Welcome!

Webinar #18: Steam Turbine Tuning
13 December 2017

Agenda:

* Introduction

Steam Turbine Characterization

Goals

Initial Design

Tuning tools in GT MASTER
Tuning tools in THERMOFLEX
Reminders ----

* Q & A Session

Presenter: Norm Decker (U.S. HQ)
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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Thermoflow

Feature Awareness Webinars
‘ 1- Assemblies in TFX

2- Scripts in Thermoflow programs, GTP-GTM-TFX
3- Multi Point Design in GTP-GTM

4- Reciprocating Engines in TFX

5- TIME in GTM

6- Matching ST Performance in STP

7- Modeling Solar Systems in TFX

8- Combining THERMOFLEX & Application-Specific Programs
9- 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-  Modelling GT’s in Thermoflow programas-1

13-  Thermoflex for on line and off line performance monitoring
14-  Tflow 27, what’s new

15-  Modelling GT’s in Thermoflow programas-2

16-  Multi Point Design in GTP-GTM

17-  Total Plant Cost in THERMOFLEX

‘ 18- Steam Turbine Tuning
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'd" Thermoflow

Steam Turbine Performance Characterization

Power =m (h1l —h2)
r 3
; P Sliding ,

g Td
%
%

ENTHALPY h

AN\

Group overall efficiency
= (h1 — h2)/(h1-h2s)

M
Spans all blading in group, plus
I:}exhaust Iossgand g{;:-:»ntlé}-:]rlp ENTROPY s
valve inefficiencies
(h1-h2) = function of {P1, h1, P2, n} P1 =function of {h1, m, A, P2}
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'd" Thermoflow

Steam Turbine Performance Characterization

To tune a given model to match measured or
proposed performance, you need to control these

Power = m (h1 — h2) key values:
. Flow (m)
(h1-h2) = function of {P1, hl, P2, n }
Efficiency (n)

P1 =function of {h1, m, A, P2}
Nozzle area (A)

And... some other details...
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'd" Thermoflow

Steam Turbine Performance Characterization

The Devil, they say, is in the details, but there
really are only a few...

Flow isn’t the same through all sections, must sum individual groups:
Power = X mi (hii-h2i)

There may be leakage streams and sealing steam streams
Exhaust loss varies in a separate way with exhaust volume flow rate

Some power is lost
Power = X mi (hii-h2i) — Bearing loss — Gearbox loss — Generator loss
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'&1 Thermoflow

Tuning Goals

Making just one model operating condition
match specified performance >>> Single-point Tuning

Making a simulation (Off-design) model fit
performance specs at several operating conditions >>>  Multi-point Tuning

In many cases, a carefully tuned Single-point tuning will also well simulate
performance at other operating conditions.

A well-tuned model should predict pressures and enthalpies well in addition to
predicting power.
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'd" Thermoflow

Initializing the Steam Turbine

In GT PRO, STEAM PRO, and

THERMOFLEX at design:
Inlet P, T, h, and m are known
Exit P is known W
Efficiency is estimated
m (or imposed)
P
; ﬁ E Power, Nozzle Area, and Exit h

are computed

The needed elements here were described with details in Webinar #6: Matching ST Performance in STP
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'd" Thermoflow

Simulating the Steam Turbine

In GT MASTER, STEAM
MASTER, and THERMOFLEX
at Off-design:

Inlet m and h, are known
from upstream, Exit P is
known from downstream

j—|":|3
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o T4

Nozzle area is known from design

Efficiency is determined, based
on design point efficiency

Power and Exit h are computed



Thermoflow

Simulating the Steam Turbine

... and the details Sealing steam

Leakage streams

Generator loss

Extractions/Additions
Exhaust loss Gearbox loss

Bearing loss
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'd" Thermoflow

Manually...

With careful examination, the simulation programs have long
allowed you to iteratively manipulate the entering and exiting
flows, adjust nozzle areas to match upstream pressures, and
adjust group efficiencies.

Tuning Methods

With the Automatic Tuning feature...

Much of the performance matching exercise is made easier -
specify for each group the upstream and downstream pressure,
upstream and downstream enthalpy, and the group flow — the
Tuning feature adjusts Areas and Efficiencies.
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ThermOflow File View Options Tools Window New Session  Control Loops  Excel Link  Compare Files  Scripts Customn Variable List  Help

Main Plant GT Inouts | ST Irout 1) HRSG HRSG wiater Cooling Ervviran Gasifi Dezal
Inputs Criteria nputs NPYS T Process |nputs Process Circuits System ment catian ination

COMPUTE

Re-design
in GT PROD
4 3
Steam Twibine Main Inputs] Sta%?:r?t'rzli‘sps k ] Preszure Set Points ] Exhauzt End Hardware ] ST Leaks ] Steam Seal Syztem ] Generator | Aupilianes & Mizcellaneous

LPTL Inlet Pressure Control LPTL Parameters

Nozzle Adjust dry stage efficiency to a ‘.erI
hd + Specify efficiency degradation " Specify enthalpy * Usze area group efficiency
1 Mumber of stages a & Al
B 25 # Dy stage eff. at design point flow function  [86.3 4 - - - s ————— kit
] 10 # Design point total inlet nozzle adjusted area (01575 72 s dnFontinf Adjust Nozzle Area to alter psia

o - . Pressure/Flow characteristics
73 % Efficiency degradation a x

M a n u a I a dj u St m e ntS | 15 : Enthalpy at group exit 949 BTU/b
in GTM

Group pressure ratio = 214.3

IP induction gt
HPTL LPTL
11 stages a stages
81.1% Des. Eff. 86.3% Des. Eff.
0% Eff. Dear. 0% Eff. Deagr.
Sliding Sliding

\
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File View Options Tools Window MNew Session Control Loops  Excel Link  Compare Files  Scripts Custom Variable List  Help
Th erm oﬂow Main Rlant B er st (rout 5T HRSG HRSG water | Cooling | Erwiron Gasifi Diesal Re-desit
Inputs Criteria nputs PR Process InpLits Process Circuits Syztenm ment cation ination in GT PI
1 Steam Turbine Adjustment Factors
Steam Turbine Main .
Inputs 5T Model Adjustments
HET inlet ol ™ Enabled (* Dizabled - — - — 0
NI PrESSUNe GO For as many as five distinct operating conditions, you can manually enter
L P r Adjustment Factors for Group Mozzle Areas and Efficiencies as well as Exhaust Loss
ST Group  |HPTL - and Generator Loss (if you know what they need to be)
Mozzle Area Adustrent Factars
Pt 1 Paint 2 Paint 3 Faint 4 Paint 5
R o Group inlet volume flaow / Design value EA EA |E!EI E4 |1 1] |°/., %
IVI u It I - C a S e a dJ u St m e n t S Group inlet nozzle area adjustment factor |1 | |'I |
Design point group inlet volume flow = 2536 |73/
[ ]
I n G I IVI Dy Stage Efficiency Adjustment Factors
Pt 1 Paint 2 Paint 3 Faint 4 Paint 5
Group exit volume flowe / Design value z z |E!EI E4 |1 1] |f’é 4
Group design diy stage efficiency adjustment factor |1 | |1 |
Design point group exit volume flow = [127.4 |73/
[=talll] (
Pt 1 Paint 2 Paint 3 Faint 4 Paint 5
[ ST dquipped with over-fio Exhaust volume flow ¢ Design value EA EA |E!EI E4 |1 1] |"/o %
Exhaust losz adjustment factor |1 | |'I |
Design point exhaust volume fow = | 13844 |#73/s L
Pt 1 Point 2 Point 3 Foint 4 Point 5
5T /Generator output B4ES  [kw (126897 |kw 18930 |kw 21162 [kw 2538 |kw
Generator loss adjustment factor |1 | |'| |
(1] 4
5T Model
Adjustments
5T Model Adjustments: Dizabled I
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Thermoflow

M ain Plant

File View Opticns  Tools Window Mew Session  Control Loops  Excel Link  Compare File

Import ltem(s) from a GT MASTER file

i

Inputs Criteria

Impert ltem(s) from Catalog

= = Store [tem(s) in Catalog
Steam Turbine Main

Inputs Manage Catalogs

Single-Point 5T Tuning

Motes on single-paint 3T tuning procedures

HPT inlet pressure cor

Single-Point GT Tuningy Vend:

Single-Point 5T Tuning / Veng ]

Multi-Peint GT Tuning /|

Uncontrolled [shding

Producing the
Adjustment Factors
automatically with the
Tuning feature, selected
from the [Tools] menu of

Single-Point 5T Tuning

ST Tuming Data

5253 Juw

Generator loss

AFress 'Ok to begin ST tuning, or press 'Cancel' to return to GT MASTER to modify this file first.

Before you begin steam turbine tuning. please ensure you have accurate performance data
from a vendor for all inputs needed.

n paricular, werify matches for the following inputs:

1. Stearmn turbine group contral parameters, if any, from the 'Stage Groups & Controls' tab of the 'ST Inputs'
topic.

2. oteam turbine leakages from the 'ST Leaks' tab ofthe 'ST Inputs' topic

3. Exhaust end parameters from the 'Exhaust End Hardware' tab of the 'ST Inputs' topic

Mate: The ST tuning WILL NOT warlk well with turbines with multi-salve contrals.

Al

GT MASTE R ° ST exhaust loss BTU/b Cancel | Print... | Save... |
ST Group Thermo Conditions _—
Imlet Inlet Imlet Inlet Exit E it Mozzl Cimy st fe
E n te r t h € d esire d qussure Tne?'nperature EnnThaIp_l,l h?:ssfluw F'::Iassure ErH1IthaIp_I,I aclﬁ.ziaecﬁ:ur?a au:rI{ ?aigtluere
cond Itions, then click HP/IP/LP Casing: Group HPTL [10725 |psia  [848  |F [1#152 |eTusk bts 150 |psia [12367 |BTUMR 1 | [ |
[RU n Tuni ng Ca Iculation] HP/IP/LP Casing: Group LPTL [150  |psia  [4478 |F [12481 |BTU/b bts  [07 Jpsia [343 |BTUMR 1 | [ |

CAMCEL - Save Tuning
Inputs

Maote: Group inlet conditions are after any valve lozz, leakages, extractions, or additions. Group exit conditions are after any auto extraction lozzes but before 5T exhaust loszes,

CAMCEL - Ignore

Tuninig Result

Run Tuning
Calculation

]
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Thermoflow —

ST Tuning Data

Generator lozs

ST exhaust lozs

[OK-Apply Result & Return], :

ST Group Thermo Conditions

5283 ft Generator losz comection factor 0.971 E ztimated 5T /Generatar ou

37 BTU/b Exhaust loss comection fackor 03667

tput 22005 kW

results will be written to Inlet Inlet Inlet It Esi Esi Nozzle area  Dry stage eff
the [Model Adjustments] Pressure Temperature  Enthalpy Massflow Pressure Erthalpy adi factor  adi factor
feature of the [ST Inputs] HP/IP/LP Casing: Group HPTL [10725 |psia [848  [F [14152 |eTu/b btz [150  |psia (1233 |BTUsb [1.057 |  [0.9867 |
topic, ready to be HP/IP/LP Casing: Group LPTL [150  |psia  [#03 |F  [1242  [BTUAb bss |07 |psia (951 |BTUMR [1.053 | |D.ge21 |
) Steam Turbine Tuning Successful X

employed. I

CAMCEL - Save Tuning
|Fiputs

Steam turbine tuning calculation successful,

To apply computed results to your steam turbine model,
click on < CK -Apply Tuning Result and Return to GT MASTER> button.

0k, - Apply Tuning Rezult and
Return to GT MASTER

Run Tuning
Calculation

Maote: Group inlet conditions are after any valve losz, leakages, extractions, or additionz. Group exit conditionz are after any auto extraction lozzes but before ST exhaust lozzes,

CAMCEL - Ignore
Tuning Result
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Th fl .
ermoriow The Tuned Steam Turbine

can be stored in the ‘Catalog’ to be
available for being directly loaded
into a different GT MASTER file

File View Optiocns Teools Window Mew Session  Contrel Loops  Excel Link  Compare Files  Scripts Custorn Variable List - Help

M ain Flarnt ST HRSG HRSG W ater Cooling Erviron G azifi Dezal Re-design
Inputs Criteria GT Inputs | ST Inputs Frocess |npLts Process Circuitz System et cation ihiation in GT PRO COMPUTE
4

Ambigrt ¢ b B F Did you know you can estimate project cazhflow uzging a a zeres of cases to represent Mode

ST S operation throughout the pear? G
Ambient pressure psia - - -

] ] - Click here to jurp bo 'E conomics' tab to set Cashflow Method = Snnual Model'.. fs

Ambient relative hurmidity oA
&rnbient wet bulb temperature 148 |F Model Import/Export

. ' Import ltem(z) from a GT MASTER file
Site cooling water temperature F

Stop Valve Import [tem(z) from Catalog

Store Item(z] in Catalog

kore optiohs available from Tools menu
Murnber operating GT/HRSG

(1 in plant]

Murnber operating ST
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Thermoflow

ST Tuning in THERMOFLEX

38.000 | 32121

397.0 | 2000

This image is from a design-
point heat balance that was
accompanied by heat
balances for several other
load conditions, providing an
opportunity to see how well
a model of the turbine will
‘track’ at other conditions

12.300 ‘

[ 38.000 | 32121

397.0 | BO.YV

38.000 | 32121

397.0 | 0234

20.200 | 3066.B

318.3 | 0.000
2961 .8 -

262.0 ‘

8557
1.687 | 26172

114.9 | 7980

P (bar) | h (k1/kg)

T(c) | mit/h)

18538 kW

1€

0.150

2347.0

54.00

73.38
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Thermoflow

ST Tuning in THERMOFLEX

9 - 358|397
- anfaz11

Model with needed number of groups for the three
extractions, and with extraction flows and pressures

Initial TEX model set 1
18914 kW

Leakage streams still set by program default settings f_________; i

]
20.2[314.8

03088
'
12.3[256.8 [10] 3_1%!3.5-?

8.557 |2950.3 1.887[114.2 = =Tz35=
| 7.58(2808.2 raT|zare

©Thermoflow Inc. 2017 — Webinar 18: Steam Turbine Tuning , 13 December, 2017 Norm Decker



Thermoflow

ST Tuning in THERMOFLEX

7]

38 (397

I

Model with needed number of groups for the three
extractions, and with extraction flows and pressures
set.

Leakage and sealing streams set to match heat
balance

Group exit enthalpies set to match heat balance,
inclusive of presumed exhaust loss.

Generator efficiency trimmed to match power.

a0 (3211

Trimmed TFX model
adjusted in Design mode

\

18533 kW

He

bar|C

t/h| kdikg

T
—n
2[].2%18.? 1
03067 11
| 12 3[262 10 0 13 o7
8557|2961 8 1687[114.9 ?3'3§|334?
798(2617 2 '
J‘I 'IL

4
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Thermoflow

Data from related
heat balance cases

Pin
Tin
Hin
min
Group flow
Pel
hex1
mex1
Group flow
Pe2
hex2
mex2
Group flow
Pe3
hex3
mex3
Group flow
Pexh
hexh after seal addition

mexh

Mseal
Mmu

diff

Generator Power

h before seal addition

Casel
38
397
3212.1
89.77
89.77
20.2
3066.8
0
89.77
12.3
2961.8
8.557
81.213
1.687
2617.2
7.98
73.233
0.15
2347
73.38

0.234

0.087

0.147

18,538

2345.263492
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Case 2
38
397
3212.1
80.77
80.77
19.02
3073.3
0
80.77
10.88
2964.8
8.1
72.67
1.509
2621.4
7.053
65.617
0.13
2349.7
65.76

0.234

0.087

0.147

16,520

2347.625

ST Tuning in THERMOFLEX

Case 3
38
374
3157.9
62.77
62.77
14.4
3023.5
0
62.77
8.158
2917.4
7.181
55.589
1.142
2589.4
5.335
50.254
0.09
23223
50.4

0.234

0.087

0.147

12,194

2319.81

Case 4
38
357
3116.9
53.77
53.77
12.098
2966
0
53.77
6.821
2882.5
6.598
47.172
0.964
2566.3
4.439
42.733
0.075
2303.6
42.88

0.234

0.087

0.147

10,025

2300.802
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Thermoflow

ST Tuning in THERMOFLEX

5T Leakages ] Steam Seal System ]

Ture 5T Maodel

" Enabled

kodel Adjustrments
’7 " Dizabled

The inputz edited an thiz menu depend on whether the azzembly iz in 'Dezign’ or '0f-dezign’ mode.

Exhaust End Design ] kizcelaneous

File Edit Options Define View Help < - ; : | | |
Edit Drawing | } | Editlngutsl } | Fhwsnesde | ﬁwﬂvw}r‘xl Fosf | FEXE o | FEACE | Alvamioe Afsmaamae Off-dezign
Sheet 1 | Details: 5T [1] | Add sheet
9 5T Assembly: Edit Inputs (Off-design] - 5T Assernb
Cuid pou ko,

] Model Adjustments ]

ﬁ Stearn Turbine Tuning

T e, 191 LIDT 4 (S, JF'-":"-
: = Tuning Setup
Data ent.erEd via [Tune ST MOdel] at the e Total nurnber of tuning pnints Current tuning point |4 vI
Model Adjustments tab of the menu for the |-
ST Assembly L

ST Graup [2] - HPT 1

Group inlet nozzle area adjuz 5T Group [2]-HPT 2

Design point group inlet volun [ ST Group [4] - HPT 3

5T Group [B] - HPT 4

— D'y Stage Efficiency Adjustmeg

Group exit wolume flow f Des

Group dezign dy stage efficig

D ezigh point group exit salung
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Data entered for groups for 4th case,
based on performance specification.

Resulting Adjustment Factors

for nozzle area and efficiency
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Thermoflow

ST Tuning in THERMOFLEX

5T Leakages ] Steam Seal System ]

Ture 5T Maodel

" Enabled

kodel Adjustrments
’7 " Dizabled

The inputz edited an thiz menu depend on whether the azzembly iz in 'Dezign’ or '0f-dezign’ mode.

Exhaust End Design ] kizcelaneous

File Edit Options Define View Help < - ; : | | |
Edit Drawing | } | Editlngutsl } | Fhwsnesde | ﬁwﬂvw}r‘xl Fosf | FEXE o | FEACE | Alvamioe Afsmaamae Off-dezign
Sheet 1 | Details: 5T [1] | Add sheet
9 5T Assembly: Edit Inputs (Off-design] - 5T Assernb
Cuid pou ko,

] Model Adjustments ]

ﬁ Stearn Turbine Tuning

T e, 191 LIDT 4 (S, JF'-":"-
: = Tuning Setup
Data ent.erEd via [Tune ST MOdel] at the e Total nurnber of tuning pnints Current tuning point |4 vI
Model Adjustments tab of the menu for the |-
ST Assembly L

ST Graup [2] - HPT 1

Group inlet nozzle area adjuz 5T Group [2]-HPT 2

Design point group inlet volun [ ST Group [4] - HPT 3

5T Group [B] - HPT 4

— D'y Stage Efficiency Adjustmeg

Group exit wolume flow f Des

Group dezign dy stage efficig

D ezigh point group exit salung
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Data entered for groups for 4th case,
based on performance specification.

Resulting Adjustment Factors

for nozzle area and efficiency
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Thermoflow
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16000
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10000
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/ =¢—"Specification"
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4
)
"Tuned Model"
| 4
Inlet Flow (t/h)
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ST Tuning in THERMOFLEX - Results

P

|

/
// —&—"Specification"
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"Tuned Model"
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40

50

60

70

80 90 100

23



Thermoflow

ST Tuning — Reminder...

B 5T Tuning X

Motes on ST tuning procedures

Before you begin steam turbine tuning. please ensure you have accurate performance data
from a vendor for all inputs needed.

In particular, werity wou hawe setup vour model to match the following inputs:

1. Steam turbine group control parameters as defined on indirvidual input menus for groups in this turbine
2. oteam turbine leakages defined onthe [ST Leakages] tab of this 5T Assembly input menu

3. Exhaust end parameters defined on the [Exhaust End Design] tab of this 5T Assembly input menu

Mote: The ST tuning WILL NOT work well with turbine with multi-valse controls.

Fress 'OK'to begin 5T tuning, or press 'Cancel' to return so wou can modify this model first.

................ |:||v:; ................ Cancel | Brint | Save.. |

........................................
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'd" Thermoflow

Q & A Session

Please forward your questions on the WebEx Chat

Further questions by email to: info@thermoflow.com

PP Presentation will be available on the Website / Tutorials
Video will be available on the Service Center
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mailto:info@thermoflow.com

'd" Thermoflow

Thank you!

Norm Decker
Southborough, MA USA
decker@thermoflow.com
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