_&\ Welcome!

Webinar #2: SCRIPTS in Thermoflow Programs

* |Introduction: Why Scripts?

* Scripts in GT PRO, GT MASTER and THERMOFLEX
e Script Definition

* Managing Script Variables

 Examples
* Q& A Session

Presenter: IGNACIO MARTIN (SPAIN)
Support: Meritt EImasri (U.S. HQ)



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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Feature Awareness Webinars

1- Assemblies in THERMOFLEX

2- Scripts in Thermoflow Programs
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-d-‘ Thermoflow

INTRODUCTION: Why Scripts?

- Philosophy of Thermoflow software

- How to interact with Thermoflow programs
- ELINK
- ULINK
User Defined Components in TFX
Adjustment methods, Correction factors,...

Scripts
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-d-‘ Thermoflow

SCRIPTS in:

- THERMOFLEX, Version 23, since 2013
- GT MASTER, Version 24, since 2014

- GT PRO, Version 26, since 2016
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-d-‘ Thermoflow

SCRIPTS:

Scripting functionality allows users to create and compute custom outputs or

to set certain inputs using code written in the scripting language Lua

Scnpt Trust Level

[ Always trust (o MNever trust (" Always ask
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-UO Thermoflow

Basic Lua Documentation

THERMOFLEX uses the scripting language Lua, version 5.1.4.

Documentation in = http://www.lua.org/

Compiled Windows binaries, libraries, and a code editor
= https://github.com/rjpcomputing/luaforwindows

Lua and Lua for Windows available under the terms of the MIT license
- http://opensource.org/licenses/mit-license.php.

Full online documentation for version 5.1:
- http://www.lua.org/manual/5.1/manual.html
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-&\ Thermoflow

SCRIPT Activation:

B GT MASTER 261 - CAUsers\imart\Documents\ Thermafiow 26\GTMAS GTM

File View Opfions Tools Window New Session Control Loops Excel Link  Comy

GT PRO 26.1 - C:\Users\imart\Documents\Thermoflow 26 - a X
File View Edit Options Window Excellink ConfQareFiles Scripts Custom Vlfiable List Help
System Gas Tutbine m Turbine Cooling System Energy Charts Exergy Charts Gasification Desalination Miscellaneous
New Session Plant Summary | Cycle Flow Schematic |  Plant Energy Balance | Plant Exergy Flow | Ausiliaries | Comprehensive HB Diagram | Water Accounting
GT PRO 26.1 Unregistered User Ambient
SR Gross Power 43197 kW 1,013P
Plant Criteria Net Power 42207 kW 15T
| Aux &Losses 989,7 kW 60% RH
GT Selection LHV Gross Heat Rate €979 kl/kh
GT Input: LHV Net Heat Rate 7143 kJKWh
nputs LHV Gross Electric Eff. 51,58 %
ST-HRSG LHV NetElectric Eff. 50,4 %
1| FuelLHV Input 83741 kWth
HRSG Inputs Fuel HHV Input 92920 kwth Stop Valve 13197 kW
= || NetProcess Heat 0 kWth
Water Circuits
HRSG Layout
Cooling System
ST Inputs
Environment
Other PEACE
Economics
Gasification 1.013p T
—_ 9857
Desalination 32t M

to HRSG
Compute

Tt o 9 o5,
Grapl DOutput 83741 KWth LHV i

PEACE Output 1209 p 5316p 5343p

e 105T 15421 2681 T
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m— 1814 T 21877 47297
Mul[ﬂ:tDR-E]w 135T 18927 28347
3878 T
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0ff Design Simulation
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User-Defined Component
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SCRIPT Definition: Script Name

o Seript Manager B / E Y =)

[ Define Scripts ] Test Script ] oK I Cancel |
AddSeipt | RemoveScipt | Manage Scipt Paaietsrs|  Select CalOign: | Active call cigns: Last chance before convergence

Serpts [HETHP Sourcing ¥ Seript enabled

HPT/MP Sowncag

Sesipt Propesiss Script Body
= Inguts: 3 n TELua Mair
Call Oragn
Corrvet parce Siatus
£ip[1} HPTX1 bilading esol Pressurne
B Dutpuite: 2
tp{i} Man HP process mass fow [plac lolal
g2} 121 HPT bleed substeean mazs low [pl 14
Shatus: Compubed suceasshuly 15 -- Pass putput valuss to the script SUTpUT PATARSETAT ATEAY
Erablad True 16 if sip[l]>550 then
] tfip[l]=0 --Main HF process flow
tfip(2]=10 --lac EFT =sub flow

i m | k 15 else
s 20 tfip[l]=10 --Main HF process flow
Propeity D escription 23 tfip(2]=0 --lst HET sub flow
Script Name: HPTHP Sourcing 22 end
3 Inputs 23
2 Cutputs

Status: Compuled successiully




-00 Thermoflow

SCRIPT Parameters:

Custom Script Inputs: name, description and Units ( )

Script Inputs from program (GTP-GTM-TFX) : input parameters to be determined by the Script (

Script Outputs: custom output parameters to be computed by the Script ( )

Script Inputs: inputs and outputs from the program required by the Script (5!P)
(Custom Script Inputs must be added here)

©Thermoflow Inc. 2017 — Webinar: SCRIPTS in THERMOFLOW Programs, June 21, 2017 by IGNACIO MARTIN

)

10



-&\ Thermoflow

SCRIPT Parameters:

Add

U° Manage Script Variables

- O X

1 Script Inputs ] {Custom Scnpt Inputs

|Number of Engines in operation

New custom input

~ Urit
Unit label None
Current display: M ative:

I AI Vl Remove | El I

Script

Add

U° Manage Script Variables

Script Input Parameters [SIP)
t the parameters required by th

- O X

1 ‘Scnpt Inputs 1 Custom Script Inputs

|Call Origin
Convergence Status - — — g g -
Custom Inputs: Number of Engines in operation This value identifies the origin of this call to the script computation
routine.

See the scripting documentation for a more-detailed description.

~ Uit
Unit label: Mane

Current display: Native:

I_I |

|[=] [~

-UO Manage Script Variables — x
S cuptUetpate R e 1 Script Inputs ] Custorn Script Inputs
— Script Dutput Parameters [SOP)
W be computed by this script.
|Name
Description
— Unit
Current display: Native:
sd | a| v | Remoe | | !
TFX Input Parameters [TFIP)
THERMOFLEX input 215 to be determined by this script.
Fuel Specification [14] : Flow divider value ~  |Fuel Specification [14] : Flow divider value
Gas/iir Specification [7] : Flow multiplier value
Gas/Air Specification [13] : Flow divider value TFX wariable
‘W ater Specification [11] ; Flow divider value
‘W ater Specification [12] : Flow multipher value
Water Specification [27] : Flaw multiplier value
\Water Specification [28) : Flow divider value Unit
Power Device: Multiplier of Reciprocating Engine S )
Builiary Device: Multiplier of HRSGAssembly[1]: Ec ¥ | Unit label None
Current display: M ative;
Add | -~ | v | Remove | | I
oK Cancel |
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SCRIPT “Code”:

local pi = 4 * math.atan(l)

-- Pass output values to the SCript output parameter array
sop[l] = pi




-UO Thermoflow

SCRIPT “Call Origin”

1. At the beginning of computation before anything else has been computed
Allows a script to set THERMOFLEX input parameters before beginning the computation.

2. During the main computation loop

' Select Call Origins — Il .

Call the scnpt...

v #i the beainning of computatior:

Just before the model is considered converged to
arve it one last chance to change a TFIF

[ At the end of computation

Allows a script to set inputs during the computation instead of waiting for convergence. This can give a result faster, but is also more

likely to make the model unstable.

3. Just before the model is deemed converged to give the script one last chance to change THERMOFLEX input parameters

(TFIPs)
Allows a script to set inputs that change the flow or pressure relational matrices

4. At the end of computation after all other outputs have been computed
Allows a script to compute custom outputs using the final results of the computation.

THERMOFLEX input parameters are not set at this time. Computation is over, so setting TFIPs to new values at this point would have

no effect on the results.
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-tF Thermoflow
Test SCRIPTS

-UO Script Manager — O w
Define Scripts ] Test Script ] (14 Cancel
Chooze call origin: " TFCO_BEGINNING ¢ TFCO_LASTCHANCE " TFCO_END
Call Origin -8
Convergence Status 0
sip[1]: 1. HP process condensate return temperature 250 F
sip[2]: 2. IP process condensate return temperature 200 F
sip[3]: Main HP process mass flow 5 Ib/s
sip[4]: Main IP process mass flow 5 Ib/s

Run Script |

Set the scnpt’s input values and then click on the "Run Script” button to view the script's outputs
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tP Thermoflow

GT PRO 26.1 - C\Users\imart\Documents\Thermoflow 26\GTPRO.GTP
File View Options Window Excellink CompareFiles Scripts Custom Variable List Help

b . Calculatio Main Miscellane
henseson| || 5 | Y - |
< Plant Criteria

G Selection

Edit SCRIPT Inputs

Bl Input Menu - Edit Mode o x 1. HP process condensate return temperature 250
File GTP/GTM/STM GT Inputs
| 2 |P process condensate retum temperature 200

Site Menu ] Components ]Miscellanaous aK Iﬂl ST-HRSG

s D HRSG Inputs
efine Fuel ——————
Number of Engit i ali 32
umber ngines in operation Define LNG Walef [jlmls GT P RO
Emissions
HRSG Layout
Performance Map _—
Exhaust Loss CDOIFQ System
Excess Air ST |I"Ipl..ll3
Other Pure Gas
Select Stream B
Define Lig Refrig

Stator Cooling
T — GT MASTER 26.1 - C\Users\imart\Documents\Thermoflow 26\Samples\(GTM_Script4)GTDataFromExcel.gtm - O x
otor Looling
ASHRAE Climate File View igns Tools Window MNew Session Control Loops ExcelLink Compare Files Scripts  Custom Variable List  Help
P ter A ST HRSG HRSG W ater Cocling Eniron Gasifi Desal Re-design
— Inputs | ST Inputs | process Inputs Process Circuits System ment cation ination in GT PRD

Parameter B

Motor I
Flow Priority Site T Calculation Options T Main Steam Piping Losses T Miscellaneous Assumptions T Notes

GT Case Number
GT MASTER

~ |
Script Custom Inputs
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-&\ Thermoflow

Run SCRIPT

ﬁ Preferences and Current Settings >
Navigation ] Language ] Graphics |§i]lhels Compul Trust scripts?
Output D ata File Compression
Thig setting determines if files are stored in compressed format. 1tis used by GT PRO, GT MASTER, L - ae?
PEACE, and related utilities. The reduction in file size depends on the operating environment and file ! Do you want to run scripts?
contents. e
) . o Only answer "Yes" if you are certain that none of the scripts in this file
" Use file compression when saving files contain malicious code.
¢ Do nat use file compression
— Folder to Store Personal Files
Thiz folder is the location where output files are stored by default. NOTE: this Choose Folder... | Si I Mo
setting affects all Thermoflow programs.
C:AUsershimart\DocumentshThermaflow 26
— Default library folder
This is the default location where Thermoflow model libranes are stored. Choose Folder... |
|C'_'\Users\imart\Dncuments\Thermoflnw 264Library
— Mizcellaneous Options
| oot covpuai GTPRO
< — Script Trust Level
" Always trust = Never tust " Always ask )
—
\ . . - .
Script computation finished. Number of loops = 1
Please view text output on System tab, Script Details sub-tab.
oK Cancel Aceptar
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tP Thermoflow

SCRIPT Outputs GT PRO - GT MASTER

@ GT PRO 26.1 - C\Users\imart\Documents\Thermoflow 26\Samples\(GTP_Script1)Different_Condensate Return_Temperature.gtp - O X

File View Edit Options Window ExcelLlink CompareFiles Scripts Custom Variable List Help
System Gas Tubine HRSG Steam Turbine Cooling System Environment Gasification
_ Plant Summary | Summary Table | Stream Table | GasDP | Exergy Analysis | Motes | Messages | Commentary | Srousl Model | Custom OWgut

Start Design Sowpts

| Script |

- Different process cond te return temperat
Plant Criteria P d te return temperature 225|F
GT Selection

GO m GT PRO 26.1 - C\Users\imart\Documents\Thermoflow 26\Samples\(GTP_Script1)Different_Condensate_Return_Temperature.gtp — ] hd
Bl File View Edit Options Window Excellink CompareFiles Scripts Custom Variable List Help
| GlEalish | System | Gas Tubine HRSG SteamTubine  Cooling System Environment Gasficalion Desalination ; s
‘Water Circuits _ Plant Summary | Summary Table | Stream Table | GasDP | Exergy Analysis | Notes | Messages | Commertary | Ancuslbodel | Custom Output | Snﬂl Script Details
HRSG Layout Start Design Dillsmn.l p d return temp \ /
Cooling System T, Computation Status: Computed successfully
ST Inputs GT Selection Script Inputs
e — GT Inputs Call Origin TFCO_LASTCHANCE
This value identifies the origin of this call to the script computation routine,
Other PEACE ST-HASG See the scripting documentation for a more-detailed description.
Economics HRASG Inputs
Gasiication Waler Ciclits Convergence Status li]
The curent convergence status of the model.
Desalination SRR Ly If ConvergenceStatus <= 1, then the model is converged.

Cooling System

ST Inputs sip[1: 1. HP p densate return temp [ 250[F
_ Envionment || Gol2k 2. 1P p densate return lemp | 200[F
Other PEACE
BerieTs sip[3]: Main HP process mass flow ] SI"“"
Gasilication sip[4]: Main IP process mass flow ] 5"""
Desalination
Script Dutput:
Compute | Sup R

tfip[1]: Process densate return p l 225|F
Text Dutput Linked output

Graphics Output
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-tP Thermoflow

SCRIPT Outputs THERMOFLEX

Streams

o Gasthir

W ater/Steam
e Fuel
Components

=N 9[ Engires on
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ffl] THERMOFLEX 26.1 C:\Users\imart\Documents\Thermoflow 26\IMG\Descon-PAK\CC_32 En g_1_0D_scripts.tfx O x
File Edit Options Define View Help < 1 7 d | & | | @
EdtDawng | D | Edtinpus | B | Flowshests | G raphics | PeaCE | Assembles | Messages Oifdesin 4|
M. of Engines on
Fuel Specification [14] : Flow divider value 32
PEACE Gas/Air Specification [7] : Flow multiplier value 1
- Cost Summary Gas/Air Specification [13] : Flow divider value 32
e Cost Breakdown Water Specification [11] : Flow divider value 32
- Financial Summary Water Specification [12] : Flow multiplier value 32
e Cash Flow ‘Water Specification [27] : Flow multiplier value 32
Tables Water Specification [28] : Flow divider value 32
- Plant Summary Power Device: Multiplier of Reciprocating Engine Set [1] - Internal Generator 32
+ Generator & Motor Powe 4 iliary Device: Multiplier of HRSGAssembly[1]: Economiser (PCE) [16] - aux 32
- Stream Table Augxiliary Device: Multiplier of HASGAssembly[1]: Economiser (PCE) [20] : aux 32
 Ermissions Awugiliary Device: Multiplier of HRSGAssembly[1]: Evaporator (PCE) [17] : aux 32
- Flow Solver Matris Auzxiliary Device: Multiplier of Pump (PCE) [22] 32
o Pressure Solver Matrix Auxiliary Device: Multiplier of Pump (PCE) [3] 32
E---------Water Accounting

18
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SCRIPTS Compatible with

- Multiple Runs
- ELINK

- TEX: “Classic” Macros, Searcher
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-UO Thermoflow

Import and Export SCRIPTS

Importing: Things that are always preserved

The following properties of an imported script are always preserved:
*Name and body

Call origins

*Script Output Parameters

Importing: Things that are never preserved

The following properties of an imported script are never preserved:
*Script Input Parameters (sips) that refer to custom inputs

*Custom inputs, file-specific.

Importing: Things that may be preserved

Script Input Parameters (sips) and Thermoflow Input Parameters (tfips) are links to variables in the main program hosting the script.
When a script is imported, the script will ask the main program (e.g. THERMOFLEX, GT PRO, or GT MASTER) if its sip and tfip variables
are still available in the current file. If they are, the variables will be preserved. If they are not, then the variables will be cleared and
the script itself will also be disabled.

This process may not be perfect. It is up to the user to ensure that all of an imported script's sips and tfips have been properly
assigned, and to reassign them if necessary.

When importing a script exported from a different program (i.e. importing a script exported from THERMOFLEX into a GT PRO file, or a
script made in GT PRO into a THERMOFLEX file, etc.), all sips and tfips will be cleared.
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SCRIPTS Samples

GT PRO:

- (GTP_Script1)Different_Condensate_Return_Temperature
- (GTP_Script2)Different_Steam_Export_Prices

- (GTP_Script3)Script_DB_STkW

GT MASTER:

- (GTM_Scriptl)ExtractionSelector

- (GTM_Script2)ACC_Scheduling

- (GTM_Script3)CustomOutputs

- (GTM_Script4)GTDataFromExcel & (GTM_Script4)GTDataFromExcel.xls

THERMOFLEX:

(52-36)Load Scheduling 6-on-1 CC Plant

(S2-37)Modeling M-on-N Plant Using Scripts

(S5-22) SolarPV with Gas Turbine Backup using Scripting
(S5-23) WindFarm with Gas Turbine Backup using Scripting
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SCRIPTS Help:

GT PRO: Chapter 24
GT MASTER: Chapter 24

THERMOFLEX: Chapter 3.3

Contact THERMOFLOW Support at info@thermoflow.com
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