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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to the field of ther-
mal turbomachines, such as stationary turbines for power
generation. It refers to a pressure casing, devided in at
least two casing shells which are removably connected
in a pressure-tight manner in a parting plane by means
of a flange.

BACKGROUND ART

[0002] Conventional bolted flange joints for pressure
casings of thermal turbomachines, as are reproduced in
an example in Fig. 1, or of other installations with similar
requirements, have a plurality of disadvantages which
are to be eliminated by the present invention. In the
known pressure casing 10 from Fig. 1, two casing shells
10a and 10b are bolted together in a pressure-tight man-
ner in a parting plane 11 via a flange 12. This is carried
out by means of threaded bolts 14 which, by means of a
through-hole 13 in the upper casing shell 10a, are
screwed into a threaded hole 16 in the lower casing shell
10b and in this case supported by a nut 15 on a shoulder
at the flange of the upper shell 10a. The casing shells
10a, 10b surround a flow channel 18 for a working me-
dium, such as air, steam or hot combustion gases.
[0003] The following disadvantages result from this ar-
rangement:
During the warm-up phase of the pressure casing 10,
during a cold start, the casing material which surrounds
the threaded bolts 14 heats up more quickly than the
shaft of the threaded bolts 14 within the through-hole 13,
which, on account of the different thermal expansion of
the bolts and the casing 10, can lead to an overload and
plastic elongation of the threaded bolts 14. The elongated
bolts 14 can relax and the bolting forces diminish with
subsequent local leakages during operation of the ma-
chine.
[0004] To avoid the above said disadvantage the state
of the practice tends to oversize the connecting bolts.
But larger bolts effect other negative consequences.
[0005] At heavily loaded places, it can happen that the
inner-lying sealing is opened as a result of stresses in
the casing wall, whereas the outer-lying support lip is
more heavily loaded because the torque created by the
wall and the bolt forces has to be compensated by means
of a higher counter-force on the outer support lip. Con-
sequently, the necessary pressure upon the sealing can-
not be maintained any longer, in fact not even with larger
bolts because with bolt diameters becoming larger the
axis in which the bolt force acts is further away from the
inner sealing lip than in the case of smaller bolts so that
the leak-tightness of the sealing lip in actual fact is not
improved.
[0006] The published patent application DE 10225260
A1 discloses a casing for an axial turbomachine with an

upper half shell and a lower half shell connected in a
horizontal parting plane by means of a flange. The con-
necting bolts extend through a through hole in the upper
half shell and are being placed in a thread hole of the
lower half shell, whereby an annular space is formed be-
tween the outer surface of the bolt and the inner surface
of the through hole. In an upper part of this annular space
a thermally insulated sleeve is located. It is the aim of
this solution to minimize the heat transfer between the
connecting bolts and the ambient fluid. This solution can-
not solve the above-mentioned problems during the
warm-up phase.
[0007] Patent application WO 2003078799 A1 disclos-
es an arrangement for cooling or heating of the flange
bolts in a turbine casing. A bolt comprises one or more
bore holes extending axially through the bolt. Said bore
holes are optionally charged either with a heating or with
a cooling medium. The cooling or heating medium flows
through the at least one bore hole thereby cooling or heat-
ing the bolt. The stabilized temperature regime of the bolt
effects a damping of bolt relaxation and ensures that the
bolting forces remain stable during steady-state opera-
tion and during transient operations. Another disclosed
embodiment teaches to equip the bolts with additional
radial bore holes extending from the axial bore hole to
the annular space between the bolt and the flange boring.
This embodiment effects an increase of heat transfer and
forces the cooling or heating gradient. It is a disadvantage
of this solution that the plurality of bore holes weakens
the mechanical integrity of the bolts. This weakening of
integrity has to be compensated by an undesirably larger
dimensioning of the bolts.
[0008] JP S61 200310 A describes a pressure casing
cpmprising a flange sealingly pressed together by thread-
ed bolts. The connecting bolts extend through a through
hole in the upper half shell and are being placed in a
thread hole of the lower half shell, whereby an annular
space is formed between the outer surface of the bolt
and the inner surface of the through hole. In for example
the upper end of this annular space a cooling or heating
fluid is introduced and exits the annular space at the lower
end.
[0009] Quite another arrangement is disclosed in the
document EP 1096111 B1, directed to a cooling structure
for the flange of a steam turbine casing. The aim to pre-
vent steam leakage caused by a drop of the fastening
force of the flange bolts is achieved by cooling the flange.
The upper and lower half shell of the casing are covered
with a heat insulating material and a number of cooling
pipes contacts the peripheral end surfaces of the flanges.
By convective heat transfer the flange is cooled. The bolts
are cooled indirectly via the flange. This cooling arrange-
ment effects primarily a cooling of the peripheral end sur-
face of the flange. The cooling effect to the bolts is low,
because the working steam inside the steam turbine
warms the flange. A significant cooling of the bolts would
require an extensive heat removal from the flange.
This cooling arrangement is only applicable to the outer
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casing of a turbine, but it is not suitable for inner casings.
The above-referred problems during a cold start are not
solved by this solution.
[0010] US 6 352 404 B1 discloses a casing having
shells joined at a parting plane and proivided with respec-
tive flanges sealingly clamped by bolts extending trough
the flanges prependicularly to the parting plane. Chan-
nels for a heat transfer fluid for transferring heat to/from
the bolts are arranged in the parting plane of the flanges.
[0011] From DE 37 33 243 A1 a hollwo bolt is known
that is elongated by filling it with a pressurized fluid to a
certain extend. Once the ciorrect elongation has been
achiecved a nut is fastened and the pressure of the fluid
is released.

SUMMARY OF THE INVENTION

[0012] It is therefore an object of the invention to dis-
close a pressure casing for a turbomachine which avoids
significant thermal gradients within the flanged joint, i.e.
between the flange and the connecting bolts, to improve
the stabilization of the bolting forces throughout all oper-
ating conditions.
[0013] The object is achieved by a pressure casing as
set forth in claim 1. The invention is based on a pressure
casing which comprises at least two casing shells which
can be connected in a pressure-tight manner in a parting
plane by means of a flange, wherein the casing shells
are pressed together with sealing effect in the parting
plane in the region of the flange by means of at least one
threaded bolt which extends through the flange perpen-
dicularly to the parting plane. The invention is distin-
guished by the fact that the at least one threaded bolt is
charged by a heat transfer medium, i.e. based on oper-
ational requirement either a heating or a cooling medium,
and this heat transfer medium is supplied or discharged
via passages and at least a portion of the passages (22,
23, 24) for the heat transfer medium are arranged in the
parting plane (11) of the flange (12) . This measure sup-
ports an equalization of the temperatures of the flange
and the connecting bolts, thereby avoiding overload of
the bolts during start up phases and diminishment of bolt-
ing forces during shutdown.
[0014] According to a preferred embodiment the heat
transfer medium charges the bolt in the annular space
between the shaft of the bolt and the inner lateral surface
of the through hole.
[0015] According to a further embodiment the annular
space between the shaft of the bolt and the inner lateral
surface of the through hole is sealed in a gas tight manner
on its both longitudinal ends, wherein at the one end a
feed hole for the heat transfer medium leads into the an-
nular space and at the opposite end an outlet hole for
the heat transfer medium branches off.
[0016] One development of the invention is character-
ized in that the heat transfer medium is air.
[0017] In particular, the heat transfer medium is com-
pressor air.

[0018] According to an alternative embodiment the
heat transfer medium is steam, particularly branched off
steam from a steam turbine.

BRIEF EXPLANATION OF THE FIGURES

[0019] The invention shall subsequently be explained
in more detail based on exemplary embodiments in con-
junction with the drawing. In the drawing

Fig. 1 shows in a sectional view a flanged joint of a
pressure casing according to the state of the art;
Fig. 2 shows in a sectional top view a flanged joint
of a pressure casing according to the invention;
Fig. 3 shows an exemplary use of a pressure casing
in a compressor.

WAYS OF IMPLEMENTING THE INVENTION

[0020] The above-described disadvantages of the con-
ventional pressure casing with a flanged joint are elimi-
nated by a construction as is schematically reproduced
in Fig. 2 in an exemplary embodiment of the invention.
The pressure casing 10 comprises, as shown in Fig. 1,
an upper casing shell 10a and a lower casing shell 10b
which abut on a flange 12 in a parting plane 11 and are
bolted to each other there in a pressure-tight manner by
threaded bolts 14. For each of the threaded bolts 14 pro-
vision is made in the upper casing shell 10a in the region
of the flange 12 for a through-hole 13 with an inner di-
ameter larger than the outer diameter of the bolt 14 to
provide an annular space 17, and provision is made in
the lateral surface of this through hole 13 for a supply
and discharge of either a heating or a cooling medium.
On both sides the annular space 17 is sealed in a gas
tight manner.
[0021] During operation, based on operational require-
ments, either a cooling or a heating medium is supplied
from a source 20 to the annular space 17 via at least one
feed hole 22. The feed hole 22 opens into the space 17
at one of its longitudinal ends. From there the heat trans-
fer medium flows around the shaft of the bolt 14 towards
the opposite end of space 17. Via outlet hole 23 the heat
transfer medium leaves the annular space 17 to be dis-
charged in a volume 21 with a lower pressure compared
to the pressure of the source 20. This volume 21 may be
a suitable cavity inside or outside of the casing 10. Outlet
hole 23 again extends through the flange 12 in a way to
intensify the heat transfer between the heat transfer me-
dium and the flange 12.
[0022] The heat transfer medium is supplied from a
fluid source 20. Source 20 for the heat transfer medium
is an air plenum of a gas turbine. From this source 20
the feed hole 22 is passed through the flange 12 in a way
to allow heat transfer between the flange 12 and the heat
transfer medium. The feed hole 22 may have a circular
or a non-circular, particularly a rectangular cross section.
The feed hole 22 may comprise a section with an en-
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largement of cross section to combine feed holes 22 from
different sources 20 or to branch feed holes 22 to different
through holes 13.
[0023] According to an embodiment of the invention
the feed holes 22 or the outlet holes 23 are arranged in
the parting plane 11. By this arrangement curved or even
serpentine holes 22, 23 can be manufactured easily, e.g.
by milling a groove in the contact surfaces of the flange
12.
[0024] Fig. 2 schematically shows alternative embod-
iments to realize this invention. According to a first em-
bodiment, illustrated on the left side of Fig. 2, from a ple-
num 20 a mass flow of air is discharged into feed line 22.
Feed line 22 passes an area of the flange 12 and ends
in the through hole 13’ of a first threaded bolt 14’. From
this first through hole 13’ the heat transfer medium pass-
es through a connecting hole 24 inside of flange 12 to a
second bolt 14" in a second through hole 13" etc. Finally,
the exhaust heat transfer medium 26 is discharged via
outlet hole 23 into the flow channel 18.
[0025] According to a second embodiment, as illustrat-
ed on the right side of Fig. 2, the flow channel 18 of the
turbomachine serves as source of the heat transfer me-
dium. A partial flow of the working medium is branched
off from the flow channel 18 and fed into the feed line 22.
From feed line 22 the heat transfer medium is passed
through the flange 12 to one or more connecting bolts 14
and is finally discharged via the outlet hole 23 into a cavity
21 inside or outside of the outer casing of the turboma-
chine.
[0026] The embodiment of Fig. 3 refers to an example
which is not part of the invention, especially applicable
to a compressor casing. The lower and the upper shell
of the compressor are equipped with a flange 12. Thread-
ed bolts 14, extending through the through holes 13 in
the upper shell 10a, join the two half shells in a gas tight
manner by interaction with a thread in the lower half shell.
The flow channel 18 of the compressor comprises a
number of compressor stages. A feed line 22 branches
off from the flow channel 18 at a defined vane row (i)
(reference 28). The feed line 22 extends through the
flange 12 and ends inside a first through hole 13’ at its
longitudinal end. At the opposite longitudinal end a con-
necting hole 24 connects this first through hole 13’ with
a second through hole 13", whereby this second hole 13"
is located upstream against the flow direction 19 of the
working medium in the flow channel 18. From the second
through hole 13" an outlet hole 23 extends through the
flange 12 and ends in the flow channel 18 at a vane row
29 upstream of the above-mentioned vane row (i) (refer-
ence 29), i.e. in an upstream compressor section with a
lower pressure. During transient operating phases a par-
tial flow 25 of the compressor air stream is branched off
from the flow channel 18 into the feed hole 22. Under
convective heat transfer the air stream 25 passes the
flange 12, enters the annular space 17’ between the
through hole 13’ and the shaft of the first bolt 14’ at its
e.g. upper longitudinal end. The air flows along the shaft

of bolt 14’ under convective heat transfer. At the opposite
longitudinal end the air flow 27 enters the connecting hole
24, passes again the flange 12 and reaches the through
hole 13" of the second bolt 14", flows along the shaft of
the second bolt 14". Via the outlet hole 23 the exhausted
air 26 is directed back into the flow channel 18 at a vane
row 29, located upstream of the vane row 28.
[0027] This embodiment of a device for flange and
bolts temperature adjustment uses the pressure differ-
ence between two different compressor stages.
[0028] As a result of this type of construction according
to the invention the following advantages are achieved:

• The heat transfer medium flowing through the annu-
lar space 17 between the through hole 13 and will
quicker warm up the bolt 14 during start-up, com-
pared to used conventional solutions;

• The heat transfer medium flowing through the annu-
lar space 17 between the through hole 13 and will
quicker cool down the bolt 14 during shut down;

• The temperature difference between the flange 12
and the connecting bolts 14 during transient operat-
ing modes are significantly reduced;

• The risk of overload of the connecting bolts 14 during
start-up phases is eliminated;

• The pretension of the bolts during shut down is main-
tained.

LIST OF DESIGNATIONS

[0029]

10 casing
10a upper casing shell
10b lower casing shell
11 parting plane
12 flange
13 through hole
14 threaded bolt
15 Nut
16 threaded hole
17 annular space
18 flow channel
19 flow direction of the working medium in channel
20 source of the heat transfer medium, space of

higher pressure
21 volume for exhausted heat transfer medium, cav-

ity of lower pressure
22 feed hole from source 20 to the bolt 14
23 outlet hole from the bolt 14 to volume 21
24 connecting hole between bolts 14’, 14"...
25 fresh heat transfer medium
26 exhausted heat transfer medium
27 partially used heat transfer medium
28 compressor stage
29 compressor stage
30 plug
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Claims

1. Pressure casing of a turbomachine, which compris-
es at least two casing shells (10a, 10b) which are
connected in a pressure-tight manner in a parting
plane (11) by means of a flange (12), wherein the
casing shells (10a, 10b) are pressed together with
sealing effect in the parting plane (11) in the region
of the flange (12) by means of at least one threaded
bolt (14) which extends through a through hole (13)
in the flange (12) perpendicularly to the parting plane
(11), wherein the at least one threaded bolt (14) is
charged by a heat transfer medium, wherein at least
one of feed holes (22) or outlet holes (23) for the
heat transfer medium are arranged in the parting
plane (11) of the flange (12), characterized in that:

the feed holes (22) receive the heat transfer me-
dium from a plenum and the outlet holes (23)
discharge into a flow channel (18) for a working
medium inside the pressure casing; or
the feed holes (22) receive the heat transfer me-
dium from the flow channel (18) and the outlet
holes (23) discharge into a cavity (21) outside
the pressure casing.

2. Pressure casing as claimed in claim 1, character-
ized in that one or more feed holes (22) for the heat
transfer medium start at a source (20) for the heat
transfer medium, extend through the flange (12) and
end in a lateral surface of the through hole (13).

3. Pressure casing as claimed in claim 1 or 2, charac-
terized in that one or more outlet holes (23) for the
heat transfer medium start at the through hole (13),
extend through the flange (12) and end in a volume
(21) of a relatively low pressure compared to the
pressure of the source (20).

4. Pressure casing as claimed in one of the claims 1 to
3, characterized in that an annular space (17) is
provided between the inner lateral surface of the
through hole (13) and the shaft of the threaded bolt
(14), this annular space (17) is sealed in a tight man-
ner on its both longitudinal ends and this annular
space (17) is charged by the heat transfer medium.

5. Pressure casing as claimed in claim 4, character-
ized in that at least one of the feed holes (22) or the
outlet holes (23) are open to the annular space (17).

6. Pressure casing as claimed in claim 5, character-
ized in that the at least one feed hole (22) and the
at least one outlet hole (23) lead to opposite ends of
the annular space (17).

7. Pressure casing as claimed in one of the claims 1 to
6, characterized in that at least one of feed holes

(22) or outlet holes (23) for the heat transfer medium
are passed through the flange (12).

8. Pressure casing as claimed in one of the claims 1 to
7, characterized in that heat transfer medium is air.

9. Pressure casing as claimed in one of the claims 1 to
7, characterized in that the heat transfer medium
is steam.

10. Pressure casing as claimed in one of the claims 1 to
9, characterized in that the turbomachine is a com-
pressor.

11. Pressure casing as claimed in one of claims 1 to 8,
characterized in that the casing is an inner carrier
of a gas turbine.

Patentansprüche

1. Druckgehäuse einer Turbomaschine, das mindes-
tens zwei Gehäuseschalen (10a, 10b) aufweist, die
in druckdichter Weise in einer Trennebene (11) mit-
tels eines Flansches (12) verbunden sind, wobei die
Gehäuseschalen (10a, 10b) in der Trennebene (11)
im Bereich des Flansches (12) mittels mindestens
eines Gewindebolzens (14), der durch eine Durch-
gangsbohrung (13) in dem Flansch (12) senkrecht
zu der Trennebene (11) verläuft, mit abdichtender
Wirkung zusammengepresst werden, wobei der
mindestens eine Gewindebolzen (14) mit einem
Wärmeübertragungsmedium beschickt wird, wobei
mindestens eines der Zuführlöcher (22) oder Aus-
lasslöcher (23) für das Wärmeübertragungsmedium
in der Trennebene (11) des Flansches (12) ange-
ordnet ist, dadurch gekennzeichnet, dass:

die Zuführlöcher (22) das Wärmeübertragungs-
medium aus einem Vorrat erhalten und die Aus-
lasslöcher (23) in einen Durchflusskanal (18) für
ein Arbeitsmedium innerhalb des Druckgehäu-
ses ableiten; oder
die Zuführlöcher (22) das Wärmeübertragungs-
medium aus dem Durchflusskanal (18) erhalten
und die Auslasslöcher (23) in einen Hohlraum
(21) außerhalb des Druckgehäuses ableiten.

2. Druckgehäuse nach Anspruch 1, dadurch gekenn-
zeichnet, dass ein oder mehrere Zuführlöcher (22)
für das Wärmeübertragungsmedium an einer Quelle
(20) für das Wärmeübertragungsmedium beginnen,
durch den Flansch (12) verlaufen und in einer seit-
lichen Oberfläche des Durchgangslochs (13) enden.

3. Druckgehäuse nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass ein oder mehrere Auslass-
löcher (23) für das Wärmeübertragungsmedium an
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dem Durchgangsloch (13) beginnen, durch den
Flansch (12) verlaufen und in einem Volumen (21)
mit einem im Vergleich zu dem Druck der Quelle (20)
relativ niedrigem Druck enden.

4. Druckgehäuse nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass ein ringförmige
Raum (17) zwischen der inneren Seitenfläche des
Durchgangslochs (13) und dem Schaft des Gewin-
debolzens (14) vorgesehen ist, dieser ringförmige
Raum (17) in dichter Weise an seinen beiden Längs-
enden abgedichtet ist und dieser ringförmige Raum
(17) mit dem Wärmeübertragungsmedium beschickt
wird.

5. Druckgehäuse nach Anspruch 4, dadurch gekenn-
zeichnet, dass mindestens eines der Zuführlöcher
(22) oder der Auslasslöcher (23) sich in den ringför-
migen Raum (17) öffnet.

6. Druckgehäuse nach Anspruch 5, dadurch gekenn-
zeichnet, dass das mindestens eine Zuführloch (22)
und das mindestens eine Auslassloch (23) zu ent-
gegengesetzten Enden des ringförmigen Raums
(17) führen.

7. Druckgehäuse nach einem der Ansprüche 1 bis 6,
dadurch gekennzeichnet das mindestens eines
der Zuführlöcher (22) oder Auslasslöcher (23) für
das Wärmeübertragungsmedium durch den Flansch
(12) geführt ist.

8. Druckgehäuse nach einem der Ansprüche 1 bis 7,
dadurch gekennzeichnet, dass das Wärmeüber-
tragungsmedium Luft ist.

9. Druckgehäuse nach einem der Ansprüche 1 bis 7,
dadurch gekennzeichnet, dass das Wärmeüber-
tragungsmedium Dampf ist.

10. Druckgehäuse nach einem der Ansprüche 1 bis 9,
dadurch gekennzeichnet, dass die Turbomaschi-
ne ein Verdichter ist.

11. Druckgehäuse nach einem der Ansprüche 1 bis 8,
dadurch gekennzeichnet, dass das Gehäuse ein
innerer Träger einer Gasturbine ist.

Revendications

1. Enveloppe sous pression d’une turbomachine, qui
comprend au moins deux chemises d’enveloppe
(10a, 10b) qui sont connectées d’une façon étanche
à la pression dans un plan de séparation (11) au
moyen d’une bride (12),
où les chemises d’enveloppe (10a, 10b) sont pres-
sées ensemble avec un effet d’étanchéité dans le

plan de séparation (11) dans la région de la bride
(12) à l’aide d’un boulon fileté (14) au moins qui
s’étend à travers un trou traversant (13) dans la bride
(12) perpendiculairement au plan de séparation (11),
où l’un au moins des boulons filetés (14) est mis sous
pression par un milieu de transfert de la chaleur, où
l’un au moins des trous d’entrée (22) ou des trous
de sortie (23) du milieu de transfert de la chaleur,
est agencé dans le plan de séparation (11) de la
bride (12),
caractérisée en ce que :

les trous d’entrée (22) reçoivent le milieu de
transfert de la chaleur en provenance d’un plé-
num, et les trous de sortie (23) l’évacuent dans
un canal de flux (18) d’un milieu de travail à l’in-
térieur de l’enveloppe sous pression ; ou
les trous d’entrée (22) reçoivent le milieu de
transfert de la chaleur en provenance du canal
de flux (18), et les trous de sortie (23) l’évacuent
dans une cavité (21) à l’extérieur de l’enveloppe
sous pression.

2. Enveloppe sous pression selon la revendication 1,
caractérisée en ce qu’un ou plusieurs trous d’en-
trée (22) du milieu de transfert de la chaleur débutent
au niveau d’une source (20) du milieu de transfert
de la chaleur, s’étendent à travers la bride (12), et
se terminent dans une surface latérale du trou tra-
versant (13).

3. Enveloppe sous pression selon la revendication 1
ou 2,
caractérisée en ce qu’un ou plusieurs trous de sor-
tie (23) du milieu de transfert de la chaleur débutent
au niveau du trou traversant (13), s’étendent à tra-
vers la bride (12), et se terminent dans un volume
(21) à pression relativement basse par rapport à la
pression de la source (20).

4. Enveloppe sous pression selon l’une quelconque
des revendications 1 à 3,
caractérisée en ce qu’un espace annulaire (17) est
prévu entre la surface latérale intérieure du trou tra-
versant (13), et la tige du boulon fileté (14), cet es-
pace annulaire (17) est scellé d’une façon étanche
sur ses deux extrémités longitudinales, et cet espace
annulaire (17) est mis sous pression par le milieu de
transfert de la chaleur.

5. Enveloppe sous pression selon la revendication 4,
caractérisée en ce que l’un au moins des trous d’en-
trée (22) ou des trous de sortie (23), est ouvert dans
l’espace annulaire (17).

6. Enveloppe sous pression selon la revendication 5,
caractérisée en ce que l’un au moins des trous d’en-
trée (22) et l’un au moins des trous de débouché
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(23), conduisent aux extrémités opposées de l’es-
pace annulaire (17).

7. Enveloppe sous pression selon l’une quelconque
des revendications 1 à 6,
caractérisée en ce que l’un au moins des trous d’en-
trée (22) ou des trous de sortie (23) du milieu de
transfert de la chaleur, passe à travers la bride (12).

8. Enveloppe sous pression selon l’une quelconque
des revendications 1 à 7, caractérisée en ce que
le milieu de transfert de la chaleur est l’air.

9. Enveloppe sous pression selon l’une quelconque
des revendications 1 à 7, caractérisée en ce que
le milieu de transfert de la chaleur est de la vapeur.

10. Enveloppe sous pression selon l’une quelconque
des revendications 1 à 9, caractérisée en ce que
la turbomachine est un compresseur.

11. Enveloppe sous pression selon l’une quelconque
des revendications 1 à 8, caractérisée en ce que
l’enveloppe est un support intérieur d’une turbine à
gaz.
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