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This invention relates to jet propulsion appara-
tus embodying a turbo-compressor and as. more
especially intended for use in sircraft.. The in-
vention is applicable to various types of such ap-
paratus in which it is desirable to vary the pro-

pulsive thrust of a jet reaction.

(CL. 60-——-35 6)

A type of this propulsion apparatus to which

the invention Iis more particularly applicable
comprises a compressor coaxial with and driven
by a turbine from which it is spaced apart in the
axial direction the compressor delivering air
gither into a single annular combustion chamber
or into a series of separate tubular combustion

chambers spaced apart circumferentially in an
annhular formation around the turbine shaft and
hetween the compressor and the turbine to which

the combustion products flow and cause its ro-
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tation before these gases issue Wlth propulsive

effect from g single nozzle which may either be

coaxial with or have its axis inclined to that of

the turbine shaft. The object of the invention
is to provide means whereby the effective exit
area of the nozzie threugh which the gases issue
can be varied.

in a given propulsive unit of the type 1nd10ated
above, a reduction in the area of the nozzle has
the effect of giving increased thrust at the ex-
pense of increased temperature conditions, at a
constant speed of rotation. Hence in a unit
which is already operating at its maximum per-
missible speed, as limited by centrifugal stresses,
reduction in the area of the nozzle provides a
means of giving increased thrust for short periods
during which the increase in temperature would
not be harmful. Again if the temperature of the
turbine falls when the aircraft is in flight, as
usually occurs at a substantial altitude, the ef-
fective thrust of the jet can be mcreaeed by Te-
ducing the nozzle area.

It has been proposed to effect Varla,‘twn in the
area of these nozzles in one case by the use of a
stream-lined body mounted so that it can slide
somewhat as a valve within a circular nozzle and
along its axis. In another case where the nozzle
has a polygenel orifice the side walls of the nozzle
have been hinged or made ﬂex1b1e Such de~
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vices being necessarily subjected to the full heat

of the gases, are liable to distortion and conse-
quent failure to operate. | --

According to this invention there is cembmed
with the nozzle g sleeve which surrounds the
nozzle from which it may be spaced apart in the
radia] direction so as to leave an annular pas-
sage between the sleeve and the nozzle, and means

50

-gases issuing from the nozzle.
- more especlally useful when combined with the

. 2

for extending the length of the sleeve in the di-
rection of the axis of the nozzle, whereby when
thus extended the sleeve by reason of its having a
diameter greater than the diameter of the nozzle
will increase the effective exit area of the nozzle.
This sleeve formed as a tubular member may be
meumed so that it can shde in the direction of
the axis of the nozzle 50 as to cause g part of the
sleeve to project beyond the nozzle orifice. Al—
ternatively the sleeve may be fixed with one or
more tubular members mounted on it so that eaciy

of these members can slide in a telescopic manner

on the sleeve or on each other and produce the

- effect of an extension of the sleeve with a con-
sequent increase in the effective exit area of the
nozzie.

scopically sliding members and means may be

There may be two or more of these tele-

provided for moving them collectively or sepa-
rately so that as they have different diameters

there may be produced with them the effect of

different diameters of nozzle, With this arrange-
ment the sieeve is not excessively heated because
of tire flow of co0l air drawn through the annular
space between the sleeve and the nozzle so that
risk of sticking due to distortion is minimised.

It may also be remarked that a precise fit between

the fixed and movable parts in contact, such as
the sleeve and the members movable thereon, is

not necessary since the passage of air between

them merely adds to.the cooling effect as this air

fiows through and mmgles with the me,ln alr fiow

through the sleeve.

- The end of the sleeve, if the whole sleeve is
adapted for sliding, or the end of the tubular
member which slides on the sleeve, or the end of
the outermost of a set of telescopm members ma,y

be flared.

If desired, additional fuel may be injected and
burnt in the tail pipe leading to the nozzle there-
by raising the temperature and velocity of the
This device is

above: descrlbed mea,ns for varying the effective

exit dlameter of the nozzle.

The accompanying drawmgs 111ustrate dia-
grammatwally and by way of example various

ways in whwh the invention may be carried out.
in practice. In these drawings:

~ Figure 1 is a longitudinal part sectional plan

- of a jet prepulsmn apparatus which illustrates

69

how, in a non-movable nozzle, the effective area

of the jet nozzle may bhe increased in g simple

manuner so as to provide additional thrust.
Flgure 2 1s a sectional elevation of the Jet-
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hozzle in apparatus as seen in Figure 1 showing
one arrangement for varying the efiective exit
ares of the jet nozzle, the device being here ad-
justed so as to reduce the diameter of the nozzle.

Fisure 3 is a view similar to Figure 2 but show-
ing the device adjusted so as to increase the di-
arneter of the nozzle.

Figure 4 is g view similar to Flg 2 showing an
alternative arrangement of the device as shown
in Figures 2 and 3, in which the forward end of
the fixed sleeve is connected to the nacelle.

Figure 5 is a view similar to Figure 2 showing
yet another arrangement in which the forward
end of the nozzle is connected to the nacelle.

Figure 6 illustrates by means of a like view an
arrangement similar to that shown in Figure 4
but with the device constructed to enable ‘&
creater variation to be effected in the dlameter
of the jet nozzle.

Figure 7 is agaln a similar view showing means
for infroducing fuel which is burnt in the nozzle.

Figure 8 is a transverse section-on the line §—%&
in Figure 7.
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Figure 9 illustrates another arrangement of ad-

justable telescopic members for varying the ef-
fective exit diameter of the jet nozzle, the mem-
hers being shown in their fully extended positions.

Figure 10 is a view similar to Figure 9 but
showing the members telescoped inwards so as to
reduce the size of the nozzle.

Figure 11 is an end view of an arrangement
such as is shown in Figure 6 and illustrating how
the telescopically sliding sections may -be moutit-
ed on ball bearings.

Pigure 12 is an enlargement of a part of Fig- «

ure 11 showing the manner:in which the ball bear-
ings may be arranged.

Ticgure 13 is a section on the line (3—I13 in
Figure 12.

Wigure 14 shows diagrammatically and by way
of example one arrangement of apparatus-for im-
parting the necessary sliding or telescopic move-
ment to a tubular member for the purpose .of
varying the effective exit diamefer or cross-
sectional area of the nozzle.

The type of turbo-compressor propulsive .ap-
paratus in connection with which the present.in-
vention will be more particularly described is il-
lustrated by way of example in Figure 1 and com-
prises the following prinecipal features. Air is
drawn in through twin intake passages A by the
impeller of a compressor enclosed in a casing B
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and this air is delivered into a series of separate

tubular combustion chambers C wherein fuel is
burnt. The gases from these chambers flow to
and act on a turhine disposed within a casing D
and on leaving the turbine the gases pass through
the tubular and somewhat conical casing E to is-
sue from the nozzle ¥ with propulsive effect.
Around the turbine casing D and the jet pipe E
and spaced radially out therefrom is a sleeve G
and outside this sleeve and spaced therefrom is
the engine nacelle H. There is thus an annular
space J ‘within ‘the sleeve through which air
drawn from the open atmosphere through the
openings H3 in the nacelle H below the wings can
flow along the vath indicated by the curved ar-
rows in Figure 1 and constitute a lagging for the
casing I and jet pipe E, and there is a similar
annular air space K between the sleeve G and the
nacelle H, but in this arrangement air is not free
to flow through this latter space since the nacelle
is .connected at its after end at H! to the after
end of the sleeve. The after-end G! of the sleeve
axtends beyond the nozzle F-on which it is con-
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veniently supported by pads G2. This extension
of the sleeve has the effect of an enlargement of
the diameter of the nozzle T and as will be seen
it mav be arranged so that the air may flow

through the lagging space J within the sleeve G

and thus issue around the nozzle F and mingle

with the gasges issuing from the nozzle.
According to this invention the exiension of

the sleeve G or of a corresponding part around

the nozzle T is made adjustable as by proviaing
ohe Oor more separate tubular members which

can slide relatively and telescopically and thus
enable the effective exit diameter of the nozzle

t0 be enlarced or reduced as required. Sucn an

arrangement is shown in a simple form in Figures
2 and 3. Here a single tubular section L is

mounted on the end portion G! of the slesve G

so that this section can either be caused to slide
outwards into the position in which it is shown
in Figure 3 or movead inwards into the position in
which it is shown in Figure 2. In the former
and ‘extendsd position the section L. having .a di-
ameter which is larger than that of the nozzle I
will have the effect of increasing the size .of the
nozzle, but when the secticn is withdrawn in-
wards onto the end G! of the sleeve the size of the
nozzle will be reduced to that of the nozzie 1iself,
when the end of the tubular section I, will lie
with its end substantially flush with the end .of
the nozzle F as can be seen in Figure 2. -As will
be seen the air flowing through the lagging space

J will come oiit around the nozzle I and serve

to cool the end Gt of the sleeve -and the sliding
extension L. The outer end of the tubular mem-
ber L may bz slightly flared as shown at It in
igure 4,

Referring to Figure 4 this shows the fixed
sleeve G3 as carried by pads G? on the nozzle F,
hut with its forward end connected at H? to the

acelle H., Air can flow through the annular
space Kl between the nacelle .and the jet pipe
I and issue through the annular space J! around
the nozzle F. 'The arrangement of the nacelle H
may be as shown in Figure 1 with openings H3
in its forward part (not shown in TFigure %)
through which the air can enter. |

In the arrangemsnt shown in Figure 5 the na-
celle H is connected at H! to the end of the jel
nipe E or forward end of the nozzle T so that gir
cannot flow through the space between the na-
celle H and the jet pipe. Air can however flow
through the space J2 between the fixed sleeve G*
and the nozzle ¥ which carries ‘the sleeve G*
through the pads ‘G?, the air entering the space
J2 through the annular opening J3-gt the ‘some-
what flared forward engd of ‘the sleeve 'G%. 'The
air entering here can thus flow out between the
nozzle F and ‘the tubular section 1. ‘which ¢an
slide telescopically on the fixed sleeve G*.

Referring now to Figure 6, this shows an ar-
rangement in which there are two 'telesc‘op'ica;lly
sliding tubular members L, 12, ‘the latter sliding
on the tubular section L Whlle this section can
itseif slide telescopically on the fixed sleeve ‘GS.
This sleeve ‘is here shown as mounted -and ‘ar-
ranged -in ‘the same way as shown in Fisure 4,
being supported by pads G2 on the nozzle tube I
and cornnected at its forward end to the nacelle
H with an ‘intervening annular space J!, K,
through which air can flow andissue 'around the
nozzle . The ‘tubular sections I, 12 can be
moved separately and relatively to the fixed sleeve
G3-so that'they may be either wholly withdrawn,
so ‘that the effective diameter or cross-sectional
area of the nozzle will ‘be that of ‘the ‘nozzle F-it-
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self, or each section L, 12 may be extended so as

to vary the effective exit diameter of the nozzle

which will then be either the diameter of the end
of the section L or the diameter of the outer sec-
tion I2. The effective exit diameter of the noz-
zle can thus be increased in steps or otherwise as
desired and by suitable determination of the rel-
ative diameters of the telescopically sliding sec-
tions L, 1.2 the difference in the effective exit di-
ameters of the nozzle may be varied. The tubu-
lar sections L, 1.2 may be so mounted one on the
other that there will be an annular space for air
flow between them and hetween the inner section
I, and the fixed sleeve 3, as qhown in Fig's 9
10 and 11.

Referring to Figures 9 and 10, these show a
modified arrangement of two telescopically sliding
tubular members arranged so that when the mem-

bers are extended air may flow through the an-.

nular spaces between them, or when the mem-
bers are withdrawn the air flow within them can
be shut off. In this case the inner member L3
is carried on the nozzle tube F, the latier being
provided with longitudinally extending guide
members M which engage corresponding longi-

tudinal guide members N within the tube I3,
these guide members M and N being spaced apart
circumferentially and serving not only to guide

the tube L3 as it slides on the nozzle P but also
to space it radially from the nozzle so as to leave
an annular air passage O around the nozzle ¥
through which azir can flow. The second and
outer sliding tubular member 1¢ is similarly car-
‘ried on the inner tube L3, the latter having longi-
tudinal guide members P which engage corre-
sponding guide members Q within the tube 1.4,
There is thus an annular air passage O! hetween
the tubular members L® and L&  Alr flowing
through the annular spaces O, O! enters through
an annular opening R between the after end of
the nacelle H, which is connected to the end of
the jet pipe E, and a conical casing S connected
ot its rearward end to the end of the sliding tube
L4
when both the tubes L3, 1.* are extended beyond
the nozzle F, but if one of these tubes is with-
drawn, the size of the air inlet R will be reduced,
and if both tubes I3 and L?* are withdrawn, as

The annular air passage R is fully open

) |
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shown in Figure 10, the air inlet R will be wholly -

closed by the forward end S! of the casing S

coming into contact with the after end of the
nacelle H. The part S then provides a continu-
ous streamline surface with the contour of the
nacelle H.

As an example of the manner in which the

telescopically sliding tubular members may be
mounted so as to facilitate their sliding, there
may be adopted an arrangement such as shown
in Figures 11, 12 and 13. In this case the tubes
and associated parts are assumed to be as di-
agrammatically indicated in Figure 6, that is %o
say there is a nozzle F which carries a fixed
sleeve G2 on which in turn can slide the tube L
while the outer tube L2 can slide on the inner
‘tube L. Since the arrangement to be described
is similar as between the fixed sleeve Gz and the
inner sliding tube L and also between this tube
and the outer sliding tube 12, the following de-
seription will apply in each case. Ball bearings
of the “ladder” type are employed and arranged
in the manner shown in the enlarged views
Figures 12 and 13. The outer tubular member,
for example 1.2, carries within it a T-section guide
T of which the projecting rib lies between the
lateral portions of a U-section guide U mounted
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on the exterior of the inner tubular section L.
Between the interengaging parts of these guides
lie two similar ball cages V.  As shown in Figure
11, there are four of these ball races between the
fixed sleeve (3 and the inner sliding tube L, and
similarly four races between the inner sliding
tube L and the outer sliding tube L2, all these
races being equally spaced apart in the circum-
ferential direction. These races serve to Keep
the tubular members concenfric with the nozzle
P and facilitate the relative sliding movement
of the tubes L, I2. Obviously if preferred there
may be only three spaced ball races iIn one or
each case. The guides indicated in Figures 9
and 10 and described with reference to these
figures may carry such ball races. |

- The sliding movement of the single or multiple
telescopic tubular members may be effected in
various ways, but a simple example of how this
may be effected is shown diagrammatically in
Figure 14 in connection with the single sleeve L.
This is here assumed to be slidably mounted on
o, fixed sleeve in the manner shown for example
in Figures 2 and 3. On some adjacent fixed part
such as G in Figures 2 and 3 but here omitted
for the sake of clearness, there gre mounted three
hydraulic cylinders W equally spaced apart cir-
cumferentially and each containing a piston Wt

“econnected through a rod W2 to a lug L° on the
exterior of the sliding tube L. Two anhnular

chambers X and Y are provided with piping con-
necting these chambers to the opposite ends of
the cylinders W and to sources of supply not
shown. Thus from the annular chamber X g
pipe X! runs to one end of each cylinder W while
irom the second chamber Y a pipe Y! runs to the
other end of each cylinder W. Thus if pressure
fluig, either air or liquid, is admitted to the cham-
ber X through a pipe X2 it will flow into the
inner end of each of the cylinders W and acting
on the pistons W! will cause the tubular section
L. to be moved outwardly. At the same time
through piping such as Y2 the pressure fluid can
flow from the chamber Y and thus through the
piping Y! from the outer ends of the cylinders W.
On the other hand if the tubular section L is to
be withdrawn, pressure fluid is admitted through
the piping Y? to the chamber Y and so through
the piping Y?! to the outer ends of the cylinders
W where it will act on the pistons and draw the
tube L inwards. At the same time the chamber
X is placed in communication through the piping
X2 with an exhaust or relief chamber.

The flow of pressure fluid to effect these move-
ments can be controlled in some convenient man-
ner.,

The invention is particularly suiuable for use

where it is desirable to supply additional fuel

intc the tail pipe or jet pipe I near the nozzle
F. In that case one arrangement shown for ex-
ample in Figures 7 and 8 may comprise a series
cf fuel delivery nozzles Z disposed radially and
spaced apart circumierentially, the nozzles for
example being carried by the fixed sleeve G3 and

passing through the spacing pads G2 between
this sleeve and the nozzle tube F within which

the fuel will be delivered from these nozzles in-

to the stiream of propellant gases. Hach fuel
nozzle Z is supplied through a separate branch
Z1 from g common annuiar supply or mani-
fold Z2 disposed around the end of the nacelle
H. Air for the combustion of this fuel can flow
through the zannular space Ki, J! around the
nozzle ¥, or may be surplus air from the main
Jet, These figures show a single telescopically
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sliding member L mtmnted and movahle on the
zed sleeve G3,

What we claim as our invention and desn'e to
secure by Letters Patent is:

1, Turho-compressor propulsive apparaius of
the tvpe comprising a compressor, means for
admitting qir 1o zaid compressor and means for
passing air around said compressor, at least one
combustion chamber into which air is delivered
by the compresser and wherein fuel is burnt, a
turbine driven by hot gases from the combus-
tion chamber, the turbine being co-axial with
and rotatably connected to the compressor to
drive it, and a nozzle from which the gases
which have passed through the turbine issue
with propulsive effect, in combination withh an
adjustable sleeve surrounding and spaced from
the nozzlzs {0 permit passage itherevetween of
said air passed around said compressor, and
‘means for extending the sleeve in the direction
of its axis relatively to the nozzle sp as to pro-
ject hevond the mouth of the nozzle, the end of
the proiected slesve thereby forming the efiec-
tive month of the nozzle, whose cross-sectional
exit avea is correspondingly increased with con-
sequent reduction in the veloecity of the propul-
sive jet.

2. Turbo-comprassor propulsive apparatus of
thie character <ot forih in claim 1 wherein the
sleeve surrounding the rropulsion nezzie nas an
outwardly flaring mouth.

3. Turbo-compressor nropulsive appraratus of
the charaecter sat forth in claim 1 wherein the
sleeve surrounding the nozzie is Gﬁﬂstluutﬂd by
at least two councentric tubular parts relatively
movable teleseopically.

4 Tyurio-eompressor propulsive geparatus of
the type comprising a compressor, at least cne

B
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combustion chamber into which air is delivered
by the compressor and wherein fuel is burnt, a
turbine driven by the gases from the combustion
chamber, the turbine being coaxial with the said
compressor £o which it is connected and whereby
the compressor is driven, and a nozzle from
which the gases which have passed through the
turbine issue with propulsive effect, in combina-
tion with an adjustable sleave surrounding and
spaced from the nozzle and constituted by at
least two concentric tubular parts relatively
movable telescopically, and means for sliding
the parts of the sleeve relatively and causing &
part of the sleeve to project beyond the nozzle
and thereby increase the cross-sectional exit
area of the mouth of the nozzle.

FRANK BERNARD HALRORID.

BERIC STANLEY MQOULT,
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