 illustrates a modi?ed form of cir-‘ 
cumferential element formed of a wire 23 which 
slides through a hub 24 withv a limiting stop 25. 

The top and bottom ~ 
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The nozzle asshown in Figure 5 is in its normal _ 
position without gas flow therethrough. Figure 

4 
6 illustrates the position of the nozzle walls under 
certain operating conditions in which the gas 
pressure has been converted to kinetic energy and 
the internal and external pressures substantially 
equalized at the plane 26 assuming that the tend 
ency of the nozzle to contract is negligible in re 
lation to the internal pressure. The portion of 
the nozzle beyond the plane 2% is again cylindri 
cal, as shown in full lines. The divergent angle 
between the inlet of the nozzle and the plane 26 
is determined by the varying overall length of 
the expanding elements 2| and 23 in the chambers 
I 9. The position of the nozzle of Figure 6 for full 
conversion through the entire nozzle length is 
indicated by the broken plane lines and again this 
maximum divergence is determined by the pro 
gressively increasing length of the expansible 
elements 2i and 23 from the inlet toward the 
outlet of the nozzle. v 

In the form of the invention illustrated in Fig 
ure 11, there is provided a nozzle adapted for 
movement through a gas in which there is pro 
vision for streamlining the variable nozzle out 
let. As speci?cally shown, this form comprises a 
rigid nozzle portion 27 similar to the nozzle por 
tion lof Figure 1 and within the nozzle there' is 
disposed the resilient member 28 similar to the 
resilient member ‘3 of Figure l but of greater 
length, extending beyond the outer edge of the 
rigid portion 21. Exteriorly of the nozzle portion 
27 there is provided a second flexible member 29 
whose outer edge is adapted to contact member 28 
adjacent to its end. > - v > 

In the nozzle of Figure 11, the ?exible portion 28 
will again assume a position providing for the 
maximum gas kinetic energy. As speci?cally 
shown, the internal and external gas pressures 
are substantially equal at the plane 3| and be 
yond this plane member 28 assumes a substan~ 
tially cylindrical form with a constant diameter 
it being understood that the elastic resistance of 
the members 28 and 29 to expansion is negligibly 
small in relation to the force exerted by the gas 
on the member 28 producingits deformation t0 
the illustrated shape. The surface 29, whose 
outer edge follows the movement of the member 
28, streamlines the ineffective nozzle portion to 
the flow of gas outside the nozzle. In the ab 
sence of the member 29, the ineffective portion of 
the nozzle between the member 28 and the edge of 
the rigid member 27 would cause a considerably 
greater gas drag to nozzle movement. ' ' 1 

Figures 12 and 13 illustrate a form of metallic 
wall which may be substituted for the ?exible 
members 3, 28, and 29 of Figures 1 and 11. This 
wall 29' is formed of a thin resilient metal, cor 
rugated as indicated more particularly in Figure 
13. The particular shape selected by way- of ex 
ample for the illustration of Figure 12, is that of 
the member 29 whose outer edge rests freely on 
the wall of the member 23 without being con 
nected thereto. . i I 

Air is permitted to enter and escape from the 
space between the members 28 and 29 by appro 
priate vents, as are provided, for example, by 

= the corrugations with which the member 29rests 
on the member 28. . 

In the form of nozzle illustrated in Figures 14 
and 15, there is again provided streamlined sur 
faces for the variable nozzle outlet but in a form 
utilizing resilient metal walls. There is here 
shown the gas discharge duct 3i terminating in 
a diverging rigid nozzle portion 32. The nozzle 
is illustrated asrectangular but it is understood 
that other structural~ shapes permitting ‘the 
movement of the'walls may be utilized. The top 
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and bottom interior walls of the nozzle are 
,formed “by ?exible walls~33 and 3,4, "WhlClflw?S 
illustrated, conform to the interior surface of 
the rigid portion to the plane 35, at which point 
the internal “and-‘externalpressures'are substan 
tially ‘equal. The side Walls of the nozzle are 
shownaaii and,3l. Exteriorlysof the discharge 
ductiand nozzle there is “shown a streamlined 
'surfac‘e‘38 which may be a structural ‘wall of a 
:d'evicepin which the nozzleis located, for exam 
ple. the-surface of an airplane. The stream 
lining'df the nozzle outlet is e?ected between 
?exible strips 39 and 4| whose outer edges, fol 
‘low-the movement of the resilient walls 33 and 
(“to provide streamline surfaces to eliminate the 
drag of the ‘ineffective portion of the nozzlejout 
-let.‘ ‘ 

While certain preferred embodiments of the 
invention havebeenispeei?ca'lly disclosed, it is 
understood that the invention is not limited 
thereto, ‘as many variations will ‘be readily ap 
parent to those skilled in the art and the inven 
tion is to be given its broadest possible interpre 
tation within the terms of the following claims: 
What is claimed is: 
1. In a nozzle for converting gas pressure 

energy into kinetic energy, the improvement 
which comprises, a ?exible wall forming part 
of the gas passage through the nozzle, said wall 
being acted upon by the gas pressure on the in 
terior side tending to ?ex the wall in a direction 
to increase the cross sectional area of the noz 
zle if the gas pressure on the interior side is 
greater than the pressure on the exterior side 
of the wall, and stop means for limiting the ex 
tent to which the wall may be ?exed to a pre 
determined maximum angle of divergence of the 
nozzle passage towards the discharge end of the 
nozzle under predominant gas pressure on said 
interior side, the said wall due to its ?exibility 
being capable of having its end portion, adja 
cent the discharge end of the nozzle, ?exed into 
a position of substantially constant cross sec 
tional nozzle area under condition of substantial 
equality of pressure on either side of the wall 
in which case said end portion, in longitudinal 
section, extends at an angle with respect to the 
divergent portion and is spaced from said stop 
means. 

2. An automatically adjustable nozzle for con 
verting gas pressure energy into kinetic energy, 
the nozzle including an outer rigid housing, and a 
?exible wall within said housing forming at least 
a part of the gas passage through the nozzle with 
in which the energy conversion takes place, said 
?exible wall being acted upon on the interior side 
by an internal pressure exerted by the gas ?owing 
through the nozzle and on the exterior side by 
an external pressure, said ?exible wall being free 
under condition of equal pressure on either side 
to assume a rest position in which the cross sec 
tional area of the nozzle passage portion of 
which said Wall forms a part is substantially 
constant, the wall being ?exible in a direction 
to increase the cross sectional area of the nozzle 
passage towards the nozzle exit under condition 
of predominant internal gas pressure, said hous 
ing including a rigid wall for limiting the ex 
tent to which said wall may be ?exed to a pre 
determined maximum angle of divergence of the 
passage towards the discharge end of the nozzle 
under action of predominant internal pressure, 
the ?exible wall being su?iciently limp to have 
its: end portion adjacent the discharge end of 
the nozzle ?exed into a position of substantially 
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cons'tantcro'ss sectionalinozzle area Iund'er-Jthe 
in?uence "of :substaritiallyequal internal Iandjthe 
external ‘pressure, said last named position be 
ing intermediate ‘said rest position and the‘ po 
sition of restraint by said rigid wall and-lying 
at an ‘angle, inilongitudinal section, withv respect 
‘to the position 'oflrestraint. Y _ 

An automatic ‘adjustable nozzle-for convert 
lin'g gas pressure ‘energy into ll'iinetieiiiener‘gy {by 
ipa‘ssa’gewthrough a divergent passage, vthe ‘nozzle 
including a ?exible'deformable wall portion lead-‘ 
"in Ito the nozzle discharge end, said wall portion 

renal-1y (providing a nozzle passage of substan 
ti' "1y ric‘onstanit ‘cross sectional area, ‘the wall por 

bei'ngndeformable into a position in which 
ides ‘a1 divergent nozzle passage portion 50f 

g- essively increasing cross sectional area ‘of 
the passage ‘towards the nozzle discharge‘ end‘; 
provision for ‘varying the length of the divergent 
passage portion'in dependence on'the di?erence 
in-pressure between‘ points inside the nozzle pas 
sage and the pressure outside the nozzle passage, 
the wall portion being capable due to its deforma 
bility to assume a position of substantially con 
stant cross sectional passage area adjacent the 
nozzle discharge end under the compelling in 
?uence of the inside and outside pressure acting 
on the wall; and stop means for restraining said 
wall portion to a predetermined maximum angle 
of divergence of the passage portion under pre 
dominant interior pressure. 

4. An automatically adjustable nozzle for con 
verting gas pressure energy into kinetic energy 
comprising, an expansible tube; and a constrain 
ing outer rigid housing for said tube, the housing 
having an internal cavity of progressively in 
creasing cross sectional area towards the nozzle 
exit, the tube being secured to said housing at 
an area of smaller cross section than that 01' the 
exit, the tube being expansible against the wall 
of the cavity under predominating pressure of 
a gas ?owing through the nozzle. ‘ 

5. An automatically adjustable nozzle for con 
verting gas pressure energy into kinetic energy 

“ comprising an expansible tube of substantially 
cylindrical shape in non-expanded condition; and 
a constraining outer rigid housing for said tube, 
the housing having an internal cone-shaped 
cavity of progressively increasing diameter to 
wards the nozzle exit, the tube being secured to 
said housing at the entrance portion of the hous 
ing, the tube being expansible against the conical 
wall of the cavity under predominating pressure 
of a gas ?owing through the nozzle. 

6. An adjustable nozzle comprising a rigid outer 
nozzle housing having a small diameter entrance 
portion and a large diameter body portion, a de 
formable member inside said nozzle housing se 
cured to said housing with one end at the en 
trance portion, the said member providing, with 
its other end a nozzle discharge port of adjust 
able size depending on its state of deformation; 
and a deformable cover element secured with one 
end to said housing at said large diameter body 
portion and extending with its other ‘end to said 
member adjacent the discharge port to provide 
an adiustable tapering wall from said body por 
tion to said discharge port, said cover element 
having an inherent tension causing its other end 
to follow said deformable member towards a po 
sition of small nozzle size. 

7. In a nozzle for converting gas pressure en 
ergy into kinetic energy, the improvement which 
comprises a ?exible wall forming part of a gas 

i passage through the nozzle, said wall being acted 
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upon by the gas pressure on one side tending to 
?ex the wall in a vdirection to increase the cross 
sectional area of the nozzle if the gas pressure 
on said one side is greater than the pressure on 
the other side of the Wall; stop means for limiting 
the‘ freedom of adjustment of the said wall to 
a predetermined rate of divergence of the nozzle 
passage towards the nozzle exit provided by said 
wall in de?ected position under predominant gas 
pressure on said one side, the said Wall having 1 
freedom to adjust itself to a position of substan 
tially constant cross sectional nozzle area under 
condition of substantial equality of pressure on 
either side of the wall; and a movable cover ele 
ment secured with one end to said stop means 
and extending with its other end to said ?exible 
wall adjacent the nozzlelexit to provide a taper 
ing surface from said stop means to said ?exible 
wall adapted to reduce drag on the nozzle by an 
exterior ?ow of gas'past the nozzle. 

PAUL KOLLSMAN. 
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