Welcome!

Webinar #12: Different ways of modelling GT’s in the TF Program Suite
27 September 2017

Agenda:

* Introduction

* Modelling Different GTs’ in GT PRO/GT MASTER

* Modelling Different GTs” in THERMOFLEX
* Examples

*Q & A Session

(pls. send Q’s anytime during the presentation to both the presenter & host)

Presenter: STAN. KAVALE (CZECH REP.)
Support: Meritt EImasri (U.S. HQ)



-d-‘ Thermoflow

Thermoflow Training and Support

Standard Training

On-site Training course

Advanced Workshop

Webinars when new version is released

Help, Tutorials, PPT, Videos

Technical Support

—> Feature Awareness Webinars
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-d-‘ Thermoflow

Feature Awareness Webinars

1- Assemblies in THERMOFLEX

2- Scripts in Thermoflow programs

3- Multi Point Design

4- Reciprocating Engines

5- Simplified Annual & TIME

6- Matching ST Performance

7- Modelling Solar Systems

8- Combining Thermoflex & Application Specific

9- Methods and Methodology explained

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

12 -Different ways of modelling GT’s in the TF Program Suite
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The Gas Turbine- An Example
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Note the number of compressor bleeds,
either for HPT stator cooing or for turbine
blade clearance control

C1010-FAD1




Thermoflow
tP Different GT Models in — GT PRO

- 2 tabs are available to the user in GT PRO ie.
GT Selection: the GT is selected at this point
GT Inputs : 8 input tabs for details of fuel,

pressure drops, performance tuning, fuel
heating, inlet cooling/chilling etc.
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GT PRO - GT Selection Tab

File View Options Window ExcelLink CompareFiles Scripts  Custom Variable List  Help

Thermoflow

{y . . Single shaft GT/ST fi i [id pou know that if you cannot find & particular engine:
s Witz of s bl iss [ Single sha FengurEtan -» itz nominal power may be outzside the power range zet below
New Session -» it may be filkered out by "Show new specs only' switch
; - -» 1t may be filtered out by ‘Show 5060 Hz' switch
Start Design _ i Display Partial GT Library | -» it may be lizked under a different name, click 'Show other names' checkbox
- Click the red button bo gee the whole list, or the white one to use the filker,
Flant Criteria Engine Selection Filter
GT Selection Show engines rated fmm Mw'e  Upta Min'e [ Show new specs only
—_— _ lv Show 50 Hz engines . . -
GT Inputs Sart by: — Ghow B H . == Bafarence price for _basm genset_W|th inciuded
" Manufacturer ¢ Smallest to largest power € Largest to smallest power & 1D # o Z Enaines appurtenances, excluding stack. |tis not a cost
ST-HRSG [~ Show other name(s] estimate for a Simple Cycle plant.
PR Izt D Manufacturer & Model Shafts RPM PR T TET Air Flow Gen Power LHY HR LHV Eff Price== i‘
Wiater Circuits C C t/h k'we kJ/kWh E4 MM %
HRSG Layout Other GY Model Options
. -3 GE engine computed using GE APPS
Cooling System -2 GT Template Defined Gas Turbine Model
ST Inputs -1 User-defined Gas Turbine Performance
Ervvirarment a Mo Gas Turbine
1 GE Ba71PA 1 5100 10.0 963 485 444 2REER 12449 2849 108
DierPEACE 2 | GEessB 1 5100 11.8 1104 534 497 39615 11067 325 15.3
Economics 5 GE Lk500 2 FO00 145 127 a13 a7 aaan 12063 2394 258
G asificatian b GE LK1E00 3 7000 M7 1227 487 161 13430 10086 i .4
= 14 Solar Saturn 1 22120 B7 aaa 499 23 1080 15493 232 049
Lzl 15 Solar Tauns 1 143950 11.2 1016 497 T4 4370 12924 27.9 28
Compute 16 Solar Mars 90 2 Fejatte] 157 1057 466 134 aa24 11500 i 48
18 Sierens Industrial 507 -KBS 1 14250 93 1035 560 56 aves 12995 277 25
Text Dutput 19 Siemens Industrial 5071 -KH 1 14600 93 1010 545 a7 aFan 13043 27 R 258
Graphics Dutput 20 Siemens Industnal 570KA 2 11600 120 1166 AEE 67 4610 12897 279 249
I A Siermens Industrial 571-KA 2 11500 127 11EE h3B 70 BRA0 236 320 33
_FEACE Output | 2] |Siemens SGT-900 1 5420 142 1093 504 568 42300 11183 22 16.1 £l

GE 9E 3-zer - Rewvised 06-29-2010, estimated price updated Septerber 2016, Thiz machine specification iz no longer available new.

[*] -» 'Curve fit DEM' model; performance results come from a GT Template model which uzes vendor data at zelected conditions and interpolation in between,
[*] -» Review fallowing comments for any restrictions on scope of validity of thiz model. Press F1 for more infarmation,

Source : GE GTP 39.0 0642010

Mo change to nominal data

Doy Low MOx Cormbustar [15/42]
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UOThermoﬂow GT PRO - GT Selection Tab (continued)

No of gas turbines — select as required

Single shaft- tick if appropriate

Display entire/partial GT library — 50/60 Hz GT’s etc — order as required

ID No. — note this column . ID numbers range from minus 3 to 645 and this is an indication of how many unique GT
models are resident in GTPro ie.

ID No. -3 : GE Engine Computed Using GE APPS
This is an option for GE internal use & is not available to non GE employees. The APPS program provides performance
data for the GE aeroderivatve engines (LM2500, LM6000 etc)

ID No. -2: GE Template Defined Gas turbine model
Ref the GT Template xx tool from within the TF program suite. GT Template models are stored in c:\TFlow xx\GTDU

ID No. -1: User Defined Gas Turbine Performance

Enables the user to characterise the GT at one unique operating point in terms of generator power, heat rate, exhaust
mass flow and exhaust temperature. This data needs to be provided by a program such as the GE APPS or Siemens
SIEPEP in house programs.

ID No. 0: No gas turbine. Self evident & a useful option when just need to focus on the bottoming cycle
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_d_‘ Thermoflow GT PRO - GT Library Selected Engines — Points to Watch

No Asterisk Type Engines — Physical Model

ie. ID no. 378
1D Manufacturer & Model Shaflts RPM PR TIT TET Air Flow Gen Power LHY HR LHY EFf Price===
C t/h k'w'e kJ/kWh X MM3
378 |Ansaldo AEG4.3A : 0 | tows | ®8 | 2

Guidance

AEE4. 34 - Revized 11-18-20019, eztimated price updated September 2016, Thiz machine specification iz no longer available new [zuperzeded by engine [D #457).
Source ; Anzalda Energia data recd 11./09

Oy Loy MOw Combustar

Mo change to nominal data

bl aw miodel errors in test range: Mex<0.5%E kKwW<05% HR<0.5% TewcbF [2.80C)
Testrange : 0to 120 F (18 to 49 C) full load dry

Part load model with wvaniable [GY control included

Ref the guidance box for important information regarding limitations on use of the GT model and basic configuration
data (ie. combustor type). None Asterisk type engines typically have the least limitations imposed on their operation.
The model is a reverse-engineered, detailed, physical engine model to calculate gas turbine performance. Ref GTPro
Help Menu ch. 5.2.

Physical model type engines reside in c:\TFlow xx\GTD as a MACHnnn.GTD file where the nnn equates to the GT id
number in the GT Library ie. MACH378.GTD is the physical model for the id. No. 378 GT noted above — these files are
not available for manipulation
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.d.‘ Thermoflow GT Pro - GT Library Selected Engines — Points to Watch (continued)

Engines Having 1 Asterisk — Data Defined

ie. ID no. 192
1D M anufacturer & Model Shaflts RPM PR TIT TET Air Flow Gen Power LHY HR LHY EFf Price*™*
C C t’h kwe kd/kwWh 4 HM$
o2 5E LHGO0D FCSPRINT (] o | aw | e | e

Guidance

GE LMBOOOSPT - Revized 06-08-2000, estimated price updated September 2016, Thiz machine zpecification iz no longer available new [zuperzeded by engine 1D #236].
[¥] -= 'Data-defined’ engine model; performance rezultz come from a database of vendor data at selected conditions and interpalation in between.

[*] -» Review follawing comments for any restrichions on scope of walidity of thiz model. Prezz F1 for more information.

Geared version of B0Hz engine

Standard Combstor

Source : GE data rewd 500 Standard Combustor

todel limited to compressor inlet temperature above 40F [4C)

todel capable of full load anly

b aw model errorz in test range; Mexc0 5% Kw<05% HR<DB% Tew<hF [Z.80)

The (*) adjacent to the GT name identifies the GT as being a Data Defined Model for which operational limitations
will apply. Ref the guidance box for important information regarding limitations on use of the GT model and basic
configuration data (ie. combustor type). Ref GTPro Help Menu ch. 5.3. The model data is resident in GTPro as a .GTD
file, in this case MACH192.GTD . These files are not available for manipulation
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.d.‘ Thermoflow GT PRO - GT Library Selected Engines — Points to Watch (continued)

Engines Having 2 Asterisks — Curve Fit OEM

ie. ID no. 388
1D Manufacturer & Model Shafts RPM PR TIT TET Air Flow Gen Power LHY HR LHY Eff Price===
C C t’h kwe kJ/kwh = Mh3
388 | GE EF Jseries [7) 1 | sw0 | 55 | - | 5% | 750 | 78’0 | 1003 | 3B

Guidance

GE BF 3-zer - Revized 0B-23-2010, estimated price updated September 2016, This machine specification iz no longer available new.

[**] -» 'Curve fit DEM' model; perfformance resultz come from a GT Template model which uses vendor data at zelected conditions and interpolation in between.
[*¥] -» Rewview follmaing comments for any restrictions on scope of walidity of this model. Press F1 for mare infarmation.

Source : GE GTP 3.9.0 0642010

Mo change to nominal data

Dy Loww MOw Combustar [15/42)

The (**) adjacent to the GT name identifies the GT as being a Curve-Fit OEM Data Model for which operational
limitations may apply. Ref the guidance box for important information regarding limitations on use of the GT model
and basic configuration data (ie. combustor type). The model uses the same structure as the GT Template model,

hence the file for the machine has a .GTT extension ie. in this case MACH388.GTT. These files are not available for
manipulation
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Thermoflow GT PRO - The GT Template Defined GT

In some cases the User may wish to generate their own GT model which can be used at various operating points
repeatedly. In this case the user may generate a GT performance file by means of the GT Template program resident in
the TF Program suite. Ref Help Volume 4, GT Template and the example files for the GE 6541B and the Solar Mercury 50
GT’s resident in c:\TF26\GTDU\

& GT Template - Screen 1 of 5 = =
Primary Fuel - Natural Gasi T Secondary Fuel - Distillate Oil ]
_ - O
Gas Turbine Nameplate Rating (Primary Fuel] ® ETVEIE U - S0 LTS
: ) E=haust Pressure Loss T “water Injection T Steam Injection ]

Gas Turbine Performance G t Configu = —

@ ~ [ Inlet Temp T Ambient Pressure T Compressor [nlet Hurnidity T Inlet Pressure Loss T
Hame and model GEGB41B-GTT Compressor Inlet Temperature, *F. To Edit Table: |

Grozz Power: fraction of nameplate value. » Specify c:urr.ent cell using the mause or the = 52
Gross power at generstor terminals 38978 |k I?Il;si:;:u::;:: Gross LHY Heat Rate: fraction of nameplate value. » Edit cells by typing into the cell. & GT Template - Screen 3 of 5 . -
P Exhaust Temperature: fraction of nameplate value. = Wwhen finished use amow keys or mouge to
Gross heat rate [LHW] -1 0620 [BTUAMWh Exhaust pressure | Exhaust Flow: fraction of nameplate value. » |Jze the zcroll bar on the right to display mo B
Gas Turbine Part Load Curves
Exhaust temperature 1000 F ™ Exhaust loss al
309 Actual exhaust los (Screens 3 and 4)
Exhaust flow Ib.-"s Data for
Generator power factor Combustor H20 (% Primary fuel FTTD'ESSUT ETUSS gfﬂtss Heat E“haUSt ElﬂhaUSt Basis of Part Load Data
o . rilel ‘ower ate emp. o
Compressor pressure ratio ¥ Injection fllob:v in|| € Secondary fuel Temperature Data For Number of Part Load Curves & Nameplste dsta
- s .

Grozs efficiency [LHY) 3213 |z 1 @ 1217 ] 0965 1114 ﬁl &+ Primary fuel =

v Water 0 ﬂ J ﬂ Corezponding compreszor inlet
Rl e Ibss 270 1145 0.972 0.977 1.081 " Secondary fuel & e

Iv¥ Steam|[n
Fuel LHY @ 77F (250) 21381 |BTUAb 3w 1072 [ndss  [nass [1042 Comp Inlet Temp _CIT. °F

Compressor Wa 4|59 1 1 1 1

[~ Compressor we Curve 1
Ambient Conditions o 530 (7] Tazi7 [tz o ]
P psia 6100 0.845 1.0426 1.024 0.908 Curve 2

Temperature LAE] 077 1.0719 1.035 0.868
Temperature F g Curve 3

; i P Pri Fuel C 4
Relative humidity % Bn;ﬁr[iriltﬁﬁe 9 urye
10 Curve b 120
Options Units | | Undo | Save E n
— - — — — 12 - |
Gas Turbine: GEES41E-GTT CATFLOW24\GTDUNGE_ES41B.G
v Hifs Options Unjts Flot | Unda | Save Exit
Gas Turbine: GEB541E-GTT GTT file: C:ATFLOW24\GTDUNGE_B54]
Units Undo Save Exit << Back Nest 5>
Gas Turbine: GEGS41B-GTT CATFLOW24NGTDUNGE_BS541B.GTT
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i ermatiow GT PRO - GT Inputs Tab

Have eight input screens as follows:

- Gas Turbine Main Inputs: main inputs entered on this screen include water and steam injection and also the GT fuel definition. If
the GT is a User Defined type, then the key performance parameters are also entered on this screen

-Inlet heating & cooling: inputs available on six sub-tabs include compressor recirculation.

-Model Adjustments: allows the GT to be tuned to specific performance parameters. A useful feature when tuning a library GT to
OEM supplied performance data. Feature may be limited in application if GT chosen likewise has performance limitations applied (ie.

full load operation only).

- Controls, margins and genset losses: allows further manipulation of how the GT behaves, particularly how the exhaust
temperature trends during part load operation. Care is required in manipulating these variables. Ref the Help menu, Ch. 6.4

- Fuel Heating and GT Cooling: in most part self explanatory, some options such as GT Heat Rejection will be available depending on
the GT selected (ref next slide)

-Bleeds & Injections: whether these inputs are available depends at the New Session screen, specifically whether or not the plant
includes IGCC.

-Auxiliaries & Miscellaneous: enables fine tuning of these parameters influencing the plant aux loads

-Equipment Options PEACE tab: inputs made here will influence the final plant cost
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tf Temoriow GT PRO — GT Model Tuning & OEM Performance Data

Assume that receive the following OEM data:
GT: 6fa, DLN combustor, air cooled generator with 0.8 pf, GT operates at base load, 5231 rpm
Site Conditions: 323 m asl, 10.1 degC, 67.2% RH

GT Performance : HR 10060 kJ/kW-hr, generator output 76410 kW, 747.9 x1073 kg/hr , exhaust temp 593.2 degC,
Fuel : Natural Gas @ 20degC

Fuel Composition by volume (%): C1@ 91.34, C2 @3.5, C3 @0.86, C4 @0.37, C5 @0.01, N2 @0.49, CO2 @3.41, H2S @0.02
Losses: inlet loss =7.47 mBar, exhaust loss = 24.28 mBar , generator losses = 1173.3kW, fixed aux load =400.37kW, gear losses =
1079.6kW

How best to model this?

Choose based on given task ie. if an accurate cycle design is required which will dictate major item selection for the bottoming cycle,
the User Defined GT may be the best way to go.

On the other hand, if it is required to do a quick economic analysis of two similar CCGT’s, then a tuned library selected GT may be
best...
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_d_\Thermoﬂow GT PRO — GT Model Tuning & OEM Performance Data
The User Defined GT

Using the OEM data provided, build the User Defined GT in GTPro. The result is shown below

Ambient air in

0.9752 p GT generator power = 76410 kW

101T GT Heat Rate @ gen term = 10060 kJ/kWh

730.9m GT efficiency @ genterm = 32.31% HHV = 35.79% LHV

67.2 %RH

323 melev.

76410 kW
7.47 millibar User Def GT 10060 kJ/kWh LHV

0.9677 p 35.7(? %LHV eff.
101 T 100 %load
730.9m \ -
66.69 RH

98.63% [ 98.49 % eff.
eff.
0.9677 p
01T
730.9m
66.69 RH 1077.6 Qrej A0.15%
Fuel = Balkans NG 28p N :
28p N 20T 1171.5 Qrej
20T LT 17.01m 1030.9 (elec. & windage
17.01m | B 45177 LHV A 0.18% 140.6 (mech. loss)
45177 LHV 1 ‘ -
(—— 24.28 DP millibar
0.9994 p 0.9752 p
593.2T
7479 m
N2= 74.55 %
. 02=12.73%
M[t/h], Q[K P . IAPWS-IF97
plbar], T[C], M[t/h], Q[kW], Steam Properties S-IF9 e BN
H20= 7.977 %
i AR= 0.8977 %
& GT PRO 26.1 skavale@email.cz A

2436 09-27-2017 14:56:40 file=C:ATFLOW26\M YFILES\Webinar_GTmodelling\Balkans_6fa.gtp
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-&\ Thermoflow

Using the OEM data provided to tune the ID no. 258 Library GT. The result is shown below

Ambient air in
0.9752 p
101T
730.9m

67.2 %RH
323 melev.

7.47 millibar

0.9677 p
101T
730.9m
66.69 RH

GT PRO — GT Model Tuning & OEM Performance Data
The Tuned GT from the Library (ID no. 258)

GT generator power = 76407 kW
GT Heat Rate @ gen term = 10063 kJ/kWh
GT efficiency @ genterm =32.3% HHV = 35.77% LHV

GT @ 100 % rating, inferred TIT control model, CC limit

A 0.0%

76407 kW

10063 kJ/kWh LHV
GE 6111FA (ID # 258) 35.77 % LHV eff.
(Physical Model) 100 %load

1083.7 Qrej A 0.0%

Fuel = Balkans NG S _
28p 1173.4 Qrej _
2T A 0.38% 1022 (elec. & windage |
17.02m 151.3 (mech. loss)
45177 LHV
24.28 DP miillibar
0.9994 p 0.9752p
108.4m 59327
14.83 % airflow '
N2= 74.55 %
. _ 02=12.72%
plbar], T[C], M[t/h], Q[kW], Steam Properties: IAPWS-IF97 CO2= 3.846 %
H20=7.979 %
) AR= 0.8976 %
+  GT PRO 26.1 skavale@email.cz SO2= 0.0007 %

2436 09-27-2017 11:21:57 file=C:\TFLOW26\M YFILES\Webinar_ GTmodelling\Balkans_6fa_tunedLibraryGT.qtp
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i ermatiow GT PRO - GT Inputs Tab — Heat Rejection

This menu item allows heat rejection hardware to be incorporated into the GT cooling circuit which normally bleeds compressor air
to the turbine stages for cooling purposes. Additional heat rejection can be realised via combustor cooling . Hence two schemes for

heat rejection are possible ie.

Care is required when manipulating these parameters with User Defined GT’s. Ref Help > GTPro > ch.6.1.2

Gas Turbine Main |npuls] Inlet Heating & Cooling ] Model Adjustments ] Controls, Marains, & Gensst

L ] Fuel Heating & GT Caooling ] Bleeds & Injections ] Aumilianies & Mizcelaneous ]
03EET
r Include steam

r Include water
injection

injection
[ Gas turbine drives generator through gearbox

Fuel selection Further defined on this tab

|CH4 x| Moy Fuel |

W Include fusl compressar _._

Fuel line pressure Fuel delivery pressure
1724 |bar bar

Combustor cooling
HPC Cooling Air
Jacket Cooling Water Generatar power E whasst temperature

o000 o o

Generator heat rate E zhaust flow

T4 Juacwn R

CA Pre Cooler
Compressor Intercooler
LPC Cooling Air

Air Cooler

Exhaust Analysiz

Filter prezzure drop

milibar

Wiew GT exhaust loss

Duct & stack draft loss

milibar

Total draft loss = 24 millibar

Heat Rejection 1

Heat Rejection 2

[~ Specify compressor air fow K D K

Compreszor air flow t/h
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Thermofiow GT PRO - GT Inputs Tab — Heat Rejection

For some GT library models, heat rejection is built in- the user then has the choice of defining the disposition of the rejected heat
(either to an external source or to the cycle) ie. GT ID no. 55 - in either case the quantity of rejected heat is the same...

Gas Turbine Main Inputs Inlet Heating & Cosling Model Adjustments Corttrols, Margins, & Genset Fuel Heating & GT Bleeds & Injections Ausiaries & Miscellansous
Losses Cooling

Fuel Heating & GT Heat Rejection Model
’7(" Euilt-in @ User-defined —|

Fuel Heating } BT Heat Rejection 1 (2.0, G Precacling] } GT Heat Rejection 2 (2.0, Steam Cooling)

% of LA heat rsjected to extemal sirk| % % of T4 heat rejected to HASG stsam[100 | %
S, ' - :
O Hheat Raie @ gan torm - 9508 K

T citciuney & gon fem = 33 58% KAV =38 125 Litv

21808 m GT @ 100 % rating, inferr=d TIT control modsl, CC limit
&0 %BAH
0melev.

Ambient air in
1012p
15T

- 215880 1
milliesr 3965 kJikWh LHV.
'SGTS-4000F {ID # 55) 36.12 % LHV off. HRSG source Retumn to
10020 {Physical Model} 100 % load
T [ — HPE3 exit - HFET exit A
21506 m _—

— _ E

CAUTION: The program does not check to ensure that heat from the GT heat rejection 1 [e.g. cooling air) is at a
sulfficiently high temperature to make steam at the user-defined pressure/temperature combination. The user must
ascertain, by consulting with the GT manufacturer, that any steam generated by recovering heat from the GT heat
rejection 1 i at conditions that can indeed be achieved.

2284p

Fuel = CHe 185.4 Qrej 4708 T ¥ 3198 Qrej
17240 4299 m } 27147 (elec &
25T 50096 LHV | 483.2 (mech. |
255 m 47.08 T |
50047 LHV Ambient air in BT generator power = 214541 kW
22,98 DF millibar 1013p
18T
21808 m
2042m 80 %RH
13.95 % airflow 0 ele

piarl, TICL. Mvh], Q). Stesm Properties: IAPWS-IFS7
2438 09032017 12:00:41 file=CA\TFLOW2EWMYFILES\GTPRO.GTP

214941 I
9933 kJikWh LHV.
36.24 % LHV eff.
100 % load

10 millisar

SGT5-4000F (ID # 55)
(Physical Model]

1002 p
15T

21808 m
5a.41 AH

2184 Qrgj
2701 (elec &w
4822 (mech. Iz

,,,,, 21 DF millibar
1044 8
: ss0.2 T

3042m 22222m

ploar], TIC], MIth], QW], Steam Froperiies: IAPWS-IFS7
2438 09-08-2017 14:52:50 file=C\TFLOWISIMYFILES\GTPRO.GTF

ar=0 aaaz %
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D("ThermoﬂowGT PRO - GT Inputs Tab — Features Included By Default

Depending on the GT model, a number of heat rejection schemes may be a feature of the machine. By choosing the “Built In”
option, all heat rejection schemes are accounted for. By choosing the “User defined” option, all heat rejection schemes are still
accounted for but the user has more control over the sources and sinks in the heat rejection scheme ie. GT ID no. 544

Ambient air in GT generator power = 4722232 EW
GT Heat Rate @ gen term = 8571 kl&Wh

1012
15T : GT efficiency @ gen term = 37.85% HHYV = 42% LHV
2115 m HFE1  HFB1  GT @ 100 % rating, infered TIT control medel, CC limit
80 %ARH 915p O0Op
0 m elev. 3048 T -IT7ET
81857 m Om
HF32
4883 T 1.8 p
048 T
. To HRSG 21897 m AT2299 KW
10 millioar 12826 0 8571 kJikWh LHV
MHP S 701 J (ID # 544) 42 % LHV eff.
1003 p {Physical Model} 100 % load
157
215 m
59.41 RH
Fuel = CH4 1201.8 Qrej 5251 Qe
17.24p ' ! 4482 (elec &w
o5 T : 50629 LHV ' 789 (mech. loss
BOETm 108 T
50047 LHV
24 DF millibar
8385 ke >
1.037p 1013 p
8429 T
5503 m 3198 m
17.68 % airflow
M2=T3.84 %
02=10.89 %
85540 CO2=4.48 %
plbar]. T[C]. M[t'h]. QW] Steam Properties: |APWS-IF97 H2O= 2888 %
AR= 08833 %

2438 09-02-2017 12:12:54 file=CATFLOW28\WMYFILES\GTPRO.GTP
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Uf‘mermoﬂowGT PRO - GT Inputs Tab — Features Included By Default

Some Library GT models will also include model streams which the user has no control over. An example is GT ID no. 553 which
includes intercooling of the compressor air by means of water injected as a fine mist, this improving cycle efficiency ie.
Have the given set of conditions:

GT: LM6000PC SPRINT, std combustor, air cooled generator with 0.9 pf, GT operates at base load, LPT rpm 3627
Site Conditions: 474 m asl, 8.7 degC, 75.4% RH

GT Performance : HR 9134 kJ/kW-hr, generator output 48682 kW, 469.139 x1073 kg/hr , exhaust temp 446 degC,

Fuel : Natural Gas @ 20degC

Fuel Composition by volume (%): C1@ 91.34, C2 @3.5, C3 @0.86, C4 @0.37, C5 @0.01, N2 @0.49, CO2 @3.41, H2S @0.02

Losses: inlet loss =9.967 mBar, exhaust loss = 14.95 mBar , generator losses = 662kW, gear losses = 460kW
Mass Balance: Fuel in @ 8.899 t/hr, NOx water spray @ 9.136 t/hr, SPRINT spray @ 3.677 t/hr, exhaust (as above), air inlet flow @
450.72 t/hr.

Ref next slide for GTPro simulation result

40 bar

Al
e

.899 T/hr F.G
9.136 T/hr H20

4_’ES degC

3.677 T/hr H20

48682 kW, 0.985eff. @ 0.9 p.f
460 kW gearbox losses

_

Gas Turbine

1
450.72 T/hr |
| L 469.139 T/hr @ 446 degC
| 9134 kI/KW-Hr net LHV HR
1
v

Compressor Bleed
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mermofiow GT PRO - GT Inputs Tab — Features Included By Default

Ambient air in
0.9577 p

87T

451.8 m

75.4 %RH
474 m elev.

9.967 millibar

0.9478 p
87T
451.8 m
74.62 RH

Fuel = Russian_NG
43p

15T

8.881m

49162 LHV

p[bar], T[C], M[t/h], Q[kW], Steam Properties: IAPWS-IF97

& GT PRO 26.1 skavale@email.cz _ 0
2436 09-27-2017 13:16:08 file=C\TFLOW26\M YFILES\Webinar_GTmodelling\ID553.gtp NOx =28 ppmd @ 15% 02

4L37p  &T generator power = 48381 kW

1T GT Heat Rate @ gen term = 9029 kJ/kWh

i' (1)28 M GT efficiency @ gen term = 35.95% HHV = 39.87% LHV

' G 100 % rating
A 0.61%
48381 kW
L 9029 kJ/kWh LHV

GE LM6000SPT (ID # 553) 39.87 % LHV eff.
(Data-defined Model) 100 %load

N

4158 p
15T

8.881 m
49162 LHV

765 Qrej
657.8 (elec. & windage
107.2 (mech. loss)

14.95 DP millibar
0.9727p 0.9577 p
4577
LB A 0.35%

Included N2= 71.58 %

O2=12.69 %

by default CO2= 3.297 %
H20= 11.57 %
AR= 0.8618 %




tPThe,moﬂow GT PRO - GT Inputs Tab — LM6000 Modelled as a User Defined GT

0 bar
9.136 T/hr H20

4_,ES degC

3.677 T/hr H20

o

Performing a simple mass balance around the engine:
Have 472.432 T/hr flowing into the machine
Have 469.139 T/hr flowing out of the machine

48682 kW, 0.985eff. @ 0.9 p.f
460 kW gearbox losses

Zas Turbine

_

450.72 T/hr

L > 469139 T/hr @ 446 degC This leaves a difference of + 3.293 T/hr ie. more is flowing into the
DAL (YA eis L machine than is flowing out. This difference is assigned to the

|

1

|

|

:

1

v compressor bleed air (unloading the compressor at this condition).
Compressor Bleed

The GT Pro Inputs are shown on the following slides
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Thermofiow GT PRO Inputs — Main GT Inputs Tab

Ambient air in

0.9577 p g 'FI)' GT generator power = 48682 kW
87T 9,136 GT Heat Rate @ gen term = 9134 kJ/kWh
450.7m 1: ol m E{IJ’ Izelliﬁciency @ gen term = 35.53% HHV = 39.41% LHV
75.4 %RH
474 m elev. .
As required
48682 kw
9.967 millibar User Def GT 9134 kJ/kWh LHV
87T 100 %load
450.7m \ e
74.62 RH
9.18% | 98.66 % eff.
eff.
0.9478 p
87T
450.7 m
74.62 RH 409.8 Qrej
Fuel = Russian_NG 40p .
40p ; 15T A1.6% 662 Qrej
15T 9.041m 582.6 (elec. & windage
9.041 m ‘ 49162 LHV 79.44 (mech. loss)
49162 LHV
14.95 DP miillibar
0.9727 p 0.9577 p
*********************************************** 46T
469.1m As required
N2= 71.56 %
. ¥ 02=1259 %
plbar], T[C], M[t/h], Q[kW], Steam Properties: IAPWS-IF97 COP= 3.344 %
H20=11.64 %
#  GT PRO 26.1 skavale@enil.cz AR=0.8615 %

2436 09-27-2017 13:51:05 file=C:\TFLOW26\M YFILES\Webinar_GTmodellingLM6000pc_sprint.gtp
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Uf‘mermoﬂow GT MASTER - Different GT Models

In transitioning the GTPro model to GTMaster, the user has the following features available:
-for a GT from the GT Library: Manipulation of the GT load (assuming that the model is the physical model type or has no part load
restrictions if it is a either a Data Defined type or Curve Fit OEM type model

- Reselect GT : the user can select to power the cycle already defined with another (similar performance) GT. A useful feature in the
case of a repowering type study. If the No GT option is selected then the GT Inputs screen becomes the same as the HRSG Inlet
screen from GTPro

GT Master - GT Inputs tab : same as in GTPro with the same sub tabs except for the Equipment Options PEACE tab which is omitted.
Note that significant hardware items that were not defined in GTPro can not now be defined in GTMaster. Hence if inlet air chilling
was not defined in GTPro, it cannot be subsequently defined in GTMaster. Compressor air recirculation is however still able to be
defined in GTMaster even though in GTPro it may have been ignored.
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'UO Visual Cues from Heat Balances
Thermoflow

GT PRO 26.1 skavale@email.cz
Gross Pover 114076 KW
Net Poner 111497 KW
A, & Losses 25789KW
LHV Gross Heat Rate 6724 KIKWh
LHV Net Heat Rate 6880 kJ/kh
LHV Gross Blectric Eff. 5354%
LHV Nt Electric Eff. 5233%
Fuel LHV Input 213079 kWth
Fuel HHV Input 236435 kWth
Net Process Heat OkWth

GT PRO 26.1 skavale@email.cz

Gross Pover 114076 KW
Net Poner 111500 KW
A, & Losses 25755 KW
LHV Gross Heat Rate 6724 KIKWh
LHV Net Heat Rate 6880 KJ/KWh
LHV Gross Blectric Eff. 5354%
LHV Net Electric Eff. 5233%
Fuel LHV Input 213079 kWth
Fuel HHV Input 236435 kWth
Net Process Heat OkWh

EHBT ‘

1239M

p[bar] T[C] M[th], Steam Properties: IAPWS-F97 .&" GT PRO 26.1 skavale@email

2436 08-26-2017 10:31:26 file=C:\TFLOW26\MY FILES\GTPRO.GTP

plbar] T[C] M[t/h], Steam Properties: IAPWS-IF97
243608262017 10:34:10 file=CATFLOW2BMYFILES\GTPRO.GTP

Red GT always denotes a GT selected from

A white GT denotes the user defined type

. . . _ D
the GT library resident in GT PRO- the | GT No.

No.

Note: In GT PRO v.26 all inputs defining the gas turbine heat balance are preserved when changing from a built-in model to the User Defined Gas Turbine
model. Previously (GT PRO v.25) only the heat rate, power, exhaust flow, and exhaust temperature were preserved.

©Thermoflow Inc. 2017 — Webinar: Different ways of modelling GT’s in the TF Program Suite, 27" September 2017, STAN. KAVALE



i ermatiow GT’s & GT Modelling - THERMOFLEX

A couple of methods are available to the THERMOFLEX user in which to model the GT.

Method 1- By selecting the GT PRO Gas Turbine option from the gas/air group & connecting the appropriate sources
& sinks (air, fuel, steam injection etc). The completed component appears as:

File GTR/GTM/STM

[ Site Merw T Components ] Miscelaneous T Gen/Motors | Ok LCancal
Turbine (GT FRO) [1] j [T' ermodynamic Design
E 13 Tuthine Main Inputs ] Inlat Heating ] Model Adiuztmeants ] Conirolz, Marging, & Genset Losses ] GT Heat Rajaction ] Comprazson Blesd I Aazdliarias k Miscelaneous
D 4 GE 6541B
\} Y r
Lt | >
o ——
2 p[T 1
m|h
Mumber of GT & prazent |1
Reselect GT
BT Emissions |5|:|9|:1Iy GT Load Percentage :I
GT load & pescent of sile ating
flo__Jx

Clicking into the GT icon opens up it’s

input screen — note the similarity to A
the normal GT PRO GT Input screen.

The GT can be reselected from ID No. o2 G e
-3 to XX (with the exception of ID . 0) el

Filter pressure drop| 9. 953 milkbar L
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tP hermofiow  ntroduction — GT’s & GT Modelling = THERMOFLEX (continued)

Method 2- By building up the gas turbine from discrete components. The completed GT appears as:

THERMOFLEX 26.1 CATFLOWZ26\MYFILES\Samples\(S2-24)Shaft_Balance.tfx - g
I f d . t It h ft File Edit Ortio:s‘Define Vwew|He:l ‘< O = .TI B |r:d & | “4 I |ta ‘ | | |
- Edit Dravwing a Edit Inputs Fhwwhost || Campasy Fant Lrafiine FEALE Harambies Aarsapes Themodynamic Design Mestinds Fugas. Fear o Eed.
Example o aerc? erivative multi-sha el ] s b ] e |0
GT, ref sample file S2-24 —
47416 kW 47417 kKW
1
) ) ) Shaft 2 8
Note: care is required when taking e o |
this type of model into off design T T
g . 19246 kW
mode since this type of GT model 1224‘3 W . s
. . 7 °T a
does not incorporate the required I 3 D ]
performance correction curves LPC LPT
_%T
51404 kKW
Net power 50890 kW
Net fuel input(LHV) 388605 kBTU/hr
Net electric efficiency(LHV) 44.69 %
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tf memotow  GT’s & GT Modelling — THERMOFLEX (continued)

Additional factors to bear in mind when modelling GT’s by the 2" method
- Neither the compressor icon, turbine icon and combustor icon are a flow dictating device, hence the correct flow
for the model needs to be defined, usually by fix a flow at the air source.

- Even the simplest GT uses compressor bleed air for turbine cooling (typically the 15t stage NGV’s), hence a cooled
turbine stage icon will need to be included. Partially this IS a flow dictating device since the cooling flow stream is a

function of the design metal temperature.

- The Turn Rubber On, Control Loop and Shaft Balancing features in TFX all make the GT modelling exercise fairly
straight forward.
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GT generator power = 73213 kW
GT Heat Rate {@ gen term = 10183 kJEWh

-&\Thermoﬂow GT’s & GT MOdE"lng — THERMOFLEX (continued)

1;5ﬂ?|'ap GT efficiency (@ gen term = 31.92% HHYV = 35.42% LHV
TEE1m GT @ 100 % rating, infemred TIT contral model, ©C limit
GT*Modelling exercise to illustrate some of the points from the previous page: the ID 378 engine GT PRO results

provide the THERMOFLEX model input data

T3I213 kW
10163 kJ/EWhH LHV

10 millibar
AEGA.3A (ID # 378} 35.42 % LHV eff.
1.003p {Physical Model} 100 % load
157
7551 m
£9.41 AH
1075.1 Qugj
28.53p
Fuel = CH4 BT 1264.9 Qrgj
29p 1487 m 10827 [elec &
25T 50047 LHV 181.2 {mech. los
1487 m
EOD4T LHV
12.45 OF millibar
1028 p 1012 p
____________________________________________________________ ! 5684 T
202 m TES9 m
28.78 % airflow
M2= 7485 %
02=13.19%
CO2=3.45%
plbar], TIC]. M[t'h], QEW], Stesm Froperties: |APWS-IFST H2O=7.817 %
AR= 0.899 %

2436 09-28-2017 16:31:59 file=C\TFLOWZ2E\MYFILES\GTFRO.GTF




i ermatiow GT’s & GT Modelling = THERMOFLEX (continued)

GT Modelling exercise to illustrate some of the points from the previous page: the ID 378 engine THERMOFLEX
equivalent model

73199 kW
4 e
9
7
: lofer, cziondl o B ol [f/
17.-?- 148 \ 10

202.5|404.5
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_DOThe,moﬂow The THERMOFLEX GT in Off Design Mode

Main points to note are that:

- if the GT model is from the GT library, then the normal GT MASTER type off design inputs are available to the user
when in TFX OD mode

-if the GT model has been built up from discrete icons, then off design operation will likely require reference to OEM
performance data. Part load runs can be achieved either by manipulating the compressor inlet airflow or by applying
control loops to manage various parameters at once (caution required)
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-d-‘ Thermoflow

Q & A Time....
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