o
N
™
U]
B
T
i
il
=

ICEPCO PLANT SERVICE & ENGINEERING CO., LTD

€5 LTICPS T AN

Ki0

0lJ
nO



€5 UTCPS A nt

KCEPCO PLANT SERVICE & ENGINEERING CO.,LTD




1. A4 Il

< 93t Uil E

¢ 904 =52 ZTIEWO| Retrofits S0 4SS PANII= TTHES MUOIACH, A5 X
2101 9! 0[0ll IHS AZ S Suet

ke
1
ol
2
0x
=

Y E eI

o - O 7|:-|IE 1. 7HkIEI A-|Z“7| u% S 2 REtI’OfIt I
- Reaction 3 Tt & Maara diot - High Reaction EEﬂOIEQl HE Retrofit M & of
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2. 454N & - 7§ El Blade Cover 7| &2 M & Mijle.:. Olgl* S e
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[J:Repaired parts by KPS
I :Reused parts

- Control Stage
HP/IP Blade

Shaft End Packing
- Thrust Bearing
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n = Efficiency of ldeal Stage
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X = Energy released in bucket
Stage energy
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<Efficiency of an ideal stage as a function of velocity ratio for various
values of bucket reaction>
= Source :Steam turbine and their cycle, J.K. Salisbury, 1950
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< Reaction ¥ t+ M5 J&Y HE
4 Reaction Blade= Impulse Blade0il HI010{ BladeQl Turning AngleOl %1l Rotating Blade2| &+
SIIES It 20t LossatE E = US. U0t Rotating Bladel] =7 2A=KI0171 )| 20 4 &
A0 dHMoz 322 [XOI Sealing 0] ZREL.

Stationary
Blade

Reaction
Impulse Blade
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Turning Turning 0
Angle Angle E
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2. SIM J|=

< Reaction &=0f I} 3D Blade &4
4 Reaction0l =2 Blade M 2& 1010 30 &AHI2] JH=E0] S0{JIH, WatA JI=2] Conventional
BladeJ} Ot Twisted BladeJ} M EE.

Control Stage Curtis Rateau
HP, IP Blade Impulse Reaction
HP : 6 stages, IP : 7 stages HP : 14 stages, IP : 12stages
Thrust Bearing Oil Bath lubrication thrust bearing Direct lubrication thrust bearing
\\\\\\‘\‘ — -~ ; \
P . 1 | 4DFJ ;
L
[ ‘LJ o
Curtis(Existing) Rateau
| Impulse Blade Reaction Blade
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< B M= 8t Advanced Seal &&
& Reaction 37100l Wl A0 ot M= =4XJ SI0IB=Z =4 U2 A% Advanced Seal &
28 1HoINE.

e

<+ Example) HP internal efficiency Before operation During operation

(No diff. pressure) (High diff. pressure)
Pressure

.

increase according to decreasing N2

leakage flow.

[HP Efficiency]

01849

Abradable Seal
| ——"1 (Thermal spray )

Rotor with Fin

(1845 - Turbing AT+ 0 g
oLndaries variables
0844 18
D30 Large clearance Minimal clearance
07
I
5‘339 16 ) y
: : Seal Housing
23 153
£ z
=:334

o 14
"3

0.830
0828 02
0826

0824

A0 -8 e 05 w00 95 A0 88 80 75 70 68 60 B5 0 B0 45 40 35 30 25 -l

[N2 leakage flow]

—
Leakage Stream of Steam

International Patent Application No. PCT/JP39/03760 Rotating
Patent No. 2001-032132
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< Performance TestE £33l 2=
AH

KPS

s L

¢ ASME PTC-6 Code0ll IE A= &HZ (Alternative Test]

- MBI} SUEINO| 22 5 ZHS $10H0] Enthalny Drop Test I 8E 42

0* ,+,/

3

o

= Source : Evaluating and improving
steam turbine performance,
K.C.Cotton, 1998

< HP Turbine after retrofit
M i

¢ P;:128.16kg/cm2, T:540.02C, 1,;:823.96kcal/kg 2 , i l e
®  Pupexni26.22kg/cm2, Typexyi322.36C, lyp exy:731.14kcal/kg

< IP Turbine after retrofit
2ttt

< Test Result
’ PlP EXH:2.85kg/cm2, TlP EXH:244'69°C’ I|P EXH:706.47kca|/kg ‘ HP Section efficiency H 84.24%

¢ X-Over &3 Point 812 IP Exhaust Data® E7}gt. ¢ IP Section efficiency : 94.02%

& Pg4i24.56kg/cm2, Tg,4:540.33C, 15,:848.73kcal/kg
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Transfer to
polygonal model

3D Scene

Slicing

Making 3D Cloud odel

&~ 50 scene

Type: [Suface Data Object | Color: [

Loyer: [layer 1 =
Oisplay Dats | Measurement Matrix
Daatype: oo oo I |
Homals [ves ]
Mo of points: 7656951 |
N of tangles Ta7a7387 ]
Rigrement group sigrment group 1 ]

Linked reference.
a obrects:

Units and scaling =

[#sdden
o
Cltocked
[ Annotatien

] Auso-apoly

e ] ere

Simulation on AXSTREAM
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Input to AXSTREAM

T} AXSTREAM v3.9.9(2179) GY_HP_Analysis_R1_210503_test

File Tools Options

e -B & E

Window  Help

wl gt & DI

- Turbine_AT 1D_Calc

Working fluid
Cooling fluid
Shaft_1
- Inlet O
= Module_1
- Stage_1
©-Stator axig' ™~ i
p: Ca\c:ll“ Copy object
Streng] t with copied
- Clearal Dele ect
] E\ade_ Insert new object r
- Soluts Insert copied object 4
i @-Rotor
. Stage_2 Import from AXSLICE (*xbs) |
i @ Stator axi Trim blade
i - Rotor axia Move blade
- Stage_3 =
. stator axi geometry scale factor

= Rotor axial A-3
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< Performance Modeling

18.957723 tan. deg
21.221031 tan. deg
9418495 tan. deg
9415495 tan. deg |
7 ¥ ]

Kg = mwswsstf: Lo

K2 = 202430895 &
A= 19.545860 tal

B = 13 545840 fa
C = 296736508 !

Ko = 21:828610 tan. degy
K2 = 22774638 tan. deg
A=22115747 tan. deg
B=22115747 tan. deg |
= =)
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It section_7 Inlet St

9]
&

C =267 742478 mi5

Wy = 37962992 m/fs

U =245 101598 m/:

B .

A an. ddeg
K1=87 172331 t?{’ e

e el |

(L W
1

Calc section_4 Inlet Stat\ﬂ\
284816710 m/is
111533433 mis
23.118943 mis
0.320382 tan.
9.176532 tan. dgg
¥ K= 74 916459 tan fdeg
~

Cacgecticn_1 Inlet Station thr axial
C = H3719540 mis
T = 149 489633 m/s

Us=202 575138 mis —_
53.182670 tan. deg
22.274939 tan. de
K1=77.618611 tan. dga
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=

/
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Stator Clearances Setup

| [Property |uRit | Value
seally| seal ype |- | High-Low
satorT] salor Ype [_[Bcive daphieg
mandatory data (yeliow)
z rumber of blades 104
d awial hub clearance dfs blade mm 18963882
ard | stator diaphagm radial clearance mm | 0150000
Zrd | stator disphragm seal testh number 100
dss | seal diameter mm §70.000000
D1h | hub diameter at inlet mm 927.154426
D2h | hub diameter at outlet mm 930.323750
DIt | tip diameter at inlet mm 1060.224063
D2t | tip diameter at outlet mm 1055.061881
optional for flow path meridional view detailing (white)
at1 | tip closed axial gap /s blade mm | 0.000000
at2 | tip closed axial gap d/s blade mm | 0.000000
dort | diaphragm outer fing thickness mm | 23164875
th seal tooth height mm | 3300000
Rotor Clearances Setup

' Property Unit'| Value

sealTy| seal ype

| Straight-Smaot

shioud| stroud type

| shiouded with ]

mandatory data (yellow)

= [numberofblades %
0| =vil b clearance /s blade mm_| 5193827

bt tipopen gap u's Hade mm | 11 000000
arr_| rotor shioud radiel clearance mm__| 1000000
Zrr_| rotorshioud seal teeth number 6

th | seal tooth height | 1000000

Vi | shioud tiokness mm__| 2000000
Dih_| hub diameler atinlet mm_| 832 726450
D2h_| hob diameter ot oulit mm_| S33.061632
DIt tip diameler atniet nm | 1060657813
D21 tip diameler at outlel mm | 1055011107
mandatory for Ieakage balance (blu)

b1 hub open gap u/s blade mm__| 0.000000
bha_| hub open gzp /s blade mm__| 0000000

1| disc caviy width ws blade mm__| 0000000

52| disc caviy wilth d/s blade mm_| 0.000000
optional for leakage balance (green)

Dpo_ | diameter of balance holes location [mm [ 0000000
apo_| balance hole diameter | mm | 0000000
Zpo_| balance holes number [ o

optional for flow path meridional view detailing (white)

att | tp closed axiel gap /s blade mm_| 0.000000
at2_| tp closed axiel gap /s blade mm__| 0.000000
art | ilet bushing demeter mm_| 63 000000
arz_| oullet bushing dimeter mm_| 03 000000
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< HE 41 (HP Section)

Before Retrofit After Retrofit 1.6013keali(ky K), 787 1kca
230 1.5976kealky K), 798 6k S
820 E
820
810 1
&10
800
800
790
o g2
=740 E
i £ 780
=z =
= =
=2 [
Z ra0 =
I YT
770
760
760
750 1
740
740 1
740
730 1
1.675 1.880 1.585 1.5480 1,585 1.600 1.605 1.610 1615 1.875 1.580 1.585 1.590 1.595 1.600 1.605 1.610 1.615

Entropy, keali(ky K Entropy, kealifkg K

HP Turbine Design Performance AXSTREAM HP Turbine Design Performance AXSTREAM
(Before Retrofit) HBD Test Simulation (After Retrofit) HBD Test Simulation

Section 82.54% 75.37% 80.15% Section 83.62% 84.24% 85.09%
Efficiency [%] Efficiency [%]
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<~ HS A1} (IP Section)

Before Retrofit After Retrofit
450 4 1.7907kKealf (kg K, T3
1.8026keal (kg K), B29kcal/ke
860 850 1
840
840 830 1
820
820 1
810 7
800 a00
- 7907
= 780 E
g_ —::TSD 1
;_E?BD Z o
- v 760
740 750 1
740 1
7201
T30
700 720 1
710 7
G50
700 7
860 - . ‘ . . . . . . . CEIR , , , , ‘ , , ,
1.770 1775 1.780 1.785 1.790 1.795 1.800 1.805 1.6810 1.815 1775 1780 1785 1780 1785 1.800 1.805 1810 1815
Entropy, kealifky k) Entrapy, kealitkg k)
IP Turbine Design Performance AXSTREAM IP Turbine Design Performance AXSTREAM
(Before Retrofit) HBD Test Simulation (After Retrofit) HBD Test Simulation
Section 89.82% 89.55% 90.39% Section 95.18% 94.02% 93.63%
Efficiency [%)] Efficiency [%]
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<+ 24= 21} (Performance Test_Cycle)

¢ H=Z1 =9z EWE [HH] & 2~3%2| AIOI2 88 SA0| Y= HO
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Et 2t
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HU

BWIIEIUOH, WL B8
| 2omo=z wag o L

GHR : Turbine generator gross heat rate

Fl1

F37
F3

F53
F38
F54
F10
F52

: Mamn steam flow

: Final feed water flow

: Hot reheat flow

: Cold reheat flow before reheater spray
: Process steam flow

: Boiler auxiliary steam flow

: Condenser make-up water flow

: Reheater spray flow
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4. A=

SAE At dsIM M,%E 2F 2~3%2| Cycle 450| Eak|= AE &2l
o2, 45 SimulationE S Wil AS A 1%0ILH0IAM St Haot
EaES SoIE.

@ Retrofit2 E5F M= SHANR|

HP SECTION IP SECTION LP SECTION

Retrofit & 75.37 % 89.55% XX.X%
= Retrofit

Retrofit & 84.24 % 94.02% ChAR| 9] XX.X%

SEALX] +8.87% +4.47% About 2~3%

¢ uxl A= A1 (Retrofit £ 7|F)

HP SECTION IP SECTION LP SECTION

PERFORMANCE TEST 84.24 % 94.02%

PERFORMANCE SIMULATION 85.09 % 93.63% Retrofit
CH & M| 2

DEVIATION +0.85 % -0.39%
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