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* Introduction

* Philosophy of Thermoflow

* Replicating an existing coal plant, SHCE

* Off-Line OD Simulation, STM / TP&E

* On-Line OD Simulatiolink U-Link

* Data Reconciliation (DRS) and System Optimization (TOPS)
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'd" Thermoflow

Thermoflow Training and Support

Standard Training

Onssite TrainingCourse

' 4 SNgBtings /AdvancedNorkshops

Webinarswhennew versionisreleased

Help, Tutorials PPT, Videos

Technicabupport

A FeatureAwareness/Nebinars
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Thermoflow
FeatureAwarenessaNebinars

1- Assembliesn TFX, June 2016

N
h

Scripts in Thermofloyprograms GTRGTMTFX

Multi PointDesignn GTPGTM

ReciprocatingEnginesn TFX

TIME in GTM

MatchingSTPerfromancein STP

Modeling SolarSystemsn TFX
CombiningTHERMOFLEXAfplicatiorSpecificPrograms

P P N ¢ b

Methods & Methodology in GT PRO & STEAM PRO
10 Supplementary Firing & Control Loops in GT PRO & GT MASTER
11- The Wind Turbine Feature in Thermoflex

12- ModellingD ¢ @ &hermoflow programag

‘ 13- Thermoflexfor online and off line performancemonitoring

14- Tflow27,6 K I fe® &

15 ModellingD ¢ @ &hermoflow programag
16- Multi PointDesignin GTPRGTM

17- TotalPlantCostin TFX

18 SteamTurbineTunning

19 UserDefinedComponentsn TFX

20- CoolingSystemOptimization

XXXXXXXXXX®P

‘ 28 ODSimulationof a CoalPlant
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'd" Thermoflow

Simulationof an existingPlant Philosophyof Thermoflow

ClearDefinition A Whatwe want

A Whatwe canachieve
PlantEngineersnvolvement@ the Developmentand Operation
Plantoperatingregimeé& environment(regulation pricess X U
Plantspecificconcerns
Availability¢ Reliabilitycomesfirst!!!
Payback?

mmm) RealisticExpectations
m==) Uniquesolutionfor eachplant
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'd" Thermoflow

Monitoring an existingPlant Options

1. Dataacquisitionsystem+ simple datarocessingd Trends

2. a + useof correctioncurves
3. Q + Thermodynamidvodel
4. a + DetailedEngineerednodel A Thermoflow

©Thermoflow Inc. 20183 Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTANSLEN GUO

Aixajdwo)



'd" Thermoflow

Simulationof an existingPlant Structure

Plantinstruments

Externallnputs
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DataAcquistion
System

l

Data Processing
System

]

CalculatiorEngine

1 1]

INTERFACE
- Trends

- Graphics

- Reports

- X




'&1 Thermoflow

Simulationof an existingPlant Focus?

Plantinstruments | mmmmmmm) | DataAcquistion | pm)

System
1 INTERFACE
Data Processing ' - Trends
System - Graphics
- Reports
] X

Externalinputs — CalculatiorEngine —
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'&1 Thermoflow

Simulationof an existingPlant Focus?

Plantinstruments | mmmmmmm) | DataAcquistion | pm)
System
1 INTERFACE
Data Processing ' - Trends
System - Graphics
- Reports
| X
Externallnputs _ THERMOFLOW _
Model
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'd" Thermoflow

Simulationof an existingCoalPlant Limitations

- Instrumentationavailable& accuracy

- Flowratesmeasurementcoal air, gasywater-steamflows, C\Wflow
- Real Time Coalkoperties

- STexpansioonthe wet region steamproperties

- Unburntcarbonin ashmeasurement

- UncountedBoilerlosseqManufacturerMargin)

- Others PA/SAdistribution

Fly Bottom Ashdistribution
X
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'd" Thermoflow

Simulationof an existingPlantin Thermoflow:Steps

1. Replicatinghe Original HBA SteamPro-PEACE

2. a ! bailte modelin STM / TRRCE

3. Hardware in STM / THXCE

4. Controlsin STM / TRRCE

5. Degradationin STM / TRX / 9CYrreit{ G I (| de2ledn{ @ & ( dza €
6. ODSimulationOff Line

7. ODSimulationOnLine, Performanc#&lonitoring
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'd" Thermoflow

Simulationof an existingPlantin Thermoflow:Steps

Example

1. Designin 1999 A oOriginalHeat. | f I Yy OS €

2. StartUp in May 2002 A alBuiltte | . firskyNS I RIFEGIF €
3. LastOverhaulin Sep2016 A ¢CurrentClean{ § I ( dza £

4. Now, May 2018 A OCurrent{ G I O dza €
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Thermoflow

Replicatingan existingplant STP, Original HEteamCycle
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'd" Thermoflow

Replicatingan existingplant STP, Original HEteamCycle

- PlantCriteria& SiteConditions
- Cycletype: Subcritical SingleReheatCondensing
- PlantSize HPT Flow, Gro$®wer NetPower
- SteamCycleconditions Pressures® Temperatures
- SteamTurbine,Casingconfiguration groupefficienciesleakagesystem exhaustend-EL Josses
- FWH:number type & connections
- Thermalparameters TTD, DCA, DP
- Paralleltrains
- hardwaredefinitions
- CoolingSystemtype, CondensePressure CW DTother parameters hardwaredefinitions
- Pipepressuredrops
- BoilerFeedPump electricmotor or steamturbine
- Pumpstype, marginscurve,numberoperating& standby
- AuxiliaryStreams aire preheater jet ejector, auxiliarysteam steamto sootblowers blowdown,
desuperheating
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Thermoflow  Replicatingan existingplant STP, Original HB, ST

Steam Tutbine Type ' Other

: - B d IGIW d Generstor Frequency & SOHz " 60Hz

Subcrtical cycle =] Esces posat (50 Jwws ol e dive ALl = 166,5 p 40p 10,35 p
ST Pressures b 5T & FWH Dssign Crteria for Automatic Design Oy g:g;’h gég;"h ggfg
© Automatic  Design for lower cost 1522,9 M 1250,2 M 1250,2 M 11405 M
& Userdefined @ Design for highes effciency
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Thermoflow Replicatingan existingplant STP, Original HB, FMEaters

Feedwater Heater Train Conligurshion HFT Paths IPT Paths LPT Paths
User defined ] Mumbes of fechuster hesisss [8 <] | Mo of paths [1 Wooipahe [T ]| [aomic =
= Distinct pathe. [T
Boler feed pump aiter FWH 5 @ @ @ ) ©) ®) o]
79,62 p a3.71p 22.89p 1035 p 527p 2221p 0822p 02dp
EIATh a3t 3a69T 56T 381 26547 1738 ¢ 84221 64027
R 32020 3077h 33650 31530 299331 26165h 264830 2a72,1h
Feedwaler hester hpe Primasy steam sousce I~ Inchde secord sheam soutce: [Pt =] | tusbiod resmse 1418 M 1039 M 738 M 58,65 M 59,25 M 5535 M 5448 M 5150
[Flash back hestes with dan cocles (0] =] [THPT — Fag2iber = dhctaled by FWH ext To Boiler
245 b | o s FWH 134D
F Drain destination e 14787 M
W Desuperhesting section FwH 7 =
1879M
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16011
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45.69M
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Cick on any feeduwater heaer to define it iype. steam source, and drain destinalion

FWH SstemT-QDiagram
60
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s 078Q
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€ Userdefined -Valve DP computed 3 Teminal tempershue difereree [z Jc 7. Healing sieam pipe enihalpy diop 2326 Jlng
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Thermoflow Replicatingan existingplant STP, Original HE oolingSyst

Cooling System Main ] Display T-0 Diagram ] Condenser
| Automatic -

Condenser pressure

Condenser Design Method

Condenser pressure
Condenser saturation temperature = 32,25 C

Hot CW approach to
hatwell temperature
=30%1C

HotCwW T=2916C

] Matual Draft Cooling Tower ]

Condenser Misc
Assumplions

 Specily wet bub DT
 Specity L/G ratio
RH @ wet CT exit

CT height to which CVW is pumped

Hotwell subcooling

L e

ead to condensate outlet
m

Cooling water temperature rise

ColdCW T =1749C

Cooling tower inlet air

Same as ambient v

Ambient dry bulb 15 C
Ambient wet bulb 10,82 C

Ambient relative humidity 60 %

Retum water approach to wet bulb
T=325C

to FWH

Masitmum salinity 50000 |ppm
Cycles of concentiation [15 |
Cooling Waler
© Fieshwaler Seawaler

Cooling System Main Inputs T Display T-0 Diagram T

Condenser Misc.

Condenser Assumptions

T Natural Draft Cooling Tower T

1

Hardware Design Method

 Automatic & [lserdefinec

Tube Material Titarium -
Tube Type Seam welded -
" Apply fouling factor 0,0002

+ Apply cleanliness factor 0 %
Tube outer diameter 5 mm
Tube thickness
Tube pitch/outside diameter
Tube metal conductivity
Tube water velocity
Number of condenser passes
[0 Jwmac
Cw/ pressure drop correction factor E
Tube bundle h.t.c. / Single tube h.t.c. @

Condenser extemnal h.t.c. (0=auta)

+ Mechanical vacuum pump " Esternal mech. vacuum pump

(" Steam jet air ejector

Aspect ratio of uniformly-spaced tube bundle [HeightAwidth) |1
Condenser cross section / Uniformly-spaced tube bundle cross section

Hotwell condensate storage requirement

Mole percent (y) of non-condensible gases
C in ht.c. comection factor [H=1/(1+Cy)) 051

Condenser Heat Transfer Calculation
+ Hardware model

" HEI method

There are 2 condensers with CW in parallel

STexh 527.4 M

Cooling System Summary | Psychrometric Chat | WCC1 | WCC2 | Matural Draft CT
Condenser heat rejection 358776 Klis

Condensate pump power %079 kW

Condenser CW pump power 3616 kW

Cooling tower heat rejection 562160 klis

CW blowdown 13109 th

CW makeup 19327 th

0.048p
2257

Misc. 217.4 M

Haot CW to CT
44082M 292T

et
44082 M

Makeup Blowdown
1932TM 5T 1310.9M
Il.laken.p
1477TM 83,31 h
o <
p[bar] TIC] hkJkg] M[Vh] x[]
T : Prychrometric Chart -
nBC nasc i
316¢ :16¢

n82¢,

Murmty Ratio (hg moturs per kg ary an)
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'd" Thermoflow

- Fueltype, fuelpreparation

Replicatingan existingplant STP: Boiledesign

- BoilerThermal configuration circulation excessir, minor lossesblowdown
- AirHandling PASA, Air Prneating DP, fans

- Desuperheating

- Boillersizing Furnaceexit T, SH load, RH load, Eco load

- Furnaceparameters unburnt carbonin ash

- Stack

- ConvectiveHX DP and hardwagefinition
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Thermoflow

Replicatingan existingplant STP: Boiledesign

Ash components

S/N Name Unit | Design Coal
1 | silicon dioxide (SiO:) % 52.96
2 | Alumina (ALO; 0) % 1972

Ferric oxide (FeOs ) % 5.88
4 | Titanium dhioxide (TiO; ) % 0.64
5 | Mangano-manganic oxide (MnzO4 ) Y% 0.11
6 | Calenum oxide (CaOQ) % 6.54
7 | Magnesia (MgO ) % 3
8 | Sodum oxide (Na;O) Y% 331
9 Kali (K,0) 033
10 Phosphorus pentoxide (P1Os ) 0.25
11 Sulfir trioxide (SO; ) 6.12

©Thermoflow Inc. 20183 Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTANSLEN GUO

. MTBU Barat
No. Parameter Base - -
Min Max Average
Total Moisture (TM) % AR 21.70 33.90 28.61
2 | Proximate Analysis % AR
- Innerent Moisture 930 21.20 16.04
- Volatile Matter 30.22 56.33 33.45
- Fixed Carbon 2919 36.50 3235
Design
S/N Name Unit
Coal Type

1 | Basic carbon collected [Car] 48.05

2 | Basic hydrogen collected [Har] 3.51

3 | Basic oxygen collected [Oar] 12.94

4 | Basic nitrogen collected [Nar] 0.63

5 | Basic sulfir collected [Sar] 0.67

6 | Basic ash collected [Aar] 5.59

7 | Whole water content [Mar] 28.61

8 | Inherent Moisture [Mad] 16.04

9 | Basic volatile collectad [Var] 3345

10 [Received basis gross ealorific [Qgr.ar] kCalke| 4632

11 |As received basis calonific value [Qnet.ar ] kCalke| 4271

12 [Hardgrove grindability coefficient [HGT | 54

Performance coal 100%B-MCR condition

DAl INeEw ol Desuperheating type of SH: Spray water

SH steam flow v Dgr t/h 440

SH steam temp. Tgr < 540 anary slage D1 t/h 14.76

SH steam outlet pressure Pgr |MPa.g| 13.8 Secondary stage D2 t/h 7.92 r

Feed water temp. Tgs 4 35 249 |

Inlet Temp. at Air Heater | Ta o 35 Spray water temp. T 168

Drum operation pressure Pgt [MPa.g| 1505 : A amper el

RH steam flow Dazr t/h 359 D&pe‘hm 'ypeuf ol mﬂm&

RH steam ouflet temp. Tzr © 326

RH steam outlet pressure Pzr |MPa.g| 2.59

RH steam inlet pressure Pk {MPa.g| 2.44

RH steam inlet temp. Tk G 540

@as. air and steam temperature profile
Item Sym. | unit |Furnace| Cyclone [Enclosure] LTS |PlatenSH| HTS | ColdRH (Platen RH| Eco. [Air Heater
Fluegas inlet temp. T | € / 883 882 669 / 829 857 ! 532 305
Fluegas outlet temp. | Taw | C / 883 / 531 / 669 534 / 305 149
Media inlet temp. Ty (04 343 / 341 351 360 483 326 433 249 35
Media outlet femp. bt T 343 / 352 373 500 540 435 540 322 263
18




Thermoflow  Replicatingan existingplant STP: Boiledesign

Main ] Air Handiing & Fuel Preparation ] Thermodynamic Assumptions ] Desuperheating ] Steam/vater Air Heater ] Fuel Heating ] Flue Gas Main T Fumace & Radiant Elements T Air Heaters/FG Cooler T Convective Elements T Stack Equipment Options
(Izniler Design Number of Uriits in Plart 1 Boiker Configuration Dependent parameter in fumnace design i~ Desired Fumnace Thermal Load Fractions
Automatic & Twopass ¢ Towerlype
Fraction of EV load in water wall
Evaporator Circulation Click on a heat exchanger to drag to a new Haclan RS sanss Fraction of SH load in fumace
Natuial Circulation - location. You may also directly edit heat EZ F of FH Ioad in f D
Sy exchanger loads where an input box is provided. it temp, faction paciniumace
o LY RN ~ SH/RH Steam Flow Sequence
Excess ai P Blowdown01 ] m 3 2 Superheaters 512, ASH=)C52=>C53 ~|
-E-z I Boiler blowdown destination CR2 cs2 R
trr E H i i eheaters CR1=>RR1=>CR2=>CR3 A
Mlmrhe;ums HER | Load Load Aperture height to width ratio |
Min. flue gas exit temp. Zone 0 Path 1 50 % |50 % Convective Heat Exchanger Design
R 8 > |3 User-defined, water/steam DP by user ;l
— RERRE . PR
I n
R 10 e Depth to width ratio——sm} € HX tube length equal to downpass depth
—] REREE 11 |cs1 LeadS0 % ] & HX bundls width squal to downpass widh
R 12 [cR1 Load0 %
R 13 ]
— ERREE 1 ]
R Pennsylvoria Upper Height to width ratio
. =
[ Include ID fan IR ’
I 16
. 17
' ' i B (.
a - ! ._ 19 ECO1 Load|100 %
N ? ;
Main ] Air Handling & Fuel Preparation ] ssumph ] Steam/Waler Ax Heater ] Fuel Healing ] Flue Gas Caoler l=—Dowmpass depth (L) to fumace depth (D }—=]
2 L":; Corligustion Mil Capacity Puivasizer Nameplste Condbions —— Fuel fneness is defined 32 % of passing < 0
@ Pubserizer mil - PA 5 54 heated separately Humber operating [¢ | HEl 200 mesh (74 microns)
EdtE |~ Puiverizer mil-PA % SA hested together Mumber starcky 1] _[ Main T Furnace & Radiant Elements T Air Heaters/FG Cooler T Convective Elements T Stack
" ::"'":”’”‘"‘"’_‘::F":‘ Capsciymagn [15_|x 1 ~Heat Transfer Parameter - Radiating Beam Length JFumnace
e - 5t i
. = F‘ALSAM: ] ’w aterwall surface emissivity & Evalusted by —_ eat transter non-uniformity corection factor [0
tetrpeing Edit Capaciy Correction Curves W Il surfe issi H f i ion . 085
implfied - ed sepa ]
¢ Sirulod - PA 4 54 hooted together = | Convective h.t.c. correction factor Mean beam length / “standard” vaiue Fuel chlorine converted to HCI [
Finenes
€ No s hesing : ‘Waterwall radiant flux conection factor Mean beam length Fuel delivery energy included in heat balance
Fhos G54 i oo Tope =N | Supetheater radiant flux correction factor e T o e Fuel mercuy leaving with flue gas B %
@ Rotay © Tibus | Reheater radiant flux correction factor Wall thermal conductivity @ 260C Flue gas S02 to 503 conversion rate b5 =
| 2nd reheater radiant flux corection factor Wall themal conductivity slope
sseceived fusl moisture evaporated
[ [ Particulate Matter Wall thickness
| Soot emissivity exponent correction factor W ater-side fouling factor
| Catbon to soot conversion rate Gas-side fouling factor
Ash emissivity exponert correction factor Fiimary Waterwall Frotection
Fumnace P = -0.6227milibar forwcthod ol mobtre = 215 e @ None PinstudSiCrefractory ¢ SiC tles
Flue gas Fly ash recirculation ratio Primary protection coverage
54 bumes dP* Primary coverage themal resistance
? 175 Bottom ash temperature reduction DC :
FD fan iseniropic eff Power consumgtion converted ko heat
4 Specific ash handling power mkwhllunne
(L. [recs ] Secondary Waterwal Frotection
FD fon mech /elec. o
% ,m:c _L _I_ Unbumt Carbon Secondary coverage by Inconel DZ
. % Unbumt Carbon as % of Carbon in Fuel Foroed O
econdaty ar outlet . [~ Forced Lirculation
- Unbumt carbon ith ash
Secondary air WH‘EEI n loss wiith as! ‘ Pump head
Prmay s ol |2E\l.l | s I Distribution of unburnt carbon in fly ash and bottom ash Fo s
€ Unburmt Carbon as % of Ash
Unburnt carbon in fly ash
i/ o Unburrit carbon in bottor ash
0 |x
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'd" Thermoflow

Replicatingan existingplant STPEnvironment

NOx SCFSENCR
Particles FabricFilte-ESP
Sulfur FGDwet/dry

Mercury:activatedcarboninjection
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'd" Thermoflow

Replicatingan existingplant STPAuxiliary Power

- Pumps

- Fans

- FuelDelivery AshHandling
- EmissiorControlequipment
- Transformer_osses

- OtherPEACE

- Miscellaneous
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'&1 Thermoflow

FromDesignto Off Design

STEAM PRO 27

©Thermoflow Inc. 20188 Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTANGLEN GUO

THERMOFLEX
27

STEAM
MASTER 27
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'd" Thermoflow

Whenin Off Designmode, STMor TFX

- Tunethe Hardware
- Setthe Controls

- IntroduceDegradation
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'd" Thermoflow

Tuningthe Designin STM / TFEXiIHardware

- Pipes

- FWHeaters

- Condenserf CoolingTower
- STinlet NozzleArea

- FurnaceDimensions

- BoilerConvectiveHX

- Air Heaters

- Stack
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Thermoflow

Tuningthe Designin STM / TEX: Hardware

HX total outside area

Fumace depth

Steel liner thickness

Feedwater System Cuntml] Feedwater Heater ] Feedwater Heater ] Feedwater Heater 1 Miscell
Connections Controls Hardware : :
. Condenser Misc. Multiple Condenser Ci . e ]
Select heater  Feadwater Heater Type: Drain cooler W |Da|hnn Steal LI Cooling Systern Main |nPU‘91 Condenser Assumptions it ISteam Jet Air Ejector k
mﬂ ; 1. Total number of tubes 2460 Other Inputs Performance Method ] ROCE ] e ] LT ] Cooling Ecqipmen ] Auadiny Boler
mﬂ 3 2. Length of tube per pass 1224 |m [ Pipe pi drop & enthalpy loss calculati
& I er ez 1905 o ‘ — ; " Use STEAM MASTER model & {5 PEALE mods
mﬂ ; 4. Tube wall thickness 2108 |mm Tube Material I Titanium = ‘ 0 n d e n Se ra-mbla Flemoval L
5. Tube pilch / tube outer diameles 1,45 Tube Type Seam welded R peniclechn o e Main ) Fittings ) Others P 5 Fipe: BLA to HPT
SUTEEELEE FW H :2 | @ B T 2 Pressure Drop Calculation Pipe Characteristics I p e S
7. Total heat transfer area 18018 |m"2 " Apply fouling factar & Use hardware-determined pressure drop Material | P-22 hd|
8. Desuperheater area / total heat transfer area 8675 |z v Apply cleanliness factar Aspect ratio of uniformly spaced tube bundle (Hel | ~ |1, esistance coefficient Number of pipe runs 7
N 2 P LY |z Tub diamet Condenser cioss section / Uniformly-spaced tube | Resistance coefficient  [2826  |m™4 e i 1463 |m
10. Drain cooler area / total heat transfer area 258 |z e outer diameter
11. Drein cookr hoat Uerssfer s 7 e Tube thick " Use defined performance Number of legs in pipe run 1
- = fhickness Hotwell condensate storage requirement (Noming | Pressure diop s percent of exl pressure OP/P) 3 |% || Equivalent length of pipe run ZE0 |
12. Desuperheater crossflow multiplier 0.33 . . . Elevalion at start of pi 0
Tube pitch/outside diameter . ) ) " Heat Lass Calculation levation at start of pipe run m
13. Desuperheater baffle spacing 06184 |m Diameter of Ciw pipe connections - " EErel e lelore 0 m
14. Desuperheater crossflow area 01431 |m"2 Tube lergth * Specity enthalpy loss . .
Mumber of additional velocity head losses 0
15. Drain cooler crossflow multiplier 05 Number of tubes Enthalpy loss ki‘kg Vo 0 "
16. Drain cooler baffle spacing 0.9276 |m - " Hardware characteristics & installation method PR .
T ke Mole percent (y] of non-condensible gases Cross Section Properties
7. Drain coole crossflon area s e Condenser suface area Insulation thickness '““ * Use standard pipe sizes @ Use custom pipe
18. Desupetheating zone overall ht.c. CF 1 Mumber of condenser passes Cinh.tec. comection factor (H=1/(1+Cy]) Insulation thermal conductivity 00513 wiimC Schedule 0 .
19. Drain cooling zone overal ht.c. CF 1 Effective soil resistance [D=auts] [0 2O ) i
20. Condensing zone overal h.t.c. CF 1 Tube metal conductivity | Nmm 52 -
- = . Boiler Fumace Bailer Operating Installation ; ; i 3 i
o Boiler Main Input: Desuperheat
DT oanpns | SUEETEE | uspetesivg | Peloedie | Comerent ] ciwssivess | e o flaminet fimhte, [11_ 2 | Hadmare I B e Bﬁﬁ“Pﬁﬂ?PM?mlﬁmm]mﬂﬂ Smy]MM
o !
2. Tut o Oither Inputs 1 [Cs2 IR o factor E Podartucpast B~ O sleepers i
23 Hed Fintube type Tube arangement  Fin meteil Tube materia User defined materials = Specification ] ISlack
e e | R — | s | o] ) | W e 6B i .
T Zone
Tube length Tube outer diameter D
Transverse width _
# o tube rows (longitudinal) el £ Stack Size:
1 of tubes per row [transverse) [
# of rows per water side flow pass -
Longitudinal row pitch, PI Fin spacing Stack height (H]
Transverse tube pitch, Pt o
D Steglliner diameter D)
Fin height -

——
~ 0000000

-
0000000 * wm: =

O

Co nvective\lh—rlu)'{

Segment width mm
L]

Un-cut heightsfin height 12|

#of segments

Furnace

0 ECO1 Fumace height

Fuinace width

Stack breaching height (Hb)

Concrete shel outside diameter (Ds) m
Concrete shel average thickness n'm

Stack




Thermoflow

Tuningthe Designin STM / TFX: Hardware

SteamPro

SteamMaster

i Main Inputs T Hardware T Other Inputs ]

Tube material

| [T91, 14

cs2

Fin-tube type Tube arangement Fin material

ﬂ Ilnline LI |I“=1'| 7

Use different material

Bare - no fins for fins and tubes

User-defined materials

~lr
[

Longitudinal row pitch, PI

Transverse tube pitch, Pt
Tube wall thickness

|Dr:'\ru§ tube length/Hx width

Tube length/HX width

Tube length Fin thickness
Fin spacing
Pl =76.2 mm # of fins
o
Fin height

o]0

Pt =3091 mm

For illustration only.

QO * <=

Gas

Actual number of tubes
and number of rows

to be calculated Segment width

# of segments

00

1] 200 mm 0 40 mm
e ——

Tube outer diameter

Urn-cut height/fin heig

555 Jom
6,045  |mm

5
IM”

mm

1831

per meter

mm

LI |\hline

| Bare - no fins

| [TP 403, 57

B REED

=)

r Use different material
for fins and tubes

; Boiler Furnace " Boiler Dperating Component Steam Aif Heate el Heating
Boiler Main Inputs ] Hardware ] Desuperheating ] Parameters Hardware Steam Air Heater Fuel Heating
m— Main Inputs ] Hardware 1 Other Inputs ] |cs2 ~|
Fin-tube type: Tube armangement Fin material Tube material User-defined materials

Tube length

Transverse width

# of tube rows (longitudinal]

# of tubes per row [transverse]

# of rows per water side flow pass
Longitudinal row pitch, PI
Transverse tube pitch, Pt

—>

gaojojololololo

- 0000000

36 tube rows
Pl = 76.2 mm

101 m
1512 |m
36
4  —
6
76.2 mm
3149 |mm
Pt =314.9 mm

<afditmine s per 0w

Gas

0 200 mimj
[ S —

0

40 i

Tube outer diameter

045

Tube wall thickness

Fin thickness

# of fins
Fin height

Hi total outside area

View derived quantities

egment width
# of segments

In-cut height/fin height

mm

mm

mm

per meter

mm

©Thermoflow Inc. 20183 Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTANSLEN GUO

26




'd" Thermoflow

Tuningthe Designin STM / TFEXControls

Plant
- ST

Boliler
- FWH

Condenser
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Thermoflow

Tuningthe Designin STM / TFXControls

%‘ STEAM MASTER 27.0 - CA\Users\imart\Documents\Thermoflow 27\FAW\FAW28_0D Coal\Ex_500_3c.5TM

- X
File View Options Window MNew Session Help
Main Plant Steam Feedwater : Envion | Nuclear | Cooling Re-design in
Inputs Criteria Turbine Process System Boiler ment E System Pumps ST PRO COMPUTE
Mode

Ambient temperature 15 C . ol
Ambient pressure e Plant Control Mode Boier Mode! -
Ambient humidity 50 % [HPT steam flow LI |Fued hardware j
Ambient wet bulb 1082 |C Fuel heat input %

Air and fuel flows
Site Cw temperature 15 C fl
Makeup b t 15 C ST generator power P I t ‘ t |

akeup temperature Plant net output an O n ro S

ST & condenser (TFX link)
Steam turbine only (TFX link]
% Cycle w/o boler [TFX ink]

Design point excess air

A \F ‘/
HPT ————— IPT — 4x1 LPTs
\

HPT inlet flow
15216 |th
Design HPT flow

vh

" Boiler controlled by excess air
Set through design point excess

HRHX
air and excess air curve > 80 | 70 - 6D 5C — 4D - 0 20 — 10
¢ Boiler controlled by Eco exit 02-%
Desired 02-%|3,35 %

I~ diy-basis
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Thermoflow

Tuningthe Designin STM / TFXControls

Boiler Controls

Boiler Model

|Fi:-:ed hardware v

Fized hardware
Grey box

" Boiler controlled by excess air
Set through design point excess
air and excess air curve

{« Boiler controlled by Eco exit 02-%

Desired 02-%|3,35 %

[ diy-basis

Boile Main Inputs ] Boilet Fumace Hardware ] Desuperheating ] Boiler Operating Parameters ] Component Hardware ] Steam Air Heater 1 Fuel He
‘W ater/Steam Circuit Desuperheating ‘W ater Source Desuperheating Flow
@ Supesheater Supetheater Boiler feed pump 2 Superheater desupetheating flow as % of HP flow 3 |%

- e Ea— Boiet foed pume = Reheater desupsihesting flow 55 % of HPlow [0 |%
(o LP reheater Boier feed pump LP reheater desupetheating flow as % of HP flow l:lf'»

Desuperheating Model

(& Control steam setpoirt " Specify d heating flow

15
Min. supelbesat after desuperheating E

AP etz

B o jo Desuperheat Desuperheat Desuperheat

before RSH before CS2 r before CS3

Distribution of %

desuperheating flow

Superheater Inlet

5 coniro
999000  On - pressurizs to.control et subcoaling
" On - recculdte o contral exil subcoolng
Waler Reciculation to Conirol

@ No water receculation

" Gas ex temperatiae

© Metal tenperatise

« « " Water inlet lemperature.

© Water et tempaisture

 Gas approach to dew pont

 Gas approach to sulfur dew point
 Inlet waer approach 1o dew point
st water appeoach to subur dew point
Wales Bypass to Control

& No water bypass

 Gas ext temperatiae
 Metaltemperstue

000000 PR —

" Gas appioach to dew port

 Gas approach to sulfur dew point

L i Gas Bypass to Contol
Economiser oL

" Gas et temperatue
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Thermoflow

Tuningthe Designin STM / TFXControls

[Ee. STEAM PRO 27.0 - C:\Users\imart\Documents\Thermoflow 27\FAW\FAW28_0D Coal\Ex_500_3.5TP
File View Options Window Help

New Session

Plant Criteria

X

Muoisture Separation T Equipment Options

Group Design T Design Assumptions T

Steam Turbine Group (1) Inlet Control - Port #0

Generator T Exhaust End Design T ST Leaks T

Group Parameters

Steam Seal System T

Cooling System
Steam Cycle
ST - FwH
ST Inputs
FWH Inputs
Process
Pumps
Boiler Thermal
Boiler Sizing
Environment

Nuclea

Desalination
Other PEACE
Ec ics
Compute

Text Output

Output

PEACE Output

Multiple Designs
[MACRO)

Run from Excel
[ELINK)
Dff-Design £
ST MASTER]

Fully-Flexible De:
[THERMOFL

‘u lival

with Mean of Valve Loops model (MVL) LI
?E::D?F g?ﬁﬁﬁhﬂzg sﬁjil;'a] Correction factor for automatic dry step efficiency D
Mozzle control (YAN or inifinite number of valves|

Multi-valve with Locus of Valve Points model [LV]

Multi-valve with Mean of Yalve Loops model (MYL)

| 1. Automatic efficiency estimate L]

STControls

HPT IPT1 LPT

Click on a steam turbine group to edit its properties or change its inlet pressure control valve settings
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Thermoflow

Tuningthe Designin STM / TFXControls

FWHControls

Control mode
| Fixed hardware v

Fized hardware
Approximate TTD method

~ HP Feedwater Bypass Control
Bypass flow rate

Bypass beqgins at inlet of heater

Bypass merges with exit of heater

FWH 6 - Drain cooler

Mawimum set point heating pressure

Local feedwater bypass

Drain leak mass flow

Il

27 b

%

t/h

Drain destination |FWH 5

Drain leak destination | Ambient

LP Feedwater Bypass Control
% Bypass flow rate

Bypass begins at inlet of heater

Bypass merges with exit of heater

L L
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Thermoflow

Cooling System Main Inputs ] Condenser 1 Mechanical Draft Cooling Tower ] Condenser Misc. Assumplions ] Multiple Candenser Cw Ciicuits ]

Cooling System Optimisation Cooling ‘W ater Flow

off L‘ & Userdefined O Computedfr_om pUmp capacity
and flow resistance

Condenser Pressure Limited by
No. of operating
CT cells

CT Coaling Water Distribution
Al cells

(" Coolart flow & " Operating cells

bar Number of existing cels

1- speed| 17
Nurmber of operating cells

Full speed|17

Minimum condenser pressure |0,

Maximum condenser pressure|0.2686 | bar

Fan power CF =\I|

Sizing air flow per cell = B09,9 m"3/%
Full speed cell air low/sizing %

Half speed cell air flow/sizing %
Zero speed cell ar low/sizing %

Nominal C' flow per condenser: 45093 thh

Desied CW flow as % of nominal

Cooling tower inlet air

|Sarne as ambient j
Ambient dry bulb 15 C

Ambient wet bulb 10,82 C

Ambient RH 60 %

Water head to condensate outlet

348 Im

Hotwell subcooling

-

Cycles of concentration

P

LT minimum basin temperature |7.222 |C

(v Seawater

i " Fresh wat
I Coaling tower is shut down T&3h water

to FWH
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2- speed ’U—

Hatfo |

Steam Jet A Ejector

Tuningthe Designin STM / TFXControls

CoolingSystemControls

=

Pipes

]

Tanks ] Cooling Equipment 1 Ausiliary Boler ] Electrical

Main Inputs

Other Inputs 1 Condenser C

. Pump.

Head (m)
4

Min continuous flow

5 |%
o

Nameplate isentropic efficiency

e

Type & Sizing

Pumptpe [vertical turbine ~
3 Number of pumps per pumping station 5
S 3

Efficiency (%)
4

Nominal pump capacity, %

Nurnber of runring pumps in station
44006 |t/h

Nameplate mechanical loss per pump 34.31 |k

Design flow per pump station

Nameplate shaft speed 500 |RPM
Control valve pressure diop 0 bar
sk Nameplate head
h 2173 |m Operating speed [oo|reM
{2 =
Motor
Nameplate shaft power 11927 |kw
2F M continuous f Nameplate motor effciency [958 |%
140 % Series
© Standad @ EPAct (" Premium
Mameplate flow
16298 |vh
. L
0 10000 20000
Flow (t/h)
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'd" Thermoflow

Tuningthe Designin STM / TFXDegradation

- ST EfficiencyDegradation

- FWH: BlockedTubes Fouling Leaks
- Condenser  Cleanlinesgactor, Aiintake
- Boller: HXFouling

- Others
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'd" Thermoflow

ODSimulationOff Line

- TypicalCorrectioncurves ElinK
- Othercorrectioncurves $teamout, steamto sootblowing desuperheating X 0
- Effectof Operationalternatives
- Bypass FWH
- CWPumpg CTACC:ellson
- Excesqir-UnburntCarbonin Ash
- SteamAir preheating
- Effectof Degradation
- FWHDblockedtubes
- AHleakagée Dirtyness
- Boilerfouling

- Condensefouling
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Thermoflow QD SimulationOff Line STMCorrectionCurves

41,0
PartLoad Curves o
40,0
= o 2 - TFELINKx1 - Excel
Archivo Inicio Insertar Dibujar Disefic de pagina Férmulas Datos Revisar
Grafico 1 M Je
B 9 D E F G H |
1 ki Base Case Case 1 Case 2 Case 3 Case 4 Case 5
' ELINK 27.0 (Save-A&
3 Copyright (c) 1999 - 2017
£ Base Case:
5 mAl learctimatiNnrnmantab Tharmnfle
~ ~ E
& Computation M N ] I M
7 INPUT VARIABLE DESCRIPTION Units Input Input Input Input Input Input
Plant control mode (choose first!l): 0=fuel heat
input percentage, 1=air+fuel flows, 2=HPT
steamflow, 3=5T generator power, 4=Plant net
& power 0 3 3 3 3 3
9 Desired HPT inlet steam flow rate t/h 1522,0 15222 1279,3 1035,6 809,0 5836
10 | Desired ST generator power Mwe 4999 500,0 425,0 350,0 275,0 200,0
11 | Ambient temperature C 15,0 15,0 15,0 15,0 15,0 15,0
12 | Ambient relative humidity * 60,0 60,0 60,0 60,0 60,0 60,0
13
14 OUTPUT VARIABLE DESCRIPTION Units Dutput Output Output Output Qutput Qutput
15 |Plant gross output kw 499.930 500.000 425.000 350.000 275.000 200.000
16 |Plant net output kw 464.090 464 156 393 496 321409 249143 176769
17 |Plant net elec eff (HHV) * 35,42 35,43 39,38 38,64 37,34 35,1
18 |Plant net elec eff (LHV) % 40,77 40,77 40,73 39,96 38,61 36,3
19
20
o
92,6
92,4
92,2
92,0
100

150,0

150

200,0

'

200

Plant net elec eff (LHV)

250,0 3000 3500

Boiler efficiency (LHV)

250 300 350

400,0

r
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450,0

450

500,0

'

Steam cycle efficiency
48,0
17,5
47,0
16,5
46,0
45,5
45,0
44,5

44,0
100 150 200 250 300 350 400 450 500

Auxiliary Power (% / Gross Power)

12,0%
11,0%
10,0%
9,0%
8,0%
7,0%

6,0%

100 150 200 250 350 450 500

35



Thermoflow QD SimulationOff Line, STM

Steamto Sootblowersvs HXcleanin =

3

Case 1 to 55teammf to 3

Sootblowers 0 to 10 t/h "

Cases 6 & Effectof cleaningSH2, :
HTCadjustmentfactor 0,75 0,95 E

©Thermoflow Inc. 20183 Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTANSLEN GUO

E F G H | J k
E LI N K 2’1H| Base Casq Cazel Casze Casze 3 Cazed Case5 Casz=6 Case T
Careerictht (e 199
Computation Meszage - Hessage; Message; Messages‘ Mesgages‘ Megsages‘ Messages‘ Messages‘ Messages‘
INPUT YARIABLE DESCRIPTION Units Input Imput Impt Impt Imput Imput Inpuit Imput
Plant control made [chooze first!): O=fuel
heatinput percentage, 1= airt+fuel flow s,
2=HPT steamflow, 3=5T generator power,
d=Plant net power 0 3.0 3.0 3.0 3.0 3.0 1] ]
Dezired HPT inlet steam flow rate tlh 1521.9 5222 15239 15257 E27 5 15232 15115 1513,
Desired ST generator power Miwl'e 438.3 5000 00,0 S00.0 5000 00,0 435.2 438, 7
Ambient temperature C 15.0 12.0 1=.0 12.0 120 12.0 12.0 120
Ambient relative humidity b 60.0 i E0.0 EO.0 EO.0 B0 EO.0 EO.0 EO0.0
Process steammass flow tth 5.0 I 0.0 2.5 2.0 =] nmo 15 (]
C52: Gaslair-side conwvective hit.c.
adjustment factor 1.0 1.0 1.0 10 1.0 1.0 0,75 035
OUTPUT VARIABLE DESCRIPTION Units Dutpue | Ourput Curput Curput Curput Cutpuat Cutput Clutpuit
Plant gross output ket 438 870( 500,000 | S00.000 | 500,000 | S00.000 [ S00.000 |f 435161 | 435,741
Plant net output k! 463034 | 464156 | 464126 | 464.034 | 464.063 | 464.031 || 462312 | 462903
Plant net elec =ff ([HHW) s 39.33 33.43 39,38 39,34 35,29 33.25 . 3927 39.32
Plant net elec off [LHW) s 40,68 | 4077 40,73 40,55 40,5635 40.53 1\ 40.61 40,567
N—
Steam to Scotblower
-
.
F

o

36
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Thermoflow QD SimulationOff Line, S

ExcesAir / Unburnt Carbonin Ash

Unburnt Carbon in Ash vs Excess Air

3,5
3,0
2,5
2,0
1,5
1,0
0,5

0,0
3,0 3,1 3,2 33 3,4 3,5 3,6 3,7 3,8 3,9
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6.400
6.300
6.200
6.100
6.000
5.900
5.800
5.700
5.600
5.500
5.400
5.300

Fans Power vs Excess Air

3,9

40,4

40,3

40,2

40,1

40,0

39,9

39,8

39,7
3,0

Eff vs Excess Air / Unburnt Carbon

3,9
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Thermoflow QD SimulationOff Line, STM

Air HeaterLeakagd DP

Eff vs Air Leakage (Current/Nominal) Fans Power vs AH leakage (Current/Nominal)
40,80 8.000,0
7.000,0
40,75
6.000,0
40,70 5.000,0
4.000,0
40,65 3.000,0
2.000,0
40,60
1.000,0
40,55 0,0
1 1,2 14 16 18 2 2,2 2,4 1 1,2 14 16 18 2 2,2 2,
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Thermoflow QD SimulationOff Line, ST

FWH Bypass

0-25-50-75-100%

8D
b N
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40,80
40,75
40,70
40,65
40,60
40,55
40,50
40,45

40,40

Eff vs FWHS8 bypass %

540.000

535.000

530.000

525.000

520.000

515.000

510.000

505.000

500.000

495.000

Gross Power vs FWHS8 bypass %

39




'd" Thermoflow

ODSimulationOnLineg Performanceavionitoring

- TuneThermoflex+PEAQ#Odel

- Connecto the DCSEHElink- ULINR

- Selectinputs & Outputs to beonsideredas Inputs / Outputs
- Selectinputs & Outputs to beeconciled

- Calculatedegradationparameters

- Enterexternalinputs

- Set and Adminthe Userlnterface

mm) SeeWebinarn. 13, June 2017
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Thermoflow  TFX: ControlLoopto find degradationparameters
CondenseiFouling

@ CurrentConditions(Ambient Load, CWumpg. X

i <
Cond P | Cleanlines: ®
mbar Factor
Expected from TFX 61,4 80% -
73,91
50 a0
Measured 63,2 ?7?77?
i |\Water-cooled Condenser (PCE) [43] Cleanliness factor % 73,91 80,0 73,91
Boiler Assembly: Furnace w/ Pulverizer [1] Steam
} | production rate t/h 1500 1500 1500
» | OUTPUT VARIABLE DESCRIPTION Units Output Qutput Output
" |Gross power kw 499,005 499.906 499,005
i |[Net power kw 462.868 463.765 462.868
} |Net electric efficiency(LHV) % 40,13 40,21 40,13
) \Water-cooled Condenser (PCE) [43] Condenser pressure bar 0,0632 0,0614 0,0632
41
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Thermoflow FXDegradation

Feedwater Heater (PCE) [68] Total number of

FWHblockedtubes/ fouling I

Feedwater Heater (PCE) [68] Condensing zone

6 |overall h.t.c. correction factor 0,95 1,0 0,9375
bar|C 1
et er w1 e 2 |ouTPUT VARIABLE DESCRIPTION Units Output Output Output

499002 kW
Feedwater Heater (PCE) [68] Feedwater

= = © 2 7 |temperature rise (overall) C 34,2 34,55 32,15
81 - Feedwater outlet of Feedwater Heater (PCE)
[68] -» Feedwater inlet of Feedwater Heater

|(PCE) [70] Temperature C 219,9 220,3 218,0

co

(78)
P=2223
T=4519
Sup = 234,1
H =3359,36
H*= 811,87
M=6977 (80)
P=2223
T=1926
N _ T — % Sub=252
H=819,60
H*=-1727.89
68 M=327,0
()
P=18204
I— T=1858

| ¢ sup=1725
H=797,35

H*=-1750,14
M=15017

42
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'd" Thermoflow

ODSimulationOn-Line,other TFtools

- DRS: Dat&econciliatiorSystem
- TOPSOptimizer
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'd" Thermoflow

Computation Tools

Introduce four types of computation tool

* Control Loops

* Searcher

* Data Reconciliation System (DRS)

* Thermoflow'sOptimization System(TOPS)

These tools must be used together with our programs such as GT Master, Thermoflex etc.

Presenter: Glen GUO(CHINA)
Support:Meritt ElImasr{U.S. HQ)



Thermoflow

Where to find these tools?

* Control Loops (GT Master, Thermoflex)

* Searcher (Thermoflex)

E GT MASTER 27.0 - C:\Users\guoxuanhua\Documents\Thermoflow\MYFz.| THERMOFLEX 27.0 C:\Users\guoxuanh ) \The Flow\! |
File View Options Tools Window New Session (Control Loops) File Edit Options [Define| View Help < 1 5 & B | &
Main Plant GT| ST | ST HRSG HRSG Edit Drawing I 4 | Manage Catalogs I
Inputs Criteria hebe PUtS | process Inputs Process S -
- pts
. Description | 4
: Did you know you can e Control L
Ambient temperature 30 = operation throughout the
Ambient 1.013  |b earcher
DI pIESSUIE * Click here to jump to ‘Ec
Ambient relative humidity 70 % Classic Macro Inputs
Ambient wet bulb temperature 2051 |C Classic Macro Outputs
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Thermoflow

Where to find these tools?

* DRS (Excé&ddin)
* TOPS (ExcAlddin)

Thermoflow-DRS ~

New GT MASTER Plant Model...

New STEAM MASTER Plant Model...

New THERMOFLEX Plant Model...

Replace Plant Model...

Add / Remove CEIF: Plant Data - treated as given...

Add / Remove CEQ: Plant Data - to be reconciled...

Add / Remove CEIA: Model parameters for DRS to adjust...

Add / Remove Additional reconciled heat balance outputs...

Preferences...
Show Heat Balance...
Export Heat Balance File...

Refresh Workbook

Compute

Show Computation Messages...
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Thermoflow-TOPS ~

-

16 |
17 |
18 |

-~

New GT PRO Plant Model...

New STEAM PRO Plant Model...

New GT MASTER Plant Model...

New STEAM MASTER Plant Model...

New THERMOFLEX Plant Model...

Replace Plant Model...

Add / Remove Model inputs treated as given...
Add / Remove Model inputs for TOPS to adjust...
Add / Remove Model outputs...
Preferences...

Show Heat Balance...

Export Heat Balance File...
Refresh Workbook

Compute

Show Computation Messages...



'&1 Thermoflow

To beadjusted & to be matched

mmm) output parameters

: Computation Engine
mDUt parameters- (GTP, GTM, STP, STM, TFX

E.g. To achieve a certain net power in GTM, we adjust GT load percente
2 S OFly dzaS UNAIFf YSOKZ2Rcowstmyirmdel f £ &
Control loops isutomaticaltrial method, save your time!
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Thermoflow

Control Loops Interface in GTM

GT MASTER 27.0 - Control Loop Menu

Control loop: (¢ Enabled ( Disabled

Current Control Loop Configurations

¢ Set Point = > Plant net output

Desired value |40000 [kw]

" Primary control => GT load percentage
" Upper control => None

" Lower contiol = > None

Select Set Point or Control Variables

* Set Point variables

@] o

Toggle lower window display |

Tolerance %

®1 2
o N o 0] 1
from |U | to |U |

-

Nohe

Plant gross output

Plant net output

Steam turbine generator output
Plant gross heat rate

Flant net heat rate

Plant gross electric eff

Flant net electric eff

Gas turbine gross output
PURPA efficiency

m

Click on the list box to select Set Po
variable. GT MASTER will iterate or|
Primary Control variable. and Upper

Lower Control variable if necessary,
to achieve the desired set point valy

[ Control Loop Results

Control loop set point => Plant net output

Desired = [ki]
Actual = [kw]

Primary Control [ON) => GT load percentage =

The control loop set point has been achieved by activating your Primary Control alone.

At one time, there is only one input parameter to be adjusted although you may pick up to three inputs in control loops.
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A
[kw] : Z E
E Set Point ',‘44298 [kw) :
: 40000 [kw] :
33073 (kw) : 5
Lower Control Prirnary Control Upper Control
None GT load percentage  [%] None




'&1 Thermoflow

How to choose computation tools

Adjust One Match One
Input Paramete CONTRUENEH ERElE Output Parameter

Control Loops
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'd" Thermoflow

How to start work with data reconciliation

Imagine that you get hundreds of gauge measurements from DCS.
A small part of these measurements are inaccurate.

. dzi é@2dz R2Yy QU 1y26 6KAOK 2ySa
Theoretically every measurement is suspicious.

How to start your work since you trust none of them?

2S R2Y QU UGUNMHzaOG |yé AYRAOARdzZ f
gK2fS 2F UGUKSYZ a2z ¢SQff YI 0OK
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'&1 Thermoflow

How to choose computation tools

Adjust Many _ | Match Many
Input Parameters Computation Engine Output Parameters

DRS
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'd" Thermoflow

DRS background

DRS is useful in online/offline monitoring for data reconciliation.

Measurements always include uncertainty caused by random and
systematic errors. In operating power plants various levels of effort
are dedicated to accurately measuring the quantities used to
monitor and control the plantThe DRS uses a modiased

approach to help isolate faulty sensors, quantify the accuracy of
other measurements, and filh unmeasured quantities.
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Thermoflow

Least square method

Minimize the sum of the squares of the weighted error signals. The
error signals are defined as the difference between the MQs and
the corresponding CEOs at the current nominal point.

Full Name Abbreviation Description
The calculation engine is any one of Themoflow's GT PRO, GT MASTER, STEAM PRO, STEAM MASTER, or THERMOFLEX

Eilcalauen Engine o modeling programs. It uses a base model file together with input parameters to compute model output parameters.
Measured Quantity MQ Data values measured by plant sensors, or imputed from measured values.
Bacanciiad Buanti RQ Reconciled quantities are outputs from the computation engine. Each RQ has an equivalent MQ, for example generator power is both
y a measurement value and a computation result. The DRS final step produces the complete set of RQs.
; y Parameter that is an input to the program that the interactive user normally enters to make a calculation. Examples include site
Calculation Engine Input CEl : 2 :
ambient temperature, duct bumer fuel flow, cooling water source temperature, condenser cooling water flow, etc.
Calculation Engine Parameter that is a computed result from the program that the interactive user typically finds in the text and graphics displays
CEO : 5 "
Output following computation. Examples for a gas turbine are generator power, fuel flow, exhaust flow and exhaust temperature.

This is a particular type of CEI. It comes directly from the measurements and is not adjusted by the DRS. Any CEIl can be included
CEIF in this category. Part of DRS configuration is to judiciously select which MQs to include in the CEIF category. Typically, ambient
temperature is one of the MQs on the CEIF list.

Fixed Calculation
Engine Input

This is a particular type of CEI. It is a model input that is adjusted by the DRS as it tries to minimize the difference between the
Adjustable Calculation measurement values and the model output values. Some CEIAs correspond directly to measured quantities. Other CEIAs, such as
. CEIA . : . .
Engine Input condenser fouling factor, or steam turbine efficiency, do not correspond to physical measurements. These are model parameters
chosen during DRS configuration and assigned nominal starting values by default.

Table 3-1 Summary of DRS terminology
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Thermoflow

DRS Process

=>_

Measured Quantities
MQs

Plant Data
Interface
(PDI)

Reconciled Quantities
RQs

e

Plant Heat & Mass
Balance

Instrument
Health

Fixed MQs

Fixed Calculation Engine Inputs (CEIF)
i RMsthuch i Caleutation
correspond :> - Engine
to CEls (CEIA) (CE)
Adjustable CEls
Reconcilable Salectia
:measured quantity Model -
j RMQs Inputs (CEIA)
=0 Calculation
: Engine

lterative Adjustments
Outputs

RMQs which
correspond DRS Matrix Solver
to CEO's :> Generates adjustments to

minimize difference

!

~e—— <— "0
: CEO's

DRS Calculation Procedure
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DRS example

There are four DRS example files in the sample directory.
Show (DRS4)RHTGTCC.xls
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'&1 Thermoflow

How to choose computation tools

Adjust One Find One Extreme
Input Parameter SeuEREEIRSPNERS OQutput Parameter

No idea of the value in advance

Searcher
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Thermoflow

Searcher interface

Searcher (1 of 1) — . —

:Detine Searcher i Define Output

MNew

|Searc:her(1) j

[v Enable Searcher

Remaove

Target

Select

| Net electric efficiency(LHV)

€ Search for minimum Tolerance D fraction

" Search for maximum

Adjuster

Select

|STassembly[1]: ST Group [3] : Design point Inlet pressure (upstream of any stop or control valves)

. & Continuous Initial humber of steps
Adjuster Type:
o Increment
Ranage Minimum bar M aximum bar
Starting Point: Range minimurn LI
Search Method: € Tiy all cases

+ Find solution closest to starting point

B5 b

=
=
10
Y
=
o
@
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'&1 Thermoflow

How to choose computation tools

Find One Extreme Parameter
No idea of the value in advanc

Computation Engine

TOPS
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Thermoflow

TOPS example

Full Name

Abbreviation

Description

This is the function to optimize. It may simply be an output value computed by the core program, orit can be a

QUiEsiE FIcion il function of one or more program outputs and other input values you define and declare.
The calculation engine is any one of Themmoflow's GT PRO, GT MASTER, STEAM PRO, STEAM MASTER, or
Calculation Engine CE THERMOFLE X modeling programs. It uses a base model file together with input parameters to compute model
output parameters.
Collciilion Eichic Parameter that is a computed result from the program that the interactive user typically finds in the text and
Output g CEO graphics displays following computation. Examples for a gas turbine are generator power, fuel flow, exhaust
flow and exhaust temperature.
Calculation Enchic Parameter that is an input to the program that the interactive user nomally enters to make a calculation.
o g CEl Examples include site ambient temperature, duct bumer fuel flow, cooling water sourc e temperature, condenser
P cooling water flow, steam turbine section eficiency degradation, efc.
This is a particular type of CEl. For each TOPS run these inputs are unchanged. They come from user input
Fixed Calculation CEIF directly. Any CEl can be included in this category. Typically, boundary conditions like ambient c onditions and
Engine Input cooling water temperature are in this category. Additionally, any fixed constraints like steam flow to process
are on the CEIF list.
This is a particular type of CEl. It is a model input that is adjusted by TOPS as it searches for an optimum in
Adjustable Calculation CEIA the objective function. The number of independent CEIAs defines the degrees of freedom in the system. There

Engine Input

must be at least one CEIA, but there may be many depending on the nature of the model and objective
function.

Table 3-1 Summary of TOP S Terminology
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'd" Thermoflow

TOPS example

There are two TOPS example files in the sample directory.
Show (TOPS2)CCGTLoadOptimization.xls

If you run TOPS for design models of our programs, you optimize
the design;

If you run TOPS for OlEsign models of our programs, you
optimize the operating for existing power plants.
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'&1 Thermoflow

TOPS example

I Optimum Equipment Load Levels Versus Power Price

Power Price, $/MWhr 13 |20 | 39 | 29 75 172
Gas Turbine Load, % 30 |100 {100 [100 |100 (100
Chiller Load, % 0 |0 88 |100 (100 |100
Duct Burner Load, % 0 0 92% (100 (100 (100
Steam Injection Level, % 0 0 0 0 0 0
Cooling Tower Utilization, % 100 |100 |100 |100 (100 |100
Circ pump Utilization, % 33 |100 {100 [100 |100 (100
Net Power, MW 22.1155.1|68.4 (69.6 |69.6 |69.6
Net Electric Efficiency, % |34.9|45.7|144.3(44.1 |44.1 |44.1
Operating Profit, $/hr -506 |-2191350 (1,73713,130|10,093
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'&\Thermoflow
TOPS vE&linkMultiple design)

T o If you want to optimize 10
° parameters simultaneously and
each parameter has 5 trials.

-

T

5710= 9,765,625 combinations!

Approach subcooling LI Approach subcooling L]

With Elink if your PC computes one

combination within 10 seconds, it will cost
you 3 years to find the optimized solution!
With TOPS you can find it within minutes!
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