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ABSTRACT

Thin walled compartmented tubular structure and
1its manufacturing process.

The elbow or T-shaped structure, includes an
external wall (l14)and continuous internal walls (22)
made 1n one piece. This therefore materialises, between
the 1nlet (10) and each outlet (12) of the structure,
at least one continuous passage to direct a fluid
circulating 1inside 1t. The structure according to the
invention 1s manufactured by diffusion welding and
superplastic forming, from titanium alloy sheets. One

application is for aircraft de-icing circuits.
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THIN WALLED COMPARTMENTED TUBULAR STRUCTURE AND ITS
MANUFACTURING PROCESS

DESCRIPTION
Technical background

The invention cConcerns a thin walled

compartmented tubular structure intended to enable a

fluid to flow betwee'n an inlet tubular part and at

least one outlet tubular part, oriented in different
directions, generally although not necessarily mutually
perpendicular.

In the 'e_xpréssion : *'thin‘ walled compartmented
tubular structure", the term "thin" signifies that the
structure is formed ?exclusiﬁvelyg of sheet material less
than 2 mm thick. ' ' o

The invention 'also concerns a manufacturing
process for such a thin walled compartmented tubular
structure. '

The inventioh has a useful application in the
aircraft :industry,i and 1n  particular for .the
manufacture of hotl air ~de-1cing devices for the
external surfaces of aircraft, such as 1eading edge
flaps on aircraft wings. It may however be used in any
other technical application requiring a change of

direction of a fluidfflowing_Within a pipe.

State of the art .
On aircraft, hot air is generally bled off the
aircraft engines and is used for de-icing or for

preventing the accretion of ice on the most exposed
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aerodynamic surfaces, such as the leading edge of the

"wings, the tailplane and fins, as well as the engine

air 1intakes. The hOt. alr 1s directed towards the
eurfaces to be fdeéiced- by pipes which  are
interconneeted. . i ’

‘ Document US—A-¥-4"752§ 049 shows an aircraft wing
equipped with leading edge flaps, inSide of which a de-
icing circuit has been deployed. The circuit consists
essentially of a tubular .pipe which runs along the
leading edge of the flaps, a telescopic pipe section
which receives theair-bled off the engine and an elbow
which connects this section to the tubular pipe. The
air COnveyed' by the :tubula.r pipe exhausts via ori_fic:es
located on 1its periphery, and 1is then diffused 1into a
de-icing chamber located inside the leading edge of the
flap{ . '. '

DoCumerit US-A-5 807 -454 ~describes a similar
device, used forde-icingthe leading:edge of a wing.

Document US-A-4 603 824 shows a 'de-icing device
for a leading edge flap, in which an air supply pipe 1is
connected to a first end of a telescopic pipe by a T-
union, the second end of the telescopic pipe being
connected to a leadi.ngedge plipe via a second T-union.
In this device, the tele'scopic‘ pipe aceommodates all
thedisplaCements ofzf the flap without interrupting the
air supply. Each T?uhion-issupported by two ribs which
proVide arigidlink;to‘the leading edge pipe whilst at
the same time allowi-ng. 'the telescopic pipe to rotate .
about the supply pipe. receiving the hot air from the

engine.

SP 19258 GP
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In the _design of such de-icing circuits for
aircraft 'fjlaps and wings, the preference -.is to use
1ightweight “and compact pipes, in order to 1limit
welght. -Hop}:ever, permanent | d—istortion‘ or cracking may

occur in  the leading edge de-ficing pipes. In

particular, this di_stortion ~occurs at the joints

between the various sections of these pipes. ,' These

-prob-lems may be r.esol_ved -.by increasing the ‘thickness

and so increasirig their stiffness. However, this leads
to an increase in wei‘ght | which 1s contrary to the
objective for alrcraft appllcatlons '

Tests have shown that the deterioration of the
de-icing plpes is essentz.ally due to the V1bratlons
generated by the hot: air flowing through them. Thus, it
has been found that the hot air leaving the elbows or
T-unions exhlbl_ts swlrllng flow, the speed profile of
which is random. This .swirling flow generates
alternating stresses_; at the de-'icing pipe wall, which
may lead to fatigue cr'acks which are extremely
detrimental to safety and‘ to the service li'fe of- the
constltuent parts of the de-1icing circult.

To counter the effects of the sw1r11ng flow
without excessively affectlng the weight or strength of
the tubular structur'e, a known device is to fit inside
the outlet parts of the elbows or T unlons, single or
crossed plates across a dlameter of the outlet of the
elbow or T-union, preferably at right angles to one
another. These plates are 1ntended to smooth the flow
and to reduce the degree of swlrllng at the inlet of

the de-icing pipe. They generatela smoother flow in the

longitudinal direction of the pipe.
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‘The use of such plates doésf however present a
disadvantagefrom the point of view of manufacture. The
plates are in fact secured -to the circular contours of
the elbow or T---union by spot welds. Such an operation

5 1involves the use of'a tool to position and assemble the
var..ious parts, in order ~to avoid ' the distortion
inherent .in welding of narrow gauge materials. Rework
is often reguired to return ‘the parts to the desired

' dim'ensions,. which :i.s particularly detrimental - for

10 manufacturing cycle tﬁime.s. |

Another disadvantage 'concerns the manufacture
of thin walled elbow or‘ T-shaped structures, which
involve using techni-q-ue.s' known to those 1n the trade,
but which are long and costly to implement. ‘

15 Thus it is pos-sible to form two half-shells by
stamping or superplaStic ‘di.stortion, which can then be
joined by a fusion welding operation. However, this
technique requires as many-tools as there are parts to
be produced plus a tool for routering and assembling

20 the parts. .

It is also known how to produce a T-union by
tapping one tube off the other and welding together the
said tubes along their*line of intersection. This
technique ﬁpresents the ‘same disadvantages as the

25 previous one. Moreover, 1t involves ‘the wuse of an
elaborate tool to p._os.it,ion' the tubes prior to assembly
and.to secure them during the welding operation.

DocUmént US-A-5 988 225 describes another
manufacturing technique ;for a T-shaped tubular

30 structure, by 'supei:plast'ic distortion of a tube.

According to this 'tfechnique-,. the ends of a tubular

'SP 19258 GP
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blank are.sealed with.discs'having_ahigher coefficient
of expansion than that-of the part to be produced, then
the blank is placed' in a die. After 'heating and
1n7 ectiori Qf a gas i{nto ._one of the ends of the blé.nk,
the tube distorts and:adopt the internal contour of the
die and generate,a_T¥shapedtubular structure.

Compared with the  other manufacturing
techniques, this last téChnique ‘presents the adva:ritage

of reducing the manufacturing cycle time. However, the

, latter remains dependent on the constraints associated

with fitting the plates or walls which straighten the
flow at the out'let. frdm ~the T-union. It does not
therefore satisfactorily solve the problem caused by
the generation of a ':t‘ur‘bulent flow at the outlets from

the elbow or T—union{

Presentation of the,invention

The precise bbject of the 1invention is a thin
walled compartmented}' tubular structure whose original
design considerably,:' reduces the turbulent f lows,
without i1ncreasing Weight, ‘whilst at the same time
providing much -sho-rtier manufactur'ing. cycle times than
when the eXisting manufacturing techniques are used.

According to§-the -invention,' this result is
achieved 'using athin'walled cOmpartmented tubular
structure, which e.nébles a fluid to 'flow between an
inlet tubular part '5:and 'ati least one outlet tubular
part, oriented 1n : di'fferent directions, . the said
structure  having an 'eXternal wall and being
characterised in ‘that it additionally includes

continuous 1internal walls, manufactured in one piece
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with the external wail, in brdér to materialise between
the 1nlet ﬁubular paitandeach,Outlet-tubular part, at
least " one independent continuous passage for guid_ing
the fluid.: '

'I'hei presence of a continuous passage for
guiding the fluid betwe-én. the inlet and the outlet
greatly reduces the;'turbul.ence at the outlet of the
said structure. This therefore removes any risk of
damage to the de~iciﬁgpipe;

According to a’.- preferred manufacturing method
for the invention,;each' continuous internal wall
includes two planar end -portions; located 1n the
tubular ;inlet and' ou_t:flet | :parts, and a curVed inner
portion,- shaped 1like a cdne | 'frustrum, which connects
together the two ,planar end portions without any
discontinuity. . .

Preferably, ;the tubular structure 1is formed
fromsheet:material Qf.thickness.up to about 2 mm. The
internal curved portion of each 1internal wall thus
intercepts a median' plane of the tubular structure
along a first_cirCular arc of'radius R and the external
wall along a second ¢ircular arc of radius r, such that
radius R of the first circular arc 1is app-roximately
equal to'.three times' the radius r of. the second
circular arc.

In this caSe, the radius r of the second
circular arc is, preferably,‘approximately equal to 15
times the thickness.ofthe'said sheet_material.

Advantageously, 1f the structure is T—Shaped_
and includes two dUtlet..tubular parts aligned and

oriented approximat'e;ly at right angles to the inlet
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tubular part, the c_ontinuous | independent passage
connecting_i together:‘the ~inlet tubular part to each
outlet tubular part is materialised Dbetween the
external wall and twe centinuous internal walls. ‘

- In ~ this case, preferably, an additional
internal wall is plac'ed inside the structure, along a

median plane of the :71atter,. between the external wall

of the structure and the Jjoint zone of the said

continuous:internal walls;

-EaCh of these-independent continuous passages
thus exhiblts, between_theinlettubular-part'andieach
outlet tubular part, either an .approximately “constant
passage Crdss-section,-or'a paSsage cross—section which
lncreases or decreases gradually in order to accelerate
or decelerate the fluld as the case may be

The 1nvent10n ‘ also covers a manufacturing
process for a thrn walled - compartmented tubular
structure asdefinedabove,:' in which the external wall
and the continuous internal walls are predu'ced in a
single operation by%diffu'sion welding and superplastic

forming, starting With'titanium'alloy sheet material.

Brief description of the drawings
A descrlptlon follows as a non limiting

example, .of a preferred productlon method for the

‘invention, referrlng to the draw1ngs in the appendlx,

in which
- figure 1 is a 'cut-away view in perspective
which represents a T shaped th1n walled compartmented

tubular structure, accordlng to a preferred productlon

method for the 1nventlon .

SP 19258 GP
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— figure 2 is view in perspective, comparable

to figure 1, showingja‘prcduction variant ;

— figure 3 1is a view in perspective showing
schematically a first mariufacturing stage of the thin
walled ccm‘partmented tubular structure illustrated in

figure 1 ;gand'

- flgure 4 is a v1ew 1in perspectlve showing
schematlcally a second manufacturlng stage of the thin

walled compartmented tubular structure 1llustrated in

flgure-l,

Detailed description of a preferred production method
for the invention '

In the prOduction _method' 1llustrated by the

- figures, the .thinf walled compartmented tubular

structure in acco’rdance with the lnvention 1is a
T- shaped structure wh:Lch :anludes an external wall 14.
The external wall 14 of the thin walled compartmented
tubular structure in accordance with the invention is
formed from a thln gauge sheet, preferably of titanium
2110y, - T . ,

The thin walled compartmented tubular structureﬂ
includes ;an inlet tubular part 10 and tw0' outlet
tubular parts 12. More preclsely, in the inlet 10 and
outlet 12; tubular parts, the external wall 14 exhibits
a circular :-secti-on cf f_apprcximately the same diameter.

Moreover, the outlet tubular parts l2 are centred on a

common axis 18, orlented in a direction approxlmately

normal to the axis 20 of the inlet tubular part 10.
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It 1s 1mportant to  note that these

'characterlstlcs should not be con81dered as limiting

the scope of the 1nventlon In partlcular, the latter
covers also an elbow—_shaped th1n walled compartmented
tubular structurehaVing -enly one outlet tubular part,
a thin walled co.mpartmented tubular structure in which
the external walls ..;oif'. the -inlet and outlet tubular
parts have non circular sections (e.g. oval) and/or

different sectiOnS , and a thin w_alled 'compartmented

tubular structure in which the axes of the inlet and

outlet tubular parts are ' oriented 1in different
directions,z but not jorthog.onalone- with ' respect to the
other. : ‘ ' ‘

In aCCordandewith the invention, the thin
walled compartmented ' tubular structure includes,

additionally, continuOus internal walls 22, produced in

one plece with the external wall 14. The continuous

internal walls 22 extend w:Lthout 1nterrupt10n from the
inlet tubular. part 10 to each outlet tubular part 12,
materialising an 1ndependent COntinuous passage 24
between the inlet tubular part 10 and each outlet
tubular part 12,

-Thus, in the produCtion method represented in
figure 1 where the tubular structure 1s T- shaped the
contlnuous 1nternal walls 22 materlallse two contlnuous
independent passages 24 connecting respectlvely the
1nlet tubular part 10 to each of the outlet tubular
parts 12. lee ‘the external wall 14, the contlnuous
1nternal walls 22 are made from thin sheet material,

preferably titanium alloy.

'SP 19258 GP
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In the production ‘method l1llustrated in figure

1, each continuous internal wall 22 includes two planar

end portions 22a and an intermediate curved portion

22b, shaped like the:frustrum-OE a cone, connecting the
two planar end portions 22a 'Without any discontinuity,
1.e. tangentially. ‘ '

The-two planar endportions 22a-on eaCh of the
walls 22 are orlented approx1mately radially w1th1n the
1nlet tubular parts 10 and outlet tubular parts 12,
symmetrlcally relatlve to a medlan plane of the tubular
structure, the -sald .-medlan., -plane passing through axes
18 and 20. . '

The curved 1ntermed1ate portion 22b 1ntersects
the above—mentloned medlan plane in a circular arc of
radius Rfand theexternal wall,14 in a circular arc of
radius r. The preferred'values to be allocated to these
radii R and r will be spec1f1ed later

More preclsely, each of the independent
continuous ;passages 24 : 1s materialised, on' the one
hand, by two continuous internal walls 22 and, on the

other hand; by a portion;, of circular arc Cross-

 section, of the external wall of'the'tubular structure.

Each of these passages 24 thus exhibits a cross-section
in the shape of a sector of a circle. '

The two COntinuous . internal walls 22
materialis:i.ng each of 'the passages 24 are arranged
symmetrically on either:side.of the'median'plane of the
tubular structure,_.such as to form a glven angle
between them This angle may be approximately the same
from one end of the passage 24 to the other or, on the

contrary, varying, .the same, ,applles to the Fjoint line
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between the walls 22 relative to the axis 18, at the
outlet of the tubular structure,‘ ‘

Thuis,' the | angle | formed between the COntinuous
1nternal walls 22 may decrease Or 1ncrease from the

inlet tubular part 10 to the outlet tubular part 12.

.Slmllarly, the joa.nt line of the contlnuous internal

walls 22 may also move away from the axlis 18 of the
outlet tubular partsglz. In this way, the value of the
cross-section of the passages 24, 'may. decrease or, on
the contrary,,increaSe'frOm'the inlet'end to the outlet
end.. This therefOre; accelerates or  decelerates,'the'

flu1d flow:.ng 1ns1de the passage 24 In the productiOn

'method 1llustrated schematlcally in flgure 1, the angle

formed between the contl_nuous 1nternal walls 22 which
materialise each passage 2:4, is, for example, about
oo . . > .

The hot air E entering each of the Passages 24
gradually changes dlrectlon towards the outlet of the
sald passage' via the 1ntermed1ate curved portions,

shaped llke the fulcrum of a cone, of the walls 22. The

‘continuous and _-.gradual nature of the change in

direction thus impelled upon- 't.he ‘air flowing through
the passages 24 consequently avoids the formation ' of
turbulence at the' outlet from the structure This

therefore av01ds the appearance of severe V1bratlons '

llable to generate cracks

- In the -productlon.- method represented in figure

1, the .thin- walled -compartmented tubular structure

addltlonally 1nc1udes an add1t10na1 internal wall 26.
This addltlonal wall 26 '1is located along the median

plane of the structure, ' such as to connect together

SP 19258 GP
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without any dlscontlnulty the external wall of the said
structure to the jOlnt zone of the continuous internal
walls 22, outS1de ~ the passages ~ 24. This thus
materialises on either side of the additional wall 26,
two more passages 28 through which the inlet tubular
part 10 communlcates s1multaneously with each of the
outlet tubular parts 12. ' '
.The hot air ‘entering the ".in] et of each of the
passages 28 1s therefore spllt in two when it makes
contact 'with- the. external wall of the structure,
opposite the inlet tubular part 10. However, due to the
presence of the contlnuous passages 22 only about half
the fluld 1n fact 1mp1nges on the said external wall.
The resulting 1mpact, .Wthh. generates vibrations, 1is
therefore diminished; -relati_ve to existing structures,
in which the entire fluid flow impinges the said wall.
Moreover, the fluid l-eaving the passages 28 is
entrained and"regulated by the' fluid leaving' the
contlnuous passages 24, such that the fluid flowing

from the outlet of the structure 1s practically

turbulenceffree;

This' effect may be increased 1if necessary, by
providing the contlnuous passages 24 w:Lth larger inlet
Cross- sectlons than the passages 28. In this case it is
also advantageous t.o...lncrease the cross-Section of the
contlnuous 'passages 24 downstream of thelr inlet, in

order to dlrect a larger amount of gu:u.ded fluid to the

outlet. _
It should be 'f' noted that the stabilising effect
on the flow leaving the passages 28 by the flow'leaving

the continuous passages 24 1s further increased if the

SP 19258 GP
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latter are given a Cross- sectlon which reduces
gradually from the inlet to the outlet. In fact such
an arrangement ef fe.ctl,vely :1.ncreases the speed of the

fluid at the Outlet_ - of the ‘passages 24, and

consequently, the kinetic "'ene‘rgy which is available to

entrain and regulate t'he_t.urbul_ent- flow at the outlet
of passages 28. . -

' HoWever,.- it 18 des::.rable _ to llmlt the speed_
dlfferences between the outlets of passages 24 and 28,
in order to av01d generatlng turbulence To that end,

the rat::.os of the | cross sectlons of the 1n1ets and

outlets of passag-es 24 and 28 are adjusted in order to

- best balance the speeds at the outlet of the tubular

structure

The contlnuous 1nternal walls 22 form in cross-
section, 1n the 1nlet tubular part 10, an X or a four-
branch cross. The air flow enterlng the structure is
therefore~Split intolfourparts}'In each of the outlet
tubular parts .the }tWo' walls: 22 'materialising the

passage 24 which exits there, together with the

'additiona11Wall-26, form in cross-section a Y or three-

branch cross.

| In \a productlon variant of the invention,
111ustrated in flgure 2, the addltlonal wall 26 is
replaced by two -pa_:.rs of cont:r.nuous internal walls 26
which connect the joa.nt zone's - of the continuous
1nternal ‘walls 22 to the external wall 14 of the
structure,~;1n order ~to re-direct, to each of the

outlets of the tubular structure, | the fluid entering

- the inlet of eachtof the'paSSages~28. The walls 26' are

arranged symmetrically in relation to the 'median. plane

SP 19258 GP.
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of the structure Together with the walls 22, they form

in Cross- sectlon an X in the outlet tubular parts 12 of

the-structure.

Thiis arrangement provides the means of guiding
to the outlet all the fluld entering ‘the structure.
ThlS prov1des an even greater flow stablllty.

In this ,latt.er: variant, as in the production
method described prev'iously", '.the angles formed between
the dlfferent walls 22 ‘and 26' may be constant or'
varying zbetween the' 1nlet. and the outletl of the
structure, in order.ft‘o prov:Lde'them with the de_sired
characteriStics. o ‘ '

_Fon reasons ia\ss_ociated_ 'w\:i\.th t_he -manufact.uring
process for the compartmented  tubular Hstructure in
accordance with the :anentlon, the additiOnal wall 26
as well .as thel portlons :of -the external wall‘,le
materlallslng the passages 24 are approx:Lmately double
the thlckness of the 1nternal contlnuous walls 22 and
of the other portlons of the external wall 14 of the
structure

In 'the preferred.’productlon method for the
invention, - 1'llustrated. in figures 3  and 4, the
compartmented tubular Structured'is_ manufactured by
diffusion weldlng and superplastlc formlng

In accordance w1th ' this process and as

1llustrated in flgure 3 a stack~Of four titanium alloy

sheets t1, t2, t3 and t4 is flrst produced

More pre01se1y, sheets tl and t4, placed on the

outgide of the stack :are 1ntended to form the external

~wall 14 of the structure to be produced whereas sheets

t2 and £3 placed._on the 1ns;de of the .stack are

SP 19258 GP
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intended to form the walls 22 and 26 Thns; each'of.the
sheets t2 and t3 forms one of the walls 22
materialising each .-;;of _the passages- 24 and the two
sheets t2 and t3' are 'welded: toget,her to form the
additional . wall 26. Additionally,. sheet t2 1s welded
locally to sheet tl jand sheet t3 is locally welded to
sheet t4, such as to form the parts of the external
wall' 14. of the StruCture,, which ' materialise the
passages,24; o ' :

Prior to-:fimplementing the | manufacturlng

process, sheets tl to t4 are subjected to a certain

number of preparatory ,operations, well-known in the

trade. ‘_These ’ Operations;'-include- in particular,

routering of the she’ets - an alkaline degrease followed

by a fluo-nitric strip and masking of the weld zones

This masking is achleved by depos1t1ng masks on the
mating faces of sheets tl to t4,_by engrav1ng,the masks

on the zone-s not to’ 'be welded and coating the =zones

thus unmasked with an anti d1ffus1on material such as

boron nitride. In figure 3, the.zones-coated-w1th anti-
diffusionmaterial are-shown bycross hatching'

An important characteristic of the process is
the application  ofi the' anti - diffus1on material on
sheets t2 and t3 Wthh form the internal walls 22 and
26 of the structure The forming : of the intermediate
portions, in the shape of the fulcrum of a cone, of
each of the walls 22 1nvolves the deformatlon of the
corresponding sheet t2 or £3 1n three dimensions. This

deformation is obtalned W1thout generating any cracks

or tears, by depos:l.ting the anti-diffusion material on

the masked zone towards the 1n81de of sheets t2 and t3

SP 19258 GP-
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in an optlmlsed C1rcu1ar arc of radius R, Wthh acts as
the start line for the deployment of the wall 22.

For she-ets £2 and t3 .wh:Lch have an initial
constant thickne’ss e, at the -moSt- equal to about 1 wmwm,
radlus R 1is equal to about three tlmes radius r of the
circular arc Wthh llmlts the ant:L d1ffus1on zone to
the outslde of sheets_tz and~t3. o

In ;a preferred ' produetiOn' method, ra-dius r 1is
approx1mately equal to 15 tlmes thlckness e, in order
to obtaln a compartmented tubular structure whose
external dlameter 1s equal to 60 times thlckness e.
Thls value is partlcularly sulted to the case of pipes
for flttlng to alrcraft | ' |

Sheets t1 to' t4 thus prepared and stacked are
then .placed in a die. A pressure of 12 bar is then
appl:.ed to the stack for 5 hours, in order to weld the
sheets by~ d1ffus1on, | outs;.de | the zones coated with
anti- dlffu31on materlal .

Thei. superplastlc 'forming-e cYcle. is then
performed in ‘the usual ‘way, to "inflate" the structure
by 1nject19n. ofﬁ a _gas.under‘ pressure ~between the
sheets The -pressuref .app'lied to the internal faces ef
the sheets must reaeh_at 'least 30 bar for the
conforming operatioi"l .Th‘is -Stag'e 1s illustrated
schematlcally 1n flgure 4. ‘ . '

Flnally, the parts of the sheets located in the

‘median plane on. the outside of the structure are cut

away and the correspondlng edge is ground to prov1de

the structure with 1ts deflnltlve shape.

Thus, 1in a ~s1ng_1~e ._operat:l.on, and without

generating any 'cracks} 1t is -pessible to form a

SP 19258 @GP
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compartmented tubular structure for redirecting the

flow of a fluid Wit_hout causing any turbulence at the

outlet.

SP 19258 GP
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CLAIMS

1. Thin walled compartmented tubular structure
enabling a fluid to flow between an 1nlet tubular part
and at least one outlet tubular part oriented 1in
different directions, sald structure including an
external wall and being characterised 1in that 1t
additionally includes continuous internal walls produced
ln one pilece with said external wall, such as to
materialise between the 1nlet tubular part and each one
of the at 1least one outlet tubular part at least one

independent continuous passage to guide the fluid.

2. The thin walled compartmented tubular structure
1n accordance with c¢laim 1, in which each continuous
internal wall includes two planar end portions, located
in the 1nlet tubular part and the at least one outlet
tubular part, and an 1nternal curved portion, 1n the
shape of the frustrum of a cone, connecting together the

two planar end portions without any discontinuilty.

3. The thin walled compartmented tubular structure
1n accordance with claim 2, formed of sheets of thickness
equal to about 2 mm at the most, in which the internal
curved portion  of each  continuous internal wall
intercepts a median plane of the tubular structure along
a first circular arc of radius R and the external wall
along a second circular arc of radius r, such that the
radius R of the first circular arc is approximately equal

to three times the radius r of the second circular arc.
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4., The thin walled compartmented tubular structure
in accordance with claim 3, 1n which the radius r of the
second circular arc 1is approximately equal to 15 times

the thickness of said sheets.

5. The thin walled compartmented tubular structure
in accordance with any one of claims 2 to 4, 1including
two outlet tubular parts aligned and oriented
approximately at right angles to the 1inlet tubular part,
1n which the independent continuous passage connecting
the 1nlet tubular part to each outlet tubular part 1is
materialised between the external wall and two continuous

internal walls.

6. The thin walled compartmented tubular structure
1n accordance with c¢laim 5, 1n which an additional
internal wall 1s 1located 1inside the structure, 1in a
median plane of the latter, between the external wall of
the structure and the 7joint zones of said continuous

internal walls.

7. The thin walled compartmented tubular structure
in accordance with c¢laim 5, in which two other pairs of
internal walls connect the joint zones of the continuous
internal walls to the external wall of the structure,
such as to re-direct to the outlet the fluid entering via

other passages 1nside saild external wall.

8. The thin walled compartmented tubular structure
1n accordance with any one of claims 1 to 7, in which

each of the 1ndependent continuous passages exhibits an
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approximately constant passage cross-section between the

inlet tubular part and each outlet tubular part.

9. The thin walled compartmented tubular structure
in accordance with any one of claims 5 to 7, in which
each of the independent continuous passages exhibits a
passage cross-section which reduces gradually between the

inlet tubular part and each outlet tubular part.

10. The thin walled compartmented tubular structure

1n accordance with any one of claims 5 to 7, in which

each of the 1independent continuous passages exhibits a
passage cross-section which increases gradually between

the i1nlet tubular part and each outlet tubular part.

11. Manutacturing process for a thin walled
compartmented tubular structure 1n accordance with any
one of claims 1 to 10, i1n which the external wall and the
internal continuous walls are obtained in a single
operation by diffusion welding and superplastic forming,

from titanium alloy sheets.
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