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A dF¥
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2.1.1 Tip Spill Strip Leakages

Tip Spill Strip (or Bucket Tip) Leakage™ Figure 1
o A2} 7+o] Bucket Tip Y2 =7]7} BypassE L 2M
AL, o] &3k 7+ (cearance) o] 712 3l FA
£40] wyAT:

/ BUCKET TE LEAKAGE [

13'&

‘-r-

ET ROOT LEAKA

|

|

DIAPHRAGH

VRIEEL Lt._yvv——-ﬁww
DIAPHRAGH

PACKING 3 ANGLE PACKING
LEAKAGE

Figure 1. 3T EIE!2] Wheelill Diaphragm?] 7

Z719] AL Stage] F7127, Bucket Tipg
NIEAZE 4875 (Stage?] Bt %), Axial? Radial
Tip Spill Strips®] 7+ 18] 3 Seal BFYoll 2Eg

Bucket Tipol| 48] &7 Aol WE Stage®] £¥¢&
A 2(1)g AHEES AN & Sl

Leakage Flowx AH % LossFactor

%KW Loss Downstream (1>
341212 KWy,
U -
A7)M AHEer - HAde 23 W $7]9
)

# 3H(BTU/lbm)
Leakage Flow : F4 # 2 (Ibm/sec)
KWsrace  : Stage?} AAbeles 28 (KW)

o A S2F(|eakage flow)
Bucket TipS 7IEXAEE FAFZES HYE /%
2] (flow equation)& AFHE-8IS] AlAHE 4 T},

w=3600C, 4 /2g§(%@ (2)
t

& 7]1M Cq - Seal Typeoll W& F3 7|5 (coefficient)
T, : Stage®] Upstream 2%.(°F)
A : Leakage Area
R ! Gas Constant

16 - KCA NEWS Vol.25

P, : Stage®] Upstream ¥ (psia)
P, : Stage®] Downstream ¥ (psia)

CoE Seal BHlol W2 FHAIFEA Figure 2014
B3 Qlth

ROTATING BLADE
TP LEAKAGE
SHARP YEETH COEFFICIENTS (MULTIPLY BY 125 FOR RUBBED TEETH)
TYPE Cq

’—Y_Qﬁ—" SINGLE-ST 57

-

DOUBLE 70

——

I—_Y—T TWO SINGLE A

—

——

FJ{_W_:W .
me-«“ sz ore

3 TEETH a3
4 YEETH 29
$ TEETH 26

Figure 2. Tip Spill Strips2] Configurationdi [HE S FH 5

 Loss Factor

Stageol Al T4 & &4lo
Stageol M= FAE FHFUF
gt} F4¥ Stageolre] &4 thE Stageol A9
29 Z7l2 BAS WA H, o8 Stagedl A9 £
#HL BA) F5 ¢QAE Loss Factorghy ghoh 13
U LPEHIS Last Stagedlr @AE £42 o+
Stage7} EA13HA] ¢k7] wFoll B =HA ¥+

HP, IP 1787 LP EXloA 2] Loss Factor%
Figure 3, 404 HoJFI S

o

| Ao, o
Lo LA 7} F 7L

HL/lg 5]
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@
Q osf-
Q
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u.
1)
2 orh
- 1000°F INITIAL TEMPERATURE
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Pexsvsy - SECTION EXHAUST PRESSURE
o PLoss - PRESSURE AT WHICH LOSS OCCURED
051 1 I 1 ] 5
[+ oz D4 o8 oa g
piXMUQF‘PLOSQ

Figure 2. Tip Spill Strips] Configuration®il [LE SFH =



EXHAUST PRESSURE - 3" Hg A
90% AVERAGE STAGE EFFICIENCY

08 -

LOSS FACTOR

LU o

° 200 400 “eo0 500 1000 1200
TEMPERATURE AT WHICH LOSS OCCURS (°F})

Figure 2. Tip Spill Strips@ Configuration0j] [HE S AHIS

o Unit Size® Tip Spill Stripse] ZF=Z710] 2
S5 &4 It

Stage FAEAE ALE7] YsIME Stage HHEE
B HY AL F9 = AT 548 dujoA
Stage ¥FFE % HH€H] 59 A4S JRE A& F

§12 wl, Table 28} 304 BT upe} 7o) tjeks]
A EHELA KW loss) HolEH7F TFEFYS] EHYl
sl A2 g dTh

el mig EHEAY g 72 BEl Sectionoll A
574 Stageel tigh A E&4loj) o)dt 2}
Section®l| Al Flow®] & YrojA ok 3tk Foid 7t
Ato] 8] EHl R “HSHH‘—E AP AA7} 484
At EHEHES Stage?] Loss Factors: £33}
Atk
Table 2%} 39] =<l £¥&4 HoEHE F5E
Aol HHle #e FolEE 50% wE EHIY HP
Stagedl] th8l A= Table 29+ 314 HoF &= Tip ¥4
SAd 1352 FEFH doh o)y 2t 3§49
Tip Atele] & °‘?537‘0}fu' Ag Aot P HRlA
LP B¥19] First Stagedl tisirle 1158 #3] Fo
of 3}m, Last LP E#o|=olAs Yl Azl &
Alglol Tip BHgel Al pol7t gloBg Fale <At
+ lo] ",

Table 2. 28 FF EI2101AM2] Tip Spill Strips2| 14T

JI_]-ZIO" [LI.E EHEFI'!O[ *Eﬂ A*l

fd %r it

—l"'ll_.
KW per mil of Excess Clearance
Unit Size-MW | per Stage for Tip Radial Spill Strips
HP Stages | P Stages LP Stages
100 2.0 1.0 1.5% ~ 0.5%*
500 7.0 3.0 6.0% ~ 2.0%*

Table 3. #XI8 5F EI2I0I A2 Tip Spill Strips2
1T Z1S0] S HEel £8 oy
KW per mil of Excess Clearance per Stage
for Tip Radial Spilt Strips

Unit Size-MW

Double Flow HP Turbines LP Turbines
SOOMW(F LP) 4.0/Flow 3.5% to LO™/Flow
1200MW(BF LP) 4 0/Flow 3.5% to L.O**/Flow

Note LP E1H1 9] First Stageo] thdk KW £4
""" * LP B9l Last Staged] that KW &4
First Stage =+ Last Stage AFo]2] Stage £ o)
siAE A% WA (linear interpolation) & &8

2.1.2 Interstage Packing Leakages

Interstage Packing Leakaget Figure 19|A] HoF
+ H}9} 79| Diaphragm F+ Stationary Blade®t 2
Ef Apole]l FAol 93] £7]7} Stationary Blade®
Bypassste= A& @ttt o]#dt F4E ZaA7)
93] Y22 Labyrinth Packing®] A X 5] Zt},

= AL Stage?] &71Z 74, Bucket Tip2
TTEAEE H 745 Stage®] ¥HEE), Axial? Radial
123 Seal BFYOl &gt

B0y, 2 ALHTE 7

N
A,
-r

VH *-71-1— ol T Stage®] &

HEAL Yub oz A(4)E ARl AXE £ 9l
Upstream
%KW .LO — Leakage FZOWXAHDZWH:Iream (4>
3412.1x KW,
AN AH I, 2RAE $HY Wl 3719
dgs ¥MsH(BTU/Ibm)
Leakage Flow : ¥4 % (lbm/sec)
KWsiage  : Stageol A A2bs)= &8 (KW)
o =M F2Hleakage flow)
Interstage PackingS 7IEXZEe FAFZS
Martin' s Formula® ARE-3led AlAME 4 9t}
(2
W parace = 25KA4 : -ﬁ‘ (5)

N —log, [sz Vi
A

oA 714 Wieakace : 742 %2 (lbm/hr)
P @ Stage®] Upstream & (psia)
K : Seal Typed] WE 8- A 4 (coefficient)
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P> @ Stage®] Downstream %43 (psia)
A : Leakage Area(nDXC)

Vi @ Upstream®] 8] & (cu ft/lbm)
D: %2 27 (in)

N 1 Active Teeth®] &

C : 7}2(n)

K+ Seal Typed| WE FFAFEA Figure 5004
HAFT Qlth

Hilo Packing2 o 3 %] Packing.t} 24} <]
Z7t AeHFFASF7E 2 Type®l 1/2). & Hilo
Packings Wz} FAEE #F30] Sant-Slant, Slant-
Smooth$} Straight-Smooth Packing® th ¢F 1/22] +4
o] fokeE guojty, AT ZERY] Fo]Fol
g < 7] W& e Z Teeth®] & AFgct o
W= Slant-Slant PackingS A}&-3t= Zlo] o &34
olxjuh Zele] & 58 AFE ¥oF F W WE
o] Slant-Slant PackingS thd =7] ERloA = AL
HI AR &

SHAFT AND INTERSTAGE PACKING LEAKAGE
RUBBED TEETH

{MULTIPLY BY .8 FOR SHARP TEETH)

TYPE COEF.
R P -
— ITTETTET Hite 46
e SRIENEEN SLANT-SLANT 80
— T SLANT-SMOOTH 85
— T STRAIGHT-SMOOTH 115
Figure 5.

Interstage Packing®! Configuration®]l [IE & F A+

Flow E®l&
.4 =42848 71T Double F10W94 =7

£ Single Flow 29 1/20|A % FAFZFS e 72
ong ag&A HAEES A9 2ufolth

o Unit Size Interstage Packing®| 7+=2] Z710|
e £ &4 Tt

Stage?] Interstage Packing Fa<&4E& AALE7] ¢
A= Tip Spil StripsirAd 3} v}A7IAIR Stage ¥HE
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To gEue) Aoe AT AT, EAg A
A Stage ¥FEE9L ¥ HET HHE L&
$1S wl, Table 49} SellA] BojFE wpe} Zho] of
ol £EHEA(KW loss) HolEZ} SFEHYS H
sl A2 dTh

50% ®¥HE E]¥l Stage?] Interstage Packing F4$
No 2% gy Hul Hrb 7 (excess clearance) ]
&9 mil T 15% © Atk o3 FAESAS HPS

E¥ W BE Staged]| tha] A9 Zth Last LP
B o]z = EHl A At BAgle]l Tip WHEE

ooz Za:= QA 10] Hh

Table 4. $t81 FFE{H19] Interstage Packing®] 1t
Zi=0] (12 D=0l E8 =4

2 XN =2

(E

KW per mil of Excess Clearance
Unit Size-MW | per Stage for Tip Radial Spilt Strips
HP Stages | IP Stages LP Stages
100 4.0 1.0 2.0% ~ 0.5%*
500 8.0 2.0 4.0% ~ 1.0%*

Table 5. 21X[2 FFE{RIC| Interstage Packing2| 4ttt

2150] 2 =gl 53 2y

KW per mil of Excess Clearance per Stage

Unit Size-MW for Tip Radial Spifl Strips
Double Flow HP Turbines| LP Turbines
800MW(4F LP) 5.0/Flow 3.0% to 0.5%*/Flow
1200MW(6F LP) 5.0/Flow 3.0% to 0.5 /Flow

Note * LP EfH ] Second Stageol] Eﬂﬂ KW =41

Second Stage = Last Stage /\}O] 9] Stage =9
el Al= A8 A (linear interpolation) & 2§

2.1.3 Shaft End Packing Leakages

Shaft End Packingg EJWl Casing® ZE} Apold]
TN EHE FAE Dot FAEE 571 Interstage
Packing A3 €8] Orfice %+ Forward-Reverse
Pitot-TubeZ ZA4¢] 7}53lth. HPS 1P EHICA
Shaft End Packing A}o]9] &8 e AEBRZE T4 &
AE A4 98 s P w2 Gl AL
o] HEo} zhth T2y LP B¥l End Packings
9% F7]7} Exhaust 712 E617HA EB‘Pﬂ i
dALE Z7PF wAVWE Ae o s
2 LP End Packings] 23 % &4
g A,
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0 r\r

Oﬂ
=
T

1 gl
o
o
ok
2L moi‘
K

T

—t

i



Hgo "X = 98k Figure 5~89] FAEEREH o
ol HLZ F4 3719 d=g3o3, HEXTE
do]l HEHAE Staged] dEgyolt} o] FHES
8500 BTU/KWhe] E4H|&E Zhe Alol&o] Ut
AOlEZ 8500 BTU/KWh7t obd &4 dauH|&g
ZtE AtolEoll tisiAE A F4uEE 2 (6)dl o
Foex dolxl FAE dAangoMe % £4

[e)
H
ol Fspo] EAggrh

Heat Rate Loss% = 0.67{ Actual Heat Rate -1

3412.1

—
o
Nl

FablE £4%7F obd KW Loss% 24 A4kl
H2(7)E HEsd "k
AH.R

KW Loss% = x 100 7
K x(100+ AH .R)

K=10(1 99 ¥4¢ 3%)
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Figure 7. HP Turbine Inlet2] Shaft End Packing
(Opposed)liA M=% 1%l LiT SAHIS £41%

Figure 6 B35 N-1 Packing®|2} 2= HP EHl
Exhaust End2%€¢] Shaft End Packingol] th3l 7 9]
ot HP El§l Inkt EndZ2HE9 Shaft End F4<
Opposed Flow A7 t)slA+ Figure 72 A3,
Separate Span Av|o] WA= Figure 82 AME-3ITH
Figure 9% IP H¥] Shaft End Packingol] #3F 7 o]t}

2 o
° 8
LS
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Figure 8. HP Turbine Inlet®] Shaft End Packing (Separate
Span)OllA| M-S 1%00 TS 2AH|& 281%
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Figure 9. IP Turbine®! Shaft End Packing®llA] M=8.%
1%0f| CHE QA HIS 2=41%
<A Satel At

Shaft End Packing®] FA-5%g AAME7] Yl Al

+ Interstage Packing®] T4 -#&2 AASE d AR
H Martin's Formula(2]8)7} AF&dt} o] ¥4 &8
o

o}
=

AA =9 FEARES HnE

2.14 Bucket Root Leakages

Bucket Root Spil Stripse Figure 194 HAFE=
ule} 7Fo] Interstage Packingl|A] FA® Z7]7}
Bucket®] Z7|H42Z $YHE AL HolF= Ao E
A1 Bucket Root 42 ©]# 3 Root Spill Stnps% =
Fals =4S waoh

Balance Hole Bucket Root 49 £4& 343
A7l 5238 Aot ¥+Y Wheel Holeo] $ithd,
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Interstage Packing® 2 F4¥ 717 £7]
Y=ol Main %9 F52 W

Balance Hole& AAMF ] 24
Y= Interstage Packing 257171 §l=
S| AT, Interstage Packing®] 7H5o] AA Aokt
Zko] FUE T, Wheel Hoed Z7HE TAEZIE
ERAZ £ A "ok I3 EE Interstage Packing
< =33 Huhd =7+ Bucket RootE E3) 714
2R FYEA doh

APAFe ot FUIHEE E97hF Bucket
Rootoll &) A f3Fo] Main Steam®] 1% 54
FARHYD A4S 1%9 Stage £&EH] AAE B

o
kN
N
_?LI
2
>,
e
o\
N
o
frtd
fru

= ElHlo A= Rotating Blade A}o] 9
2 4E7}EE <é Balance Hoed AX3HA ¥

a
p=
3L
o 2BR AL ARPNME 47T ¢
,‘:r:

BLADE RING/CARRIEF

ROTATING STATIONARY BLADE

BLADE

PACKING LEAKAGE

Figure 10. 9¥5 Drum 2EIR| %

2.1.5 Miscellaneous Leakages

e AsH7te fsiAe AatE o & & o
2 74 sl FHYYel Ao Diaphragme] U
L o}e)& Seal Strips®] Rubbing® Horizontal Joints®]
Outer Fitel o]E39 49 & 7FE oIFeEA
FAE op7|Eth

oyg FAHAS & S |72, iy B
TE AA%E d E8& Frh £9, Outer Shell2 %
Bl Inner ShelL E=3#3= A, Pressure Taps,
Cooling %+ Heating Pipe 2817 1 £} AAE0]

o] BAE & Qe RII0|BE WEA A

oX,
3
o
£
)
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o &t} o & W, First-stage Pressure Tap®] 472
A AXNEHAAY WA dtAHdes £3 5719
FA R 1000KWe £8&do] dojd & ok

2.2 Solid Particle Erosione] EJ812] & -&ol
u| 2] & o gk

Solid Particle Erosion(°]3} SPE)& Z7]o] <& 4
B W2 Y% ©]E 4 (foreign material)ol] <J3 BRI
o] HtE = AL T3l Nozle, Bucket 187 THE
Z71429 #EE 2E9 ZHAAY E3
(deterioration) = 1 AEE th2X|9 AL BE HH
oM gAFe] g} olHd EAe FEE0] AdH
7] 2o £AuEE FIHTIL FUHE FA/RE

F& AEEY gdde Sl o8 ukd
Solid Partice®] F8 Zdeolth IR F5718, A€
71, 471 2 AE7 FE 5o 438 717
Aol G o] (thermal transient)ol] 28] FAMXEZ
oltM EE o= AEE SPE7} dojues A& o9F
= AL w)> o]yt SPEE 129 77 FYF
T XA 7P AP 53], Patial Arc £0F
First-stage Nozzleo| A 714 A13HA] dojdth &3 P
E}RI 9] First-stage Nozzle® #oFsh HEo|gty & 4

Atk

SPEY] ¢&) o8 E &8 €42 FE Nozled
Bucket?] Profile®] H3HZF7IHE ©BH9 Z71), 571
F29 EUARZY F7F 283 Spil Strips -]
712 A% Aotk

Contral StageclA12] SPE &4+ IP ERI] First-
stageol 419 SPE dAtdE 2o} 470¢] Control ®
BE SAHE Patial Arc 2404 1t E ZJE
(25% 2319 2nd WH ZOIE(50% H-3}) ol A First-
stage® AUe 719 4=l A7 oF 4119 oF
210tk o]¥e F 2L Fist-stage IA oA
&% fEEA Jd, 22 ¥59¥S Erosiond
Threshold %581 700 ft/sec ©]A4 S 2 Solid Particle
HEADY. o8 d 2 £%9 Solid Particle
Figure 11 (a)ollA] HojFE vl 7Zbo] First-stage 3L
2] Concave Z(pressure side)< 2| A171

IP EJH19 First-stagel A 571 $E 482
Control StageEt} ¥7] w&Fo] Solid Particle
Threshod €% o|AF0 2 7}&ER 2O 2 ZE Concave



Erosiono] A atA] @& il F7] =Rt
3] @& &AM g3 ol Solid Particed A
Convex <(Suction Side)?] Y+&g wgth 1
O] FAA Y23 Figue 11 (b)olA] BAFE
Hpe} 7ol 7A ¢ Convex Z(Suction Side)ol] 224
< F&3T Figure 12014 & SPES] 23 &A%
HP % IP First-stage X4 9& HHFT Qlth
Control Stage?] 34 <oA1 ¢] SPEE Figure 13914

w10 peh

B o X &

HoF= A 729] Convex 2 Y+9 Concave =
o] &7 HAgt FAYCRE Eo0= YAe F
&£ VPRAIA Leading EdgeE @7H6A 224 &
9] IFNA IAL Off-angle £41S FE3t}

POTENTIAL FLOW
SEPARATION

POTEHTIAL FLOW
SERARATION

"o oHaE
P
(@) (o)
Figure 11. SPEE CI0} =4E HP % IP First—stage
Stationary Blade

(@) First—stage HP Stationary Blade

{b) First—stage IP Stafionary Blode
Figure 12. SPEC]| 2J0f &*4E Stationary Blade

LEADING EDGE POTENTIAL FLOW
EROSION SEPARATION
\
\ TRAILING EDGE
~ / EROSION
~

Figure 13. SPEE 21Tt Control Stage?] Z|FS! &4

SPEZ ©2l3 First-stage E9&4L %
Throat Area®] Z7HE A4Sl £719 Area® 8]

&34 HAEE FFo 2N AdEHAAH, Y
Sl g AR A(8)F 2

%Area Increase
1% Iucrease of Throat Area X 1() o

KW Loss = (Eff .Loss) x Loss Factor x KWy,: (8)

O:} 7] }\‘1 (Eﬂ‘Loss)l%lnrrenseofﬂnroal Area : ,I‘hroat A_r%g[ 1% %‘
7Hl WE 28 S HAE

% Area Increase . Throat Area®] &7
KW s465 ZStage7} He &
(KW)

2.21 £7}%l Throat Areadl &4 9 A4l

SPE°]| 93} First-stage 2-& &4 AM¥e7] 18)
3l
o

Throat Area $7H&9 24L& ol 9 27X & EF
ol &t ohS3 2t
o 71M0219| Profile ZHA0| 2|3 Throat Areal|
St
o Trailing Edge 72| ZEA0f &3t Throat Area
o B7tE

AA BWE 271 Profle Zaol 93 2wF 9
319} Traling Edge 5§49 742 ¢lst 2Hz w3

o ol

4

o 1210l Profile Z-A0| 2|8t Throat Areal
=

HA Figure 14914 RAFE 4719 SPE €4

ol X3l ZAe] ¥ AR E AA I 1
3 &el fid 2719 Traling Edgedll A 7Hd 4
L X

A B2 6] A-] ' SAerh £ Figure
15914 BolFe AXE F7142 o] lpE ST
t}. Profle®] Z+4E d/lspolth, ©AH] ol Profle 74,
d/lsp F4& Figure 169 o Yete}. Figure 16014 7t
TE 258 HYE 130 o3, 50% HH5 EHIS 200
olth, &3 1 ZAE+ FAZ ET Pitch(p), & T4
OEFE ASE £ Ao 4% Sine TS t/pst
2o vk HFE7E 11019 WA Frbes 10%7F
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TYPE 1 TYPE 2 TYPE 3 TYPE 4

Figure 14. TIE A0l A EYEI= 2 H2I SPEQ 471X] 2B

e

Figure 15.
Control Stage®|
UPUOEFH
Profile(d/Isp)E
ET0k= B TN TCKHESS - CDGE THIOKIESS

o Trailling Edge /M2 240l 2|8t Throat Area
o E7tE At
Profile £410|A 712 S 2 Traling Edge F7+= 4
Nl Erosion 3 EFoA o2 gko} It} o]
AL F7F4<l Thoat Area®] WAHE F7HAI7IH,
ol#3lt Z=7}2FE Edge F7(e)E Throat Thickness(t)
Z o] Ak

14

,g Py
—

AREA RATIO

0.9

PORTION OF PROFILE BISSING (%)
A, X 100

Figure 16. Profile #2222 EYCEFEH SHE H[Q
TITE ALiol= BE

2.3 Deposits @ Surface Roughness7} E]¥1¢]
Fgol v]X& g3k

A3 A FL £ (water chemistry) 2 ¢18] B
d2 ol ¥ BEE0] BRI 742 (steam

o E¢EEC HAAE F

7b Ak ol¥E E5EY FVIRE WY JAFLS 4

He) &g, §% 183 A4 d4e G v
A 4 ooh

9] A5 93g v X Depositst Deposits®]
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2.3.1 Blade Loss
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2.3.2 Stage Loss
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2.3.3 Local Correction
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