TG 50 D5 Turbigo P.P.
Equipments Relocation
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TG 50 D5

Turbigo P.P. Equipments Relocation

® TG 50 D5 Design Concepts.
® Oprating Experience.

® Upgrading Packages.
® Turbigo P.P. Equipments Relocation.
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TG 50 D5
Design Concepts

® TG 50 D5 gas turbine was designed as 50 Hz

version of W 501 D5.

® The design was based on a scale-up approach
saving the commonality of turbine hot parts.
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TG 50 DS

Design Concepts
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TG 50 D5
Design Concepts

SCARICO BY-PASS DAL 6° STADIO
FROM 6th STAGE STARTING BLEED

ARIA DAL 6° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 4° STADIO STATORE

6th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 4th STATOR VANE COOLING

ARIA DALL'11* STADIO COMPRESSORE PER BY-PASS

E RAFFREDDAMENTO 3° STADIO STATORE
11th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 3rd STATOR VANE COOLING

ARIA DAL 14° STADIO COMPRESSORE PER

LTI
LIS

ARIA RAFFREDDAMENTO ROTORE DAL RADIATORE

FROM COOLER TO ROTOR BLADE COOLING

I,,!l‘l"“lll 1T

SCARICO BY-PASS DALL 11° STADIO
FROM 11th STAGE STARTING BLEED

RAFFREDDAMENTO 3° STADIO STATORE
3rd STATOR VANE COOLING

RAFFREDDAMENTO 4° STADIO STATORE
4th STATOR VANE COOLING

RAFFREDDAMENTO 2° STADIO STATORE
2nd STATOR VANE COOLING

ARIA AL RADIATORE PER RAFFREDDAMENTO ROTORE
TO COOLER FOR ROTOR BLADE COOLING

RAFFREDDAMENTO 2° STADIO STATORE
14th STAGE COMPRESSOR BLEED FOR
2nd STATOR VANE COOLING
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TG 50 D5
Design Concepts

® The W 501 D5 Turbine blade path was moved
to a higher radious to compensate for lower

running speed (3000 RPM instead of 3600);
saving in this way the basic Blades and Vanes.

® The Compressor was scaled from the W 501 D5
one and adjusted in flow in order to match the

Turbine



TG 50 D5

Design Concepts-Turbine

ARIA DAL 6° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 4° STADIO STATORE

6th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 4th STATOR VANE COOLING

ARIA DALL'11* STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 3° STADIO STATORE

11th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 3rd STATOR VANE COOLING

ARIA DAL 14° STADIO COMPRESSORE PER
RAFFREDDAMENTO 2° STADIO STATORE

SCARICO BY-PASS DAL 6° STADIO
E STARTING BLEED

Turbine flow path moved at
higher diameter (3600/3000)
common hot parts

(G

/SS DALL' 11° STADIO

3E STARTING BLEED

| RAFFREDDAMENTO 3° STADIO STATORE
3rd STATOR VANE COOLING

RAFFREDDAMENTO 4° STADIO STATORE
4th STATOR VANE COOLING

RAFFREDDAMENTO 2° STADIO STATORE
2nd STATOR VANE COOLING

14th STAGE COMPRESSOR BLEED FOR
2nd STATOR VANE COOLING

ARIA AL RADIATORE PER RAFFREDDAMENTO ROTORE
TO COOLER FOR ROTOR BLADE COOLING




TG 50 D5

Design Concepts-Compressor

Compressor scale-up and
adjusted for required flow

1]

ARIA RAFFREDDAMENTO ROTORE DAL RADIATORE
FROM COOLER TO ROTOR BLADE COOLING

I
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ARIA DAL 6° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 4° STADIO STATORE

6th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 4th STATOR VANE COOLING

ARIA DALL'11* STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 3° STADIO STATORE

11th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 3rd STATOR VANE COOLING

ARIA DAL 14° STADIO COMPRESSORE PER
RAFFREDDAMENTO 2° STADIO STATORE

14th STAGE COMPRESSOR BLEED FOR
2nd STATOR VANE COOLING

SCARICO BY-PASS DAL 6° STADIO
FROM 6th STAGE STARTING BLEED

SCARICO BY-PASS DALL 11° STADIO

FROM 11th STAGE STARTING BLEED

RAFFREDDAMENTO 3° STADIO STATORE

3rd STATOR VANE COOLING

RAFFREDDAMENTO 4° STADIO STATORE

4th STATOR VANE COOLING

RAFFREDDAMENTO 2° STADIO STATORE

2nd STATOR VANE COOLING

ARIA AL RADIATORE PER RAFFREDDAMENTO ROTORE

TO COOLER FOR ROTOR BLADE COOLING



TG 50 D5
Design Concepts-Combustion

Common parts with increased
number (18 instead of 14).

FROM COOLER TO ROTOR BLANE COOLING

(T Mime
JALISLALRLS ALY

ARIA DAL 6° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 4° STADIO STATORE

6th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 4th STATOR VANE COOLING

ARIA DALL'11* STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 3° STADIO STATORE

11th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 3rd STATOR VANE COOLING

ARIA DAL 14° STADIO COMPRESSORE PER

RAFFREDDAMENTO 2° STADIO STATORE
14th STAGE COMPRESSOR BLEED FOR
2nd STATOR VANE COOLING

RAFFREDDAMENTO 3° STADIO STATORE
3rd STATOR VANE COOLING

RAFFREDDAMENTO 4° STADIO STATORE
4th STATOR VANE COOLING

RAFFREDDAMENTO 2° STADIO STATORE
2nd STATOR VANE COOLING

ARIA AL RADIATORE PER RAFFREDDAMENTO ROTORE
TO COOLER FOR ROTOR BLADE COOLING
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TG 50 D5

wnavn
50 Hz/60 Hz Low of similarity design
( Unit: ratio to the base machine)
ltem W 501 D5 Similarity design TG 50 D5
(3600 rpm) (3000 rpm) (3000 rpm)
PERFORMANCE
Suction flow rate 1 1.44 1.2
Pressure ratio 1 1 1
Power output 1 1.44 1.2
Efficiency 1 1 1
STRENGTH
Blade stress 1 1/1.2
Disc stress 1 1
VIBRATION
Natural frequency 1/1.2 1.2
Harmonics 1 1.2
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TG 50 D5
Product Evolution

TECHNOLOGY UPRATING
501 F

150MW / 60 Hz

W 501 D5
105MW / 60 Hz //
XN 701 DU
soncoeson | | 5 oo s, | Lo
\ ﬁ / o 701 F
240MW / 50 Hz

TG 50 D5
(701 D)

125MW / 50 Hz

W 501 D5A

130MW / 60 Hz
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Temperatura Ingresso Turbina [°C]
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TG 50 D5 Upgrading
Background

1450 0,38
1400 <+
+ 0,37
1350 +
1250 ™~ —
/ / 1oss
1150 0,34
1100 <+
<+ 0,33
1050 +
1000 } 0,32

Technology D5 DS A F

Efficienza
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TG 50 DS

Operating
Experience
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TG 50 D5 Upgrading

Operating Experience
TG50D5 Experience

85,000
990,000

Lead Unit Operating Hours >
-]

Total Operating Hours
MAY 2005 AT REF A  INFORMATION WILL 8E UPDATED QUARTERLY SIEMEMNS/SIEMENS WESTINGHOUSE FROPRIETARY INFORMATION
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TG 50 D5 Upgrading
Operating Experience

TG50D5 Experience
25 TG50D5 Units Operating

& o q,
m‘f’ ﬁﬂﬂa&tgf&% & o r@b@r& S @‘”

N
Year of Initial Operation

n?’ﬁq?’ <§°

25 TG50D5 Units operating

MAY 2008 AT BEF MA  INFORMATION WILL BE UPDATED QUARTERLY SIEMENS/SIEMENS WESTINGHOUSE PROFPRIETARY INFORMATION
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TG 50 D5 Upgrading
Operating Experience
W501D5 Experience
o o

158,000

>
> 4,989,000

Lead Unit Operating Hours

Total Operating Hours
MAY 20058 AT BEF MA  INFORMATION WILL BE UPDATED QUARTERLY SIEMENS/SIEMENS WESTINGHOUSE FROPRIETARY INFORMATION



TG 50 D5 Upgrading
Operating Experience

SIEMENS SIEMENS

Westinghouse

W501D5 Experience

96 W501D5 Units Operating

-k

= P G L 00 = 0D O
DoOoOooDOoOo0 oD

.5?’,._ h@‘é:' #ﬁ\ﬁ@%@@@ﬁqﬁ@i & .sa%‘:’ co“.-ﬁ:@ P, “@@h S

96 Siemens Westinghouse
¥ESUTDS Units Operating Year of Initial Operation

MAY 2008 AT BEF MA  INFORMATION WILL BE UPDATED QUARTERLY SIEMENS/SIEMENS WESTINGHOUSE PROPRIETARY INFORMATION
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TG 50 D5 Upgrading
Operating Experience
SGT6-5000F Experience

94,400

Lead Unit-Operating Hours >
> 2,580,000

Total Operating Hours

MAY 2005 AT REF MA  INFORMATION WILL BE UPDATED QUARTERLY SIEMENS/SIEMENS WESTINGHOUSE PROPRIETARY INFORMATION
SGTE-5000F - Formerly known as W50TF
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TG 50 D5 Upgrading
Operating Experience

SGT6-5000F Experience

223 SGT6-5000F Total Units Operating and
Under Contract

185 Siemens Westinghouse
S5GT6-5000F Units Operating 0

> $ A A 3

F&EEEL F LT

Year of Initial Operation

MAY 2005 AT REF MA INFORMATION WILL BE UPDATED QUARTERLY SIEMENS/SIEMENS WESTINGHOUSE PROPRIETARY INFORMATION
SGTE-5000F - Formerly known as WS01F
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TG 50 D5 Upgrading
Operating Experience
SGT6-3000E Experience

> 959,000

Lead Unit Operating Hours > 64,000

Total Operating Hours
MAY 2008 AT REF MA INFORMATION WILL BE UPDATED QUARTERLY SIEMENS/SIEMENS WESTINGHOUSE PROFPRIETARY INFORMATION
SGT6-I000E - Formerly known as W501D
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TG 50 D5 Upgrading

Operating Experience
;LSHL“E:]:: SIEMENS
SGT6-3000E Experience
Wsares d __ 58 SGT6-3000E Units Operating and
Under Contract

A AR ) & A
FELEFEF T
Year of Initial Operation

47 Siemens Westinghouse
SGT6-3000E Units Operating

- Formerdy known as W501D5A

INFORMATION WILL BE UPDATED QUARTERLY SIEMENS/SIEMENS WESTINGHOUSE PROPRIETARY INFORMATION
S5GTE-

MAY 2005 A1 REF MA
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TG 50 DS

Upgrading
Packages
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TG 50 D5 Upgrading
Background

®“D5” technology operating experience

» In Operation since 1983

®“F” technology operating experience.

» In Operation since 1993

®“D5A” (fall-out of “F” technology)

» In Operation since 1996

®D5 Compressor Redesign

» In Operation since 1996
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TG 50 D5 Upgrading
Targets

® Increase Output and Efficiency
®Increase firing temperature

®|ncrease Compressor inlet flow
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TG 50 D5 Upgrading

®Hot Parts Upgrading

® Transition piece
® Row 1 and Row 2 Vanes

®Row 1, 2 and 3 Blade
® Front Stages Compressor Upgrading



TG 50 D5 Upgrading
Hot Parts Upgrading

ARIA DAL 6° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 4° STADIO STATORE

6th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 4th STATOR VANE COOLING

ARIA DALL'11* STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 3° STADIO STATORE

11th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 3rd STATOR VANE COOLING

ARIA DAL 14° STADIO COMPRESSORE PER
RAFFREDDAMENTO 2° STADIO STATORE

ARIA RAFFREDDAMENTO ROTORE DAL RADIATORE

FROM COOLER TO ROTOR BLADE COOLING

SCARICO BY-PASS DAL 6° STADIO
FROM 6th STAGE STARTING BLEED

SCARICO BY-PASS DALL 11° STADIO

FROM 11th STAGE STARTING BLEED

RAFFREDDAMENTO 3° STADIO STATORE

3rd STATOR VANE COOLING

RAFFREDDAMENTO 4° STADIO STATORE

4th STATOR VANE COOLING

RAFFREDDAMENTO 2° STADIO STATORE

14th STAGE COMPRESSOR BLEED FOR
2nd STATOR VANE COOLING

2nd STATOR VANE COOLING

ARIA AL RADIATORE PER RAFFREDDAMENTO ROTORE

TO COOLER FOR ROTOR BLADE COOLING
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TG 50 D5 Upgrading
Transition Piece

I

®Higher TIT- same metal temperature.

TBC in whole
Inner surface
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TG 50 D5 Upgrading
Row 1 Vane

® Better cooling scheme - TBC




TG 50 D5 Upgrading
Row 2 Vane

® Better cooling scheme - TBC

IMPINGEMENT
COOLING
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TG 50 D5 Upgrading
Row 1,2 and 3 Blade

® INCONEL 738 LC instead of U-520 on

Row 1, 2 and 3 Blade
®@TBC on Row 1 and 2 Blade airfoil and

platform.

22 it x
ARSON MILLER PARAMFETR (K scale)
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TG 50 D5 Upgrading
Compressor Upgrading

SCARICO BY-PASS DAL 6° STADIO
FROM 6th STAGE STARTING BLEED

SCARICO BY-PASS DALL 11° STADIO
FROM 11th STAGE STARTING BLEED

ARIA RAFFREDDAMENTO ROTORE DAL RADIATORE

FROM COOLER TO ROTOR BLADE COOLING

| RAFFREDDAMENTO 3° STADIO STATORE

ARIA DAL 6° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 4° STADIO STATORE
6th STAGE COMPRESSOR BLEED FOR STARTING ard STATOR VANE COOLING
AND FOR 4th STATOR VANE COOLING
RAFFREDDAMENTO 4° STADIO STATORE
ARIA DALL'11° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 3° STADIO STATORE R STATORVANELOOLING
11th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 3rd STATOR VANE COOLING RAFFREDDAMENTO 2° STADIO STATORE
2nd STATOR VANE COOLING
ARIA AL RADIATORE PER RAFFREDDAMENTO ROTORE

TO COOLER FORROTOR BLADE COOLING

ARIA DAL 14° STADIO COMPRESSORE PER
RAFFREDDAMENTO 2° STADIO STATORE
14th STAGE COMPRESSOR BLEED FOR
2nd STATOR VANE COOLING




t @

i

I
|l|
I

)

;
(s
0

~

l

iy

TG 50 D5 Upgrading
Compressor Upgrading

®Front stages Upgrading

OUTER DIAMETER ON INLET
CASING AND COMPRESSOR
CYLINDER

DCA AIRFOILS ON
1° AND 2° STAGES

REDESIGNED
IGV
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TG 50 D5 Upgrading
ow 4 Blade D5A Type

SCARICO BY-PASS DAL 6° STADIO
FROM 6th STAGE STARTING BLEED

SCARICO BY-PASS DALL 11° STADIO
FROM 11th STAGE STARTING BLEED

ARIA DAL 6° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 4° STADIO STATORE

6th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 4th STATOR VANE COOLING

ARIA DALL'11° STADIO COMPRESSORE PER BY-PASS
E RAFFREDDAMENTO 3° STADIO STATORE

11th STAGE COMPRESSOR BLEED FOR STARTING
AND FOR 3rd STATOR VANE COOLING

ARIA DAL 14° STADIO COMPRESSORE PER
RAFFREDDAMENTO 2° STADIO STATORE

ARIA RAFFREDDAMENTO ROTORE DAL RADIATORE

FROM COOLER TO ROTOR BLADE COOLING

14th STAGE COMPRESSOR BLEED FOR
2nd STATOR VANE COOLING

RAFFREDDAMENTO 3° STADIO STATORE
3rd STATOR VANE COOLING

RAFFREDDAMENTO 4° STADIO STATORE
4th STATOR VANE COOLING

RAFFREDDAMENTO 2° STADIO STATORE
2nd STATOR VANE COOLING

ARIA AL RADIATORE PER RAFFREDDAMENTO ROTORE
TO COOLER FORROTOR BLADE COOLING
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TG 50 D5 Upgrading
Row 4 Blade D5A Type

®Tip shrouded Row 4 Blade

sImprouved
dynamics
eI[ncreased number
of blades
|
(
=!I
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TG 50 D5 Upgrading
GT Upgrading Effects

B POWER INCREASE
B H.R. IMPROVEMENT

Full Upgrade

Hot Parts Upgrade
(TBC+MAT)

Hot Parts Upgrade

Compressor
upgrade
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TG 50 DS

Turbigo P.P.
Equipments

Relocation
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® GT upgrading benefits can be just
partially allowable because of existing

Electrical Equipments rating

® Electrical Generator
® Step up Transformer
® Air to water cooler
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TG 50 D5 Upgrading

170.000 -

Output [MW]

160.000 -

150.000 -

Tamseq

130.000 -

120.000 - . _
Original rating

110.000 -

=

-5 0 5 10 15 20 25 30 35 40
Ambient temperature [°C]
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TG 50 D5 Upgrading
Hot parts Upgrading effect

170.000 - §
5
oy

4 03

160.000 | 3

150.000 -

T~
Tamseq

130.000 -

120.000 - . _
Original rating

110.000 -

UUUUUUU T T T T T T
-5 0 5 10 15 20 25 30 35 40
Ambient temperature [°C]
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TG 50 D5 Upgrading
Hot parts Upgrading effect

170.000 - §
5
oy

4 03

160.000 | 3

150.000 -

T~
Tamseq

T1T (B)

130.000 -

120.000 - . _
Original rating

110.000 -

UUUUUUU T T T T T
-5 0 5 10 15 20 25 30 35 40
Ambient temperature [°C]
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TG 50 D5 Upgrading
Compressor Upgrading effect

170.000 -

=

2,
=
o
=,
O

TS0 |

Compressor flow

150.000 -

1/

130.000 -
120.000 -
Original rating
110.000 -
160.606 ‘ ‘ ‘ ‘ ‘
5 10 15 20 25 30 35
Ambient temperature [°C]
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TG 50 D5 Upgrading

Generator Capability — Cooling Turbigo
170.000 - §

TSR

iy

130.000 -

Compressor flow

Original rating

120.000 -
110.000 -
Generator capability
00000 Cooling system Turbigo
5 10 15 20 25 30 35
Ambient temperature [°C]




TG 50 D5 Upgrading
Row 4 Blade Power Limitation

ROW 4 BLADE POWER LIMITATION

. \ —
130.000 - \

120.000 - o _
Original rating
110.000 -
Generator capability
o Cooling system Turbigo
-5 0 5 10 15 20 25 30 35 40
Ambient temperature [°C]




