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VARIABLE NOZZLE FOR A GAS TURBINE

The present invention relates to a nozzle for a gas
turbine, which can be particularly applied to the first
stage of a power turbine.

The present invention relates to a twin-shaft gas
turbine and in particular, to a variable nozzle for a low
pressure turbine.

Normally in twin-shaft turbines, the air pressurized
by a compressor, is mixed with a combustible fluid and
injected into a burner to generate hot combusted gases.

The latter flow through the nozzles of a high pres-
sure turbine, which diverges them and accelerates them.

Downstream of the high pressure turbine, the gases
then pass through a low pressure turbine, which extracts
the remaining energy to feed a user.

Gas turbines for mechanical operations can have a
fixed or variable nozzle, placed in the first stage of
the low pressure turbine.

When using a variable nozzle, it is possible to ob-
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tain a high operability of the turbine, at the same time
maintaining the polluting emissions and efficiency of the
turbine as constant as possible.

A fixed nozzle, on the other hand, is characterized
by a higher aerodynamic efficiency accompanied however by
a lower operability of the gas turbine.

For variable nozzles, there are clearances necessary
for allowing its rotation.

A variable nozzle has two surfaces touched by hot
combusted gases, opposite each other, of which one is
pressurized and the other depressurized.

One of the disadvantages of a variable nozzle is
that it has aerodynamic efficiency losses due to pressure
drop losses of the flow of combusted gases through the
clearances, accompanied by secondary losses arising from
the latter, which are mainly due to the pressure differ-
ences between the pressurized surface and the depressur-
ized surface.

An objective of the present invention is to provide
a variable nozzle for a gas turbine, having improved per-
formances which resemble those of a fixed nozzle, at the
same time maintaining a high operability of the gas tur-
bine with variations in its flow-rates.

Another objective of the present invention is to

provide a reliable variable nozzle for a gas turbine.
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These objectives according to the present invention are
achieved by providing a variable nozzle for a gas turbine
as illustrated in claim 1.

Further characteristics of the invention are indi-
cated in the subsequent claims.

The characteristics and advantages of a variable
nozzle for a gas turbine according to the present inven-
tion will appear more evident from the following, illus-
trative and non-limiting description, referring to the
enclosed schematic drawings, in which:

figure 1 is a raised front view of a variable nozzle
according to the present invention;

figure 2 is a raised sectional front view of the
nozzle of figure 1 according to a line II-II passing
through an upper end of the variable nozzle;

figure 3 is a raised sectional front view of the
nozzle of figure 1, according to a line IITI-III passing
through the intermediate part of the variable nozzle;

figure 4 is a raised sectional front view of the
nozzle of figure 1 according to a line IV-IV passing
through the hub of the variable nozzle;

figure 5 is a perspective view of the nozzle of fig-
ure 1;

figure 6 is a view from below of the nozzle of fig-

ure 1;
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figure 7 is a raised side view of the nozzle of fig-
ure 1;

figure 8 is a view from above of the nozzle of fig-
ure 1;

figure 9 1is a raised rear view from below of the
nozzle of figure 1.

With reference to the figures, these show a variable
nozzle 10 for a gas turbine fixéd to a shaft 11 and capa-
ble of being rotated around its axis by means of activat-
ing means not shown in the figures.

The shaped variable nozzle 10 is suitable for mini-
mizing pressure drops and consequently increasing the ef-
ficiency of the gas turbine.

Said wvariable nozzle 10 has a series of sections,
preferably variable, substantially “C”-shaped, all facing
the same direction, and preferably with the concavity
facing upwards with respect to a base 90.

Each section of the series of sections represents a
sectipn of the variable nozzle 10 according to a surface’
having an axis parallel to the axis of the shaft 11.

Each section of the series of sections has a first
rounded end 20 and a second rounded end 21.

The first end 20 of each section of the series of
sections is situated along the axis of the shaft 11 ac~

cording to an at least second degree curved line 60.
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The series of sections is positioned along the axis
of the shaft 11 and respectively defines two surfaces, an
upper pressurized surface 12 and an opposite lower sur-
face 14, which is depressurized, respectively, both
touched by the hot combusted gases.

The pressure of the flow F of hot gas is exerted on
the upper surface 12, whereas the opposite lower surface
14, is in depression.

The upper surface 12 is saddle-shaped and its saddle
point corresponds to the intermediate section of the
variable nozzle 10.

The upper surface 12, in a parallel direction to the
axis of the shaft 11, is therefore convex, whereas in an
orthogonal direction to said axis, it is concave, all the
sections being substantially “C”-shaped.

The variable nozzle 10 has a first end portion 17, a
second central portion 18, and a third hub portion 19.

The first portion 17 and the third portion respec-
tively comprise an end section 30 and a hub section 50,
which have minimum aerodynamic pressure drops which con-
sequently improve the aerodynamic efficiency of the wvari-
able nozzle 10.

Furthermore, the pressure differences which are cre-—
ated between the upper pressurized surface 12 and the

lower depressurized surface 14, always in respective cor-
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respondence with said end section 30 and said hub section
50, are minimum and consequently the secondary aerody-
namic losses are also minimum.

The forces which guide the flow of combusted gases
through the clearances are thus reduced.

The second central portion 18, on the other hand,
comprises the intermediate section 40.

There are no edge effects or'secondary’losses in
correspondence with the second central portion 18, and
consequently the aerodynamic efficiency in this portion
of the variable nozzle 10 is greater.

For this reason, as there is a greater aerodynamic
efficiency in the second central portion 18, the variable
nozzle 10 is shaped so as to increase the aerodynamic
charge thereon.

These results are also maintained with variations in
the operating conditions of the gas turbine.

All of this is obtained by shaping the variable noz-
zle 10, positioning each section of the series of sec-
tions continuously one after another, and arranging the
first end of each section of the series of sections in
the direction of the axis of the shaft 11, along the at
least second degree curved line 60.

Said curved line 60 lies on a surface 70 having an

axis orthogonal to the axis of the shaft 11 and also



WO 2005/054633 PCT/EP2004/013657

10

15

20

25

tilted with respect to the base 90 by an angle 80 differ-
ent from 0° and lower than 90°.

Said curved line 60 is an at least second degree
line and comprises a parabolic line or a hyperbolic line
or a combination of these.

In a first preferred embodiment, said curved line 60
is preferably a parabolic line.

The variable nozzle 10 is therefore an arched noz-
zle, preferably parabolically arched.

In a second embodiment, said curved line 60 is pref-
erably a hyperbolic line.

In a third embodiment, said curved line 60 is pref-
erably a third degree line.

Said curved line 60, moreover, preferably has a
maximum or minimum point.

It can thus be seen that a variable nozzle for a gas
turbine according to the present invention achieves the
objectives specified above.

Numerous modifications and variants can be applied
to the variable nozzle for a gas turbine of the present
invention, thus conceived, all included within the same
inventive concept.

Furthermore, in practice, the materials used as also
the dimensions and components, can vary according to

technical demands.
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CLAIMS

1. A variable nozzle (10) for a gas turbine fixed to a
shaft (11), said variable nozzle (10) comprising a pres-
surized upper surface (12) and a depressurized lower sur-
face (14) opposite to the upper surface (12), character-
ized in that said variable nozzle comprises a series of
substantially “C”-shaped sections, each having a first
rounded end (20) and a second rounded end (21), each sec-
tion of the series of sections also having the concavity
facing upwards with respect to a base (90) and arranged
one after another continuously, in the direction of an
axis of the shaft (11) along a curved line (60), charac-
terized in that said at least second degree curved line
(60) lies on a surface (70) having an axis orthogonal to
the axis of the shaft (11) and also tilted with respect
to the base (90) by an angle (80).

2. The variable nozzle (10) according to claim 1, char-
acterized in that said curved line (60) is a parabolic
line.

3. The variable nozzle (10) according to claim 1, char-
acterized in that said curved line (60) is a hyperbolic
line.

4. The variable nozzle (10) according to claim 1, char-
acterized in that said curved line (60) is a combination

of a parabolic line and a hyperbolic line.
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5. The variable nozzle (10) according to claim 1, char-
acterized in that said curved line (60) is a third degree
line.

6. The wvariable nozzle (10) according to any of the
previous claims, characterized in that said curved line
(60) has a maximum or minimum point.

7. The variable nozzle (10) according to any of the
previous claims, characterized in that the upper surface
(12) is saddle-—shaped.

8. A variable nozzle for a gas turbine as previously
described and illustrated above and for the purposes

specified above.



WO 2005/054633 PCT/EP2004/013657

1/3

1l
3
m
X3
Y
v
60
10

9.1
’//11
i~

19
12

Il
v
Il
¥
1
¥

17

N

Fig?

Fig8
L

17

1

:E%




WO 2005/054633 PCT/EP2004/013657

2/3

H i
|||||||||||||

121

:/ 3
N
|
O

|

NN
NN
/\_\

20

AN




00000000000000000000000000000




INTERNATIONAL SEARCH REPORT

Iternational Application No

T/EP2004/013657

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 FO1D17/16 FO1D5/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 FO1D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2002/061249 Al (CAUBET JEAN-PIERRE ET
AL) 23 May 2002 (2002-05-23)

Y figures 1-3

X US 4 995 786 A (WHEELER ET AL)

26 February 1991 (1991-02-26)

figures 2,4

X US 4 172 361 A (KRONOGARD, SVEN-OLOF)

30 October 1979 (1979-10-30)

figures 4-7

Y EP 0 441 097 A (UNITED TECHNOLOGIES
CORPORATION) 14 August 1991 (1991-08-14)
column 2, Tine 16 — Tine 24

cotumn 7, Tine 6 - Tine 15

figures 5-7

1,2,6-8
5
1-3,6-8

1,3,6-8

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

'A* document defining the general state of the ant which is not

*T* later document published after the international filing date
or priority date and not in conflict with the application but
ciied to understand the principle or theory underlying the

considered to be of particular relevance invention
‘E efa_l(ller ccliaoicumenl but published on or after the international *X* document of particular relevance; the claimed invention
ling date . cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priorily claim(s) or involve an inventive step when the document is taken alone
\A{{uqh 1S cnteﬁlo estaplllsh the publlcatlon_fc.ia‘lje of another *y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannol be considered to involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but inthe art.
later than the priority date claimed "&* document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
16 March 2005 31/03/2005
Name and mailing address of the ISA Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, .
Fax: (+31-70) 340-3016 Angelucci, S

Form PCT/ISA/210 (second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

rnational Application No

/EP2004/013657

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant 1o claim No.

DE 199 50 227 Al (VOITH HYDRO GMBH &
C0.KG) 16 November 2000 (2000-11-16)
figures

1-3,5-8

Form PCT/ISA/210 (continuation of second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

rnational Application No

T/EP2004/013657
Patent document Publication Patent family Publication

oited in search report date member(s) date

US 2002061249 Al 23-05-2002 FR 2814205 Al 22-03-2002
CA 2357176 Al 18-03-2002
EP 1188903 Al 20-03-2002
JP 2002130189 A 09-05-2002

US 4995786 A 26-02-1991 NONE

US 4172361 A 30-10-1979 SE 410331 B 08-10-1979
DE 2743111 Al 30-03-1978
FR 2365692 Al 21-04-1978
GB 1566630 A 08~05-1980
IT 1089890 B 18-06~1985
JP 53044711 A 21-04-1978
SE 7610577 A 25-03-1978

EP 0441097 A 14-08-1991 us 5088892 A 18-02-1992
DE 69026811 D1 05-06-1996
DE 69026811 T2 12-09-1996
EP 0441097 Al 14-08-1991
JP 3179122 B2 25-06-2001
JP 4214904 A 05-08-1992

DE 19950227 Al 16-11-2000 NONE

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

