Welcome!

Webinar #20: Cooling System Optimization
24 Jan 2018

Agenda:

* Introduction

Cooling Systems in Thermoflow software

CS at the design point

Cooling System design optimization
CS at off design
Cooling System off design optimization

Examples

* Q & A Session

Presenter: IGNACIO MARTIN (SPAIN)
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 Perfromance 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 TFX

18-  Steam Turbine Tunning

19- User Defined Components in TFX

‘ 20- Cooling System Optimization
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'd" Thermoflow

Cooling System @ the design point

- Cooling Systems types in Thermoflow programs

- Main Inputs

- Automatic Design: Default Values (low cost- high efficiency) — GTP-STP

- Main Outputs

- Comparison of diferent systems performance & cost, automatic design = Example 1a

- Techno-Economic Optimization (ROI, NPV), via Multiple Runs or Elink - GTP-STP = Example 1b
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Thermoflow

Cooling System types: Water Cooled

Water Box

Exhaust steam

Y

Condenser

Exhaust steam

+

Wet CT

Hot CW
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Thermoflow

Cooling System types: Air Cooled

Exhaust —_— Dry ACC
steam
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'd" Thermoflow

Cooling System types: Others

Direct Contact Dry CT
Condenser

Exhaust steam

< ] > ‘ Hot CW
to boiler )

Heller System (GTP)
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Hybrid Systems in TFX




Thermoflow

Cooling Sys

Cooling System Main Inputs

] Display T-Q Diagram ] Condenser & Cooling Tamer ] Air Cocled Candenser ] Condznsate Options:

em @ Design: Main

Inputs

Cooling System Design Method  |Automatic ~|

Condenser pressure

Condenser pressure

WCC

CW Pump '—

Cond Fwd Pump

Hotwell subcooling
Pl

T =38

Concenser saturation temperature = 35,87 C

Hot C approachta
hotwell temperature

CT

® Specifywetbulb DT
© Specity LIG ratio

RH @ wet CT exit

HotCwWT=3282C

~ A S ® 0 Conling tower inlet air
>
. ®
L] e o ® o / Seme as ambient
Y * s /-
) L e ® Ambient dry bulb 15 C
g water temperature rise [ ] P P s o 1082C
it et |
e o . ® mbisnt wet bul
A ® Arbient relative humidty 80 %
) [ —
o ® #
® £
82C e L]
Cold CWT -18.82C Y
Return water appraach o wat bulb
c Cooling \Water
v

@ Freshwater (" Seawster

to HRSG

‘ Default Values for Automatic Design (cost — eff)

Cooling System Main Inputs ]

Display T-@ Diagram ] Conderiser ] Condensate Options

Condenser Design Method  |Automatic

Condenser pressure

Air Cooled Condenser ]

ACC

Condenser pressure

Condenser saturation

termperature = 50C IS 565 BIF

%
Airvelocity / Moise Level

Typical

@® Face velocity

(" Draftloss

Candenserinlet air
Sarne as ambient A

Ambient dry bulb 15 C
Ambientwet bulb 10,82 C

Hatwell subcooling
c

Ambient relative humidity 60 %

Cond Fud Purnp

to HRSG - | ’ \

T=50C
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Thermoflow

Cooling System @ Design: Main Outputs

Cooling System Design Method [Automatic

Condenser pressure(0.0583 |bar

Candenser pressure|[4418_|cm Hg

Condenser saturation tempersture = 36,82 C

Hot CW approach to
hotwelltemperature.
c

HotCW T 3282C

Thermodynamic outputs

Drattloss

138

Condensats Options

millbar

P
C Specyliarmio [ ]
FHGweiCTod [T J%

Hotwell subcooling

]
P e Cooling watertemperaure rise. Y
E ]

T-382C

CWPump e
Cond Fud Pump

Cold CWT = 1882C

Retun water approach o wet bulb
B o

LI Cooling tower it i
L] ® | [somecsombien
o |
e ® Ambiotybul 15C
i Ambientwetboulb 1062 C
o ®

Ambient relative hurmidity 60 %

N

Cooling Wter
v ® Freshwater Seaviter
to HRSG
a0 |
Exhaust Steam 0,0567 bar
35,15 35,13
33,18
0 |
Cooling Water 29,15
=)
w
&
5
El
g
&
&
&
=
]
o
20
Condenser 248055 Kw
CT 248085 kw
10 . . . 1 )
o 50 100 150 200 250
HEAT TRANSFER [.001 X kW]
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Preliminary Engineering Financial Heat Balance
Schematics | Equipment Data ‘ Cost Report | Cash Flow | Graphics
Flant Gas Turkine HRESG Steam Turbine |Cooling System Gasification Desalination Miscellaneou:
Condenser | Cooling Tower
PEACE: Hardware / Cost
Number of Units 1
Condenser Type Shell & Tube
Condenser Cost (per unit). Reference Basis 1.862.000) UsD
1. Condenser Tube Description [per unit)
Effective Surface Area 7.030[ m"2
Number of Condenser Passes 2
Tube Material Stairless Steel (304)
Number of Tubes 5981
Tube Length 1.8 m
Tube Dutside Diameter (0.0.] 3175 | mm
Tube Inside Diameter (1.D.] 30,33 mm
Tube ‘Wall Thickness 0.7112] mm
Tubs Weight, dry 39.220] ka
Tubs Pitch 50,8 | mm
2. Condenser Shell Description [per unit]
Shell Matsrial Carbon Stesl
Norminal Shel Thickness 15,08 | mm
Number Tube Support Plates 14
Tubs Suppott Plate Spacing 078 m
1 2 3 4. I 5 6 7 8
AR STATES Pﬁk/chrometric Chart
A) Ambient or Inlet Hurmaty Kato (kg moisture per kg dry air)
Pressure=1,013bar N000 0002 0004 0006 0008 0010 0012 004 0016 0018 0020 002 0024 0026 0028 0030 0032
Al Tdb=200 w0
Twb=15,15C 5
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cs Psychrometric Chart
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+ GTPRO270IMG
1305 01-22-2018 15:52:44 file=C:\Users\IMG\Desktop\C: ) 2 WCC-MCT.gp




Thermoflow

Cooling System different types comparison (automatic design)

Example 1a: GT Pro, Automatic Design, GT SGT5-4000F, 20 C, 3PRH, High Efficiency

Gross Power 484108 kW
Net Power 451902 kW
Aux. & Losses 12205 KW
LHV Gross Heat Rate 8023 kl/KWh
LHV Net Heat Rate 6186 kJKWh

LHV Gross Electric Eff. 5977 %
LHW Net Electric Eff. 582 %

Fuel LHV Input 776523 kWth
Fuel HHV Input 861641 kWth
Net Process Heat 0 kWth

10137
27T
60% RH

155692 kW

LFB IFE

25p 3133 p
1418 T 2383 T
54,01 M 50.32 M
1948 T 27827
1518 T 2463 T

3567 T \—b
396,56 M

HFE
1202 p
331 T

300.2 M

4828 T
31T

CHa 1013p
8588 M 20T
776523 kiNth LHV 2483 W
0% RH
1,003 p

p[bar] T[C] M [t/h], Steam Properties: IAPWS-IFS7
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1044 p
6108 T
25158 M SGT5-4000F
{Physical Model #528)
@ 100% load
308414 kW
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'd" Thermoflow

Cooling System different types comparison (automatic design)

- Condenser Pressure

- DTs: Saturation-Cooling Water-DBT-WBT

- Gross, Net Power

- Net Efficiency

- Auxiliary Power associated to the CS

- Size: Condenser Surface Area, CT Number of Cells, Plot

- Cost: CS Cost (Condenser, CT, CWPump, CW Pipe, ...) / Total Plant Cost
- Financial: ROI, NPV, LCOE
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Thermoflow

Cooling System different types comparison (automatic design)

Example 1a: GT Pro, Automatic Design, GT SGT5-4000F, 20 C, 3PRH, High Efficiency

Amb T
RH
WBT
Site CW

Cond P

Sat T

DT-WBT

DT-Amb

Total CS Aux

Cond surface

ACC plot

Water consumption

Net Power

Net Eff

Total CS Cost
Total Plant Cost
Specific Cost

WCC WCC WCC WCC WCC ACC ACC ACC ACC Heller
Units oT MCT w-d CT NDCT dCT w/air prec w/airsat  wet surface
o 20 20 20 20 20 20 20 20 20 20
% 60 60 60 60 60 60 60 60 60 60
oC 15,1 15,1 15,1 15,1 15,1 15,1 15,1 15,1 15,1 15,1
oC 15 N/A N/A N/A N/A N/A N/A N/A N/A N/A
mbara 48,3 56,7 83,8 56,7 83,1 123,5 96,7 96,7 96,7 83,1
0 32,2 35,1 42,4 35,1 42,2 50,0 45,1 45,1 45,1 42,2
oC 17,1 20,0 27,3 20,0 27,1 34,9 30,0 30,0 30,0 27,1
eC 12,2 15,1 22,4 15,1 22,2 30,0 25,1 25,1 25,1 22,2
MW 1,2 2,9 2,2 1,7 53 1,7 1,7 1,2 0,6 4,6
m2 7.029 13.850 9.123 13.850 14.517 537.320 540.785 376.521 32.026
m2 2657 2676 1863 2654
t/h 0 372 335 372 0 0 79 394 384 0
MW 455,4 451,9 448,0 453,1 444,5 441,8 445,0 445,5 446,1 445,2
% 58,65 58,20 57,69 58,35 57,24 56,89 57,30 57,36 57,45 57,33
MUSD 6,4 8,9 9,1 57,5 26,1 17,0 17,7 13,0 6,5 23,0
MUSD 321,1 326,4 320,5 369,8 354,6 334,5 339,8 328,6 321,6 347,8
USD/kW 705,2 722,3 715,5 816,2 797,7 757,1 763,6 737,7 720,9 781,3
% 20,29 19,54 19,50 17,61 17,67 18,36 18,36 18,82 19,24 18,04
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'&1 Thermoflow

Cooling System Design Techno-Economic Optimization (GTP-STP)

| Netgr | Example 1b: GT Pro, Automatic Design, GT SGT5-4000F, 20 C, 3PRH, High Efficiency, ACC
1 o . 7 I:> Make the Cond P user defined in GTP/STP
% 571 ? E ROI E
2L E b I:> Use Multiple Runs or Elink to find the
g optimum ROl / NPV
5 '5'05 YOBCondenser prgslsure [bar] * Yl? % 68 [—
|:> Effect of the Economic Assumptions
4500 T T T T T T T T TTTTTTTTTT TTTTTTTTTT E % 6,7 f—
: ACC Plot =t |:> Select the simple Nameplate Mode or
- £ B, T N L : more detailed Annual Model or TIME
% S50 ; ® ’Ofétondenser prélslsure [bar] . .

Condenser préssure [bar]
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'd" Thermoflow

Cooling System @ off design

Off Design (GTM-STM-TFX OD)

- Main inputs, limits and controls

- Automatic Optimization to maximize Net power (GTM-STM)
- Use Searcher for Optimization (TFX)

- Use ELink for comparison

- Examples
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14



-d-‘Thermoflow . . .
Cooling System @ off design, Main Inputs

WCC

- Minimum / Maximum Condenser Pressure
- Prevent Choke option

- CW Flow: User Defined / computed from Pump — number of CW Pumps running

} Limited by CW Flow / n. of operating CT cells

WCT

- Number of Cells full speed / half speed, existing / operating
- CT shutdown

- Minimum Basin Temperature

- Air RH at exit

- CT water distribution: All Cells / Operating Cells

ACC

- Minimum / Maximum Condenser Pressure } Limited by Air Flow / n. of operating ACC cells
- Prevent Choke option
- Number of Cells full speed / half speed, existing / operating

- Spray Water option / exit Air RH

©Thermoflow Inc. 2018 — Webinar 20: Cooling System Optimization, 24 Jan, 2018 by IGNACIO MARTIN
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Thermoflow

Cooling System @ off design, Inputs WCC+MCT

Minimum condenser pressure  |WUL29 [bar

Maximum condenser pressure

bar

Fan power CF =

n Prevent condenser pressure
helow choke limit

Tube watervelocity = 1,826 m/s
MNumber of tubes = 3392
Surface area = 12222 m"2

[ Cooling tower is shut down

C flow per cell
= 456,6th

Cooling System Main Inputs Condenser Hardware ] Cooling Tower Hardware ] Condensate Options ]
Coaling System Optimisation Coaling Water Flow Condenser Pressure Limited by CT Cooling Water Distribution
e Computed from pump MNo. of operating .
Ot ﬂ ® Userdefined ey e i e EEs (" Coolantflow @ T calls ® 4llcells (" Operating cells

MNumber of existing cells per 5T

1—5peedE| 2—apeedE|
Mumber of operating cells per
o

Fu\lspeedEl Hﬁli’ﬂ_| Zern’ﬂ_|

Hotwell subcooling
o e

Sizing flow = 18264 +h

Coaling Systam
Performance hMethod

Coaling water flow per condenser

Cw Purnp Details

Cond Fud Pump Details |
j_— - ==

CT minimurm basin temperatura|7.222|C

Coaling Water

® Freshwater

Click here to edit cooling water pipe details on the 'Fipes'
v tab ofthe 'Pipes, Pumps, etc' PEACE QKLY topic

to HRSG

Condenser model: GT MASTER model without adjustrment curves. Coaling tower model: GT MASTER model without adjustment curves.

Sizing air flow per cell = 100,7 m”3/s

Full speed cell air flovw/sizing %

Half speed cell air flow/sizing  |B

2

2

Zero speed cell air flow/sizing |1
Coaling tower inlet air

‘Same as ambient ﬂ

Ambient dry bulb 15 C
Ambientwetbulb 10,82 C
Ambient RH B0 %

(" Seawater
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Thermoflow

Cooling System @ off design, Inputs ACC

Cooling System Main Inputs

Cooling System Optimisation

] Condenzer Hardware ] Condenzate Options ]

Condenser Pressure Limited by

Off

Minimum condenser pressure  [0.0345

n Prevent condenser pressure helow
choke limit

[ Spray water on condenser

Condenser Performance
Method

Cond Fwd Pump Details |

to HRSG

axirnum condenser pressure [LE176 |bar

ﬂ (" Ajrflow (@ Mo of operating ACC cells

bar MNumber of existing cells per 5T

1—speedE| 2—speedE|

Mumber of operating cells per

o
Full speedEI HaleI ZerDEI

Pipe resistance coefficient

Sizing flow per cell = 241.7 m”3/s

Full speed cell air flow/sizing %
o] SCUbCDD“ng Half speed cell air flow/sizing %
Ambient dry bulb 15 C
Arnbient wet bulb 10,62 C
’ Condenserinl=tar \ Ambient relative humidity B0 %2
- |Same as ambient ﬂ

Condenser model: GT MASTER model without adjustment curves.

©Thermoflow Inc. 2018 — Webinar 20: Cooling System Optimization, 24 Jan, 2018 by IGNACIO MARTIN
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'd" Thermoflow

Cooling System @ off design Optimization

- Automatic Optimization to maximize Net Power (WCC-CT-ACC) / (GTM-STM) 2> Example 2
- Spray Water to ACC to increase output at peak conditions (GTM-TFX) =2 Example 3
- CT n. of cells optimization to maximize Net Power using Searcher (TFX) 2 Example 4

- Hybrid Condenser in TFX, link to GTP/GTM > Example 5

©Thermoflow Inc. 2018 — Webinar 20: Cooling System Optimization, 24 Jan, 2018 by IGNACIO MARTIN
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Thermoflow

Automatic Optimization to maximize Net Power

Example 2: GT Master, GT SGT5-4000F, 3PRH, WCC+W(CT, 2 CWP-7 CT Cells. Optim. @ 2 °C

ﬂ GT MASTER 27.0 - C:\Users\IMG\Desktop\Carpeta Ene18\FAW\FAW20_2 WCC-MCT_Optim.gtm

File View Options Tools Window New Session Control Loops Excel Link Compare Files Scripts Custom Variable List Help
Main Flant ST HRSG HRSG Water Cooling Enviran Gasifi
GT Input ST Input:
Inputs Critaria nputs nputs FProcess Inputs FProcess Circuits System | rnent catioh
4

Condenser Hardware Conling Tower Hardware

CT Cooling \Water Distribution

Coolanttiow & N0 Afoperating || gy cog
CT cells

A em Main Inputs
Cooling System Optimisation

|0n - Max. plant net power

Computed from pump ~

capacity and flow resistance " Operating cells

ﬂ " User-defined (@

Eenserpp

Maximum condenser pressure

r Pressent condenser pressure
below choke limit

Tube water velocity = 2,07 mfs
MNurnber oftubes = 11561
Surface area = 13851 m"2

[ Cooling tower is shut down

CW flaw per cell
= 27743t

= I e

Condensate Options

Mumber of existing cells per ST

Wfapeed EfapaedEl

MNumber of operating cells per
oT

Full speed] | Hatl ]

Haotwell subcooling
o e

Sizing flow = 194204h

Cooling System

Berformance Method Cooling water flow per condenser

CW Purnp Details

Cond Fwd Pump Details I—

CT minimum basin temperature

Click here to edit cooling water pipe details an the 'Pipes'
v tab ofthe 'Pipes, Purmps, etc.' PEACE ONLY topic.

to HRSG

Condenser model: GT MASTER model without adjustment curves. Cooling tower model: GT MASTER model without adjustment curves

Cooling Water
@ Freshwater

Sizing air flow percell = 5141 m”3/s

Full speed cell air flow/sizing
Half speed cell air flow/sizing

Zero speed cell air flow/sizing

ZerDEl

Cooling tower inlet air

(" Seawatar

|Same as amhient

Ambientdry bulb 20 C

Amhientwet bulb 15,15 C

Amhient FH 60 %

=

=0 E S

Re-design
in GT PRO COMPUTE
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19



Thermoflow

Automatic Optimization to maximize Net Power

Optimization OFF

Ambient

1,013 P

27

75% RH
Gross Power 49741T kW
Met Poweer 434835 kW
Aux. & Losses 12582 KW

B A LHV Gross Heat Rate 6042 kJ/KWh

LHY Met Heat Rate 6199 kJKWh
LHY Gross Electric Eff. 59,58 %

LHY Net Electric Eff.

00375 p
2784 T
407.8 M
0,5322 x

58,08 %

T full speed cellz
0 half speed cells

0 cells off

2 CW pumps running

©Thermoflow Inc. 2018 — Webinar 20: Cooling System Optimization, 24 Jan, 2018 by IGNACIO MARTIN

Optimization ON

Gross Power

Met Power

Aux. & Losses
157896 KW LHY Gross Heat Rate
LHY Met Heat Rate
LHV Gross Electric Eff.
LHW Met Electric Eff.

Ambient
1,013 P
2T

75% RH

497922 KW
486298 KW
11625 kW
6036 kl/KWh
§180 kl/KWh
59,64 %

1 cel

8 full speed cells
0 half speed cells

1 CW pumps running

Is off

20



'&1 Thermoflow _ L o
Automatic Optimization to maximize Net Power

- Effect of Exhaust End design and Exhaust Loss calculation on optimization !!!

Current Exhaust End Design

Pitch dia

Optimization Cond P Net P

N. CT Cells N.CW Pumps| mbara MW
EL = Auto 6 1 49,0 486,3
pog ) CHpeustioss klkg EL =1/2 Auto 7 1 41,6 488,9
o No EL 7 2 36,8 492,4

B0 |

an

100 200 300 400

Annulus Welocity mfs

©Thermoflow Inc. 2018 — Webinar 20: Cooling System Optimization, 24 Jan, 2018 by IGNACIO MARTIN



Thermoflow

Spray Water to ACC to increase output at peak conditions
Example 3: GT Master, GT SGT5-4000F, 3PRH, ACC. Spray to 100% RH @ 35 C

Main Flant HRSG HRSG Water Cooling Emviran Gasif
Inputs Criteria. G s || T s Process Inputs | Frocess Circuits Systern | ment cation
-
Cooling System Main Inputs Condenser Hardware Condensate Options
Conling System Optimisation Condenser Pressure Limited by
Off ﬂ (" Airflow (@ MNo.of operating ACC cells

Minimum condenser pressure |0.0345 |bar
Meximum condenser pressure |0.6176 |bar

~ Frevent condenser pressure below
choke lirnit

Fipe resistance coefficient
m*-4

[ Spray water on condenser
Water

spray

Condenser Performance Hobwell subcoaling
hethod EIC

Cond Fwd Purng Details

-
Condenser inlet air

to H RSG ‘ |Same as armbient ﬂ

Condenser model: GT MASTER model without adjustment curves

Degal Re-design
ination in GT PRO

MNumber of existing cells per ST

T—speed Z—SpeedEl

MNurnber of operating cells per
o

Full spe=d[16 | Hai[l |

Exit relative humidity

Fan power correction factor

Sizing flow per cell = 622.6 m"3/s

Full speed cell air flow/sizing %

Half speed call air flow/sizing %

Ambient dry bull 20 C
Ambientwet bulb 15,15 C

Ambient relative humidity 60 %

COMPUTE

ZeroEl

©Thermoflow Inc. 2018 — Webinar 20: Cooling System Optimization, 24 Jan, 2018 by IGNACIO MARTIN

22



Thermoflow

Spray Water to ACC to increase output at peak conditions

401385 kW
390445 kW
10940 KW
6355 klkWh
6533 klkWh

Gross Power

Met Power

Aux. & Losses

LHY Gross Heat Rate
LHV MNet Heat Rate

No Spray

LHV Gross Electric Eff. 5664 %
LHW Net Electric Eff. 55,1 %

Cooling System

Air Cooled Condenser-16 Cells

Exhaust steam #

02476 p

6474T

26086 h

380.6m

09964 x
16 full speed
BEAT

Duty = 247502 k¥

?

Fans 1706,8 ki

40703 m
K ) 15,03 %RH

; 3BT
40703 m

45 %RH
25,07 T(WE)

06085 p
B475T
381 m

o HRSG

e
3907 p

279, KW 65,27 T
301 m
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Spray Gross Power 414945 KW
Met Poweer 404036 kW
Aux. & Losses 10610 kW
LHY Gross Heat Rate  §148 k)EWh
LHW Net Heat Rate 6314 kJEWh
Colng System LHY Gross Electric Eff. 58 36 %
LHW Net Electric Eff. 57,02 %
% Garster G- 16.E:ls e
Exhaust steam #—
0052 p
33897
2474 h
3765 m
0.9636 %

1B full speed
2993 T
41120 m

100 *:RH

L ]
Duty!244359 (3

‘Wyater evaporated
446

0411 p
3361 T
3769m

to HRSG

.
3908 p

282 K 3415T
3769 m

23



Thermoflow
Spray Water to ACC to increase output at peak conditions

Ambient temperature C 20 25 30 35 40
Additional Power (net) MW 2,3 5,3 9,1 13,6 18,4
Water consumption (100% RH at air exit) t/h 425,2 4543 480,7 502,9 521,9
Water consumption per adittional Power |[(t/h) / MW 183,0 86,1 52,7 37,1 28,3
—@— No Spray —@— with water spray —@— No Spray —@— with water spray
0.35 450,000
440,000
0.30
430,000
_ 025
3 = 420,000
&) 4
S L
2 020 2 410,000
s 3
3 0.15 © 400,000
2 0,
g E
S 390,000
“ 0.10
380,000
0.05
./‘/O/'/‘ 370,000
0.00 360,000
15 20 25 30 35 40 45 15 20 25 30
Ambient temperature C Ambient temperature C

©Thermoflow Inc. 2018 — Webinar 20: Cooling System Optimization, 24 Jan, 2018 by IGNACIO MARTIN



Thermoflow

CT n. of cells optimization to maximize Net Power using Searcher

Example 4: Thermoflex, GT SGT5-4000F, 3PRH, WCC+WCT, 2 CWPumps. CT Optimization @ 2 C

‘et Cooling Tower (PCE) [20]
Main Inputs
MNumber of Existing Cells

W-Speed

MNumnber of Operating Cells

Z-SpeedD

(" Specify number of operating cells

Full speed 7

Half speed

Zera speed (fan off) 0

=

Specify [oad parameater
(% cell operating)

[}

Half speed
Zerospeed (fan off)

Actual load parameter

Fan nominal valume flow = 8141 m"¥s

Full speed cell ait flowfnorminal

Half speed cell airflowfnominal b2,

Zero speed cell air flownominal

e

Iinirmurm basin temperature

‘Water Flow Distribution
® Allcells
" Operating cells

j |Of‘ffd95\gn
] Dther Inputs

Pertormance Method

Fan power CF Air BH leaving wet section

o
-

Makeup water

Blowdown

Exit Air Recirculation

Speciy recirculation ratio
(recirculating air flow as % of inlet air)

b s

Specify air wet bulb temperature rise
(Twh-Twh_amb)

Cycles of concentration

Companent Status
® ‘Working

" Outof-service

=

490000

Searcher Searcher(1) - Searcher(1)

486000
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Net power kW

482000

478000

474000

470000

20

60 80
Wet Cooling Tower (PCE) [20] : Load parameter (% cell operating) %

,_.
2
=3

25



Thermoflow
CT n. of cells optimization to maximize Net Power using Searcher

CT n. of cells Optimization with 1 or 2 CW pumps running (ELink)

——1CWP —@—2CWP ——1CWP —@—2CWP
490,000 487,000
485,000
486,000
480,000
485,000
475,000
= =
= .. 484,000
5 470,000 o
2 2
2 2
465,000 -
= = 483,000
= z
460,000
482,000
455,000
481,000
450,000
445,000 480,000
0 1 2 3 4 5 6 7 8 4 5 6
N. of operating CT cells N. of operating CT cells
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Thermoflow
Hybrid Condenser in TFX, link to GTP/GTM

Example 5: Thermoflex & GTPM, GT SGT5-4000F, 3PRH, Hybrid Condenser, 50-50 at 20 C

GT PRO 27.0 MG Ambient
Gross Power 459898 kW 1,013P
Net Power 450117 kW 20T
Auwx. &Losses 9781 KA 80% RH
LKV Gross HeatRate 8078 kJ/kivh
LHV Net Heat Rate 6211 kl/Kih
LHV Gross Electric Eff. 59,23 %
LHV Net Electric Eff. 5797 %
Fuel LKV Input 776523 kiWth
Fuel HHV Input 881841 kiNth
Net Process Heat 242108 kWth
151483 kW
I 278p 00855
| 579 T 2783 T
! 340,31 3863 M
1013p T
3,04 T
518.8
cHa 1012
55,86 M L
776523 kith LHV. 2462 M
LFE IFE HPE 20% RH
28p 3133p 1303 p
1218 T 2383T 3l T T
54M 50,32 M 00,2 M P
1948 T 279271 4628 T 463 M
151.8 T 24837 21T 9
10445 Pump (PCE) [8]
8108 T
781 T 2518.8 M SGT5-4000F 575 3 kW
2988 W [Physical Model #628) '
@ 100% load 6
308414 kW
plbar] T[C] M [th], Steam Properties: IAPWS-IF97
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Thermoflow

Hybrid Condenser in TFX, link to GTP/GTM

Design =2 TFX (ED) & GTP, T=20 C, 50%-50% Split, sizing the condensers

bar| C
kg's | kdlkg

Results from both programs combined in TFX

1 Summary of TFX & Linked Files
0,065[37.63 Gross power Het power Met HR
107224137 =
File name [k'w] [k'w] [kd kW h]
Fé/20 10_MNO COWND.GTP 4R9737 443361 E210
THERMOFLEX, 24713
Totals 459737 447490 6244
0,5
.
e S PR gl',’?:;gz‘l[i;T ng‘igﬁilﬂag 7 ) 2;‘98172- ﬁifg Cost Breakdown Unit Cost| Cost Adj. Factor Ref. Cost Est. Cost
1382,3 kW ' ' Y T Sum of Costs for Equipment and PEACE Components & Linked Files 287.904.500| 311.971.900] USD
() =]
FAW20_10_ND COND GTP 265 667.900| 287 810.600] USD
e"g;;g kW B Pump (PCE) 375.389 397.558| USD
i Pump [FCE) [8] 375,389 1
.
0.7828[37,63 0,4239[37,64 2,597]23,81 1013238 Water-cooled Condenser [PCE) 2176.807|  2.357.284| USD
53,62[157,6 [ 2891,6[99,99 @4 2801,6[92,81 "W ater-conled Condenser [FCE][1] 2176807 1
5 Pump (PCE) (8] Wet Cooling Tower [PCE) 1.988.332]  2.159.866] USD
v 575 3 KW \wet Cagling Tower (FCE) [4] 1 986,332 1
E Pipe [PCE) 335.355 366.962| USD
0.4239737.64 Pipe: [PCE) [7] 335,355 1
107,2(167,6
Air-cooled Condenser [PCE) 17.360.790 18.879.600| USD
Air-cooled Condenzer (PCE] [2] 17 360.790 1
\l’s
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Thermoflow

Hybrid Condenser in TFX, link to GTP/GTM

Simulation:

TEX (OD) & GTM

3
Ambient temperature 10C Gross power 485981 kW
Ambient relative humidity 50 % Net power 473437 kKW
0,0445(30,83 i i
110.3/2399.7 Net electric efficiency(LHV) 57,76 %
Parameter Units Caze 1 Caze 2 Caze 3 Caze 4 Caze
Ambient temperature G 7453852 -06 10 20 a0 40
Ambient relative huridity 4 a0 a0 a0 a0 a0
Ambient temperature C 7453852 -06 10 20 a0 40
Ambient RH % 50 50 50 50 50
1,918|27,14 1,876 |27.14
641123097 46223007 2B71.7[113.0 7> W/7/1139 Gross power ki 491948 485581 459646 427920 | 33T
Met power ki 479326 473437 447400 415930 | 379768
1 ] Met electic efficiencyLHY] % 57.438 577557 57,6409 56,8112 | 55,3343
Generator, Mator, and Aux Loads: Air-cooled Condenser [PCE] [2] : fan ki 1401 .51 1359225 138131 13703 135772
Generator, Mator, and Aux Loads: Pump [PCE] [3] ki 572,952 574,405 575,272 575,725 | 575865
Generator, Mator, and Aux Loads: ‘Wet Cooling Tower [PCE) [9] : fan ki 538117 525,493 513,943 B02127 | 489862
Air-cooled Condenser [PCE] [2] : Condenser pressure bar 00284208 00445321 | 00851077 | 0,094589 | 0135892
@ Air-cooled Condenger [PCE] [2] - Condenser heat rejection ks 163737 145566 122035 100627 806999
0.7625]30.64 0.4051130.7 2.60618.39 1,013 18,36 water-cooled Condenser [PCE) [1]: Condenser heat rejection (per urit] ki 85721.4 104923 120075 | 137864 | 155790
64,11 |129,2 45,2‘128,6 2871,7‘?7,33 28717 ‘77,14 A " -
Balancing Splitter [4] : Actual flow fraction of 1st outlet 0645936 0521191 0504114 | 0421382 | 0341276
Pump (PCE) [8]
574,4 kW
0,4031(30.78
110,3{129
ﬁ
29
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'd" Thermoflow

Q & A Session

Please forward your questions to 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!

IGNACIO MARTIN
Malaga — SPAIN
martin@thermoflow.com
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