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Item Description

Configuration 2-2-1 Multi-shaft

GTG F-Class 170 MW class ISO rating, LNG fired
50% load as minimum load for NOx emission limit

HRSG Triple pressure, single reheat

STG 200 MW class sub-critical, single reheat, sliding pressure operation
Rated pressure at MCR = 130 bara, minimum floor pressure = 50 bara

HP Bypass Valve One 100% capacity for each HRSG, taking inlet from HP steam line and
discharging to the cold reheat line of each HRSG
Upstream HP steam pressure control & downstream temperature control

HRH Bypass Valve One 100% capacity for each HRSG, taking inlet from hot reheat line and
discharging to a common condenser through a dedicated dump tube
Upstream HRH steam pressure control & downstream enthalpy control
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1.2 P&ID
= Sample &M A0| P&ID= Ofgf a2t Z&L|Ct.

1) HP Bypass System
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2) HRH Bypass System
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2. Bypass Valve TO{E |t M|
2.1 Design Data

Heat Balance Diagram0j|A| Bypass Valve Sizingdj Q&S & = = 2= CasesQ| DataE F=3t
L|C}.

Bypass Valve QI3 €&t 271 st Z20= Case?} Bypass Valve Sizingg
Governingd}tX| o, &t @7 S USHK| U2 HAR0= S20| 2 ZL7} HIEA| Governingdt

K& @ELh

r

Bypass Valve?} Dump Tube= & (Nozzle)2 s}
2 3M0| Vs LEQl S RE¥2 Y7 LHH HZstn, ¥+ 2=9 A
L

ottt 8 G50 £ CasesE MFsHOF T

et 27 (Sliding Pressure Operation)2 dh= UXMA0| AR0= Z7| ¢2o| WL XN 2l Case
L

=]
SX|X| @ ZetA[FOF ghuth

>t

= Sample &M A0l A2 B 2HZ SIEE, of2fet 20| HEY CasesE MHSIASLLEL &
B A 9| AR, Gas Turbine Exhaust Gas2| NOx Emission LimitE 23=7| |8 Gas TurbineO| 50%
Load O|StE2 &= 2F0| E[X] = YH™AQYLICE

2 Sample 2™ A9| HP Bypass Valve2| Temperature Control2 Outlet Temperature Control(Feed
Back Control)& X 83d%}1, HRH Bypass Valve= Enthalpy Control (Feed Forward Control)& X &%t
L|Ct.

HP Bypass ValveQ| Outlet Set Temperature= Outlet Steam Flow2} Spray Water FlowZ} Z|CH7} E|
EE 2 2E 7 7Y "2 22 23E5IsLH

HRH Bypass Valve2| Outlet Set Enthalpy= O|= HEI(Heat Exchange Institute)OjjA| SiEHst
“Standards for Steam Surface Condensers”, Ninth Edition, December, 20022| Addendum 1 Of [}
2t MY5IHSLICE

= HEI StandardOf|A, Condenser2 H{ZEL|= Turbine Bypass Steam2 1225 Btu/lb (2849 kl/kg)"
@t 250 psia (17.2 bara)& Z1}sHA| Q0LOF I, Dispersion Device(= Dump Tube) LHE ZF7|29| 1t
9= "25-750F (139 -417 oQ)" H|Z, £Z 7|7} OfL|0{OF slCt ™St U&L|CH
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HEI StandardOf|A| 83+ %|CH Enthalpy 2849 kl/kg@Z HRH Bypass Valve2| Set Enthalpy&
M35tH, Outlet Steam Flow 3 Spray Water Flow7t X|A7F E|22, O 2Ot @2 EnthalpyZ Set
=2

8510 M Design Flow?t gt Marging A== StASLIC

&N oo

A0 2AZ3H HEI Standard®| Addendum@| Original Edition?l Ninth Edition2| Clause 5.4.2 0O =
High Flow Steam Dump?| 4<% 1190 Btu/lb (2768 ki/kg)= Z=1tSIX| Q0tOF BtCt= AH™O| Y&
L|Ct. Original Edition0jA] 788t EnthalpyZt AddendumOfjA &3 Enthalpy ECF SHOFA
Design Flow0| &&st Marging tEZ £ Q9O &, HRH Bypass Valve2| Set Enthalpy= 2768
ki/kge 2 MHESIEL| Lt

1) HP Bypass Valve Design Data

Operating mode Unit 2GT 2GT 1GT 1GT
Base Load 50% Load Base Load 50% Load

Inlet press. bara 130 100 75 55

Inlet temp. oC 567 567 567 567

Inlet flow kg/hr | 185,000 140,000 195,000 145,000

Outlet(CRH) press. | bara 26 21 16 13

Outlet temp. oC 340 340 340 340

Spray press. bara 50 50 50 50

Spray temp. oC 160 150 150 140

< Spray water source : BFP intermediate stage

2) HRH Bypass Valve Design Data

Operating mode Unit 2 GT 2GT 1GT 1GT
Base Load 50% Load Base Load 50% Load

Inlet press. bara 24 19 14 11

Inlet temp. oC 567 567 567 567

Inlet flow kg/hr | 215,000 170,000 225,000 170,000

Condenser press. bara 0.05 0.05 0.05 0.05

Outlet enthalpy klJ/kg 2768 2768 2768 2768

Spray press. bara 25 25 25 25

Spray temp. oC 30 30 30 30

<> Spray water source : CEP discharge
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2.2 HP Bypass System Design Case 47
2.2.1 HP Bypass Valve Design Case #17

Bypass ValveQ| Design Case= Bypass Valve2| Flow Capacity (Kv) AAtS 3N, 7}E 2 Kv £
g Zt= ARE Design Case2 MHEtLILCE.

HP Bypass Valve 104 AtQFA|(Procurement Specification)2 ZHdst7| MO, 7%t 2E CasesOf
i3l Bypass Valvel| Kv Ztg DO|2| A A 222M, G 2 SizeQ| Bypass ValveZ7} R LE|& Case
7t FEEX| RES S{OF LCt

Ofell A4k, ES_StablelF97.EXEQ| Calculation “Steam C/V (Design, Opening/Kv/Cv calc” 2 Z|Atst
ADpQIL|C}.

ES_StablelF97.EXE A& =, 02| [Option] > [Clip board copy, item by item] > [Value only] 7|&
= O|85tH, Attel g2 AE YT Ea {0, =2 ol 1T = &5t Clip

— = = "
Boardoj| EAHCopy)$t & £0|7|(Paste)S 33 HalgrLct.

I

H A ZDp Q2F0| JFR 2 2GT Base Load Case ELC} R2F0| ZHX|Tt of2f0| 7pEH e 1GT 50%
Load Case?} 7t& 2 Kv {2 7tX|l&= AL Z LIEILIA, HP Bypass ValveQ| ZAL20|= 1GT 50%
Load Case?} Design CaseZ2 ML Y&LIC

Operating mode Unit 2GT 2 GT 1GT 1GT
Base Load 50% Load Base Load 50% Load

Inlet press. bara 130 100 75 55

Inlet temp. oC 567 567 567 567

Inlet flow kg/hr 185,000 140,000 195,000 145,000

Outlet(CRH) press. bara 26 21 16 13

ES_StableIF97.EXE A4t Z1t

Kv m3/hr/bar | 180.1 178.9 33438 341.6
Valve nozzle press Bara 714 54.9 41.2 30.2
Choked? Yes/No Yes Yes Yes Yes
Design case v

Z= : Valve nozzle press => Outlet press 0|™ Choked.
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2.2.2 Outlet Steam 5! Spray Water System Design Flow 417

Outlet Steam 5! Spray Water SystemQ| Design Flow= Bypass SystemQ| Heat Balance Ao 2
SEBLCH

Ofzf AHAt2, ES_StablelF97.EXEQ| Calculation “Desuperheating H/B (Inlet Flow given)” 2 A|At

ZaLCY.

rot

A4t Z3f, 1GT Base Load Case?} Spray Water Flow 3! Outlet Steam Flow2| Design Flow CaseZ
A-|7<-|E|O-I¢|_| [:|._

- O M-

Operating mode Unit 2GT 2GT 1GT 1GT
Base Load 50% Load Base Load 50% Load

Inlet press. bara 130 100 75 55

Inlet temp. oC 567 567 567 567

Inlet flow kg/hr | 185,000 140,000 195,000 145,000

Outlet(CRH) press. | bara 26 21 16 13

Outlet temp. oC 340 340 340 340

Spray press. bara 50 50 50 50

Spray temp. oC 160 150 150 140

ES_StableIF97.EXE A4t Z4t

Spray flow kg/hr | 31,603 24,364 34,741 26,000
Outlet flow kg/hr | 216,603 164,364 229,741 171,000
Design case v
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2.3 HRH Bypass System Design Case M7

HRH Bypass Valve ZCHO| Dump Tube?} AX|E|2 2, HRH Bypass System2 HRH Bypass Valve2t
Dump TubeE Z0| HAAs{of gfL(Ct.

2 M HRH Bypass SystemQ| Heat Balance A& £=&35}0], Design FlowE HA MATtL|Ct

Ofzf AH4H2, ES_StablelF97.EXEQ| Calculation “Desuperheating H/B (Inlet Flow given)” 2 A A3t
AL ck

A4t Z3t, HP Bypass Valve2l = 25|, 1GT Base Load Case?} Spray Water Flow 3 Outlet Steam

Flow2| Design Flow CaseZ M7HZ| & LICH

2.3.1 Outlet Steam 5! Spray Water System Design Flow 7

Operating mode Unit 2GT 2aGT 1GT 1GT
Base Load 50% Load Base Load 50% Load

Inlet press. bara 24 19 14 11

Inlet temp. oC 567 567 567 567

Inlet flow kg/hr | 215,000 170,000 225,000 170,000

Condenser press. bara 0.05 0.05 0.05 0.05

Outlet enthalpy ki/kg | 2768 2768 2768 2768

Spray press. bara 25 25 25 25

Spray temp. oC 30 30 30 30

ES_StablelF97.EXE AlAt Zuf

Spray flow kg/hr | 68,839 54,712 72,785 55,161
Outlet flow kg/hr | 283,839 224,712 297,785 225,161
Design case v

2.3.2 Dump Tube Design

Dump Tube?®| Design Inlet Flow= HRH Bypass Valve2| Design Outlet FlowZA{, rO|A MHE
297,785 kg/hr 0|04, Design Inlet Enthalpy= 2768 kl/kg &l L|C}.

Dump Tube AAE {ollA SH7HX] O 25t =H2 Design Inlet Pressure QIL|C}.

H|O|X] 9/ 49
ENGSoft www.engsoft.co.kr
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HEI Standard0j A= CondenserZ HiZEZ|l= £7|9| 20| 250 psia (17.2 bara)E& E1ISHX| L0t
Of otCjd 83t UAFL L

SHA|2 & /=0 Dump Tube 27 0] CHs{ w7t A QIX|, Dump Tube =7 0] CHY
TS AQIX| HEsA 7|&stn UK fESL|CH OO, HEL Standard LS =™ Dispersion
DeviceE Condenser?| @2 Z ™5t Q1 & Dispersion DeviceZt Dump Tube®l & 1n2{s}
M, F-3%=l 250 psia (17.2 bara)= Dump Tube Inlet 20|21 SfAMSt= 20| SHIE sfjAo|2td
= 7 AFHCh

222, Dump Tube Inlet /242 17.2 bara 7} XL X| A== MHS|OF LTt

Ot=Z2{, Dump Tube®| Design Inlet Pressures AX|AQl SHO|AM Of2f Atet2 1de{ste] M7™s|of
=g

® Dump Tube Inlet Pressure?t 9 M =245, Dump Tube Nozzle(Opening Hole) AreaZt
ZE0{=0{, Dump Tube X%} H|EO0| Z0{5L|C}

® Dump Tube Inlet PressureZt &L= A2, HRH Bypass Valve &7 30| &L= AZ 9
ojgtL|Ct.  HRH Bypass Valve =3 2t2{0| 4&0tA, HRH Bypass Valveo| &7 Z0|
Sub-critical(Non Choked) Ef7} Z|™, HRH Bypass ValveQ| Flow Capacity(Kv)7} & 7}5HH,
HRH Bypass Valve2| X|Z H|- 0| Z7}tgtL|Ct.

o 2t &2 0|8 =, Dump Tube Inlet Pressure=, HRH Bypass ValveZ} Sub-critical(Non
Choked) AER7} E|X| Q= Z7 8l0jM, 7H58lE &4 MEshe 0| HIRESLC

=2, 20| 2t = HRH Bypass ValveZt Sub-critical(Non Choked) MEf7t &= ZHS
2 A7 =¢ds d8otrta e 2M7t =X= BELUCH

Dump TubeQ| Design CaseZ MM =l “1 GT Base Load” Case2| HRH Bypass Valve Inlet PressureZt
14 bara @1 A1}, Steam Nozzle®| A Q2 H|(Critical Pressure Ratio = =3 MO &3 / 4F
o )7 2F 054 2 M2 12{g 0, Dump Tube Design Inlet PressureE 14 bara x 0.54 =
7.56 bara ECt 2AH MZASH, HRH Bypass ValveZ7l Choked MEf7} B2, HHSH Ao 2 THCHE
L|C}.

HRH Bypass Valve Outletdt Dump Tube Inlet AtO|Q| H{EOA Sl A ZSHE 112{5t0{, Dump
Tube Design Inlet Pressure2 7 bara2 M7d3tL|Ct.

Dump TubeQ| Inlet Design Flow= 1GT Base Load Case®| Outlet Flow 297,785 kg/hrO|E2, & &
b A g7 YHoZ MHA™E 7 bara & 0|A Dump Tubel| Opening AreaES Of2{Q} Z 0|

nx
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Ag

Of2ff A4, ES_StablelF97.EXEQ| Calculation “Dump Tube (Design, Nozzle Area calc)” 2 AH|At

ZapLL.

rot

Dump Tube®| A7 Opening Area(= Nozzle Area)= 811.7 cm22 2 MM E|UESLICT

Operating mode Unit 1 GT Base Load

Inlet press. Bara 7

Inlet enthalpy klJ/kg 2768

Inlet flow kg/hr | 297,785

Condenser press. bara 0.05
ES_StableIF97.EXE A4t Z}

Inlet temp oC 167.0

Nozzle area cm2 811.7

Nozzle press bara 4.04

Nozzle temp oC 143.9

Nozzle velocity m/s 4514

Choked? Yes/No | Yes

2.3.3 Dump Tube Off-Design

o oA MG Dump Tubel| Nozzle(Opening Hole) Area 811.7 cm2 & M85}, C}E 37}X|

CasesO| M| Dump Tube Inlet PressureE Z|At5104, Zt Case & HRH Bypass Valve Outlet Pressure

g MEELCH

Of2l A|4At2, ES_StableIF97.EXEQ| Calculation “Dump Tube (Off-Design, P by Flow & H)" Z H|ASt

Z Lt

-_—

Operating mode Unit 2GT 2GT 1GT
Base Load 50% Load 50% Load
Nozzle area cm2 811.7 811.7 811.7
Inlet flow kg/hr | 283,839 224,712 225,161
Inlet enthalpy kJ/kg 2768 2768 2768
Condenser press. bara 0.05 0.05 0.05
H|0|X| 11/ 49
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ES_StablelF97.EXE A4t Z1}
Inlet press bara 6.67 5.25 5.26
Inlet temp oC 165.9 161.1 161.2
Nozzle press bara 3.84 3.03 3.04
Nozzle temp oC 142.2 133.9 1339
Nozzle velocity m/s 451.1 449.2 449.2
Choked? Yes/No | Yes Yes Yes

2.3.4 HRH Bypass Valve Design Case M7

Bypass ValveQ| Design Case= Bypass Valve2| Flow Capacity (Kv) AAtS 3| A, 7}E 2 Kv £

g 2= 4L E Design Case2 MHSIL|CL

HRH Bypass Valve F10§ AtFA(Procurement Specification)& 24357 O, 7ts%t 2= CasesOf
CHsll Bypass ValveQ| Kv Zf= D|2| Aitel 22 2M, G 2 Size2| Bypass ValveZt @ 7L&|= Case
7b F2E[X| R F sfoF HL|CE

Ofell A4k, ES_StablelF97.EXEQ| Calculation “Steam C/V (Design, Opening/Kv/Cv calc” 2 H|Atst
A0 LT}

, HP Bypass Valve@} 2| 1GT 50% Load Case HCl= 1GT Base Load CaseZ} Kv 0|
2 L}EtLEA], HRH Bypass Valve2| ZA20{|= 1GT Base Load Case?} Design CaseZ

N
Yal
rlu ru
pan) =
o]

Operating mode Unit 2GT 2GT 1GT 1GT
Base Load 50% Load Base Load 50% Load

Inlet press. Bara 24 19 14 11

Inlet temp. oC 567 567 567 567

Inlet flow kg/hr 215,000 170,000 225,000 170,000

Outlet press. bara 6.67 5.25 7 5.26

ES_StableIF97.EXE A4t Z4t

Kv m3/hr/bar | 1171.2 11714 2107.0 2027.8
Valve nozzle press Bara 13.2 10.4 7.69 6.04
Choked? Yes/No Yes Yes Yes Yes
Design case v

Z : Valve nozzle press => Outlet press O|™ Choked.
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3. Control € Process Data A7

Bypass ValveQ| Pressure Controld} Feed Back Temperature Control2 =T 9| Process Data A A 7}t
=2 olX|0t, Steam Turbine Trip A|2| Forced Opening 5! Feed Forward Temperature Control=
I8 M= ControlOf Al A2% Process Data DesignO| & otL|C}.

3.1 Bypass Valve?| Forced Opening

S
=

a g
o ofESL

olo

Steam Turbine Trip A| Bypass ValveE Upstream Pressure Controller& A2
L7} =2{X, Steam Header PressureE Safety Valve Pop-up &3 0|52 &
C}.

0|0 CHet 2t o Z, Steam Turbine Trip A| Steam Turbine Trip Signal2 Hardwire SignalZ ot
X, Steam Turbine Trip HZ O|F™Qo| Qg2 =2 &= QU= Opening@ Z Bypass ValveE Z|CHTH
2| ZXZE E0A, & Forced Opend}0, Steam TurbineC 2 SZ2EH Q&2 Bypass ValveZ M &ts}

of Qo Madte g ofmELC

o &
I

St=

o

[S)
N

0|21t Forced Opening2 7&138t7| Q8AM+=, Steam Turbine 7% =0f Steam Turbine@z 2
= FE2 50, 5 F0| siYSt= Bypass Valvel| Opening2 0O|2| A AHSH= LogicZ Plant

DCS(Distribution Control System)0f| F+43ff &0}of &fL|C}.

Bypass Valve2| OpeningE AH|At517| oAM=, Bypass Valve 13 S2fnt 1 s 9l 2 1
o o

2|1 Bypass Valve =7 22 tofof $fL|Ct

Bypass Valve 7+ Q&L2, Steam Lined| MX|=l Flow Meter28EH 2A7L} =2 Steam Turbine

First Stage Shell Pressure2 2 E 7| AtstL|C}.

Steam Flow MeterQ| Accuracy?t 10 ~ 15% ™2 M2SHX| 2 M2 nele Off, Steam Turbine
First Stage Shell PressureZ £ AAtst Q2F3 AF23l= Z40| O sk 4~ ol&L|Ct

0

o
=]
Steam Turbine First Stage Shell Pressure2Z 25 {22 A4S &
TZE(Nozzle)Z2 21 AHMSt= ZHdo =z 2| 088 AHAFE OFL|X| Tt Steam Turbine HN|ZHX[Q} &
O|5t0] A&t LogicE Eddt= 0| HFZEISLIC]
Bypass Valve 4+ f&iat 25, A2

7 gEe oig AZIS2RE 9o S

rlo

Ik

Bypass Valvel| Forced OpeningZ A4teh [Mf, O|&7|HQ] & SAZ AtESt= HHE UX|TL
Z717F O|AM7|Hte EEl S5 T 20t OfL|2f, Plant DCS(Distributed Control System)OA=

o
=
=4 #4E Folsts A0 of2{Z0| A22 =, Plant DCSO|A ZHEIHOZ ALESH= H|O|Z

0| X| 13 /49
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(Table)S 0|83t ZAIS ZAS| RE2 SPAALICH

311 ¢

-4
40
o
1jo
N
A
|
nx
-]
7]
Y
=2
x
1o
5
<
[(]
(7]
~*
o]
-1
(]
N
-]
rx

OtA AH|AEl, HP Bypass ValveQ| AHAt=l M A Flow Capacity, Kv 20| 341.6 m3/hr/barg, 0|= “1
GT 50% Load” CaseZ Q7 &710| 55 bara, 567 oCQl Choked AMEJOjA] 145,000 kg/hro| £ 2F0|

SE Mol ¢tuct

HALEl M7 Flow Capacity, Kv Zt0| 341.6 m3/hr/bar 0|22, XZAt7t 2238H= HP Bypass Valve
o| X|CH Kv Zte AHALEl Kv ZtO| %A 110% O|A = 3416 x 1.1 = 375.8 m3/hr/bar O|AH0| E|0f
Of gLt

Valve Stroke(%)2t Valve Port Opening Areas Valve CharacteristicOf 2} ™S ZAE 7tX|
H| 2| 5}H, Valve Port Opening Area®t Valve2| Kv Zf2 M3 d|Z|gtL Ct.

Steam Control ValveQ| Valve Port Opening Area®t Kv Zf2 Of2fel Z2 &tA Aoz Mu g

L|C}.
Kv = 0.05043 x A

T Kvs= Valve Flow Capacity, m3/hr/bar
A= Valve Port Opening Area, mm?2

SICHH Valve §2F2 Valve Opening Areadf Ma H|Z|St2 2, Valve

= | =<
ot 2 XZH0| S AUSICHH Valve Stroke(%)2} Valve Kv B! Valve S 2F2 Valve CharacteristicO|

MZX7F 3 36H= HP Bypass Valve®| Kv Z|CH gf, & 100% StrokeO| M 2| £f0| 380 m3/hr/bar O]
2t 7HE3tA, Valve CharacteristicO| Modified Linear 91 A2 Valve Stroke %0 Cist Kv 3! Flow

Curve Sample2 ofgff dZut Z+&L|Ct

0| X| 14 /49
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23t Reheat Steam Turbine Bypass System Sample A X

400.0

350.0

300.0

250.0

Kv (m3/hr/bar)

150.0

100.0

50.0

0.0

HP Bypass Valve Kv & Flow Curve

169,789

148,565

127,342

106,118

84,894

63,671

Flow at 55 bara, 567 oC (kg/hr)

42,447

21,224

10

20

30 40 50

60

Stroke (%)

O|Z HIO|=2 EAISIH of2fet Z& LT

Table 1, HP Bypass Valve Stroke vs. Flow

Stroke Kv Flow at 55 bara,
(%) (m3/hrbar) 567 oC (kg/hr)
0 0.0 0
5 7.7 3,269
10 154 6,539
15 231 9,808
20 48.9 20,770
25 74.8 31,731
30 100.6 42,693
35 126.4 53,655
40 152.2 64,617
45 178.1 75,579
50 203.9 86,540
m|o|X| 15/ 49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

55 229.7 97,502
60 255.5 108,464
65 279.9 118,806
70 301.0 127,775
75 319.3 135,529
80 3351 142,233
85 348.8 148,037
90 360.6 153,076
95 3710 157,465
100 380 161,300

flel HOlS0A, 2A 7 145000 kg/hr FEOIAC| Kv g{ih Stroke(%) @ts 27F €22 T
of 23 of2fet ZELCt.

Kv at 145,000 kg/hr = (145,000 — 142,233) / (148,037 — 142,233) x (348.8 — 335.1) + 335.1 = 3416

(m3/hr/banz 2y 7|0 S 40| trEE UL

Stroke at 145,000 kg/hr = (145,000 — 142,233) / (148,037 — 142,233) x (85 — 80) + 80 = 82.38 (%)

0| LhEE L

Table 10|A, KvO 2 Q2F Zf2 ES_StablelF97.EXEQ| Calculation “Steam C/V (Off-Design, Kv
given"2 2 A AHO| E|X|BF, Stroke(%)0f [HE Kv =22 {2 4f2 Valve CharacteristicOf [t} Zat
X|2 2, Bypass Valve MEXIZEE Toof gLt

3.1.2 Flow Correction Factor Table ZHd35}7|

2|o| Table 12 Q3+ =7 55 bara, 567 oC 7|ZF9| Choked AtEjQ| H|O|E0|E 2, CIE Q3 XA
L

3! Choked AMEj7} OfHl Ao 27 A <Z=(Correction Factor) H|O|S0| ZQ3BtL|C}.

ES_StableIF97.EXE 2| Calculation "Steam C/V (Off-Design, Kv given)'Z, CtE TH2 25 st
2T YT FEX|= Rl REE AMAM, RE B A& HOIEZ =T Of2fet

Z5 LI

0| X| 16 /49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

Table 2, Flow - Inlet Pressure Correction Factor

Inet press, Corr. Factor
Flow, kg/hr

bara (MCFp)
40 104,999 0.7241
50 131,634 0.9078
55 145,000 1.0000
60 158,430 1.0926
70 185,394 1.2786
80 212,528 1.4657
90 239,838 1.6541
100 267,330 1.8437
110 295,007 2.0345
120 322,876 2.2267
130 350,943 24203
140 379,211 2.6153
150 407,688 2.8116

SYo HHeR U7 20 ME 7T 28 A=+ HOIES

Table 3, Flow - Inlet Temperature Correction Factor

Inet temp, Corr. Factor

oc Flow, kg/hr (MCFo
400 166,528 1.1485
425 162,530 1.1209
450 158,880 1.0957
475 155,519 1.0725
500 152,402 1.0510
525 149,495 1.0310
550 146,771 1.0122
567 145,000 1.0000
575 144,208 0.9945
600 141,789 0.9779
625 139,500 0.9621

0| X| 17 / 49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

21| & H|O|& Valve 7 Choked MEfQI AR EN AH£=L|ICt.  Bypass Valve 7} Choked
SEfZF Ot =AM 2T E dR7F HX|= EX[TH Brere] 4R E 112510, Choked AEH7}

ot g0 ot 28 A+E &Hde 227t ASHCLh

Choked MEH7} Ol ZRO| B A4=, Valve 7 HOj Y22 AT Hrf YO L, o

HIof oot B8 A+2 BEAIZUCH

Table 4, Flow - Pressure Ratio Correction Factor

Inet press, Outlet ) Corr. Factor

bara oress, bara Press ratio Flow, kg/hr (MCFpr)
55 < 30.192 < 0.5489 145,000 1.0000
55 30.192 0.5489 145,000 1.0000
55 325 0.5909 144,425 0.9960
55 35 0.6364 142,414 0.9822
55 37.5 0.6818 138,877 0.9578
55 40 0.7273 133,662 0.9218
55 425 0.7727 126,530 0.8726
55 45 0.8182 117,103 0.8076
55 47.5 0.8636 104,733 0.7223
55 50 0.9091 88,159 0.6080

Pressure Ratio 7} Critical Pressure Ratio @1 0.5489 0|5}¢l 420+, Choked AEJO|EZ Choked
JEjet Yot F&0| S ELC

Correction Factor 2t HiHH
Q|0j|A| ZtMEl Correction Factors S2, Valve 7} Y&t Flow Capacity, Kv 2+S SX|& O, =
AKXt Opening & SKX|& [Iff, A =AD CH2 AN S2= S2ko| MA Q2ko| st

Hl2 QLT

ES_StableIF97.EXE & AI23}0 2|2 Correction Factor 52 AAtS & M, 9|9 Kv
AR E|X[ZH HO|E0| BEAE RS2 HA 2l Kv = 341.6 m3/hr/bar & AtEsl ZHdot
wEYL

O£ £0{. Table 2 0f| A 130 bara Inlet Press Of A2 §2F 350,943 kg/hr &=, ES_StablelF97.EXE 2
Calculation “Steam C/V (Off-Design, Kv given)"Of|A{ Ofz2ff =20 ™ O} ZFO| Inlet Press
Z40||l 130 bara, .Valve Kv Z}0|| 341.6 m3/hr/bar 2 Qs ASHS|A TS ZFQIL|LC

0| X| 18 /49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

2|1, Correction Factor 24203 &, 350,943 kg/hr &, A4 §&Cl 145,000 kg/hr 2 LIH=0f 73t

LUYLILE.

¥ ES_StablelF97 £ New File (liser : ENGSoft)
FiletE) Option{Q) Help{H)

D@ vl £

Calculation |5team Cid (Of-Design, Ky given) j Fun ‘
Title |Tit|e1
ltern unit | Value et [t
Inlet Press bar a | 130 |Pressure j
Inlet Temp oG | 567
Inlet Dryness SteamiSub-critical |TEWF'E"5'TUVE j
Inlet Enthalpy kil 3516.7168504441
Inlet Flomw karhr 360942 562491 TRA
Valve Back Press bara 13
Valve Mozzle Press bara 71.3855066580244
Walve Mozle Temp nc 461 0956849317459 ~ values arly
Walve Mozle Dniness SteamiSub-critical ~ incl Notes
Yalve Mozle Enthalpy | kdfko 3313.890823282214
Yalve Momle Velocity mis A35.308771aT7T964
Walve Opening Area cm2 BY.73T4078623835
Yalve Ky m3hribar 341 .6
Walve Cy LIS gpmifpsi 394.88496
List | Add to list
Yalhe Mozle Choking Press : 71.3855066580244 Update list
Yale Inlet Sat. Temp. : 330.856854433038
Yalve Mozzle Sat. Temp. : 287.15935507 31349 Delete list

Mo H|IO|EE0| 7|&%l Correction Factors &2, Stroke(%)7} L™t o] {EF Correction
Factors 0|22, 22 7tX|11 Stroke(%)2 TSl Xt Sl= Forced Opening A At0|Al= O|S

Correction Factors E2 L}+0{ 3=0{0} $fL|C}.

0| X| 19/ 49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

5, AN ZUOM SHE RS Table 10IM A7 9B 47 £ RYOR B
A
=

Qd = Qa / MCFp / MCFt / MCFpr

F: Qd-= Flow Corrected for Design Condition, kg/hr
Qa = Flow Measured at Actual Condition, kg/hr
MCFp = Inlet Pressure Correction Factor (Table 2)
MCFt = Inlet Temperature Correction Factor (Table 3)
MCFpr =  Pressure Ratio Correction Factor (Table 4)

Kv at Qd : Table 1 OjjAf EZt Hoz A At
Stroke(%) at Qd : Table 1 A EZF HoZ H At

3.1.4 o™l AH it

o|gct ALtel AU 2AE 7tsdl & FH2Z Of2fiet

o
=
2EF sisH

= OIA ALtolME, &Ael EWI%%
L

Inlet Pressure = 150 bara

Inlet Temperature = 400 oC

Inlet Flow(Qa) = 300,000 kg/hr

Outlet Pressure = 136.36 bara

Pressure Ratio = 136.36 / 150 = 0.9091

< AA >
MCFp = 2.8116 (Table 2)
MCFt = 1.1485 (Table 3)

MCFpr = 0.6080 (Table 4)

Qd = Qa / MCFp / MCFt / MCFpr = 300,000 / 2.8116 / 1.1485 / 0.6080 = 152,806 kg/hr

(Table 1)

Kv at 152,806 kg/hr = (152,806 — 148,037) / (153,076 — 148,037) x (360.6 — 348.8) + 348.8 = 360.0
(m3/hr/bar)

Stroke at 152,806 kg/hr = (152,806 — 148,037) / (153,076 — 148,037) x (90 — 85) + 85 = 89.7 (%)

|0 X| 20/ 49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

< QX A >

QMO =& ZEES 7HX|1, ES_StablelF97.EXEQ| Calculation “Steam C/V (Design, Opening/Kv/Cv
A

o
calc” 7| 522 AH Kv ZfS ALt EH,

ALt LT

Z, 0| A2 Ho]g Ao o3t 2Xt= 1-336.9/360.0 = 6.4(%) & L|C}

tx ES_StablelF37 £ New File {User : ENGSoft)

Ofgf == M &l 20| 336.9 m3/hr/barz

FilefEy Option{0)

Help{H)

D Q@ vl F

Calculation |Steam i (Design, Opening/kwCy calc) j =

Title |Tit|e1

Iterm LIhit Yalue yalve inlet
Inlet Press bara 150 |Preaaure j
Inlet Temp nc 400
Inlet Dryness SteamiSub-critical |TEFﬂpEFHthE j
Inlet Enthalpy AN 29745 54767080348
Inlet Flomw karfhr 300000
“alve Back Press bara 136.36
Walve Mozzle Press hara 136.36 Cliphoard copy
Walve Mozzle Termp ac 385.444710353249 ~ Values arly
Walve Mozle Dryness SteamiSub-critical — incl. Notes
Walve Mozle Enthalpy | kdrko 29453 3694076134
Yalve Mozle Velocity mis 210.609915175359
YWalve Opening Area cmz AR.B031868108244
Valve Ky m3hrihar 336.888471086587
Walve Cy LIS gpmifpsi 389.443072576547

List - Add to list
Yalve Mozle Choking Press | 82 8613367361494 Update list
Yahe Inlet Sat. Temp. : 342 1487871248934
Yalhe Mozzle Sat. Temp. : 334 5931385339496 Delete list

oo

LS T

x|

L|C}.

ENGSoft

QXFO|X| B, FEH Q!

—r 1

S|
el 4% HOlE Al 4o

20|21 Forced Opening 4}

I{|O|X| 21 /49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

Al Trip O|FO| QECE Trip & 20| LA LAY 0|22, Q3|3 O HFXS AnLct
O[HA 2 X7t & Olfs, 7I& Y=O| 55 bara QI BHH O X Aitel @7=0| 150 baraz 1
K}O| 7} A EHASE Q@ KpQIL|CE.

QXE £0|2{H, 130 bara. 567 oC 7|& & 5l 20| CHSH, Stroke(%) vs. Flow TableS ZahHs|
B E Correction Tables 52 7|2 ZHASlA, 100 bara 0|5} 9 O|AFES FESI HALS olH 2
ANE 2E 5 UASLICH

I{|O| X| 22 /49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

3.2 Enthalpy Control2 2|$t A4t

Enthalpy Control2 Bypass Valve % 9| Heat Balance A4t= dljA, Spray Water S2F2 A Atst
CtZ, A4zl Spray Water Flow?7t 2AtE| =5 Spray Water FlowE X 0{st= AYL|CE Z, Spray
Water Control ValveZ} Bypass Valve ZEtO| 2 & X O{3t= Z40| OfL|1, MK ZE= Spray Water
FlowE H0fSt= ALICH

Bypass Valve ™% 9| Heat Balance & A AtSH7| 2|8l A{=, Bypass Valve &7 {2FS 2H0}OfF S}H

Bypass Valve 9, 79| £7| 9 Spray Water Enthalpy Zt=2 O}OF BfL|C}t.

3.21 Bypass Valve &1 83 A4t

L.

1) Valve Stroke %E 7tX|0 HAH =AM 2+ F2F AL

A 9| Forced Opening 0| M Bypass Valve Q7 S S XL Valve Stroke(%) H|Atst HhEH 0|

=90 2, Valve Stroke(%)& 7X|11 Bypass Valve I3+ S5 7| AtatL|CL.

12 He

QF HOjA A4zl HRH Bypass ValveQ| 4| Flow Capacity, Kv ££0| 2107.0 m3/hr/barZ, O|= "1
GT Base Load” CaseZ Q51 Z=710| 14 bara, 567 oCQl Choked AEfO|A 225,000 kg/hro| S 2FO|

SE M gLtk

A7 Flow Capacity, Kv €}0| 2107.0 m3/hr/bar 0|22, X|2tXt7F &53St= HRH Bypass Valve2|
O Kv 252 AAH Kv 4ro| F|A 110% O|A, = 2107.0 x 1.1 = 2317.7 m3/hr/bar O|At0| E|0{Of
L|C}.

bt

1%

MZX7F 5838l HP Bypass Valvel| Kv Z|C{ Zf, & 100% StrokeO| M 2| Zf0| 2340 m3/hr/bar
O|2f 7}™3la, Valve CharacteristicO| Modified Linear @1 Z4< Valve Stroke %0 Cist Kv 3!

Flow Curve Sample2 Ofz2ff 1 2lat Z+&L|Ct.

|0 X| 23 /49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

Kv (m3/hr/bar)

2500.0

HRH Bypass Valve Kv & Flow Curve

2000.0

266,965

1500.0

213,572

1000.0

160,179

500.0

106,786

Flow at 14 bara, 567 oC (kg/hr)

0.0

53,393

10 20

30 40 50

Stroke (%)

O|Z HIO|=2 EAISIH of2fet Z& LT

Table 5, HRH Bypass Valve Stroke vs. Flow

Stroke Kv Flow at 14 bara,
(%) (m3/hrbar) 567 oC (kg/hr)
0 0.0 0
5 474 5,065
10 94.9 10,129
15 142.3 15,194
20 301.3 32,176
25 460.3 49,158
30 619.4 66,139
35 7784 83,121
40 9374 100,103
45 1096.4 117,084
50 1255.5 134,066
I{|O|X| 24 /49
ENGSoft

60

70

80

90

100

www.engsoft.co.kr



ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

55 14145 151,048
60 15735 168,029
65 17235 184,052
70 1853.7 197,946
75 1966.1 209,958
80 2063.4 220,343
85 2147.6 229,335
90 2220.7 237,142
95 22844 243,940
100 2340 249,881

/2| HIO|E0|M, MA K2kCl 225,000 kg/hr SO A{C| Kv Zra}t Stroke(%) 442 EHZF oz #
of 2 ofeffet & LCh

Kv at 225,000 kg/hr = (225,000 — 220,343) / (229,335 - 220,343) x (2147.6 — 2063.4) + 20634 =
2107.0 (m3/hr/banz 2 7|&=14t SUSH 40| A=EIL O

Stroke at 145,000 kg/hr = (225,000 — 220,343) / (229,335 — 220,343) x (85 — 80) + 80 = 82.59 (%)
20| d=E Lt

Table 50| A, KvOf| 2 K2k Zt2 ES_StablelF97.EXEC| Calculation “Steam C/V (Off-Design, Kv
given"2 2 A AtO| E|X|BF Stroke(%)0f M2 Kv 52 {2 Zf2 Valve Characteristicoi 2} &2t
X|B 2, Bypass Valve H|ZtXAZ2 L E 7“'*6HOF SHL|C}.

2) Correction Factor Table Zt43}7|

2|9| Table 52 3 =7 14 bara, 567 oC 7|&9| Choked AfEjQ| H|O|E0|EZ, C}
2 Choked AMEfZt Ot AL HH AH==(Correction Factor) H|0|&0| ZQ3tL|LCt

ru
158
-+
P
]

ES_StableIF97.EXE 2| Calculation "Steam C/V (Off—Design Kv given)'2, CtE2 XHE 25 Yl
U7 T AR B2 ST AN, 9T LT A+E HOEE BED ofel
ZraLct

I{|O|X| 25/ 49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

Table 6, Flow - Inlet Pressure Correction Factor

Inet press, Corr. Factor
Flow, kg/hr
bara (MCFp)

5 80,156 0.3562
7.5 120,317 0.5347
10 160,534 0.7135
12.5 200,808 0.8925
14 225,000 1.0000
17.5 281,526 1.2512
20 321,970 14310
225 362,473 1.6110
25 403,033 1.7913
27.5 443,653 1.9718
30 484,331 2.1526
325 525,068 2.3336
35 565,865 2.5150

SUst YYo= YT 2&0| ME RY B

Table 7, Flow - Inlet Temperature Correction Factor

Inet temp, Corr. Factor

oc Flow, kg/hr (MCFo
400 253,940 1.1286
425 248,876 1.1061
450 244,111 1.0849
475 239,616 1.0650
500 235,364 1.0461
525 231,331 1.0281
550 227,499 1.0111
567 225,000 1.0000
575 223,851 0.9949
600 220,371 0.9794
625 217,047 0.9647

H|O|X| 26 /49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

21| & H|O|& Valve 7 Choked MEfQI AR EN AH£=L|ICt.  Bypass Valve 7} Choked
SENZE Ot =AM 2FE FR7F HX[= XD Breto| HALE 184510, Choked HEf7}

ot g0 ot 28 A+E &Hde 227t ASHCLh

Choked MEH7} Ol ZRO| B A4=, Valve 7 HOj Y22 AT Hrf YO L, o

HIof oot B8 A+2 BEAIZUCH

Table 8, Flow - Pressure Ratio Correction Factor

Inet press, Outlet ) Corr. Factor

bara oress, bara Press ratio Flow, kg/hr (MCFpr)
14 < 7.686 < 0.5490 225,000 1.0000
14 7.686 0.5490 225,000 1.0000
14 8 0.5714 224,740 0.9988
14 9 0.6429 220,334 0.9793
14 10 0.7143 209,989 0.9333
14 11 0.7857 192,550 0.8558
14 12 0.8571 165,596 0.7360
14 13 0.9286 122,798 0.5458

Pressure Ratio 7} Critical Pressure Ratio @1 0.5490 0|5}¢l A0, Choked AtEJO|E 2 Choked
HEjet Yot FE0| S ELCL

Correction Factor ZfA] it

2I0|A A=l Correction Factors 2, Valve 7} 23t Flow Capacity, Kv 2f2 SX|& If, &
27got Opening & RAIZ M, 24 =dut CHE ZH0M 2= R 47 R0 oist
H|= &L C}

ES_StableIF97.EXE £ AF23I0 9| Correction Factor & AME & M, ¥9|9| Kv 4t
A E[X[T HO[Z0| BAE RS2 AA 22 Kv = 2107.0 m3/hr/bar & AE3| Zf-dot
UsS YL

O|& =0]. Table 2 0| A{ 35 bara Inlet Press O Q| S&F 565,865 kg/hr =, ES_StableIF97.EXE 2|
Calculation “Steam C/V (Off-Design, Kv given)"0f| A| Inlet Press Zt0j| 35 bara, .Valve Kv Z}0|
2107.0 m3/hr/bar & Ql&EstD ASHsiA b ZFlL|Ch

J2|13, Correction Factor 2.5150 &, 565,865 kg/hr & A S22l 225,000 kg/hr 2 LH+0f ASH

Ak

0| X| 27 / 49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

3) HHM =AAMS| Bypass Valve &+ 73 A4t 4

AM =ZEE HO|IEE0 EA|=l Correction Factors &, Stroke(%)7} 2™8e
Correction Factors S0|B 2, Stroke(%)2 7IX|10 S2E FS0X St £ AHMOA= O

Correction Factors S2 Zdol| Z=0{0} &rL|C}.

HOl OEt

%, Table 5 0| A] Stroke(%)E 7HA|1 27F Ho 2 Aitot 7 =M RES, &M =A2
FER EF5H7| flet 42 offet ZE LT

Qd at Stroke(%) : Table 5 0| A{ E 7t Ho = H At

Qa = Qd x MCFp x MCFt x MCFpr

F: Qas= Flow at Actual Condition, kg/hr
Qd = Flow at Design Condition, kg/hr
MCFp = Inlet Pressure Correction Factor (Table 6)
MCFt = Inlet Temperature Correction Factor (Table 7)
MCFpr =  Pressure Ratio Correction Factor (Table 8)

3.2.2 Enthalpy A4
HRHQ| &3 Enthalpy &= Set EnthalpyQl 2768 ki/kg2 & Operation ModeOf| 2tA| Q10| X EtL|C}.

Spray Water Enthalpy #f2 Spray Water Temperature gZtut 7Ho| SLUst2Z, Spray Water
Temperature ZtS CHE A3 CH

SH|& Bypass Valve Y7 YBII RES JHX|D YT EnthalpyS POt WE LT

Steam Table A2 HE E&S|A Steam Enthalpy AAHS 2|8l Steam Table 5412 Plant DCSO]|
M AH8e &+ BlELICE.  Plant DCSO|A Steam EnthalpyE Fot= 282, 2% 28 8 2=
P Aol Enthalpy 4f2 Curve Fitting(= Regression Analysis)st0o] Ao 2 Jsl= B8O HO|E
Idsty 27t oz $5h= 270K -0l AL

HOl22 AtE3%tY E7Zt ez F5t= WY ELCHs, Curve Fitting 412 ALE310] 5= 2RO
o Fotgh =& JAX|T Curve Fitting A2 AHESH= WHEE2 o7\ AJHSHK] 91, HIO|EZ2 At
T 0| X| 28 / 49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

83t YEHS 2L

rir

-
~

Correction Factor Table %4 35}7|

HRHO| MA = 8 2%7t 14 bara Y 567 oC 0|28, & 7|& MENOAS| Enthalpy %fQl
3622.0 kJ/kgOf| CH®t Correction Factor TableE ZH43|{A| Steam EnthalpyE Z|AtgtL|CL.

ES StableIF97.EXE ©| Calculation “Water/Steam”2, 2= = 2!
Enthalpy £ A 4taiA, A7 20| it Enthalpy 27 A+=E H|O|=

Table 9, Enthalpy - Pressure Correction Table

Inet press, Enthalpy, Corr. Factor
bara kJ/kg (HCFp)
5 3629.8 1.0022
7.5 3627.6 1.0016
10 3625.5 1.0010
12.5 3623.3 1.0004
14 3622.0 1.0000
17.5 3619.0 0.9992
20 3616.8 0.9986
225 3614.6 0.9980
25 36124 0.9973
27.5 3610.2 0.9967
30 3608.0 0.9961
325 3605.8 0.9955
35 3603.6 0.9949

SYoh Yo 2 Y7 2E0| WE Enthalpy o 28 Al HO|ES AdstE of2fet 25U Ch

Table 10, Enthalpy - Inlet Temperature Correction Factor

Inet temp, Corr. Factor
Flow, kg/hr
oC (HCFt)
400 3258.0 0.8995
425 3311.9 0.9144
0| X| 29 /49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

450 3366.0 0.9293
475 3420.2 0.9443
500 3474.7 0.9593
525 35294 0.9744
550 3584.4 0.9896
567 3622.0 1.0000
575 3639.7 1.0049
600 3695.4 1.0203
625 3751.5 1.357

2) Steam Enthalpy A4t SA

&7 =9l 14 bara, 567 oC 0 A{0] Enthalpy 36220 kitkg 7|22, HH 23 X 22

H = Hd x HCFp x HCFt

F: H-= Enthalpy at Actual Condition, kJ/kg
Hd = Enthalpy at Design Condition, kg/hr (3622.0 kJ/kg)
HCFp = Pressure Correction Factor (Table 9)
HCFt = Temperature Correction Factor (Table 10)

3.2.3 Spray Water S-ZF 7|4t

Ot et &2 Bypass Valve =% 9| Heat Balance A AtA O 22 E Spray Water S2FS A AtgtL|CL

H1 —H2
S=—F—7—
Q H2 — Hs
= Qs = Spray Water Flow
Ql = Bypass Valve Inlet Steam Flow
H1 = Bypass Valve Inlet Steam Enthalpy
H2 = Bypass Valve Outlet Steam Enthalpy
Hs = Spray Water Enthalpy
0| X| 30/ 49

ENGSoft www.engsoft.co.kr



ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

3.24 Oflx| A4t

< 5H 3>
Bypass Valve Stroke = 90 %

Inlet Pressure = 35 bara

Inlet Temperature = 400 oC

Outlet Pressure = 32.501 bara

Outlet Enthalpy = 2768 kl/kg (= H2)
Pressure Ratio = 32.501 / 35 = 0.9286
Spray Water Temperature = 30 oC

< AA >

AT g

Q1d at 90% Stroke = 237,142 kg/hr (Table 5)
MCFp = 2.5150 (Table 6)

MCFt = 1.1286 (Table 7)

MCFpr = 0.5458 (Table 8)

Qla = Qlc x MCFp x MCFt x MCFpr = 237,142 x 2.5150 x 1.1286 x 0.5458 = 367,384 kg/hr

Enthalpy
HCFp = 0.9949 (Table 9)

HCFt = 0.8995 (Table 10)

H1 = Hd x HCFp x HCFt = 3622.0 x 0.9949 x 0.8995 = 32414 (kJ/kg)

Spray Water Enthalpy 42 Spray Water Temperature Zf1t SQst0 2,
Hs = 30 kJ/kg

Spray Water Flow
Qs = (32414 - 2768) / (2768 — 30) x 367,384 = 63,521 (kg/hr)

QK HAE >
o7 g

IIQ/\
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

Stroke 90% 0| A 2] kv ZrO| 2220.7 m3/hr/bar O|E &, ES_StableIF97.EXE 2| Calculation “Steam C/V
(Off-Design, kv given” 2 FOZ 5% 2SS Yefef AAsHR, o) T2 st 1w
Z0| Inlet Steam Flow 7} 369,086 kg/hr 2 A AFEILICE

d82 AT g2 AL 2X= 1-367,384 /369,086 = 046 (%) L|CL.

ty ES_StablelF97 £ New File (liser : ENGSoft)
FiletE) Option{Q) Help{H)

D@ vl £

Calculation |Steam GV (Off-Design, Ky given) = | Bun

Title |Tit|e1

ltern unit | Value et [t
Inlet Press bar a | 34 |Pressure j
Inlet Temp oG | 400
Inlet Dryness SteamiSub-critical |TEWF'E"5'TUVE j
Inlet Enthalpy kil 3223.04264719854
Inlet Flomw karhr J690865.163280344
Valve Back Press bara 325
Valve Mozzle Press bara 32.aM Cliphoard copy
Walve Mozle Temp nc 388.71242184749453 ~ values arly
Walve Mozle Dniness SteamiSub-critical ~ incl Notes
Yalve Mozle Enthalpy | kdfko 3201 2997243739
Yalve Momle Velocity mis 208.532600902794
Walve Opening Area mrm2 44035.29645052545
Yalve Ky m3hribar 22207
Walve Cy LIS gpmifpsi 2567.1292

List | Add to list
Yalhe Mozle Choking Press : 189.13818220483994 Update list
Yale Inlet Sat. Temp. : 242 5617115490615
Yalve Mozzle Sat. Temp. : 238.340495854498 Delete list

Enthalpy

ES_StablelF97.EXE O| Calculation "Water/Steam”"Z 35 bara, 400 oC 0j A<|Q| Enthalpy & Tl 2™
32230 kl/kg 2, QXE A A 2™ 1 -3223.0 /32414 = 0.57(%) QL|Ct.

|0 X| 32 /49
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Spray Water Flow

ES_StableIF97.EXE 2 A 4tEl Bypass Valve Inlet Flow 369,086 kg/hr & Zt+X| 11,
ES_StableIF97.EXE 9| Calculation "Desuperheating H/B (Inlet Flow given)'2 FO{ &l Z=710f| LY}
AASHH, ofgf =22 M O 2lar Z2H0| Spray Water Flow 7} 63,618 kg/hr 2 A AHE!L|CL.
J2{2 2 Spray Water Flow A4 @Xt= 1 -63,521 /63,618 = 0.15 (%) YL|Ct

¥ ES_StablelF97 £ New File (liser : ENGSoft)
FiletE) Option{Q) Help{H)

D@ vl £

Calculation |Desuperheating H/B {Inlet Flow given) j Fun
Title |Tit|e1
ltern unit | Value SETEN T
Inlet Pressure bar a | 34 |Pressure j
Inlet Temperature nc | 400
Inlet Dryness SteamiSub-critical |TEWF'E"5'TUVE j
Inlet Enthalpy kil 3223.04264719854 PRIDSH nutlet
Inlet Flow: kosfhr | A69026 |Entha|py j
Spray Pressure hara | 25
Spray Temperature nc | 30 Cliphoard copy |
Spray Enthalpy kil 128.019760945636 ~ values arly
Spray Flow karhr G3617.8513TR0G492 ~ incl Notes
Dutlet Pressure bar a | 32.50
Cutlet Temperature nc 238.340495854493
Ctlet Dryness 0.980157953703096
Qutlet Enthalpy Al | 2768
Cutlet Flow karhr 432703.851 3TR06BS
List | Add to list
Inlet Sat. Temp. : 242 561711590615 Update list
Cutlet Sat. Temp. : 238.3404953544493
Delete list
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Appendix : Reheat Steam Turbine Bypass System Description
1. Bypass System P&ID
Steam Turbine Bypass SystemQ| CHE X QI P&ID= Of2ff Tt Z&L|Ct

HP Bypass System2 HP SteamZ Cold Reheat Line@ 2 23F|A|7|= SystemO|D, HRH Bypass
System2 Hot Reheat SteamZ Condenser2 23%|A|7|= System@L|LC}.

Reheat Steam Turbinel| AL O|& 27tX| Bypass SystemO| 2 &= ZQ3SIH, Non-reheat Steam
Turbine®| AR0f|= HRH Bypass System Bt ZQ3stH|, 0] AL HAE 0| HRH Bypass System LCHAlI0]|

HP Bypass SystemO| E|0{OF BfL|LC}.

1) HP Bypass System

O
N
2 out of 3 @ [e)
\V4

( C

HP Steam Line

ZIL

o

: l
T,

N1 @
[e]
‘B [e]

NI
[e]
[uj o o

T

\/ \/ ZIL S !
- (97 TrEo
Spray
HP Bypass Valve h i/ Water
FC FC FC
Spray Control Valve Spray Shut-off Valve
o

Bypass Valve Trip
at Temp HH

T iIcA|HH
N o
2 out of 3
HP Bypass System

Downstream Temperature Control

D D
( C

Cold Reheat Steam Line
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2)

D)

HRH Steam

Condenser Neck

HRH Bypass System

O O

O

N

e 2 out of 3
\/
[\
D
(PIcy
N
17

HRH Steam Enthalpy

}—O—}{ ¢—O0—O0——0—
Enthalpy Calc Controller ‘

Line

;ZJL%

Zl

N

CERSS
G

GG

P

FC FC
Spray Control Valve Spray Shut-off Valve

HRH Bypass Valve

5

FC

Bypass Valve Trip
at Temp HH

oaCh
N HRH Bypass System

Dump Tube on \ é Zoutof 3 Downstream Enthalpy Control
o
[e]
o
o
[o)

Interlocks :

<>

2. Bypa

Spray Water Control Valve T EHO|| Power-operated Shut-off ValveE MX|5l0], Spray
Water Control ValveZ7t 2FE|X| &= ZAL0| Power-operated ValveE Closed}df, Spray
Water7}t LeakZ|X| RE=ZE &0f tL|Ct.  Power-operated Shut-off ValveE MX|S}X]
= 420 =, Spray Water Control ValveQ| Leakage Class& VI O|&o 2 MHSI0] BFL|Ct
Spray Water Control Valve?}t Power-operated Shut-off Valve=, Bypass ValveZ} NOT Close
2 f2 Open &£ Z InterlockE Z 0| &£0}A|, Bypass ValveZE E3| 2= 7|7t Q=
HEHO| M Spray WaterZt ZAE[X| Q=2 S§OF ghL|LCt.

Spray Water Control Valve= Power-operated Shut-off ValveZ} Full Open =l A0 &H
E|= & Interlock& Z0{ =O0OF gtL|C}.

ss System?| 27H

Bypass Systeme Of2jot 22 Z<0| X L|Ct,

ENGSoft
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2.1 Steam Turbine Start-up A|

Steam Turbine(0|38} ST)Z Start-up &}7| F0j, Steam Generator(= Boiler)O| A ALl = F7|9] &
g A L™ 2L E ST Start-up2 @ls Zast ZHULE THE7| QI8 ALEELICH

ST7¢ HX|E|0] JE A|ZHY| 2t STO| Metal Temperature?t ZHEtX|=4|, ©X| 7|7t0]
= 32X OZ STO| Metal Temperatures= FH 7| 2= EO{E = JASL|LCH

[
ox
40
=2

3|, ST Start-up2 3l 38&E= 7] 22t ST Metal Temperature@t X}0|7F 3™, STO|
Thermal Stress7t #{MA STO| LITA ZBojM HIZESX %oz, Startup Z7|o] L2
Metal Temperature 0 7ts%t oF 7t4A 28 A7l S Steam Turbineg Start-up gfL|Ct

Steam GeneratorQj| A MAE|= &&= Steam Generator0f| 2|d| EI*EIIIEP, Steam Generator7}
Aste 2Eo| 7/ M| RisiM= 28T RE2l S7|E dAsto{ordt i, d2ish 27
L 20| Z7|& ST Start-up O|F 0| STE Bypass siM =2|7| 8l Bypass ValveZ| EQ3tL|CE.

Z, Bypass ValveZt Start-up 57|12 2 & X O{St= Z0| OtL|2, Steam Generator7t 2= E X
of5t7| I3l ditst= B7(12] R2E dd8d = AYLICL

STO| Metal TemperatureOf [t2} ST Start-up ModeZE HOolsle=h|, LEHSZ Cold Start-up,
Warm Start-up, Hot Start-upe 2 FE%SHLICE ST YAHOf [2tM= Very Hot Start-up ModeE ZF
7t 2RSH7|= L

Start-up ModeE HX| A|ZHO| M2t FESIZ|E SFX|2H JHE StAsE "iEHS STO| Metal
Temperaturedf| 2} L2t SEQALICE YHIXM O Z, ST YHKX|O|A 333t= Control SystemO|
X ST Metal TemperatureE AtH| =33 Start-up ModeE Control Signal2 X|&dtH, Ot=22
Start-up Modedj 2t 32 759t Steam Temperature ST YH WA EMEA XS CE

ST Start-up2 9|3t Steam AT ST AHOA QFsH= 20| YOO, Bypass ValveZt Lt
Upstream PressureE Control 10, ST O|Ao 275l= &4HS =0 FL|CH

ST7t 7|58 ot ™M AHE(Grid)o| & (Synchronization)g o}7| {eliMe=, 0= HE O|&9l &
stof, ST74 7|5 G 74|E HYSt= S0 ST

=]
7| /20| Easty, olxfe 57 RIS 02 =R
o g7 mat East F7|E Sadll F= JLS Bypass ValveZt gLt
A H &2l ControlO| Al Bypass ValveZt ST7t @ 715t= 57| K2 536t= Control Mechanism2
Bypass ValveQ| Upstream Pressure Control @ L|Ct.  Bypass ValveZ} ST 11 & (= Bypass Valve
Upstream Pressure)= Control $tCH= 9|0 =, ST7F E Q0| 2t S7|5 AtEsIH ST 27 =0

0| X| 36 /49
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GO XA ElO, ST 7 YO0l HO{X|H Bypass Valve= & 2LHS L7FSIA FAXI5H7] {5 &3
A E[0]A, Bypass ValveZ &3 2= |FEO0| 220 &1, 1 BIF STE SE2& FHO| S7I5t=
Control Mechanism Q!L|LC}.

ST7 A& He = HY HEE |5 fIdiMes 2 2 5%0A 10% MCR(Maximum
Continuous Rating, 84 &H £ |XSHoF gL CE O"EX RASH ASOo| 20 JUX| £}

) 5t
=

ASL2REH 0N LA L[

ST 7|5 H™o| 0|23t Minimum LoadE {X|817| Q3 SAHLCI XA 10% O|A 2 Qe
Bypass ValveE Sdf 2ot HEf0|AM STE 7|SRLICE 2|1, STIt 7|=535t0] A& HYO| &

™, Bypass Valvex= AtsH o2 Ho| Tol MEf7t E[A &L CHL
0| [ Bypass Valve®| Upstream Pressure Control2 Hold ModeZ 728l Upstream Pressure
Control2 Z28lA 3t =, STE Inlet Pressure Control ModeZ 7 2tst1, Bypass Valvel| ZH(

OpeningE ZHZ THOtA, Bypass Valve2| Upstream Pressure Control2 ZZEA|ZIL|C}

Bypass ValveQ| Upstream Pressure Control2 ZZEA|7Zl 20| =, Bypass ValveQ| Pressure ControlZ
Floating Pressure Control2 T 2tgtL|Ct.

Floating Pressure ControlO|2t, Bypass Valve2| Upstream Pressure Control2| Set Pressure Zt=, ™
X{ Pressure + 3 ~ 5 bar 2 A3 A, Upstream Pressure Control®| Set PressureZf X Pressure
Hrh A 3 ~ 5 bar 3A SX|EEE2 gL|Ch. B Set Pressure@| Change RateZ Steam

Generator®| Drum Pressure Change Rate X3t ¢fo 2 AMThL|CH

O|HA &2 =M, Upstream Pressure?t 8=l Change Rate O|SIO|M 4t&% = Bypass ValveZt
G| K| UX|TH O 0|9 RateZ At [HE Bypass ValveZl &€2{A|l Steam Generator Drum£

HSSIEE = Z{QlL|Ch

Floating Pressure Control2| Set Pressure= 3424 @2 (Rated Pressure) + 3 ~ 5 bar O|M4OC 2=
SELX| B2 810f, Upstream PressureZ} 2 484 + 3 ~ 5 bar 0|40 2 ASEl= A0
Bypass ValveE Edl 20 SteamZ HiEZTtO ZM Steam GeneratorQ| Safety ValveZl E2|l= A2

AR gLt

rrox

ﬂJI

2.2 Steam Turbine Shut-down A|

STE Shut-down &}7| F0o| M =M A0 HA 27 Control System2 AtE3t0{, ST LoadE ST
AN - Shut-down Load(2F 25% MCR Load)77tX| 10 L{2{SL|Ct

O CHE, STE dXH2| LoadZ Hold A|Zl %, Bypass Valve2| Upstream Pressure Control9| Set
1
O

PressureE Xf2| Upstream PressureZ “745}0{, Bypass ValveE Upstream Pressure Control2

0| X| 37 /49
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

Hetetuct

3 CHg, ST= ST AHA|Q| Shut-down Control System0j| 2|8ff Shut-down &l L|C}.

ST?t Shut-down E[= =Qt0| STO| |FYUEl= F7| FEFS A48 =i, 1 HAFE FE2
Bypass ValveQ| Upstream Pressure Control Mechanism0j| 2|3} Bypass ValveE Edl| S2H &Y

Ct.

ST7t 2tF™38| Shut-down E|O{ Steam GeneratorOfA MAtE|= BE ZF7|7t Bypass ValveE Edf
SZ2H £L£|M, Bypass ValveE Upstream Pressure Control2 ICHE [ X|$t AEfO|A, Steam

GeneratorE Steam Generator A}X| Control System2 AF23L0] Shut-down A|ZIL|LCt.

Steam Generator7} 2t 3| Shut-downZ|0{ Steam GeneratorOf| A MAtE|= F7|7F IS M, Bypass
|

H.
Valve®| Upstream Pressure Control Mechanism0j| [t2} Bypass ValveZ7} 2t 3| EHs|A

Bypass ValveZ} 2t8™ 35| EH5|MH Bypass Valve Control2 Floating Pressure ControlZ2 F 21510,
Bypass ValveZ} O{[f3t A0 Y2|X| FEE O ZM, Steam Generator Shut-down O0|Z 0|
Steam Generator Drum0Of 232t =@l Drum Water Of| 4 X|7} Bypass ValveE Edf N LI7tX| &2
St 2 St

2.3 Steam Turbine Trip A|

ST Trip A| ST Emergency Stop ValveZ7} 224381 =M, ST2 S2EH S2F2 Bypass ValveZE
Condenser2 QtMSIH 23|A|7{ ZSE2ZM, Steam GeneratorQ| Safety ValveZ} B X|= 0|
OFX™ &L A Steam Generator2 Shut-down A|Z| AL}, ST7F HIZ X 7|5 & 4= QU= AlEjOI &
L Steam Generator?| 2% AENE O|F AMEf ACHE LK STE HIZ XN 7|58 4=

of =Lt

OF
=

of

=2
=

1 4o £2 om
o

=, ST Emergency Stop ValveZl Ets|= £ E7F 0.2 & O|LfO|0{A{, Bypass ValveE HatH Ol
Upstream Pressure Control Mechanism0f 27|™, Control System XtH|Q| MZ| £ 20 I Ht

2 £ 7} £0{A Upstream Pressure Control0| &7}5gL|Ct.

Jde{B 2, ST7} Trip @3t A0 ST Trip SignalZ2 ST Control System2 2 £2E| Hardwire Signal2
8FOtA{, Bypass ValveE O|2| AAtEl Opening@ Z Forced Open 10, & ZKXNZE EO{A|, Steam
GeneratorQ| Safety ValveZ7l E{X|X| &= 2 O|LfZ Upstream PressureE X0 gtL|Ct.

2|3 LA Upstream Pressure7l 0= 2N 4oz OtMO| THEL2 o= 2H AlZt0] A4t

—

| 0| X| 38 /49
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£|™), Bypass ValveE Upstream Pressure Control & 7H2tgtL|Ct. Ol Upstream Pressure
ControlQ| Set Pressure= Upstream Pressure Control2 HM2tr|= A|HQ| HX| Upstream Pressure
£ Set Pressure2 A743}0{, Upstream Pressure Control2 F2tz[= A|™O| Control HuntingO| g2t
MR A F gLt

ST Trip A|Of| ST Emergency Stop ValveQ| Closing Time 0.2Z0| CH-E3}7| 2|5t0{, Bypass ValveQ|
Full Opening Timek= 10| &85t & Z0}0F St=0|, Full Opening TimeO| 2%& 0|57t =& M
M= Z40| HFRERISHL|CE  Bypass Valve2| Full Closing Time2 S ZQL= QIX|0 2 7 X O
5t7¢ E|= & MESt= 20| HiEHAlgL(CH

3. Bypass System?2| Control

Bypass SystemO| =25} = Control0j= Otz 27tX| Control 0| RU&L|LCE

- Upstream Pressure Control

- Downstream Temperature Control
3.1 Upstream Pressure Control
3.1.1 Control Logic

QA Bypass SystemQ| 2F0|Al AEHBE Upstream Pressure Control 7|52 £, Bypass ValveZl &t
gL cf.

[l

"
tot

-

Upstream Pressure Control2 Control CHAHQI @F&do| =X 7|7| gt

o
Feed Back Control Logic® 2 H|0{7} 7tsTrL|C}.

olo

Al kO] Of2 ZORA, ZF

— —

r

Feed Back Control O|2t, SIS O 7|2 S2|ZX| 2t K| 0|8t X} St= Process Variable, 0] A0

= Upstream Pressure =7 {2 2% Feed Backg B'OtA X O{St= Control IL|C}. =, Control
Signal2 HELHM Control DeviceE 2ts3t &, 10| 2} HS= Process Variable 4f2 EI1 LCHA|
Control Signal2 Z=X3| ELHA, Process Variable 3f0| {5t= 4f & Set Value?l LXK EEE Bl=
Control Logic QJL|Ct.

3.1.2 Forced Opening
Bypass SystemQ| Pressure ControlO|A 72 n2{s{of & Atet2, ST Trip A| Forced Opendt

Opening=, ST 2% J0 &4 Alutsh 7tX|2 JAO{OF otCt= FYULICE  2fM, ST Trip Al X|H|
o] I=HAH AH4t=l Opening@ 2 Bypass ValveE 77t W2 £z 2 H0{0of ThL|Ct.
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_._
O
s

Reheat Steam Turbine Bypass System Sample

24

Bypass Valve Opening=

AlAtgt [, Bypass ValveE =Z(Nozzle)Z2 &

i

A

At

St

Olg7IMel =2 T X A &= H| AL A2 ChS0t 25U
W J2gJCp pl [2 ki1
n R T1 rk—r k (Eq.- 1D
k
2 \k-1
e=(ry) @2
. ow=  EY¥ Ry
= L Z Z(Throat) HH
pl= =3 97 Frf ¥
Tl = =E g7 BU 2k
r= =3 Y 8 =p2/pl
p2 = =& S(Throat) ML} A
k = H|@¥ H|(Specific Heat Ratio) 22 SAMEZn WA X[ (Exponent of
Isentropic Expansion)
Cp= HY b
g= 33t
)= Joule &=, €2 LEFE
R = 7|H &=
re = YA =2 = H = W/A O] Z[U7t &= =8 & F H|
re = 0.5457 (k = 1.3)
re = 0.5283 (k = 1.4)
flof 2 Mg 4 B2 Ol 22 W8S & + USLICH
- B9 = tel HNY ZEY RIS T 25 o Y v 2
- o = Hel HNY ZEY RIS T 2 Eo 22 Ma2ol ghH g
- B9 = tel HAY ZEY RIS o= 2F oF HOM X0 ¢S 7t
=2 Fo| el HAY Y REYW/AO] o= 2 LHUAM ZM s Aethe 20le =
W/A 20| o= 2 o =EstEH o oy 75X | AECHE 2/0[0|H, O|2fgt HEfE &4
(Choking) ¢Ei2t EHSLICE
Oz, =22 &8 H[7I 10|MEH H25HH, =7|0= &= 5|7t 220 D2t W/A 20| 37t
SHAIRE, ZA] 2= H| O[¢O] E[H O Ofe W/A O] S7IotA| b A4 HEfS| W/A g2 &
I{|0|X| 40/ 49
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X|gtCh= ool YLtk

10
4n

2| Mg g I, = E& oA L= Bypass Valvel| OpeningS A 4At5H7| IsiM= Of2H et
22 USS YOoof otit= AS & & UGG

- Bypass Valve &7 I F&

- Bypass Valve Q|7+ HCH

- Bypass Valve |3+ HL| 2

- Bypass Valve =5 HrCj &=

Bypass ValveQ| 221 H|7} EAl ¢+3 HIECH 2 Y 23 H|E 74X Eq. 1 22 A4t 3la,
&3 HI7F HA S HIECH XOobM FA MEfTF 2B, HA 2™ H|()S ZHX|1 Eq. 122 At
St™ E L|CL. Bypass Valvel| /& H|= (Bypass Valve &7 HC{ &=)/

o2 et

(Bypass Valve 7 HCf

e BI|E OlM7|ME siMots d% HIE Hl @Hk2E 138 ARESHH MFESLCL O3B
2, Bypass Valve2| 243 H| r. = 0.5457 O|S|O|™, Eq. 10{{A &3 H| ZH(N2Z 054572 AtE3S}0
A AHSHH ELC

OB AME B71= Ol¢7IMe 2| fFSYLLE £, Z357|2 ZR0=
ES_StablelF97.EXE 9| Calculation “Choking Nozzle"E AMESI0, MEF 7|t Et57|9 HA &4y

o
HIS, 100 bara &32| 0§ SO Ats 23 Chgia Z5UCh

o= ChHe| g F7 Z3}5 7| =zt 5
= Qg o bar a 100 100 100
=Z 3 2 | oC 500 311.0 311.0
e oC 189 0 0
He - 1 0
A ey bar a 54.84 59.23 76.39
AL Q43 HI(r,) 0.5484 0.5923 0.7639
A Q& Kg/hr/mm?2 41.728 52231 120.21
Z WMEB7|9| B2 O|M7INE 21 AMsz 2 F2|7t 9l0] 2OX|B, Z3FTI|9] B £
UE7t H245 O|Y7[MZRE I Hollt=s AS & = ASLICH
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3.1.3 Bypass Valveo| QI SF

Forced Openg Opening2 Alitg Mf HX otof & &=0| FYLICL. O] {FZF2 Bypass
Valve 917 HiZHO| MHX|E|0| /U= S (Flow MetennZ2EE ALt =2 STO| First Stage Shell
o

—
PressureZ2 HE Ao = 90| QSL|CH

= Iz

HiZto 2X|Z0f A= FHA 2 5E A= BE& 10% ~ 15% Fk k= A2 ¢€3H

| Ct.

Of, Steam Turbine First Stage Shell PressureE 0|23l A4E|l= K

2 78S AMStE R REA FE 4 20t 5t & = AU

Bypass Valve Opening2 AAts17| |9t S 2FS 2, ST First Stage Shell Pressure2 52 E A
7

J A e
= AM8SHE[ A AME R 4S MM =HQloks Uz v 2XE FE¥AL 5F Uds

—

-

o2k 722, Steam Turbineg
A O] A

el 9

AM&dte A0l HREH AL C

Steam Turbine First Stage Shell PressureE O|2310{ {2F2 A Ao}

Aol =2S #oh Agoior gfLtt

rir
OH

Al2 Steam Turbine A&t
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3.2 Downstream Temperature Control

Bypass ValveZl Upstream Pressure Control2 StHA E1IA|7|= E7|= Downstream System 2
Z HiEE 4Lt HP Bypass Valvel| 42 Cold Reheat Line@ 2 HfZEE|H, HRH Bypass Valve2]
2 Condenser2 H{Z==!L|C}.

oX

3, Bypass ValveZ2 HEE HiZEX= F7|E 20t £0|= Downstream Systemo| A = 4

2L = Upstream SystemQ| AA €& 8l 2-HC} Yooz 70| CHst CHH|XM0o] H3tL|Ct

ol AR, Etk|= ZJ|2 QIsf Downstream SystemQ| ©/210| M| LHELELCL MSSHH Z|H,
Downstream System@| Pressure Safety SystemO| 235 E &}A EL|C}.  Cold Reheat LineQ| AL
Reheat System Safety Valves£0| EZE 3|, Condenser®| 4% Condenser Pressure Safety
Valves 22 Rupture Disk 0| 23 & 2rL|Ct.

oKXt 29| AL Downstream SystemO| ESE o 4= Qe 0| @90 F, Bypass Valve &
CHM 278t 222 XS0 HiEsHoF 3tn, 0|2 2l & ZAHWater Spray) 2HAlo] 2=
Xzt Md|(Desuperheater 22 Attermperator)7} A X|& L|LCt.

=25 Mg U7t EEo| 772 X k&= dfE UKL Bypass Valvel| 22 Atk 20| &
=9| AtomizationO| & = e FEQ| HE {F£0[ Valve Trim 1} X|HO|AN ZMsER, 2=

Mg 71718 E=2 ZX5HK] @2 Valve Trim HIZ SHO| 22 HE ZASIY 28 HYS gL

AL = 22| 27 ¥H2, (Bypass Valve T EH) + (F2 A =& XI2) + (2 2AF MO &
B Xeh ECh 7{of 80, YutX o2 Bypass Valve STt 42 + 10 ~ 15 bar MO 30| @7

CHF&22| &% HP Bypass Valvel| 2AL = HYf g HIZ S

Bypass Valvel| A} == E47|(Condenser)

mn

Ol M ==3k0, HRH

[El
Hor
n
=2
>
i
4>
Q_I-
-
il

3.2.1 Control Logic

Pressure Controld} ZF2| Temperature Control Logic2 ZICHSHA| (20, O 0|f= 2 =3 7|
719| Bt8 {EIF &7 WRYULCE  F 22 FF 7|7 FH |H00 2= B3O 2AMS O,
2E 5 7|717t HetE 2% X0|§ ZAX|St=0 AlZto] ZEL|Ch
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UHtMoz 2F =X 7|7|9| HH2 A|ZHResponse Time)2, H3lEl & 7+o| 63.2%7F S &=
AlZtez FolgLoh & B3 Alt2 58 71719 3F % X =4, gAe 42 % /% S
= HhS Al

2t E2bX|=0|, Bypass Valve SEHY| YR o2 MX|E|= Thermocouple?| AL, S i
OF 30 ML & ALe=2 LN JU&SL|CH

=, 0| =0, Bypass Valve ZLHo| 2L 7 100 oCOlA 200 oCE #=7tMoZ HIIE|US [,
Thermocouple =7 £t0| 100 oCOHM 163.2 oCE 25| =0 30x7} AR LCIH, 5 ThermocoupleQ|
Response Time2 30x 7t ZICt= o|O|YL|Ct

o =
o

J2{B 2, Pressure Controlof|M At3t= Ehe Feed Back Control2ZMe HO7F £1X| QLL|CEH
E3|, Steam Turbine Trip A|QF ZH0|, T2 A|ZH0] 2% H3I7F 2 A0= Ao €7ts $LCh

Bypass Valvee Steam Turbine A& 2™ Al ©& QU0{A, Bypass Valve ZTLHo| 2L &=
Downstream SystemQ| 2EQ} {O| S YTrL|Ct Hi&t FH 7] 227 &2 A0, Hj&9
22 AEfO| w2t ZHEFX| X2, 235|8] Downstream System®| 2EF HLC} 5~ 10 oC ME &L
c}.

0|2 S0, H& &8 Al Cold Reheat Line 8 27} 340 oC O|H, HP Bypass Valve ZEto
MK|=l Thermocoupled| 2A3|= &E= 330 oC ME EL|CE  HRH Bypass Valvel| Z<, XAt

2™ A] Condenser 28 2E7F 30 oCZtad d}H, HRH Bypass Valve ZEHY| MX| &
Thermocoupledf| 8i3|= 2=+, Hia FH 7] 2=t Xo|7F AX| teoz, st 30 oC
Z= LU

0|248t MEfO|A|, Steam TurbineO| Trip &| 0, Bypass ValveZ} Forced Open &[0 E71—?— =717 U
7] 28 2= AL, Bypass ValveQ| Thermocouple =H Z7| 2 & HIZ UK| 28tL|C}

Cold Reheat Line®| 4<% ™A 27X A|, Steam Turbine LoadOf| 2} 2% EH37F 2F 50 oCO|A 60
oC M HhMSHL|CE O|& S0, Steam Turbine M2 23510 M HP Turbine Exhaust 2% (= Cold
Reheat Line 2%)7} 340 oC QCHH, Steam Turbine 25% A2 2350 A HP Turbine Exhaust 2=
= 400 oC7HA| 22F 2 = US|

0| Z20|, HP Bypass Valve Temperature Controller®| Set TemperatureE 340 oCZ2 M|,
Steam Turbine 25% 2 &30 A Steam TurbineO| Trip E|0{ Bypass ValveZ} Forced Open &=
d2E 7t-¢8 g§AICk. 0] B8 HP Bypass Valve®| Temperature Controller@| Thermocouple2
°F 60 oCo| ot 2k HSE XS0 X O{5i0F St= &0 F0|A =0, Thermocouple?|
L2l Response Time -Z20f Feed Back Control& At&siM= M7t & X| &Lt

HRH Bypass ValveQ| Z0|l= O 2% Xt7F <L FL|Ct
HRH Bypass ValveQ| A2 H{ZEL|= 19| £7|7t Condenser Tubelf| 48 QS|X| R E 5}7|
2151%, Condenser €710 Dump TubeE MAX|5tH, & Dump Tubel| X}tf(Differential Pressure)0|,
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MA ZHO|M 2 7 ~ 10 bar & EL|C
712{2 2, HRH Bypass Valve S Eto| @t240| Condenser 24240| OfL|1, 2 7 ~ 10 bara HZ 2| &

= 9ol Z2|A g4t

Temperature Control@| Set Temperature= Z3} 2EL} T3l 2% O|st2 AN &
Z3l 2& O|StRC XM oj= AAo| E0| FEE Xojg = ZUCtes A
2 29| Moz 2574 Enthalpy=2| X 07} £|2&2 O] JA| A ojg

—
Temperature Control2| Set Temperatures %A E3} 2 + 5~ 10 oC 04 E[0{Of

€0
i)
C
o

n
re
Ot
>
o o = 4>
o
"
e

- -
m |

LE)

HRH Bypass Valve ZEte| 912{0| 7 bara2tn 7}H& 22, 7 bara 2ojAo] Z3} 2EE& 165
oC YL L} 22{22Z, HRH Bypass Valve Temperature Controller@| Set Temperature= Of22| Y
F & 170 oC O] g2 |0fof 5tH, O] &, Condenser =7} 30 oC2f1l S}, Steam Turbine Trip
Al Thermocouple2 o 140 oCO| FZ3t 2& #2313 ZXISL0] K|Ofs|oF S, O|= HP Bypass
Valve EC} 3tE O otst mAQIL|CH

HRH Bypass Valvel| Temperature Control2 Ctha= Feed Back Control2 32 o] M=E, 22| o
2 E0| M-St Ch2at Z5LCE HRH Bypass Valve Inlet Steam ZZ2 25 bara, 567 oC

(Enthalpy 3612.4 ki/kg) 2 ZpHggtL|Ct.

- Steam TurbineO| Trip &|0] HRH Bypass ValveZ} 3|l Opening@ Z Forced Open &L
Ct. Opening Time2 <F 27 O|L{O|H, Forced Open E|7| MO Thermocouple & 2%
= 30 oC L|Ct.

- Forced OpenO| E|H 7 bara, 560 oC (EL 36124 kl/kg)e| F7|7t HIEL|HA
Thermocouple?| £ 2L 71 A&%tLICE.  Thermocouple®| Response TimeS 30Xzt
7t43stH, 30X 0|29 2+ 30 oC + (560 oC - 30 oC) x 0.632 = 365 oC O|H,
Controller Set Temperature®! 170 oCO| === A|7t2, 2% =7 Z40| LineardstH H
SHCHEH, (170 oC - 30 oC) * 30 & / (560 oC — 30 oC) / 0.632 = 12.5 = ¢IL|C}.

- Feed Back Control 91 A2, Forced Open O|F 125 Zx S92, 129 =7|7f HiZ=E
T 238tn, X 257} Set Temperature ELC} %0} Spray Water Control ValveZ} &&=
SR tLic

- 125 & 0|=Z0 Spray Water Control ValveZ} 238l & 2AIE A|&SHX|TH & 2AH0| 9
sf 2=7F MAE F7|7t Thermocoupled| EZotEHEtE, O[O FHFO{X[7| AlZfSt
Thermocouple?| HH 2=+ A& 4550 Downstream Systeml| MAH 2L E X1t
A E|11, Temp High-High Trip LogicO| Zt&3}0] HRH Bypass ValveZ} Trip Close &l L|C}t.
MA 227t 2% L E JHX|1D QO0{A HRH Bypass ValveZl Trip E|X| &1 AL H o
£ oot =, @ AlZE It 2=t MOEX] & X|AXf Controlo| & ZAYLICE

- HRH Bypass ValveZ} Trip Close &|™, Hot Reheat SystemQ| Safety Valve?} Pop-up &|1,
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Steam Generator Drum Level Low-Low Z& High-Highd| 2|3 Plant Shut-down 2 & 0|
ofF % ALck

0|23t O|F =&, Bypass Valvel| Temperature Control2 Feed Back Control& AFESIA| 2410, Feed
Forward Control@! Enthalpy Control& AF23%tL|C}.

HRH Bypass Valvel| 42 2% X007} HA Enthalpy Control2 AESIX| oM HOIZL Hol &

75310 CHE 29| AL Enthalpy Controlg AF23LX|3H HP Bypass ValveQ| A2 &% X}0|7} H]
WA EOtM F7F g2 Set TemperatureE M7HSHH H LA PIMo =2 K07t 7tsTtL|Ct.

SHX| 2t HP Bypass ValvekE ELC} QFYMQl 2k HO{E 2[8iM+£ Enthalpy Controlg XM&3dt= A
O] HIZtRISHLICE HMatst 2z 2 Mo ZeJt glooz, 20| Feed Back Control2 A% 0]

77h fla Lt

Enthalpy Control2 AF23IC2tE Downstream TemperatureE Mats| Hojg 4= Qe d A
SUCL 3 22, Enthalpy Controlof 2|8 HO{E 72| Response Time A7t &S0Qto| Hi
27t Target 2Lt AX|GIX| A= AL, Enthalpy Set 7f2 =74l Target TemperatureE Sz
= YyALICL

3.1.2 Enthalpy Control

Enthalpy Control2 Bypass Valve = 9| Heat Balance A 4t2 dliA{, Spray Water S2F2 A AtsH
CtS, AlAH=El Spray Water £2F0| 2ALE| =& Spray Water S22 X O{sl= AQALICL. ZF, Spray
Water Control Valve?} Bypass Valve ZCto| 2= & X O{5l= Z0| Ot 11, AN 2= Spray Water

FlowE A O{5ts A YLIC.

HP Bypass Valvel| 2, Enthalpy Control2 X|O{$ICIH, £7|7t HiEL|= Cold Reheat LineQ| A
A 227 2™ 2% OH S ofE 71X Ao, =&5tH 2&=7F MOE K| ote =X 7t
X @om, H=E0 Set Enthalpy?t SEot MEE=E 7HX|= Enthlapy O|01M Z5F7|0f 2lst
Erosion 2f4 J7t540| Qicoz, 2™ 2% B9l &7t 40| siEsl= EnthalpyE Set Enthalpy
2 A4 X7t st

S} X|2t HRH Bypass Valve Set Enthalpy®| AL, A7 2L 7t Y2 Condenser 58! Steam Turbine
ExhaustO| ¥&g FX| L= HIXN 2 Enthalpy2 MHS|0F = SA|0f, Hj2HO|Lt Dump
Tube =2 Condenser Tubel| £&7|0| 2|3t Erosiong S ESIX| QLOLOF 322, EE L2 SHOLA
= ohglLc
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

O|= HEI(Heat Exchange Institute)Ofj A 225t “Standards for Steam Surface Condensers”, Ninth
Edition, December, 20022| Addendum 1 Of Oz} Z0| 7|&dtn USL|LCH

(Oreh Al%)
5.5 Turbine Bypass Guidelines

5.5.2 Steam Conditioning

5.5.2.1 Steam inlet design values are not to exceed 1225 Btu/lb (2849 kJ/kg) and 250 psia (17.2
bara) to ensure the discharge is a vapor, and not a moisture laden mixture capable of creating
impingement problems on internal components.  External desuperheating devices that reduce
enthalpy to 1225 Btu/lb must be located sufficiently upstream of the condenser to ensure
adequate mixing of the attemperation fluid, such that when the steam reaches the condenser,
superheated conditions are maintained.  Superheat within the dispersion device should be in the
25 - 75 0F (13.9 - 41.7 oC) range.  Wet steam is not permitted.

5.5.2.2 Occasionally turbine manufacturers set specific guidelines for maximum temperature at the
interface of the turbine with the condenser.  Main expansion joint manufacturers may also have
temperature limits, which need to be taken into account. When such limitations are
encountered, a cooling water spray curtain may be required within the condenser transition area
to reduce local temperature excursions.  The water spray should reduce temperature below 200
oF (93.3 oC). System delivery rate, pressure, and connection size must be coordinated with the
condenser manufacturer.

(orzh )

Z, HRH Bypass ValveQ| Target Enthalpy = “1225 Btu/lb (2849 kl/kg)" 0|35} 0|0{OF gFL|LCt.
2|1, Dispersion Device(= Dump Tube) W& F7|9 WL =7} “25 - 75 oF (13.9 — 41.7 oC)" H#
2| o|ojof 5tH, 55 7| O|0fM= ¢F ECtd g5t AL

25 HEAS R 94% U SS7IMKE A&t 57| = BtX|2, 7tsotEH HED 8o o}
2t it S718 #Xlot= AO| BHrgt ALt

1) Spray Water 2k AAt

Ot et &2 Bypass Valve ™% 9| Heat Balance AHAMAIOZEE Spray Water &S Al AtgtL|CL.
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ES_StablelF97.EXEE O|23%t Reheat Steam Turbine Bypass System Sample A 7|

H1 — H2
=mpmgp @ Ead)
F: Qs= Spray Water Flow
Ql = Bypass Valve Inlet Steam Flow
H1 = Bypass Valve Inlet Steam Enthalpy
H2 = Bypass Valve Outlet Steam Enthalpy
Hs = Spray Water Enthalpy

2) Bypass Valve 2|7 Q2

A MEHSE Steam Turbine Trip A| Forced Opening AH4tE £|$t Bypass Valve @Y7 {22,
Bypass Valve 7 HfZto| MAX|=l QA ZEE 40 =0|7L}, Steam Turbine First Stage Shell
PressureE2 S E A AKX 2t Bypass Valve 27 Al & S 20| Bypass Valve S2kut Shaf ZEX| @

7] 29 5 {2F2 Bypass Valve2| Enthalpy Control 2oz A% 4= Q& LCH

Bypass Valve 27 A|Q| K&k, Bypass ValveQ| Stroke(%)Z2EE A AtSIHLE. OfL|H, Dump Tube

7b MX|E AL0|=, Dump Tube 7 Aoz HE| A AbghL|CH,

Bypass Valve 3! Dump TubeE *Z(Nozzle)Z H11 S| StH, Bypass Valvel| Enthalpy Control0j|

ALESE7|0f B2 E=HEE 7HX= RS At = ASH O

Bypass Valves, = (Throat) HAO| 7t (Variable)?l =ZZ 3l|A5tH, Stroke(%)ZEE Bypass

Valve(F L&) 8 HAEZ A4stn, 7 &3 8l 25 O2(0 &7 YHE =Y Bypass Valve
AbSH= Z{ QL

=)
o g+ wEE At |Ct.

Dump Tubes, =& 5 HZAEO H(Fixed)=l =E2Z 8j|A5tH, Dump Tube Opening Area(= =&
£ MWA)Qt Dump Tube 7 & E 7tX|12 Dump Tube Y7 §2F & Bypass Valve &1 S S
74| tot= A QL(Ct.

Dump TubeZ #|itSt= E%, Dump Tube 27+ 2kt =7 LS ALOIM ALESHA| @= O
7=, Dump Tube 27 2E& 2T J0 79 Ysitt= 71FE0IH, &7 Y=2 Dump Tubedt
A

2 S0 7ol tF2 Y HE= 2TECHE 730N AR e AU L

SHX|Zh Dump Tube 27+ 2= =7 YHE HY & U222, Dump TubeE AES] FES Al
ots A2 R0 mat YHotA| @ 4 ASHL

Dump TubeE A3 RS Aot B9 = ofbf Z2FHQ HHHO| UASLICH Steam

Turbine Trip A| Forced Opening® [, Dump Tubed]| &7|7t Z=2tS| A Pressure Build-upO| & [j
7R Ol HEo| AlZto] H2|H, 1 AlZH SO, MHZL Bypass ValveZ E8f 12L 7|7} &
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21 JS0= =750, ROl IEX| @2 ALZR, F2 HH =& A2 Ao &0,
= C |
— —

Spray Water Z A7t O|2O{X|X| Lt EFSHAH AL

Jd2{2 2, Dump Tube?t MX|k|= Bypass Valvel2| AR0|E, Enthalpy Controlg 23t S,
Dump Tubeo| Q3 &S =8| AHAtS7| EChHe, Bypass ValveQ| Stroke(%)2EE A AtSt= A
o| H|.EI-II'<‘5I-|_||:|-.

()
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