Welcome!

Webinar #9: METHODS & METHODOLOGIES
16 August 2017

Agenda:

* Introduction — Method & Methodology Fundamental Differences
* Examples illustrating the differences in Method used.
* Examples illustrating other fundamental differences arising from Method used

* Methodology — type 1, type 2, type 3 — meaning, examples etc.
* Methodology in STPro

* 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)



website: www.Thermoflow.ir
'tP Thermofiow Telegram: @Thermoflow_users

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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website: www.Thermoflow.ir
'tP Thermofiow Telegram: @Thermoflow_users

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

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE



website: www.Thermoflow.ir

tf Tt Introduction — MEHOE B Nidod8iogy in GTPRO

- Both Methods & Methodology feature at the early stage of model definiton.
- Each serve a completely different purpose.

Method : influences the method used for the HRSG design (either by the
Simplified, the Automatic or the User Defined Method)

Note that since there is no HRSG in a Rankine plant, Method does not feature
in Steam Pro.

Methodology : allows the user to choose how the program applies effects of

hardware determined from the initial calculation into
subsequent calculation runs (either in GTPro or GTM)
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'&‘ Thermoflow

Method¢betFermdefmatidwchart)

Telegram: @Thermoflow_users

Set Up Wizard & Start Visual Design

Plant Criteria >

Calculation
Options > Method

User Defined
(HRSG Layout Tab)

Automatic
(HRSG Layout Tab)

New Session

New Design
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Set Up Wizard & Start Classic Design

Simplified

Simplified HRSG
Layout from

Method Window
(HRSG Layout Tab
Greyed Out)

Plant Criteria >

Calculation Options
> Method

Automatic/User

Defined

HRSG Layout Tab



-&\ Thermoflow

Differences in Representationsm2iR HRSG, Condensing ST

Visual Method
Calculation Options > Automatic or User Defined only

File View Options

Window Excel Link CompareFiles Scripts  Custom Variable List  F

Mew Seszion

Start Design

Plant Critena

GT Selection

GT Inputs

ST-HRSG

HRSG Inputs

Water Cincuitz

HRSG Layot

Cooling System

ST Inputs

E nvironment

Other PEACE

E conomic:s

[ azification

Dezalination

Compute
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5 Calculation kain Steam Fiping |
ite "

Options Logzez
M ethod

~
(¥ Automatic
(" Uzer-defined

Simplified kethod - Heat Exchanger Lozation and Temperature Selections

High pressure economizer #1 settings
|HF'E1 Exit Temperature = [P Saturation Temperature J

Intermediate prezsure superheater settings

|IF'S behind HF econarmizer J

Low preszure superheater zettings
|LF"S upstream of [PB J

b awirmurn number of zcript loops

Classic Method
Calculation Options > Simplified Method Available

Telegram: @Thermoflow_users

Hew Session

Start Dezign

Plant Critena

GT Selection

GT Inputs

ST-HRSG

HRSG Inputs

WWater Circuits

HRSG Lavout

Cooling System

ST Inputs

E nviranment

Other PEACE

E conomics

[z azification

D ezalination

Compute

Site

b ethod

(" Automatic
" Uzer-defined

|

Calculation ]

Options

b ain Steam Piping
Loszes

] b

Simplified Method - Heat Exchanger Location and Temperature Selections

High preszure economizer #1 settings

|HF'E'I Exit Temperature = IP Saturation Temperature

Intermediate preszure superheater settings

=

|IF'S parallel to HF economizer

Low pressure superheater settings

=

|LF'S upsgtream of [PE

b awirnumn number of scrpt loops

=]



webgtte; [OROW.Ir
-&1 Thermofilow Teleg x users

* Consider a 2 PL HRSG being supplied with exhaust gas source, 760 t/hr @ 620 deg C

*  HRSG Design Method = Simplified

*  ST-HRSG conditions as shown, HP & IP Pinch @ 15degC, approach temp @ 4 degC

5T Preszsures & Temperatures

’7("' Autornatic % User-defined

B3

538

Stop Valve

to DA
[ pressure

1209 Jb

Integral Da/LPE -

Miustrative skatch only.
Some layout details determined
by numerical inputs.

P E:I bar

Automatically install a duct burner

I and fire a5 needed to achieve
superheater or reheater exit steam
temperature
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Example 1— GTPro ResultY ®fpEies iy Waka hBRIIRIOYE Katuration temperature
'lf Thermofiow Telegram: @Thermoflow_users

GT PRO 26.1 skavalefemail. cz Met Powsr 41425 kKW
-':p LHV Met Heat Rate 12253 kJKWh
LHWV Met Efficiency 23 28 %

T T 42550 KW

1359 M

138 T 106 T 1205 p

AT 4T MTT

m
(&%)
—

I

2436 0B-08-2017 13:05:41 file=C\TFLOW2S\WYFILES\Method_2PL_Varl.gtp
plbar], T[C), mt'h), Steam Properties: |APWS-IFST
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-boThermoﬂow Example 2— GTPro Result RIS ERRITACH®Ws Hturation temperature - subcooling
Telegram: @Thermoflow_users

GT PRO 25.1 skavalef@email.cz Met Power 41768 KW
1:p LHY M=t Heat Rate 12301 kJ&Wh
LHY M=t Efficiency 2827 %

Worth Noting:

1t Design yields more IP steam generation with a lower stack temp
and larger STG output. Potentially also allows the HPE1 and LPE1 to
be combined into one unit since output temperatures for both the IP
and HP streams are the same.

42484 KW

N —

37
142 T 1.208 p
105T
107 154 ] 5
BO0E b BT
42T 183 2157 20T T BMTT G18T -
0.0708 M

2435 0B-D8-2017 12:10:05 file=CATFLOW2EWYFILES \Method _2PL_\ar2.gtp
plkar), TIC), m[t'h], Steam Properties: |APWS-IFST
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'&1 Thermoflow _ -users

* Consider a1 PL HRSG being supplied with exhaust gas source, 760 t/hr @ 620 deg C
*  HRSG Design Method = Simplified/Automatic — what are the differences in terms of GTPro Output, PEACE results etc.
*  ST-HRSG conditions as shown, HP & IP Pinch @ 15degC, approach temp @ 4 degC

— T

63

038

Stop Valve

F[35 bar F[35 bar I
T1389 |C T1389 |C
PIZ___Jbar M0 |tk M0 |tk
T [165 o8
k(0 tih
---i ---- i »
Main |P process 1st sub 2nd sub ,:'
+ {I

LP process
T |180 o8
I (0 t/h

Autornatically install a duct burner

W and fire a3 needed to achisve
zuperheater or rehizater exit steam
termperature

Itustrative sketch onty.
Some layout datails determined
by numerical inputs.
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o W |
if mematiow Cycle Flow SCh?ﬁ%ﬁ;ﬁfmﬂiﬁ%ﬂﬁQOd HRSG Spec

'I:P GT PRO 25.1 skavalef@email.cz Met Fowsr 38383 KW .
LHV Net Hest Rate 13028 kJ/kWh
____ _LHV Met Efficiency 2T 54 %
cwaﬁDe;iy,(wala stzsm DP by veer) T80 m
:EE; _____ T'a 1ol 6
HPE2
wmoo coo0o0 e
..... @ ) @ HPS3 F.ZT:
----- g o] g o) g ® S o Graphics Output > HRSG > Heat Exchanger Hardware > HPS3 T8 T
""" P g P g P g Ai%em | | PEACE Cost Report HRSG @ 6.326 MM EUR
""" @0 .0
----- @ .0 _.0
Gas Out ----- ° ° o o o o Gasn
speT @ P @ s ) e AT
TEOm o o o TEOm
T = 900009 =
BT
e @50 ,0
“aT o Steamln .. o g o g o g Steam Out
i 090504 I
134T 05T 1z y @ © @ 06 h
! ful Z7e76h ° o o
a5 T 1201 m o o o 1201 m
Scale=180mm  ----- ° o o o o g
3 I e . 0
: | @50 ,0
i ©%0%0°
168
aT
2237 22T
Influenced
by Pinch —
Design : 1P non reheat condensing ST, no GT, gas flow into HRSG @ HRSG Inputs
760 t/hr & 620 degC, ST inlet conditions = 69 bar & 538 deg C (@ still Active
stop valve)

2435 QB-0T-201T 15:48:00 file=C:\TFLOWZE'WYFILES\GTPRO.GTP
plkar]), TIC), m[t'h]), Steam Properties: |APWS-IFST
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-&\ Thermoflow

tP GT FRO 26.1 skavale@emasil.cz

Note that Superheater now split into 3 smaller units.
PEACE Cost Report HRSG @ 6.07 MM EUR

- - _ - — 1
105 T 121

W oEk |

Lo dgEgs @

Cycle Flow SchematépsiteAwbronmibtiodAatlirod HRSG Spec

Telegram: @Thermoflow_users

Net Power 3568 KW
LHV Met Heat Rate 13025  kJ/KWh
LHW Met Efficiency 27.64 %

Lopgdpss

Fw

T
- -
1.134 m*Ikg L T4p
252.1 m*3is 105T BET
120.TM 0.TM

an

Includes DB
plbar], T[C], M[t'h], Steam Properties: |APWS-IFST
2435 08-07-2017 16:08:19 file=C:\TFLOWXSMY FILES\GTFRO.GTP

174 p TZE8S p 22 p 24 p 2 en "
o z g kg
ST T 485 T B0 T 5302 mdis
201 M 120.1 M 20 0.1
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-&\ Thermoflow

Transfer the Simplified Method Plant to GTM, Inspect the HRSG Inputs Screen
(Previously had 3 economisers — program has further simplified the design to just 1 equivalent Economiser)

bRy

NSTHETV?

ﬁﬁfm@f Qs A fsL S

Path

File View Options Tools Window MNew Session  Control Loops  Excel Link  Compare Files  Scripts  Custom Variable List Help

Main Plant HR5G 5T HR5G HR5G W ater Cooling E rviran G asifi Desal Re-design

Inputs Critenia Irlet ST Inputs Process Inputs Process Circuits Swyztem ent catian inahian |:||:||:||:| inGT PRO COMPUTE

HRSG Main Inputs ] Hardware ] Temperature Set Points ] Azzumptions | Radiant Boiler | Mizcelaneous
Edit Heat Exchangers | View HRSG tube plan
Zone Zone Zone Zone Zone
17 16 15 14 13 12 11 10 9 8 ¥ [ L 4 3 2 1 0
Path HPED HPEZ HFE1 HPE3 HFE1 HPS0 HPs51 HPS2 HPS3
0 rowes O rows 0 rows 21 rowe 16 rows O rows T rows 0 rowes 0 rowes
BE tubedrow A6 tube/row A6 tube/row
1
LTE LPE LFE LPS
.
3 rows 0 rows 1] r:::ws 0 rows
BE tubedrow
|Duc:t Burner
0 >
Gas Flow

Heat exchangers and the primary duct burner may be relocated with the mouse.

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE
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-&\ Thermoflow

‘L‘P GT MASTER 26.1 skavalef@email.cz

“standard” type graphic results.
PEACE Cost Report HRSG @ 6.326 MM EUR (as before)

- - —— —
02T 1,088 p
02T

W LEL

[=]

Lrol d 6ol

web&dd: MO urtpastow.ir
Telegrameod@ifernerftow _users

Met Power 35284 KW
LHWV M=t Heat Rate 12522 kJ/&Wh
LHW Met Efficiency Z7.88 %

0.09 M

-
TE0 M
1,183 m*Likg 08D p T182 p
2437 mlis 02T it
2T M 121.5 M

plbar], TIC], M[t'h], Steam Froperties: |APWS-IFST
2438 0B-07-2017 18:22:58 file=C:\TFLOW2S MY FILES\GTMAS. GTH

Includes DB

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE
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GTMIs@utputhermoflow.ir
ﬂ'\ Thermoflow vlelegrami @k ermoflow users

o I Met Power 32582 KW
' BT MASTER 26.1 skavale@emsilcz LRV Net Hast Hate 12023 kKW
LHV Net Efficiency 27.63 %

..the GTPro design is respected and duplicated in GTM e
i
E

HPE, HPB, HPS
arrangement

same as in GTPro

Lopsdgss

Lopd g @

Fw

41T BlET
M TR0 M
- |
1.194 m'ikg 1.202 p T4 p 71741 T1T4p T12p 7251 p .25 p 2 511 kg
252 m'ls 1 157 2 ZEET iz 4 530.2 m"Hs
W al .

Includes OB a
plbar], T[C], M[t'h], Steam Properties: |APWS-IFST LHY @ KWith
2435 0B-0T-2017 16:40:01 file=C\TFLOWZEW Y FILES/GTMAS. GTM
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website: www.Thermoflow.ir
'tP Thermofiow Teleg€m: @Tr]ermoflow_users

onciusion

The Simplified Method of HRSG Specification is significantly different in its approach to the other two methods of
HRSG specification

The Calculation code is a preserved version of the earlier calculation method for HRSG specification/design
Being a simpler & distinctly separate code, it may be a useful alternative to the other two HRSG specification
methods in the event that these return error messages during calculation

The difference in design Method vyields differences in HRSG heat transfer surface arrangements which may also yield
subsequent differences in HRSG cost.

Further information is provided in the Help Menu, GTPro ch. 4.2.1 and GTPro ch.20

HP Steam| IP Steam Stack Temp
t/hr t/hr  |MWe degC
Method HPE1 Setting Intermediate Pressure Superheater Settings
Simplified HPE1 exit temperature = IP saturation temperature |IPS behind HP economiser 120.1 14.15| 42.484 93
Automatic HPE1 common with IPE IPS1behind HPE3, IPS2 behind HPB 120.1 12.16] 41.956 100
Auto. Mimic of Simplified|HPE1 common with IPE IPS behind HP economiser 120.1 12.16| 41.955 100

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE



Thermoflow

Can be specified at the New Session or Plant Criteria tab
Is available for both the “Setup Wizard and Start Visual Design” as well as the “Setup Wizard and Start Classic

Metthritsd ologyermofiow.ir
(A AG A @ Grprgpoflow_users

Design” method of plant specification
Unavailable for the PDE and Standard Defaults Method of Plant Design.

File View Options

Window Excel Link  Compare Files

Scripts  Custom Variable List  Help

Mew Session

Start Design

Plant Criteria
GT Selection
GT Inputs
ST-HRSG
HRSG Inputs
i ater Cincuits
HRESG Lapaout
Cooling System
ST Inputs
Erviranmert
Other PEACE
Economics
5 asification

Dezalination

Compute

Test Output
Graphics Dutput
PEACE Output

Carrying on...

Multiple Designs
[M&CRO)

Rur from Excel

[ELIME]

Mew Design

(% Setup wizard & start vizual design

™ Setup wizard & start classic design

" Plant Deszign Expert
" Standard defaultz

Approximate Plant Output

" Upto18hw {50 to 200 M/

10t SOMW 7 Above 200 M

General Plant Configuration

" GT Orily

GT & HRSG only [no ST)

GT.HRSG, and non-condensing ST

~
o~
 GT.HRSG. and condensing non-reheat 5T
" GT.HRSG, and condensing reheat 5T

-
-
-
-

Dezalination System

Include gasification [|GCC)

Include post-combustion CO2 capture

Uze combustion engines inztead of turbines ®_

|None

tethodology

=

Existing File
" File list

Most recent file - GTRRO.GTP

Cost / Efficiency Balance

[v Set automatically based on approsimate plant output

« o r

Steam Turbine

Condenser

Heat Recovery Boiler

Gas Turbine

@+ 1. Users thermodynamic azsumptiong presail over aukaornatic hardware ¢ engingening results

7 2 Uszer's azsumptionz prevvall in GT PRO, but hardware / engineering results prevail in GT MASTER

" 3 Hardware / engineering detailz prevail over user's azsumptiong

File View Opticns

Window Excel Link Compare Files  Scripts

Custom Variable List  Help

HRSG Layout
Cooling System
5T Inputs
Envvironment
Other PEACE
Econamics
Gasification

Desalination

Compute

Text Output

Site cooling water temperature

Site allowable cooling water temperature rise
Coaling system type

glu]
wiater caaling with mechanical draft coaling tower
Wiater coaling with wet-dry mechanical cooling tower
Wwater coaling with natural draft coaling tower
Wwiater cooling with dry cooling tower
Dty air cooled condenser
Air coaled condenzer with air precooled
Air cooled condenser with continuous air saturation
Air cooled wet suface condenser
Direct contact condenzer with dip CT [Heller Spstem)
Mo condenser, ST exhausts to process

Diistrict heating system type

Graphics Output
PEACE Output

Carming on...

Multiple Designs
[MACRO)

Run from Excel

[ELINK]

©1nermortiow INC. ZUL/ — weDpinar: IVIETNoas ana MEetoaoiogles, AUgust 1o, 2UL/, STAN. KAVALE

|D. MNaone

M ethodolagy

= |

_ p ; b ain Steam Piping Mizzellaneous

Now Sase Site ] Calculation O ptiohs ] L oases ] Bssmplions ]l
ew Session

Start Design Ambient ternper ature M akeup

. Show ASHRAE

Plant Criteria Altitude i . Eﬁnt:late Data lak eup

GT Selection Ambient prezsure 1013 |bar Frocess

GT Inputs Ambient relative humidity =] % Impot Plart Cieria Process

ST-HRSG Ambient wet bulb temperature mna2 |C Diata on green jeses

PEACE Tabs 57 Process

HRSG Inputs Line frequency * B0Hz " EO0Hz —— Process

Water Circuits Process

|

+ 1. User's thermodynanic assumptions prevail over automatic hardware / engineering results

™ 2. User's aszumptions preveail in GT PRO, but hardware / engineenng results prevail in GT MASTER

" 3. Hardware ¢/ engineering details prevail over uger's assumptions

17
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Methirdolody
(A&\'&g@mé @Eﬂggpoﬂow_users

Ref GTPro Help 2.4.5

-&\ Thermoflow

“Users thermodynamic assumptions prevail over automatic hardware/engineering results.”

ThIS means that: Method 1 is the default and results in the shortest computation times. The heat balance results in GT PRO and GT MASTER rely on the assumptions used to create the
hardware. The hardware characteristics do not feed back into the heat balance automatically. For example, the pressure drops in the heat balance pipes are computed directly
from assumptions made at the Plant Criteria |t|:|pit:, §4.3. Those assumptions are also used by PEACE to size the pipes. In GT MASTER, a resistance coefficient derived from
the GT PRO heat balance is used to scale the pressure drops at off design. Thus, under identical flow conditions the pressure drops in GT PRO and GT MASTER will be identical,
but are not computed using the hardware definition of the piping system shown in the PEACE outputs.

Site Calculation Dptions Main 5team Piping Mlscellanguus
Losses Azzumphions
Methodology {« Heat balance uses assumed pipe pressure losses below
T ERD Defaults 1 2 3 " Heat balance uses hardware-based pressure drops from PEACE pipe results
1. Pipe dp Udtc U4t FHW
2. HR3G water-side dp Udf Udc PHW . ..
325 %
3. Srack loss Yo Mo Yes 1. Pressure losz in HP piping [DF/F) -
4. Rad g from GI/LB Ho Ho Yasg 2. Prezaure lozs in HPT piping [DF/F) X
5. Hydrostatic corr. Ho Ho Tes 3. Pressure loss in hat BH piping [DP/P] X
. C C o Mo Tes . ..
6. PEACE aux HX q to CI . 4. Prezzure losz in cold BH piping [DPAF) 5":;
GT MLSTEE Defaults 1 2 3 A. Prezsure logz in IP piping [DF/F) X
1. Fipe dp RC FHW PHW E. Fressure loss in LP piping [DP/P) IZI 4
2. HR5G water-side dp CF GTE 1 1 . .. N
¥, Prezzure lozz in LPT piping [DF/P 4
3. 3tack loss GIF Yes Yes piping | ) IZI
4. Rad q from GI/DB GTE Yes Yes 5. Enthalpy diop in HP piping 25 ]k
5. Hydrostatic corr. :'Ii SIP "_‘TIP 9. Enthalpy drop in HPT piping kJ
6. PEACE aux HX g to CT GTE GTE zIFP _ -
7. Cooling water flow Uds PHW PHW 10. Enthalpy drop in hat BH piping (A3
Udf: User-defined, PBHW: PEACE Hardware (if licensed) 11. Enthalpy drop in cold RH piping kK
RC: Resistance coefficient 12 Sl P e kJa"k
13. Enthalpy drop in LF piping k) /k
14. Enthalpy drap in LPT piping kd#k

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE 18
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-&\ Thermoflow (As K%@@W@WMRM@[@W_H%N-S)

On leaving Plant Criteria Screen, note the below message advising of changes to selections made by the program to various
aspects of the plant hardware

o

GTPRO [ x |

You have selected Methodology 1. Following inputs have been / F ro m H RSG I n p uts > H a rd Wa re Desig n Ta b

chamged for you,
HRSG design => 1, Auto, integer tubes & rows (water/steam DP by

o — From Plant Criteria > Main Steam Piping Losses Tab

Piping => Heat balance uses assumed pipe pressure losses.

Suack => Do not compube stack bucyancy & lesves. From HRSG Inputs > Equipment Options (PEACE) Tab

HRSG == Do not compute radiation q from DB or GT exhaust

RSG => Do ot include hydroststic comection for drum elevation_ I ——— . .
i | ”\From HRSG Inputs > Miscellaneous Tab (item 13)
o] From HRSG Inputs > Miscellaneous Tab (item 18)

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE



Thermoflow

tP GT FRO 25.1 skavale@emsil.cz

Design : 2PL non reheat condensing ST, no GT, gas flow into HRSG @ 760 t/hr
& 620 degC, ST inlet conditions @ stop valve = 69 bar & 538 deg C & 7bar @
LP admin

Plant Criteria > Main Steam Piping Losses > Pressure Loss in HP Piping > 3.25%

35T
1324 M

o
—
oy

Rl

M7

W LrEL
W aEe

Exqfﬁgram M%gﬁnﬁggow ugy 1

MNet Power 40770 kW
LHWV M=t Heat Rate 12451
LHV M=t Efficiency 28.91 %

TED n 74.8
Mo a
60T :
Bp
BIBT
201 M

3.25% dP

Lopsdpes

Lol dogs s @D

134T M

T ] Fw
BT T
IFEZ E; HPE2 E%- HPE? Ei‘ C 1 P50 PS5 F&1
T7Eip TTELp 7454 p TEBp  TiT4p T4EEp  TiIT4p  TZESp T1.83p T1.24p
BT 1 T ET 20T BT 20T ZEET 7T 455 F40 T
155 W 0.7 W WETM  1207TM ETM iZ04M 1201 M 1201 MW 1201 M

plbar],
2435 0B-0T-2017 16:48:15

TIC]. MIt'h], Steam Properties: IAPWS-IFST

file=C: A TFLOWXS WY FILES\GTPRO.GTP
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Thermoflow

website: www.Thermoflow.ir

Example: M&EREdBI68YAVenHtd)

Note that Hardware has been calculated and can be determined from the GTPro calculated

outputs- but these details have not been fed back into the model .

HPS3 Hardwars Design (watsr'steam DEF by veer)

HFS1
HPS0
HFE1
IP52
HPEZ
P51
HPEZ
IFE
IPE2
LTE

- 0000000000000 0C0CO

Scale = 150 mm

3 Flow out of drawing
% Flow into drawing

plbar] TIC] mit/h] hikl fka]

Gas Out
RE0.3T
TEO m

Steam In
71.93p
4BERT
3302 h
1201 m

|

- 0000000000000 06C0GO

1]

150 mm

HPS53

2 tube rowes

A8 tubes per row
Pl =95.25 mm
Pt = 77.22 mm

GazIn
18T
TEO m

<mm

Stearn Out

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE

[
38.1 mim
5715 mm

1]
L

5EIlmm

Fin-tube type Sold fing
Tube arrangement Staggered
Firi material TP409
Tube material 791
Tube outer diameter 381 mm
Tube wall thickness 2,108 mm
Firi height 9525 rmn
Firi spacing 2647 mn
Fir thickness 0.9306 mm
Mumber of finz per meter 2743
Semated fin zegment width M A,
# of zenated fin zegments M A,
Un-zemated height / fin height M,
Longitudinal row pitch 95,25 mm
Trahgverze tube pitch .22 mim
# of tube rows [longitudinal) 2
# of rows per pazs 1
# of tubes per row (ranzverze] s}
Tube length 1356 m
Gaz path transverse width 4519 m
Gasz path frontal area B1.25 m™2
Hi total outzide suface area 1447 4 m"™2
M awimum gas welocity 2002 miz
[Gaz prezzure diop 1.287 millibar
Steam side velocity 2991 miz
Steam side DP from hardware 1.319 bar
Heat trangfer from gaz E3E5 W
Heat tranzfer to gteam E334 kw

[Tomme fizw, Tz ey The Emgimem Colizee

;:.1 [o——
[Dc: J207/LT
[Lenimg M

21



-&\ Thermoflow

Methagﬁg@'

g”Th;'rEn“l;M yut Screen

- HPT extraction far process

El
L
£

5 kJika

|L|se reziztance coefficient

J Click _to edit pipe details. .

Main Plant HRSG ST Irout ST HRSG HRSG W aher Coalifg Environ (3 azifi Dezal
Inputs Critena Irnlet NPT Process [nputs Frocess Circuitz Syztem menk cation ination
Site ] Calculation Options ] Main Steam Piping Loszes ]
Reziztance coefficient Enthalpy losz Preszure drop model
1. HPE ta HFT 0.8518 m"-4 kJ/ka |L|se resiztance coefficient j Click to edit pipe details...
2 IPB ta LPT 2.863 m"-4 kJ/ka |L|se resiztance coefficient j Click to edit pipe details...
3. Hat reheat ko HPT I:I -4 kd kg ||_|SE resiztance coefficient J Click to edit pipe details...
4. Cold reheat pipe I:I -4 kg ||_|SE resistance coefficient J Click to edit pipe details...
5. LFE to LPT addition I:I -4 kg ||_|SE resistance coefficient J Click to edit pipe details...
E. HP process ICI -4 kl/kg |L|se resiztance coefficient J Click to edit pipe details...
7. IP process I:I -4 kg ||_|SE resistance coefficient j Click to edit pipe details...
: [
: [

| LPT extraction for process

El
L
£

5 kJika

|L|se reziztance coefficient

J Click _to edit pipe details. .

Mizce

GTM- Methodology 1- Pressure Drop Model = Resistance Co-Efficient

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE
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Thermofiow Methodology 1-GTM OUtpUt

e R T MNet Powsr 40754 kKW
-+ BT MASTER 26.1 skavale@emsi.cz e et B 52455 /KW
LHWV Met Efficiency 28.5 3

1.04 p
8T
TEO M
W T Eizn'r
1324 M 120.1 M
3T 1.055 p
1T
o k2
= g
(=] —_
= =
3.25% dP

(as before)

Lopsdps e

P

1101 d gag s @

plbar], T[C]. M[t/h], Steam Froperties: |APWS-IFST
2438 0B-0T-2017 17:07:48 file=C\TFLOWZEWYFILES\GTMAS GTM
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-&\ Thermoflow

Methodology 2

(As Applicable to GTPro)

Ref GTPro Help 2.4.5

“Users assumptions prevail in GTPro, but hardware/engineering results prevail in GTMaster.”
This means that: Essentially there is no difference to Methodology 1 when in GTPro, however once the user enters

GTMaster for off design calculations, the physical hardware parameters calculated/defined in GTPro now dominate in

subsequent GTMaster calculations.

—

[=x TS FLE S ST

—

L I = T S T S T R e ]

RC:

PRO Defaults

Pipe dp

HRSG water-side dp

Stack loas

Rad g from GI/DB
Hydrostatic corr.
PEACE aux HX q to CT

MASTER Defaults

Pipe dp

HRSG water-3ide dp CF

Stack loas

Rad g from GI/DB
Hydrostatic corr.
PEACE aux HX q to CT
Cooling water flow
Udf: User-defined, PHW: PEACE Hardware (if licensed)
Eezistance coefficient

Methodology

1 2
Udf Tdf
Udf Tdf
Ho Hao
Ho Hao
Ho Hao
Mo Hao

1 2
RC EHW
GIP 1
GIP Yes
GIP Yes
GIP GIE
GIP GIE
Udf EHW

PHW
PHW
Yes
Yes
Yes
Yes

FHW

Yes
Yes
GTE
GTE
PHW

...same defaults
in GTPro M2 as

in M1

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE

Site

] Calculation Options ]

Main 5team Piping

Losses

{* Heat balance uzes azsumed pipe pressure loszes below

(" Heat balance uzes hardware-bazed prezsure drops from PEACE pipe results

1. Pressure losz in HP piping [DF/F)

2. Prezaure lozs in HPT piping [DF/F)

3. Prezsure lozs in hat BH piping [DF/F]
4. Prezsure logz in cold RH piping [DF/F)
A. Prezsure lozs in IP piping [DF/P]

B. Prezsure lozs in LP piping [DP/P)

7. Prezzure lozz in LPT piping [DF/F]

3. Enthalpy drop in HP piping

9. Enthalpy drop in HRT piping

10. Enthalpy dropin hat BH piping

11. Enthalpy drop in cold BH piping

12. Enthalpy drap in IP piping

13. Enthalpy drop in LP piping

14. Enthalpy drop in LFT piping

1

Mizcellaneous
Azzumphions

L S

s

LA am|| A || || || o A | O =] 2
m| o
& E E & & & &

t
=

T
=

e T e e
o O

-
=

|
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-&\ Thermoflow

tP GT FRO 25.1 skavale@emsil.cz

Same design as per Methodology 1
Same GTPro outputs in Methodology 2
( since have same % dP defined as previously)

BT
1324 M
BT 1.055 p
imT

o ra
= 2
b
= =

Example: Methodology 2

3.26% dP

MNet Power 40770 kW

LHY Net Heat Rate 12451 kJKWh

LHV Met Efficiency 2B.91 %

Lol dogs s @D

Lopsdpes

7487
13

FWw

.__:?,':_'__,ET D55 p 7753 p TT53p T4.54 p
BT Imeye WT WEET 1\ T M4ET
324 M 1347TM  1355M 120.7 M

110

plbar], TIC], M[t'h), Steam Froperties: |APWS-IFST
2438 0B-07-2017 18:48:13 file=C:\TFLOW2EWYFILES\ETPRO. GTP

3 455 374 p 12683 p
ZBET T ZEST TiT
20.TM TMETM 201 M 1201 M
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1)(\T,,e,,m,f,w, Methodology 2 — GTM Input Screen

Note the difference: in prior example with Methodology 1, the GTM input screen had Main Steam Piping Losses/Pressure
Drop Model as “Use Resistance Co Efficient”, with Methodology 2, this is now “Use PEACE hardware description. Model
calculation is therefore based on the hardware characteristics calculated previously in GTPro.

Also- could have “manually” switched on Methodology 2 in prior example by manually changing the pressure drop model in
this screen.

Main Plant HRSG ST Irouts ST HRSG HRSG "W ater Cooling Enviran Gasifi Deszal
Inputs Criteria Inlet R Frocess Inputs Process Circuits Sustem et c:atian ination
Site ] Calculation Options ] Main S5team Fiping Lozses ]
Rezistance coefficient Enthalpy lozz Prezsure drop model
1. HPE ta HPT 08518 |m™4 ki kg |Use PEACE hardware description _ | Click to edit pipe details... - ] — ] o -~
2. |PB ta LPT 2863 m '4 k,\_l.l'lkg ||_ISE PEACE hardware dESCfiptiDn j Click to edit DiDE details. . Pipe pressure diop model Pipe schedule Pipe Re-sizing Method Cioss
- — o T o |Use PEACE hardware description j |14D j &+ Specify hardware @« Sta
3. Hot reheat to HPT ICI -4 k"-l"llkg |L|SE FEACE hardware dESC[lptan J Llick to edit = details... Pipe material Fitting pressure class [for those denoted by [*) belaw] | ¢ Specify thermodynamic inputs " Cu
— . — . 2z x| [a00psn/e0bag =]
i 2 28 lUze PEACE hardware description Click to edit pipe details...
4 Cold reheat pipe ICI -4 - kJ kg | P J Fine Groun
5 LPB to LPT addition ICI -4 k) ka ||_|SE FEALCE hardware description J Click to edit pipe details.. E"="'3" 1. Sicng presiuie TI24 b
. — : Main Circulating ' ster (CW/0) 2. Sizing temperature 740 (&
E. HP process ICI -4 kl/kg ||_|SE resistance coefficient J Click to edit pipe details. .. Main Avlaty B (W] ol oWl 3. Sizing flaw 1201 |wh
EF'IUTE”S?[B [F\k}\”] T s W 4. Sizing pressure drop [DP/Psizing) 3148 |%
-~ s 1 b 1 akeup from Water Treatment Systern
7. IP process ICI m"-4 kJ kg ||_|SE PEACE hardware description j Click to edit pipe details... Eee‘jw‘gle' i v o Physical g of e =2 n
ondenzer Ar femoyval
. . . .. 2 . F Fiaw \Water (R0 E. Mumber of pipes in plant 1
8 HPT extraction for process ICI -4 kd kg |L|se rezistance coefficient J Click to edit pipe details. . B ) o
ST +Generator Lube Ol (0IL3] . Nominal dismeter 254 mm
. 2 - — 2 A 3 Service Air (SEFVA .
9. LPT extraction for process Dm -4 kJ kg |L|se reziztance coefficient J Click to edit pipe details... e Piing BEDF) 8 Wall thickness B4 |mm
Beiler Blowdown Fiping (BLON) 9, Inside diameter 2223 |mm
e Ly 0 ST BTEL) 10, Outside dismeter 2731 |mm
izcellaneous Fire Pratection [FP1) 11. Equivalent lemgth of pipe run 107.8 i
12, Mumber shart 90 degrees elbows 1]
13 Mumber long 30 degrees elbows g
14. Mumber sweeping 90 degrees elbows o
18, Mumber short 45/60 degrees elbows 1]
16 Mumber long 45/60 degrees elbows o
17. Mumber full-size tees with fow thraugh run 1]
18. Mumber full-size tees with flow through branch 1]
©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE 26



Methodology 2 — GTM Output

i CR R T S— Net Power 40848 KW
'I:F\ GT MASTER 28.1 skavalef@email cz LHW Net Heat Rate 12427 kJ/kWh
LHW M=t Efficiency 28,57 %

Thermoflow

N2
Mz

68.94
T sazT
25 M 170 M

0T 1.055 p
101 T
- r
& o
E (%]
=

...now 70.23
bar at HPS3
exit, prior value
was 71.24 bar
I (dP =1.87%) ga-t M

Laezdelns

LowsdeTns

FW

Li0r degs e @

Al eV Pl ) S

7.301 p 7.301 p 7375 THTp  TIATp TATip T34Tp T283p T1.55 p T0.23p
164 T ETT 245 7 28T 85T AT 289 T 71T 456 T 540 T
135 1 14.4 W 119.9 M 11.84

I M55 M .84 M 9.3 M 9.2 M 5.3 M 120 M

117

plbar], TIC), Mt Steam Proparties: |APWS-IFST
2435 0B-07-2017 17:20:54 file=C-\TFLOWZE WY FILES\GTMAS. GTM
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Methodology 3

(As Applicable to GTPro Ref GTPro Help 2.4.5)

-&\ Thermoflow

“Hardware/engineering details prevail over users assumptions.”

Method 3 results in a heat balance most tightly coupled to the hardware characteristics of the designed plant. In this mode, the GT PRO and GT MASTER heat balances are very
similar, and most consistent with the PEACE description of the plant. Outputs from both GT PRO and GT MASTER are consistent with hardware definitions of the components,
rather than on the assumptions used to create those hardware definitions. Consider the procedure used with this method as it applies to the pipes described above. The assumed
pressure drops in the main piping (§4.3) are applied in the initial GT PRO heat balance. Those initial heat balance results are used by PEACE to design the piping systems. The
resulting piping system pressure drop characteristics are used in a second GT PRO heat balance calculation. The second (final) GT PRO result is based on pressure drops
computed using the hardware characteristics of the piping system shown in the PEACE outputs. In GT MASTER, changing the piping system design will affect the computed
pressure drops (and plant cost) automatically.

_same defaults Site ] Calculation Options ] Lz ?_t:sasr:SPiping] hgjggslr:qapﬁﬁs ]I
in GTPro M3 as
Methodology in M1 (¢ Heat balance uzes azsumed pipe pressure lozses below

GT ERO Defaults 1 2 5 (" Heat balance uzes hardware-bazed prezsure drops from PEACE pipe results
1. Pipe dp U4t Udf EHW
; g.ij;kwiz:—mde I E:_ E:_ ;;: 1. Pressure losz in HP piping [DF/F) X
4. Rad q from GI/DB No No ves 2. Pressure loss in HPT piping (DP/P) %
5. Hydrostatic corr. Ho la fes 3. Pressure loss in hot BH piping [DFAF) x
6. PEACE aux H¥ g to CT Ho Ho Yes ] .

4. Prezzure losz in cold BH piping [DPAF) 4
5T MLSTER Defaults 1 2 3 . Pressure lozz in [P piping [DFAF] f‘é
1. Pipe dp . E‘: EHW PHW B. Prezsure lozs in LP piping [DP/P) IZI X
g : :i::;ig:;_sme ap CF ;i ;ES LS 7 Frsows less b LT sl [DEAF) EE
4. Rad q from GI/DB 5IE tes ies 8. Enthalpy diop in HP piping kK
s B woT S e o
7. Cooling water f£low udf EHW PHW 10. Enthalpy drop in hot BH piping kak
Udf: Usgr—de:‘ined, EHW PEACE Hardware (if licensed) 11. Enthalpy drop in cold RH piping k,.l.n’k
BC: Besistance coefficient 12. Enthalpy dhap in IP piping kJa"k

13, Enthalpy diop in LP piping kd#k

14. Enthalpy drap in LPT piping kd#k

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE
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-&\ Thermoflow

Methodology 3

(As Applicable to GTPro Ref GTPro Help 2.4.5)

On leaving Plant Criteria Screen, note the below message advising of changes to selections made by the program to various
aspects of the plant hardware

o

GTPRO : N x|

You have selected Methodelogy 3. Following inputs have been

changed for you.

HRSG design => 2. Auto, integer tubes & rows (water/steam DP by —]
program).

Piping => Heat balance uses hardware-based pressure drops from

PEACE pipe results,

Stack => Compute stack buoyancy & losses. ——— |}

HRSG => Compute radiation Q from DB or GT exhaust. ~— 1}

. From HRSG Inputs > Hardware Design Tab
. From Plant Criteria > Main Steam Piping Losses Tab
From HRSG Inputs > Equipment Options (PEACE) Tab

- . .
HRSG => Include hydrostatic correction for drum elevation, — From HRSG Inputs > Mlsce”aneous Tab (Item 13)

GT coil => Use hardware model.

\

oK I

From HRSG Inputs > Miscellaneous Tab (item 18)

T From GT Inputs > Inlet Heating & Cooling > Coil Tab

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE



Thermotiow Example: Methodology 3

(GTPro Output) Net Power 40848 KWW
LHY Net Heat Rate 12428 kJ/kWh
LHY Net Efficiency 28.57 %

tP T FRO 28.1 skavale@email.cz

-
]
T

- B9 p
26 £
375 :g:E.T

o
—
-

b=l

01T

W SEL
W opE" g

....longer calculation time &
different dP’s calculated on
program defined hardware.

Note that results are in close
agreement with GTM results
using Methodology 2

Loksd oz o

Loy dggs s @

| e I FW
i
14T

'EZLtj} A o S T LT

TEG4p  TEESp T3ET o TElzp TRESD TA4p TIEEp T2Tp TG p T0.26 p
BT 166 T 45T 23T 28T 60T BT 7T 456 T 540 T

135 M 14AT M 120.TM MTEM 1207 M MNTEM 1201 M 1201 M 1201 M 1201 M

g 1)

A

q anm, an o o a4 0
E{7 EFY AT E E 0

plbar], TIC], M[t'h), Steam Froperties: |APWS-IFST
2435 08-07-2017 17:27:39 file=C:\TFLOW2E WY FILES\GTPRO.GTP
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Thermoflow

=777

Methodology 3 — GTM Input Screen

Note the difference in Resistance Co- Efficients between the Methodology 2 & Methodology 3 GTM Input screens... reason

—_

[ o e I = r B ) B B ]

Calculation Options

Site ]
Resizstance coefficient Enthalpy loss
- HFE to HPT 04766 |m™4 [25  |klikg
. IPE to LPT 08335 |m™4 [25  |klikg
 Hot reheat to HPT [ [m™4 |25 |klka
. Cold reheat pipe |D |m“-4 |2.5 |k,_|a"kg
. LPB ta LPT addition [ |4 [25 |kiskg
. HP process |D |m“-4 |2.5 |k,_|a"kg
. IP process |D |m“-4 |2.5 |k,_|a"kg
. HPT extraction for process |D |m“-4 |2.5 |k,_|a"kg
. LPT extraction for process |D |m“-4 |2.5 |k,_|a"kg

Freszure drop model

|L|se PEACE hardware description j Click to edit pipe details..

|L|se PEACE hardware description j Click ta edit pipe details. .
|L|se PEACE hardware description J Click to edit pipe details..
|L|se PEACE hardware description J Click to edit pipe details..
|L|se PEALCE hardware description J Click ta edit pipe details. .
J Click to edit pipe details...

|L|se rezistance coefficient

|L|se PEACE hardware description j Click ta edit pipe details. .
J Click to edit pipe details...
J Click to edit pipe details...

|L|se rezistance coefficient

|L|se rezistance coefficient

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE

] Main Steam Piping Losses ]

Mizce

Fipe pressure diop model Fipe schedule

Pumps ] Pipes

Pipe material

|Use PEACE hardware descrption j |14E| j

I
Pipe Group

HFE to HET [HPO]

IPE ta LPT [IPO]

tain Circulating '/ ater [Cla40)
tdain dusiliary Cw (w1

Cw far ST +Generator Lube il Cooler [CwW7)

|EIDD pzig / B0 barg

Condenzate (Fa1]

Makeup from Water Treatment Systern [F2)
Feedwater to Boiler (3]

Condenser Air Remaval [CARD)

Faw Water [Fw0)

Service \Water [SW0)

ST+Generator Lube Oil (OIL3)

Service Air [SERWVA)

Buoiler & Equipment Drain Piping [(BEDR)
EBailer Blowdown Piping [ELDN)

Steam Blow Piping from HRSG & ST [STEL)
tain Fire Pratection [FPO)

Mizcellaneous Fire Pratection [FP1)

] Tanks ] Coolir
Pipe Re-sizing Method Cross
f* Specify hardware * Sta
Fitting pressure class [for those denoted by [*) belaw] | ¢ Specify thermodynamic inputs " Cu:
=]
1. Sizing pressure 71.24 bar
2 Sizing temperature 540 C
3. Sizing flowe 1201 t'h
4. Sizing prezsure drop [DF/Psizing] 3148 S
E. Physical length of pipe run 7224 m
E. Mumber of pipes in plant 1
7. Nominal diameter 254 mrn
8 Wall thickness 254 mn
9 Inside diameter 2223 |mm
10. Outside diameter 2731 mm
11. Equivalent length of pipe run 107.8 m
12, Mumber short 90 degrees elbows 1]
13. Mumber long 90 degrees elbows 8
14. Mumber sweeping 90 degrees elbows 1]
15, Mumber short 45/60 degrees elbows 1]
16. Mumber long 45/60 degrees elbows 1]
7. Mumber full-size tees with fow thiough run 1]
18. Mumber full-size tees with flow thraugh branch 1] 31




Methodology 3 — GTM Output

i - Met Power 40831 KW
' BT MASTER 28.1 skavale@emsil.cz LAY Nat Heat Rats 12432 kJ/kWh
LHV Net Efficiency 75.58 %

Thermoflow

12,6 M 120.1 M
3T 1.066 p
10T
= ra
& 2
E [
=

...now 70.29 bar —
effect of actual
hardware dP being
applied

1 6es d GEos

Loy deosy @

P, 1.055 p 2T 2T 7385 D TEWBp TIETp T.A5p T35Tp T2TZp A 029 p
2T 1 1 45T 20T EET 1T 289 T 73T 455 T 535 T

1326 M 1 14.1 120.T M MN.T9M 1207 W M7 M 1201 M 120.1 M 201 M 20.1 M

plbar], TIC), M[th), Steam Proparties: |APWS-IFST
2435 08-07-207 17:40:45 file=C-\TFLOWZE Y FILES/GTMAS. GTM
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S—— Methodology — Conclusions

Methodology 1- Most likely use when the design of a new plant is required.
Methodology 3- Appropriate when are replicating an existing plant design and many of the physical parameters
for pipe runs and heat transfer areas can be replicated in GTPro

Method 1 Method 2 Method 3
GT PRO Defaults
Water-side pressure drop in HRSG heat exchangers User-defined User-defined Hardware
Water-side pressure drop correction factor in HRSG heat exchangers Computed Computed 1
Switch to include radiation heat transfer from GT or DB exhaust to downstream heat exchanger Off Off On
Pressure drop in heat balance pipes User-defined User-defined Hardware
Switch to estimate buoyancy and pressure losses in HRSG stack Off Off On
Switch to include hydrostatic correction for HRSG drum elevation Off Off On
Switch to add heat rejected from auxiliary heat exchangers to the main plant cooling tower thereby Off Off On
increasing its size
GT MASTER Defaults

HRSG heat exchanger water-side pressure drop correction factor From GT PRO 1 1
HRSG heat exchanger gas-side pressure drop correction factor From GT PRO From GT PRO From GT PRO
HRSG heat exchanger gas-side convective h.t.c. correction factors From GT PRO From GT PRO From GT PRO
Switch to include radiation heat transfer from GT or DB exhaust to downstream heat exchanger From GT PRO On On
Switch to include hydrostatic correction for drum elevation From GT PRO From GT PRO From GT PRO
Calculation of pressure drop in heat balance pipes Resistance PCE Hardware PCE Hardware

Coefficient
Method to determine cooling water flow rate User-defined PCE Hardware PCE Hardware
Switch to estimate buoyancy and pressure losses in HRSG stack From GT PRO On On
Switch to add heat rejected from auxiliary heat exchangers to the main plant cooling tower thereby From GT PRO From GT PRO From GT PRO
increasing its size
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-&\ Thermoflow

- Define at the New Session window
- In contrast to GTP, have fewer parameters impacted

Methodology in STP/M

Methodology
STEAM PRO Defaults 1 2 3
1. Pipe dp Udf Udft PHW
2. Conv. HX water dp Uudf Udf PHW
STEAM MASTER Defaults 1 2 3
1. Pipe dp RC PHW PHW
2. Conv. HX water dp CFSTP 1 1
3. Cooling water flow Udf PHW PHW

Udf: User-defined

PHW: PEACE Hardware (1f licensed)

EC: Resistance coefficient

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE
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tf mermotiow Resistance Coefficient vs Actual Hardware (GTM)

3.3.1 Pipe Pressure Drop Calculation - Resistance Coefficient Method

This finds the off-design pressure drop from the equation:

AP=Rvm?
where

AFP= pipe pressure loss
£ = pipe resistance coefficient
= average steam specific volume

m = steam mass flow rate

3.3.2 Pipe Pressure Drop Calculation - PEACE Hardware Method

This method is only available in combined GTM/PCE mode. It uses the actual pipe hardware description, such as diameter, length, number of fittings of each type, and a wall
roughness commensurate with the pipe's material. It computes friction factor as a function of Reynolds Mumber and wall roughness, to find pressure drop from the equation:

AP =fF{(L+EFL )/D} 35 p ¥ (3-2)

where

AF= pipe pressure loss

f= pipe friction factor, a function of Reynolds Mumber and pipe wall roughness
L = pipe length

ZL_ = sum of equivalent lengths for all fittings (elbows, valves. etc.) in the pipe
D = pipe diameter

2= steam or water density, averaged between pipe inlet and exit states

"= steam or water velocity, averaged between pipe inlet and exit states

©Thermoflow Inc. 2017 - Webinar: ST Performance Matching in Steam Pro, July 19, 2017, STAN. KAVALE



Thermoflow

....further to the NEW DESIGN topic....

Set Up Wizard & Start Visual Design

Vizual Method

— MNumber of HRSG Evaporator Pressures
1P &« 2P 3P 4P " Hone

] Clazsic Method

— Lowest Pressure Evaporator

[v iz connected to stearn burbine

v feeds the deasrator

[~ feeds both process and deaerator

— Cypcle Type Options

HRSG ahd condensing, non-reheat ST

 Internal Calculation Procedure
Thig zelection iz for advanced users only.

Alternative 143 [Cvcle Type B, Subtype 5)
Recommended

Click for alternatives

L >

Condenser
to DA

New Design

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE

Set Up Wizard & Start Classic Design

-

C e e Te e NS

o e T TS B

—Steam System Type
0.

—

LI I

woom N M

Yizual Method

] Clazsic Method

Simple cpcle gas turbine(z)

. Single prezsure HRSG for proceszs/STIG anly

Diual preszure HRSG for process/STIG only
Single prezsure CC, non-condensing turbine
Single pressure CC, extraction condensing turbine

Dl pressure CC. non-condenzing burbine

Dual pressure CC, extraction/induction condensing turbine

Dual pressure reheat CC. extraction/induction condensing turbine
Triple prezzure CC, extraction induction condenzing burbine

Triple pressure reheat CC, extraction/induction condenzing turbine

10. Dual pressure reheat CC, reheat before IP

11. Triple pressure reheat CC, rebeat before P

Steam Turbine

Condenser

Heat Recovery Boiler

Gas Turbine

[V ST conrected to intermediate pressure boiler [IPBE

Above zketch iz for lluztration only,Steam turbine may
have bleeds and additions HRSG heat exchanger
sequence may be modified Various process streams may
be established later,



X — ....further to the NEW DESIGN topic (continued)....

Setup Wizard & Start Visual Design — this is the recommended method of starting a new design. Ref Help > GTPro >
Ch.2 & Ch.3. This start method is intended for less experienced users and provides more internal mechanisms to ensure
that a sound thermodynamic model results.

Setup Wizard & Start Classic Design — this is the alternative method of starting a new design. Ref Help > GTPro > Ch.2 &

Ch.3. This start method has more flexibility in the design and so requires more experience on the part of the user to
ensure that a sound design results

©Thermoflow Inc. 2017 - Webinar: Methods and Methodologies, August 16, 2017, STAN. KAVALE



Thermofiow Changing the Cycle Type

File View Options Window Excellink CompareFiles Scripts Customn Variable List  Help If . d th d . d f d .
: = - . require e design (once defined in
Site ] Calculation Options ] et Etoeszrgsplplng ] hﬂzzﬁlﬁ:iﬂ? ] Fiegional C Site Characteristics uildings Motes ] Change Cycle Type q Z g
(et Berdun Visual Method say) can be changed at the
Start Design Ambigrt temperature C Makeup water source pressure 3447 |bar . . /
— " Show ASHRAE M akeup water zource temperature 15 C Plant Crlterla Screen Change CVCIe Type
Plant Criteria Aliude 0 m Climate Data i i
GT Selaction Ambient pressure 1013 |bar _— Process condensate retum pressure 3447 |bar Ta b o Th IS t h eno p ens th e C I assic M et h Od
. . . Process condensate retum temperature 8222 |C Q
GT Inputs Ambiert relative humidity 60 % .
—_— ) Irripart Plarik Criteria Process condensate retum percentage 100 3 type (0] pt IONS as s h own be | OoWw.
ST-HRSG Ambiert wet bulb temperatune 1082 |C Data on green
ﬁ PEACE Tabs 57 Process water return pressure 3447 bar
¢ . r—— " |
iR ) Line frequency (+ 50 Hz " BOHz Process water retum temperature 15 C
W ater Circuits 2, f — =
) ) Process water retumn percentage 100 4 Site Calavon @gts Main Steam Piping Mlscellangous Regional
HRSE Layout Site cooling water temperature Lozses Aszsumptions
. Site allowable cooling water kemperature rize Caution: This tab allows experienced GT PRO users to change steam cycle type and 5T/HRSE connections using clazzic method. |t iz MOT intended for
Conling 5ystem Exhaust steam
92¥ Codling system type casual users. Tao preserve user's inputs, GT PRO will MOT automatically initislize inputs when a new steam system type is selected. |tz uzer's responzibility
ta carefully examine and/or edit inputs to make sure they are commensurate with the new steam system type.
S s Once through open loop w. ling
) g [nnougn open [oop Walter coliig
Emwiranrnert Water cooling with mechanical draft cooling tower C t St System T
“water cooling with wet-dry mecharical cooling tower Water Box L ST SR L
Other PEACE ‘W ater cooling with natural draft cooling tower Tuype 6. Dual pressure CC, extractioninduction condensing turbine
= W'ate_l cooling with diy cooling tower
Economics gir[ycc';lro ;?jolcidnggzg:mm st precodled [ ST connected to intermediate pressure boiler (IPE) Change current steam syster type with data belaw
Gasification Air cooled condenser with continuous air saturation
Desalinati Air cooled wet surface condenser
esalination Direct contact condenser with diy CT [Heller System)
E Mo condenser, 5T exhausts to process Steam System Type
ompute
0 Simple cycle gas turbine(s)
Text Dutput District heating system type * - Steam Turbine
. 1. Single pressure HRSG for process/STIG only
. ) CWout
Graphics Output |0. None = Win Condensate Condenser
— " 2 Dual prezsure HRSE for process/STIG anly
w b ethodalogy . . .
___ " 2. Single pressure CC, non-condensing turbine
Carying on... f# 1. Uszer's thermaodynamic assumptions prevail over automatic hardware / engineering results . . . .
Multiole Desi " 4. Single pressure CC, extraction condensing turbine
ulplE LIEsIOns " 2. User's assumptions prevail in GT PRO, but hardware / engineering results prevailin GT MASTER
[MACRO] p q
_ " 8 Dual pressure CC, non-condensing turbing
(=g (fiam (B " 3. Hardware / engineering details prevail over user's assumptions
[ELIME] " B, Dual pressure CC, extractiondinduction condensing turbine
" 7. Dual pressure reheat CC, extractioninduction condensing turbine ®_ Heat Recovery Boiler
In this case the design was initially defined by the Visual Method (2 PL, non 8 Triple pressurs CL, estractionyinducton condensing urbine Gas Turbine
H (% 9. Triple pressure reheat CC, extractiondinduction condensing turbine . ’ .
reheat). The design was then changed to a Type 9 (3 PL, non reheat). Note 25 : W ST connectedto ntemediste pressure boier IP8)
. . . . . . € 10. Dual pressure reheat CC, reheat before 1P W 5T connected ta low pressure boiler (LPBE
the cautionary highlighted test. Once the new design is chosen, confirm _
£ 11. Triple pressure reheat CC, reheat before IP &bove sketch is for ilustration only. Steam turbine may have bleeds

the new design by clicking on the “Change Current Steam System Type SLeE i MR e e e e bl
With Data Below” in order for the changes to take effect. Cinckis Rieversai0emess (R
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