Welcome!

Webinar #29:
Inlet Chilling Systems & Chilled Water Storage in GTPM
24 Jul 2018
Agenda:
* Introduction

* Inlet Air Cooling Systems in GTPM
* Chiller types & design in GT Pro

* Chiller Operation in GT Master

* Chilled Water Storage 24-hr Model
* 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

User’s Meetings / Advanced Workshops

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, June 2016

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

29- Inlet Chilling Systems in GTPM

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN



Thermoflow
Effect of Ambient T on GT Performance
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Thermoflow

Inlet Air Cooling Systems in GTPM

- Chillers
- Electric
- Absorption
- External

- Evaporative Cooling
- Evap Cooler “Media” type
- Fogger

@G_ PRO 27.0 - C:\Users\imart\Documents\Thermoflow 27\FAW\FAW29_Chiller\c1_eff.GTP

File View Options Window Excellink CompareFiles Scripts Custom Variable List Help

Auziliaries &

\ avigato Gas Turbine Main Inlet He_aling & Model Adiustments Controls, Margins, & Fuel Hti_ng &GT Bleeds & Imections ) Equipment Dptions
New Sessi J— [nputs Cooling Genset Losses Saalag Miscellaneous
ew Session
Chiller l Coil ] Heater ‘ I Compressor Recirculation
Start Design \" ; TOns
Plant Criteria | Mot included in plant Ll

GT Selection
GT Inputs
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'd" Thermoflow

Evaporative Cooling = Definitions

- Wet Bulb Depression: WBD = DBT-WBT > Potential of Cooling

DBT-T after cooling
DBT-WBT

- Efectiveness >

- ECDH = Equivalent Cooling Degree Hours (per year) = Z?Z?O(DBTL' — WBTI)



Thermoflow

Evaporative Cooling = Potential of Cooling
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'&1 Thermoflow

Evaporative Cooling =2 Potential of Cooling
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Calculate hour by hour, 8760
hours = ECDH or potential of
cooling in a year




'&1 Thermoflow

Design in GTP: Evaporative Cooler

- Efe Ct | veness v Include evaporative cooler

Cumrent Healt Balance

- Air Pressure Drop

o

Effectiveness

Air pressure drop 1 rnillibar

- Cycles of Concentration

Cycles of concentration

L

- Sizing Criteria Sizing Criteria
- Use C rrent HB data " Use curent heat balance data
u {* |ser-defined sizing
= UD S|Z|ng: Water FIOW % Of A|r FIOW Sizing water flow (% GT nominal airflow)|0.4
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'&1 Thermoflow

Design in GTP: Fogger

- Fogger specification
- Undersparay = Efectiveness
- Overspray =2 % OS

- Mean Droplet Size
- Air Pressure Drop

- Sizing Criteria
- Use current HB data
- UD Sizing: Water Flow % of Air Flow

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN

Caution: Certain GT engines are unsuited to overspray fogaing. Some
vendors do not allow overspray for engines under warranty.

Fogger Options

Included - specify underspray j

Mot included in plant
Included - specify overspra

Included - soecifv underspray
Ultra-fine e

o

Effectiveness|35

Air pressure drop |0 millibar

Sizing Criterna
" Use curent heat balance data

* User-defined sizing

a8

Sizing water flow (% GT nominal aiflow)|0.5

10



'd" Thermoflow

Inlet Air Cooling Systems in GTP: Chillers

- Electric Chillers
- Water Cooled
- Air Cooled

- Absorption Chillers

Water

Steam, low Pressure, 1 stage

Steam, medium Pressure, 2 stages
Exhaust Gas or Direct Fired = only TFX

-  External

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN
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Thermoflow

Chillers = Definitions

bar|C
kg/s| klikg
2262 9 kW
3 2
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& 3

t 1 o
0,9936[-5 0,99385]-5 10[24.9
3524|8885 .ﬁ 1 352,4[8885 10,33]-12295 ‘{><} 10,33]1229,5



'd"Thermoflow
Chillers = Definitions

Typical COP values

. Cooling Effect I T\ el
- Coeficient Of Performance —> COP = & P Sl i
Energy InpUt Med P Steam 2 stage 1,1
Electric
_ 1 — 1 1 Water Cooled 5,25
Energy Input + Cooling Effect = Heat Rejection e =
- Chiller Nameplate Performance @ Standard Conditions:
- 85 °F (29.4 °C) chiller coolant supply temperature
- 44 °F (6.67 °C) chilled water temperature
- Steam source pressure for absorption chillers of 20 psia (1.4 bar) 1 stage - 130 psia (9 bar) 2 stage
- Correction Curves |
120 | L 120 |
Cooling :1D ,_.-""-f Cooling 110 =1
-:;:.pm;ﬂ:.- Qo / ;;51:.:113« 100 i
a0
BO / | gg
0 5 67 8 910111213 0l \
Chilled water oatlet lCmperaiure L% 24 EE 23 3D 32 34 35
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©Thermoflow Inc. 2018 — Webinar:

Thermoflow

Chiller Options
IWater-chled electic chiller l]

Mot included in plant
Water-cooled electic chiller

Air-cooled electnic chiller

Single stage water-cooled absarption chiller
Twao stage water-cooled absorption chiller
Esternal chilled water

| [~ Chiller off. Coil chilled water from storage

~ Sizing Criteria
* |se cunent hest balance data
™ User-defined sizing
Chiller nameplate capacty relative to nominal GT airflow
077 Jew 7em
Mimernunm numnber of operating challess per GT
M s chillier unit nameplate capacity
Mumber of spare chilers per GT

kw

14067
(-

~ Cooling Configuration

I.ﬁm'iialy cooling tower ;]

Avpaliare cooling tower
Dedicated fin fan cooler
E xcluded

Design in GTP: Chiller

-~ Chiller Specification
— Mameplate COP

Water-cooled electic chiller |5.25

| [06538 |kwiton

Air-cooled electnc chiller |3,5 | |1,

005  |kwiton

Single stage water-cooled absorption chiller

Two stage water-cooled abzorption chiller

Chillzd water supply pressure

Chilled water supply temperature
Chillzd water range

Coaling water approach to wet bulb
Caoil water-side DP @ design Aow
Chilled water piping DP @ design flow
Cooling water DT / Condenser Cw/ DT

47 Jba
e

— Chilled W ater Storage

[7 Include chilled water starage
Chilled water storage capacity

Chilled water storage margin

pry
L}

hours

%

Chilled "»/ater Pump Details

Type & Sizing
Head (% Nameplate) Efficiency (%)| Puotwe [sogesmpcomivgs =]
o e

100

Motor/Diive

L
50

50

50 TO
Flow (% Nameplate)

Absorption Chillers only

~

Main LPT bleed
15t LPT substream
2nd LPT substream
Main HPT bleed
15t HPT substream

Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN

\Em:l HPT zubstream v

Steam source 5 —

|Main LPT bleed - l:;" . :muw ]
15t HP substream A

2nd HP substream |-=Itn:n feeds En:-:m |

J
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Thermoflow

Coil Model

Design in GTP: Chiller

IHudwaa

=

| Sﬁﬂd |

Cooling Coil

Min. allowable liquid-side mass flux

o—

6365 |vhm2
Max. allowable liquic-side mass fux them"2

 Hardware Design
* Automatic " Userdefined
07327 |m/s er if number of rows per
-2,442 més
Max. # of rows per liquid-side pass E]
S
ot

-~

Frontal Area Sized by

@ Gas/air velocity ma's
" Gas/air mass flux 9,988 |them"2

.‘ [ —
Condensed water from air

Minirmum allowable temperature difference incoil 1,111 C

Main Inputs ] Hardware .I Other Inputs
Fin-tube type Tube anangement Fin material Tube material
Platefns v |Staggered = [Aluminum, #20 =] [Copper. 524 7 et
Longitudinal row pitch, PI 41.28  |mm Tube outer diameter
T 381
1ansverse tube p?ch, Pt mim Tube wall thickness
Tube length/H width [0 = auto) 0.8

Pl = 41.28 mm
>

Pt =381 mm

For illustration only.

<

Gas

Actual number of tubes
and number of rows
to be calculated

80 mm

0
L

30 mm

Fin thickness
Fin spacing
H# of fins

Fin height

Segment width 3,967 mm

# of segments

]
Un-cut height/fin height

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN
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Thermoflow Design in GTP: Chiller

— Chiller Performance Comections

" Automatic

& Userdefined Edit Data |

Reset all using defaull chller
commechons

Feset all bo unity [no comections)

Capacity Comection Faclois ] COP Conection F actors
(¥ Comection for temperastunes o
Coolan! lemperature entenng chiller, C
Capacity CF |15 . | 5 2944 1] B
0 00,7467 08158 0,838 08182 081 07413
Chilled 5 0.3036 0.9702 09838 0.9564 0.9503 06693
waber ext | BEET 0.9615 1.148 1.03 1 0.933% 0,03
l'llﬂﬂcu““r 10 1,062 1.114 1.119 1.084 1.077 098’y
15 1.203 1.246 1.243 1.2 1152 1095
20 1,333 1.368 1,356 1,306 1.297 1,191
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Capacily Corection Factons 1 COP Comnection Faclors 1

(* Comechon for lemperatures i ection for pire ; " Cosrecton for part load

Coolant temperature entenng chiller, C

CoP CF 15 20 25 Za.4 20 £
1] 10,9264 0.94595 0,7704 .70 0ES2E 0E1%
Chilled 15 1236 141 1033|0933 |08z [08178
waled exil | 6 EET 1.299 1.2 1002 1 09673 0E™S3
“'F“‘E‘“": 10 1.307 1.247 1.16 1,068 1,056 0.9463
15 1.058 1.051 1.018 09715 |09647 08964
20 0.7403 0.7533 07538 0.7425 0.7403 07148
Capacity Conection Factors ] COP Comection Factors
™ Coneclion for bemperaturss r ection for pressurs & Losrechon for past load

Chiller load, £ COP Conection
Facton

16




'&1 Thermoflow

Design in GTP: Select the appropriate Design Point

If you want to design the Cooling System at the same conditions as the
design point then select =2 Use current Heat Balance data

If you want to design the Cooling System at different conditions than the
design point then select =2 User defined sizing and enter the sizing criteria:
- Chillers: (kW of refrigeration) per (t/h of air)
- Evaporative Coolers / Foggers: water mass flow / nominal air flow (%)

Please notice that the design conditions / sizing criteria will affect the
equipment design and thus the off design performance

You can resize the Cooling System:
- In the conversion process GTP to GTM, Multi Point Design option
- In GT Master directly, by manually manipulating the inputs

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN 17



Thermoflow

Inlet Air Cooling Systems in GTP: Outputs

(Chiller)

Estimated Chiller System Data
L. GT Inlet Chiller Reference datal 4. Chilled Water and Chiller Cooling Pumps - per plant
Type Water cooled electric chiller Reference equipment cost 159.250) usD
Chiller cooling system Auxiliary cooling tower Reference material cost 2.800 uUsD
Chiller nominal heat rejection to plant cooling tower N/A % Reference labor cost 22.340 USD
Nameplate cooling capacity @ standard conditions (each) 4719 kW Reference Equipment+Material+Labor cost 184.400 UsD
Chiller compressor motor power rating 895 kw
et 54 m 5. Chilled Water and Chiller Cooling Pipes - per plant
Width 2.6 m Reference material cost 302.600) UsD
\Weight 20590 kg Reference labor cost 211.650 uUsD
Reference Material+Labor cost 514.300 uUsb
Plant total number of chillers 2
Reference chiller cost 777.300 USD -
: 6. Chilled Water Storage - per plant
Reference coil cost 857.000 uUsb -
Reference equipment cost
Reference material cost 53.600) UsD -
Reference material cost
Reference labor cost 77.950] UsD
- - Reference labor cost
Reference Equipment+Material+Labor cost 1.766.000] UsD - -
Reference Equipment+Material+Labor cost
2. Auxiliary Cooling Tower - per plant -
7. Totals for Costs Included on this Report
Cell count 2 -
D aTEe E e 195.600 USD Reference equment cost 1.989.000 USsD
Reference material cost 1730 USD Reference material cost 360.750 uUsD
eference labor cost 9700 USD Reference labor cost 321.650 uUsD
Reference Equipment+Material+Labor cost 207.0001 USD Reference Equipment+Material+Labor cost* 2.671.000 uUsbD
—— - - —
& [ Gl - 5e ol f;l’ohr;qs cost summary is per plant, but does not include indirect costs
Sallcotin increases in site plan area, electrical, controls, engineering, soft costs,
Reference equipment cost etc.
Reference material cost to accomodate the chilling system.
Reference labor cost These indirect costs may be 50% to 70% of the above cost.
Reference Equipment+Material+Labor cost
©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN 18




Thermoflow  Inlet Air Cooling Systems in GTP: Outputs (Chiller)

1fGT PRO 27.0 IMG-TF
Water-Cooled Electric Chiller Circuit

Coil (Simplified model)

03795p 09786 p

25T 25T

2344 m 2344 m

49,49 %RH 49,45 %RH
GT inlet air

2 Chillers Operating

Cold chilled water
| -] 3 4 3 £ - 7

(2]

Cooling water FOR QLP:T:U ATFE INDICATION ONLY
2871 A AUX COOLING TOW .
Aux. Cooling Tower
Qrej =0 kW B E 1 . 5 ] 4 3 g 1 i
. GT Inlet Air Chiller Haster Water Pump (P15)
plbar]. T[C). mit/h). Steam Propetties: IAPWSIFS7 C'HEI?.LER
1305 07-23 2018 16:03.05 file=C-\Users\imat\D ocumentsh T hemmoflow 27\FAWAFAW23_Chilere_WCEle: CW J| o Head(m) Efficiency (%) o
- : nE _
Y P1e
cwe W3
5| FF
D
=F
cf TF
E -
-7
1 ID & = OFRDIAMETEF LENGTH §CHEDULBIATERIAIDESIGN PDESIGN T DESIGN MDESIGN - t
CWoxl 134 5121 40 A-106 6,895 21 S441 10754 i 5 iy
I LlEW5x1 254 110 40 A-106 6.895 21 8441 10754 [
oD m bar c th ipm
T T = T S T n T = T = T — T o .
E &
&
=
T TR TR TR Tl TN E TR TN T TR TN T T T AR T T U TR U N TN Tl IR e
»
F Flow per pump(t/h)
: T 3 T 3 T T T B T 5 T T T
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Thermoflow

Inlet Air Cooling Systems Comparison @ Design Point

No Cooling Electric Electric Absorption  Absorption Evap Cooling Fog Fog
WC AC 1st 2st Underspray 0S-1%
OUTPUT VARIABLE DESCRIPTION Units
Plant gross output kW 438.475 437.980 437.980 437.980 437.952 437.949 438.475 438.475
Plant net output kW 428.698 428.209 428.209 428.209 428.181 428.172 428.688 428.645
Plant net elec eff % 58,1 58,1 58,1 58,1 58,1 58,1 58,1 58,1
GT gross power kW 289.776 289.357, 289.357, 289.357, 289.357, 289.330 289.776 289.776
GT gross LHV eff % 39,3 39,3 39,3 39,3 39,3 39,3 39,3 39,3
Gas turbine exhaust mass flow t/h 2.399,3 2.397,0 2.397,0 2.397,0 2.397,0 2.396,8 2.399,3 2.399,3]
Gas turbine exhaust temperature C 615,3 615,5 615,5 615,5 615,5 615,5 615,3 615,3
ST gross power (plant total) kW 148.699 148.623 148.623 148.623 148.595 148.619 148.699 148.699
Specific Investment USD/kW 700 716 717 723 727 705 704 710
coP 5,25 3,5 0,67 1,1
Efectiveness % 85% 95%
0S % 1%
DP mbar 0,94 0,94 0,94 0,94 1 0
Sizing 3,7 3,7 3,7 3,7 0,4 0,5 1,5
Delta Cost USD/kW 16 16 23 27 5 4 10
% 2,3% 2,4% 3,2% 3,8% 0,7% 0,6% 1,4%

MUSD 6,7 6,7 9,3 11,1 1,6 1,7 4,1

Equipment Cost usD 1.716.000 1.881.000 2.263.000 2.393.000 725.600 310.000 537.000

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN
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'd" Thermoflow

Inlet Air Cooling Systems in GTM

- Equipment Need to be included in GT Pro

- Chillers
- Electric
- Absorption
- External

- Evaporative Cooling
- Evap Cooler “Media” type
- Fogger

- Chilled Water Storage

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN
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'&1 Thermoflow

Operate in GTM: Evaporative Cooler

- Efectiveness 2

Current Heat Balance

- Min operating Amb T

e

Effectiveness

. inimum operating ambient temperature |9
- Air Pressure Drop CF M operating ambienttemperet

Alr pressure drop correction factor

. o
2

- Cycles of Concentration Cycles of concentration
. . Capacity
- Size: Water Flow Capacity e e

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN 22



'&1 Thermoflow

Operate in GTM: Fogger

- Fogger specification
- Underspray = Efectiveness
- Overspray =2 % OS

- Mean Droplet Size

- Air Pressure Drop CF
- Min operating Amb T
- Capacity

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN

Fogager options

||ncluded - specify underspray ﬂ

Included - specify percent load
| |l [ | [y =1

Curmrent Heat Balance
Mean droplet size

| Ultra-fine ﬂ

Overspray as percent of saturated air flow

&

Minimurm operating ambient temperature |5

UL

Alr pressure drop correchion factor

Capacity

Water flow capacity|12.75  |t/h

23



Thermoflow

Operate in GTM: Chiller

{Chiller I Coil | Heater ] Evaporative Cooler

Chiller Options Coil Model

[\w/ater-cooled electiic chiller | |Simpliied v Chilled ‘W ater Pump Details

Electric Chiller & Coil Operation Mode .

| 1) Direct Chiling j Chilled \Water Storage 24-hr Model
Current Heat Balance 1 Chiller Specification ~ Chiller Performance Corrections
|Speci[}l chilled air temperature drop [DT) LI DT = EIC ~Mameplate COP 1 s Automatic
Air-side pressure diop corection factor I:l ‘water-cooled electic chiller 06638  |kw//ton  User-defined Edit Data

Air-cooled electric chiller

kw//ton

Single stage absorption chiller

Two stage absorption chiller

Number units running per GT

Minimum coil operating ambient temperature EI C

| User-defined chilled water flow ﬂ
Chilled water supply pressure bar
Iv Reduce chiller load when GT reaches power limit Chilled water suppy temperature C
Unit Capacity Nominal chilled water flow [per chiller) 4058 t/h
Nameplate capacity & standard conditions (sach) Kw! Chilled water flow as % of nominal flow %
Number of chillers per GT ‘Water pipe resistance coeff. 08784 m™4

Coil water-side resistance coeff,

3
s
i

Decoupled Operation Inputs ) ) .
o 5 4 Cooling water flow [per chiller) tsh
Average chilled water temperature (& storage tank.

SIn e LT T Electric chiller power correction factor
Chiller load percent

sl
EH
.y )
wll K

Chilled water pump power comection factor

M aximumn coil effectiveness

Minimum coil pinch temperature difference ~ Cooling Configuration

- ) Aupiliary cooling tower v
Chilled water temperature rige from chiller exit to storage tank | I Y g —I

Chilled water temperature rige from storage tank to coil

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN



'd" Thermoflow
Operate in GTM: Chiller

Operation Parameters (no storage)

Specify Air DT or exit T

- Number of Units running per GT

- Minimum Coil operating T

- Reduce Chiller load when GT reaches power limit

- Chilled water Flow: UD or calculated from resistance
- Performance Corrections

- Correction Factors (Air DP, Electric Power, ...)



Thermoflow

Operate in GTM: Outputs (Electric Chiller)

-DOGT MASTER 27.0 IMG-TF
\Water-Cooled Electric: Chiller Circuit

Direct Chilling
Coil [Hardware model)
09789 p 03783 p
35T 22987
W t C I d 23619m 2361.9m
a er OO e 35,92 %RH 71,99 %RH
e ——
GT inlet air
29021
2 Chillers Operating 345m
133413 ? Bypass 4,265 p
507 m 7y vy
22859 ton 256.2m 570.7 m
Eg;ﬂzi\i‘?’: Cold chilled water
A oh
14422 kw =

le=ilo GeRl 2 Chilled Water Pumps
7KW

Cooling water

28T

Aux. Cooling Tower
Qrej =9481 Kw

plbar], T[C]. m[t/h], Steam Properties: IAPWS-IFS7
1305 07-25-2018 20:34:15 file=C:\Usershimart\D ocuments\T hemmoflow 27\FAWSFAW29_Chiller\e1_WCElectric_UD_35.GTM

2 chillers per GT. 2 in plant

Cooling load per GT = 8039 kW , 2285 9ton
Coil heat exchanger effectiveness = 0,7863
Coil DP = 0,8174 bar

Chilled water piping DP = 1,023 bar

Chiller Performance [each chiller]:
- Nameplate at standard conditions:
1342 ton, COP = 5.25. 0.6638 kKW/ton
- Full load at current conditions:
13722 ton, COP = 5,482, 0,6415 kW /ton
- Current heat balance:
11429 ton, COP = 5,574, 0,6309 KW/ /ton

.bC\sr MASTER 27.0 IMG-TF
Air-Cooled Electric Chiller Circuit

Direct Chilling
Coil [Simplified model]
09739 p 09779 p
3B[T 23T
1 23607 m 23607 m
Air COOIGd 35,92 %RH 71,96 %RH
—
GT inket air
E Chillers Operating
3447 p 5.172p
185T T
22805 ton 8116m 8116m
TR Cold chiled water
., n
Etl @
= 925% ]
Cooling air 12153h|S|idWWalal Pumps

plbar]. T[C]. m[t’h], Steam Properties: [APWS-IF97
1305 07-23-2018 17:29:13 file=C:\Users\imat\Documents\T hermoflow 27\FAWNFAW29_Chiller\e1_ACElectic_UD_35.GTM
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6 chillers per GT, B in plant

Cooling load per GT = 8020 k'w . 22805 ton
Coil heat exchanger effectiveness = 0,4286
Coil DP = 1,724 bar

Chilled water piping DP = 2,063 bar

Chiller Petformance {each chiller):
- Nameplate at standard conditions:
447 3 ton. COP = 3.5. 1.005 kW/ton
- Full load at current conditions:
410.,8 ton, COP = 3,093. 1,135 kW//ton
- Curtent heat balance:
3801 ton, COP = 3,122, 1,126 kW/ton
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Thermoflow

Operate

.ber MASTER 27.0 IMG-TF

Single-Stage Absarption Chiller Circuit

in GTM: Outputs (Absorption Chiller)

Caoil (Simplified model)

09789 p 09779p
1 Stage
g 2360,7 m 2360.7 m
35,92 ZRH 71.86 ZRH
| ——
GT inlet air
22T 14p
16.96 m 15T
16.96 m
2 Chillers Dperatiny
= 3M7p 3875
Heating steam 23997 7T
Al58m 4058m
22805 ton
Condensate COP=0,7219 Cold chilled water
Load = 78,8%

-@

2 Chilled Water Pumps
20,01 kw

Cooling water

28T

Aux. Cooling Tower
Qrej =19129 kW

plbar], TIC) mt/h]. Steam Properties: |APWS-IF97
1305 07-23-201817:26:50 file=C:\Users\imart\Documentsh Thermoflow 27\FAWNFAW 29 Chiller\e1_1st_sbs_UD_35.GTM

2 chillers per GT, 2 in plant

Cooling load per GT = 8020 kw . 22805 ton
Coil heat exchanger effectiveness = 0,6069
Coil DP = 0,4311 bar

Chilled water piping DP = 05173 bar

Chiller Performance [each chiller):

- Nameplate at standard conditions:
1342 ton. COP = 0.67

- Full load at current conditions:
1447 ton, COP = 0,687

- Current heat balance:
11402 ton, COP = 0.7219

.UC\ST MASTER 27.0 IMG-TF

Two-Stage Absorption Chiler Circuit

Coil [Simplified model)

09783 p 09779p
2 S BT 23T
ta ges 2360,7 m 2360,7 m
35,92 %RH 71.86 ZRH
GT inlet air
22T Sp
9839 m 185 T
9839 m
2 Chillers Operatiry
S 3447p 3878p
Heating steam 2399T T
A6 B 4058m
Condensate Cold chilled water
2 Chilled Water Pumps
20,01 kw

Cooling water

287

Aux. Cooling Tower
Qrej =14725 kW

plbar], T[C]. m[t/h], Steam Properties: 14FWS-FI7
1305 07-23-2018 17:24:22 file=C:\Users\imart\Documents\T hermoflow 27\FAWN\FAW?29_Chiller\el_2st Abs UD_35.GTM
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2 chillers per GT, 2 in plant

Cooling load per GT = 8020 kw , 22805 ton
Coil heat exchanger effectiveness = 0,6063
Coil DP = 0.4311 bar

Chilled water piping DP = 05173 bar

Chiller Performance [each chiller):

- Nameplate at standard conditions:
1342ton. COP =11

- Full load at current conditions:
1441 9ton, COP =1,139

- Current heat balance:
1140,2 ton, COP = 1,196
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Thermoflow

Operate in GTM: Outputs (Evaporative Cooler)

Ambient air in
0.9895 p
35T
2326,5m
38,31 %RH
200 m slav.
10,44 millipar
SGT5-4000F (ID # 628)
09791 p 03781 p {Physical Model)
35T 2488T . .
s i =
| 1 A) u‘.t: 1f1 > r: 7 0,022
— T .
enerretrl Bl
E) Air Exit s 0.028
Dry bulb=24.66C L //
Wetbalb=2285C = £ 0,028
RH=8598% Pt -
12:‘;' = = 0,024
G - R gs s [
. ™ & = = 2
o s ) [
S
= : o ] :
9,955 m . o %{y_ el
E P 3‘\\ ><»J <, b012 £
o 53 3 s SQ_‘/ [~ B / > AP L= oo 5
. s -
i 500: o £ \\ A Sc}"‘x" Eaes % o.00e
Fuel = CH4 ! P e L | = P
25T ! . 1 = N
' | a T = g e e % £
5321 m 0 ——— S i —— 5 = IO 0004
ST ; = ig:ﬂ_ij:\_:-’_ et = oz
. E v 1 FR T jits 0,000
N 10 15 20 2 35 &
leccesscscecacscecececcaceceeaemee= e e ——r gy s Ve Carm e
. ==
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Thermoflow

Operate in GTM: Outputs (Fogger)

Ambient air in
0,9895 p
BT
23404 m
36,31 %RH o)
=il Underspray 95%
10,5 millibar
0979p 0979p
35T 23457
23404 m 23515 m
25,92 RH 95,08 RH
oOm
1117 m
1 3
prywieina I Prychomerc Chart
Foel= (.| EEE
a7 [ === , v
5364m E.:::';:*f’i - B .
Pt
500471 o 2l 5 g
o & ‘ :
- ” 7%/ = i
y Py $aw g /;_ "
T s B S T o R s -+
P T e
et o B {
3 /)§‘</ == "
AR =y 2] — 4
7 = L. | —1
e e Sl T
I = e
: : Dry Bulb Temperature. C E‘~- 5’-‘-—‘
[

SGTS5-4000F (1D # 628)
{Physical Model)

2695p
5T
53,684 m
50047 LHV

Ambient air in
0.9895p
5T
23482 m
36,31 %RH (o)
=i Overspray 1%
10,54 millibar
0.979p 0.979p
asT 22857
23462 m 2358 m
3593 RH 100 RH
23,58 m
3537 m
Fuel=cHe | EEE
&7 gl »
57,51 m swna-use o
50047 LHV S 8
N o (\g}, z :
P e -
PP S S e §
P e P ) i i
‘ ~ S e S R SN
| E > s i
S o <l el 5
. e e
SSa o L ] ]
] » L iy L
e i el e
i = ——
* Dry Bub Temperature. C e —r—
v =
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SGT5-4000F (ID # 628)
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Thermoflow

Inlet Air Cooling Systems Comparison @ Off Design: 35C-36%RH

No Cooling Electric Electric Absorption Absorption Evap Cooling Fog Fog
WC AC 1st 2st Underspray 0S-1%

Ambient temperature C 35,0 35,0 35,0 35,0 35,0 35,0 35,0 35,0
Ambient relative humidity % 36,3 36,3 36,3 36,3 36,3 36,3 36,3 36,3
Plant gross output kw 408.955 440.930 440.930 438.831 438.689 437.342 440.864 471.67Q
Plant net output kW 399.370 429.343 428.468 428.458 428.481) 427.579 431.012 461.461
Plant net elec eff % 57,7, 57,6 57,4 57,4 57,5 57,8 57,8 57,7
GT Power kW 266.613 293.516 293.516| 293.517 293.521 290.110 293.164 321.849
GT gross LHV eff % 38,5 39,4 39,4 39,4 39,4 39,2 39,3 40,3
Compressor inlet temperature C 35,0 23,0 23,0 23,0 23,0 24,7 23,5 22,8
Gas turbine exhaust mass flow t/h 2.271,5 2.414,3] 2.414,3 2.414,3] 2.414,3] 2.389,7 2.405,2] 2.439,1
Gas turbine exhaust temperature C 624,4 614, 614,1] 614,1| 614,1] 615,7 614,6| 611,5
ST gross output (plant total) kw 142.342 147.414 147.414 145.313 145.168 147.233 147.701 149.820
Steam cycle gross eff % 34,1 33,9 33,9 33,4 33,4 34,0 33,9 33,7
Aux Power kW 9.585 11.587 12.462 10.373 10.208| 9.764 9.853] 10.208

% 2,3%| 2,6% 2,8% 2,4% 2,3% 2,2% 2,2% 2,2%
Delta Power GT kW 26.903] 26.903] 26.904) 26.908| 23.497 26.550 55.236
Delta Power ST kW 5.072 5.072] 2.972 2.827 4.891 5.359 7.479
Delta Power total, net kW 29.973] 29.097| 29.087 29.111 28.208 31.641 62.091

% 7,5%, 7,3%| 7,3%, 7,3%| 7,1% 7,9%, 15,5%
Delta Eff GT % 0,8 0,8 0,8 0,8 0,7 0,8 1,7
Delta Eff Steam Cycle % -0,3 -0,3] -0,7 -0,8 -0,2 -0,2 -0,4
Delta Eff total net % -0,1 -0,3] -0,3] -0,3] 0,1 0,1 0,0
Consumption kW pumps 188,6 113,6 195,0 130,0 59,6 185,0

kW elect/ther| 1.439 2.569 11.109 6.705]
t/h 17,0 9,8 10,0 11,2 35,4
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Inlet Air Cooling Systems Comparison @ Off Design: 24 Hours

Net Power (kW)

470,000

460,000 %

450,000

440,000 *— L 4  J

430,000 %

420,000

410,000

400,000
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24

——1 —0—2 3 ——4 —e—5 6 —@—7 —8—38
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11.200.000
11.000.000
10.800.000
10.600.000
10.400.000
10.200.000
10.000.000

9.800.000

9.600.000

9.400.000

0,21

0,205

0,2

0,195

0,1

[¥=)

0,185

o,

[
[e5]

0,175

Thermoflow

Inlet Air Cooling Systems Comparison @ Off Design: 24 Hours

M Net Power

m Profit

Fuel P =5 USD/G)J

1 2 3 4 5 6 7

2 3 4 5 6 7 8

8

57,80%
57,70%
57,60%
57,50%
57,40%
57,30%
57,20%
57,10%

57,00%

0,072

0,07

0,068

0,066

0,064

0,062

0,0

a

0,058

W Net Eff

1 2 3 4 5 6 7

B Profit

Fuel P =7 USD/G)J

-0,0005
-0,001
-0,0015
-0,002
-0,0025
1 2 3 4 5 6 7 8
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3,00%

2,50%

2,00%

1,50%

1,00%

0,50%

0,00%

0,002
0,0015

0,001
0,0005

-0,003

W % Aux

1 2 3 4 5 6

W Profit

Fuel P =8 USD/G!J

1 I I I I 6

7 8

7 8
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Inlet Air Cooling Systems Comparison @ Off Design
Entire Year Simulation
- System Selection & Optimization
- Use TIME

- Use ELink



Thermoflow

Operate in GTM: Chiller w/ Storage

Electric Chiller & Coil Operation Mode - Decoupled Operation Inputs
1] Direct Chilling bd Average chilled water temperature (3 storage tank 7 C
; . Warm chilled water t bu 17 C

2) Decoupled - Chiller On, Cail Off A el emperEirE

3) Decoupled - Chiller Dff, Caill On Chiller load percent 100 &

4] Decoupled - Chiller On, Coil On _ . _
M aximumn coil effectiveness 0,75
Minimum coil pinch temperature difference 1.1 C
Chilled water ternperature nize from chiller exit to storage tank.  [0.5556  |C
Chilled water temperature nse from storage tank to coil 05556 |C

Chilled ‘W ater Storage 24-hr Model
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'd" Thermoflow

1) Direct Chilling: The chiller and coil are integrated, operating in a closed loop with no chilled water storage
involved. The air temperature drop across the coil dictates the load placed upon the chiller, except that it may
be limited by the chiller capacity or the coil effectiveness.

Operate in GTM: Chiller w/ Storage

2) Decoupled - Chiller On, Coil Off: The chiller is operating but the coil is not. The chilled water produced by the
chiller goes directly to the storage. The air temperature drop across the coil will be zero. The chiller's load is
dictated by the Chiller Load Percent entry described below.

*3) Decoupled - Chiller Off, Coil On: The coil is operating but the chiller is not. The coil is supplied with chilled
water from the storage. The chiller power consumption will be zero. The coil's cooling load is dictated by the
prescribed inlet air temperature drop.

*4) Decoupled - Chiller On, Coil On: Both chiller and coil are operating, but loads are independently set. If the

chiller produces more chilled water than requested by the coil, the surplus will go to the storage. On the other
hand, if the chiller produces less chilled water than requested by the coil, the deficit will come from the storage
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Thermofiow  Operate in GTM: Chiller w/ Storage 24 Hours

[ OTMASTER220- il WoterStorsge 21 Mol e ——
— — ~Flesize Chiler
Chilled water storage 24-hr model & Enabled  Dizabled Flesize chiler to balance chiled water mventory in 24-hrpeied & Jed ¢ Mo (1]4
Main ] Starts T Mizcellaneous
24-h Cycle Parametess
Ambesnt T Arrbient AH GT Load Chiller Status  Chiller Load Coil Status  Col exit 2 DB Q/HRSG 2nd DB Q/HRSGE Process heat
% or ki (1=off] (0=, 1=0r) [0=0f, 1=0n) 'emeeiatue  kBTUMA  kBTU/h 1% nominsal)
How0 85 |F [ |x [60__ | x | [B_JF [ o | oo =
Hou 1 B JF [0 Jx g0 | x o] [ _JF 0 o | noo %
How2 B¢ JF [0 |z [0 | oo Jx o | [ JF b1 o | e
Howz 83 F [0 1z [0 | x 0| I (N R TR oo |x
Howd [B2 JF [0 Jx [0 | ] o Je p ] B _JF [P_] [ ] e
How5 [i2 JF [0 Jx [0 | x o] [ JF [p_] [ ] S
Hoet6 62 JF [0 1% [0 | o ]z o | [ JF o | b | Moo |x
How? 55 JF [0z [0 | o Jx o | [ JF b1 o e
| Hou8 [0 |F |65 |x 80 | % F L] o | Mo |x
How 9 w F B |x [0 | ] [ = [ ] [B_J b ] b ] S
i Howto [0 |F [0 |z [0 | [] [ ]z [ ] [B I o] L] I
Hoatt  [B2 | [0 % [0 | ] [0 % 5 [ [0 | [ | Moo |x%
Howl2 [ JF B Jx [0 | o | [ Jx BB Jr 1 P ] [ s
u How13 |87 |F |55 |x [0 | P | [oo =z 5 JF L] o | L
i Hoeld [ F 5 Jx [0 | o] [oo =z 5 |F [ R ES
| Hos1s [32 | 50 |% [0 | o] [ Jx [ ] [B JF o] b | o |x
Hoat6 [22 JF [0 = [0 | o] [0 % s F [0 | [ | Moo |x%
Howl? [0 JF B Jx o] o | [0 Jx BB Jr 1 ] [ s
! Hox1e 5 |F [ |x [io | [E 65 |F o] I no x
" How1s (85 |F [ |x [0 | A Bs | [ ] [ Jx
I Hos2o [0 | B0 |z [0 | [] (oo Jx o] [B JF o] b | e
Hoa2t [5 JF 58 = [0 | ] [oo = ] B [ [P ] [ ] Moo %
Hw22 [0 JF [ |z [0 | o Jx o | [ ¢ P ] [ | [o Jx
Hos2z 88 F [0 |z [0 | x 0] B _JF P_1 o ] L

©Thermoflow Inc. 2018 — Webinar: Inlet Chilling Systems in GTPM, 24 Jul, 2018 by IGNACIO MARTIN



Thermofiow  Operate in GTM: Chiller w/ Storage 24 Hours

{44 GT MASTER 22.0 - Chilled Water Storage 24-hr Model
Fiesize Chiles
Chilled water storage 24-he model  + Epabled ™ Dizabled Resize chiler to balance chilled water imventory in 24-tiperod @ Ye: No 0k,
Man 1 Shaits
User-defined Gas Turbine
Hest Fate Exhaust Temp  Exhaust Flow
Hour 0 2lkw  [2394 |etusewn  [N21 F 4043 |kpps
Howr 1 23|kw (6994 [pTUMem 1121 |F 4043 kpet
Hour 2 23w [E394 |BTUAwh  [1721 |F EE
Hour 3 23 kw (B394 JeTuswm  [1121 JF (4043 |kppk
Hour 4 ke (2594 |BTUMMR 1121 |F (4043 Jkpp
How 5 w7223 kw [2394 |BTuAWR 1121 (4043 icpeh
How & [207223)kw (B394 |BTuswh 1121 |F 4043 Jkppt
Hour? :r ] : 1 ' ; " . .
\ o[ ] T MASTER 220 - Cilled WaterStorage 24-1r el o e 8
Hour9 Fiesize Chiller
Hour i Chilled water storage 24-hr model ' Enpabled ¢ Disabled Resize chiller to balance chilled water inventary in 24-hr period & ez ¢ No ak. |
W i
Howr 11 Main ] Staris 1 Miscellaneous
Hour 12 _ I
. Startup Characteristics Hot and cold plant startup characteristics are strongly influenced by plant
L Hour 13 Cold start duration rinutes design and operating details. In particular, they depend on the type of gas
| Hour 14 turbine. availability and uze of an HRSG bypass stack. inclusion of a main
o Hot start duration rririLibes HRSG stack damper, bailer arangement and dum detailz, and the steam
TP - turbine characteriztics. Warning: Default inputs for these startup
) N - characteriztics are independent of plant design, and therefore do not
Cold start average fuel consumption as % full load A automatically considsr thess details.

Hat start average fuel conzumption as % full load =

— Start Count
Mumber of Cold starts per 24 haur period EI
Murnber of Hot starts per 24 hour period El
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Thermofiow  Operate in GTM: Chiller w/ Storage 24 Hours

GT MASTER 27.0

GT MASTER will launch chilled water storage 24-hr model computation.
It may take a few minutes. Do you want to start computation now?

Aceptar

Cancelar

GT MASTER 27.0 X

Chilled water storage 24-hr model computation finished.

Graphics and text outputs are available under Gas Turbine tab.
Computed chilled water inventory change in 24-hr period = 3473 ton
You may want to reduce chiller capacity or increase coil load.

You may also let GT MASTER resize the chiller on the 24-hr Cycle Input
menu.

Aceptar
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Resizing

GT MASTER 27.0 X

Chilled water storage 24-hr model computation finished.

Graphics and text outputs are available under Gas Turbine tab.
Computed chiller nameplate capacity (each) = 1029.3 ton to balance
chilled water inventory in 24-hr period.

Aceptar
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Thermoflow

Operate in GTM: Chiller w/ Storage 24 Hours

CHILLED WATER STORAGE 24-HR MODEL SUMMARY

HOURLY REPORT -1

Total electricity export 12.6 1076 kiw'h
Total gas turhine fuel LHY import 7853 GETU
Total duct burner fuel LHY import 0 GRTU
Total heat export 1] GETU
Plant average LHY heat rate [excl. starts] 6231 BTU/kWh
Mumber of cold starts in 24-hr period [uzer-defined] 1]
Number of hot starts in 24-hr period [user-defined] 1}
Plant average LHY heat rate [incl. startz] 6231 BTUAMwh
Electric chillers

- Humber of chillers in plant 4

- Chiller nameplate capacity @@ standard conditions [each] 6h2 5 tan [R]

- Chiller nameplate capacity @ standard conditions (plant total) 2610 ton [R]

- Total chiller power consumption in 24-hr period 3224 lkwh
Storage tank

- Estimated minimum storage tank capacity 13329 ton water

- Estimated minimum storage tank volume 427304 ft™3

- Total chilled water inventory gain in 24-hr period oo ton

Storage Tank Chilled Water Inventory [ton]

8000 4
| III||||||||II

-3000 —

Chilled Water Inventory, ton
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Hour Tamb GT Load Chiller Coil CW to oW
% or kW Cwf Load % Capacity Cw A DT Tair out Storage Inventory
F ton ton [R) ton F F ton ton
0 5] 50 9835 100 14 0 0 53] 9835 98358
1 B4 311 984 100 16 1] 1] B4 984 1967.5
2 B4 50 954 100 3116 0 0 B4 984 29515
3 E3 B0 934.4 100 3117 0 0 B3 984.4 3936
4 B3 B0 9344 100 317 0 0 B3 984.4 4520
5 B2 B0 L 100 a1e 0 0 B2 9846 5305
E B2 B0 9846 100 a1e 0 0 B2 9846 [=ick]
7 E5 70 3829 100 3113 0 0 |54 8829 7872
2 70 a0 1162 100 3134 3\2.1 ] |54 208.9 8682
49 75 g0 1064.2 100 2104 5322 10 5] 532 9214
10 a0 100 1024.9 100 a07s 8028 15 53] 222 9436
1 g2 100 1] 1] a 1129.4 17 E5 -1129.4 8307
12 85 100 0 0 0 13338 20 [54] -1333.8 E373
13 a7 100 0 0 0 1681.9 22 5] -1681.9 5291
14 23 100 0 0 0 2044.5 24 5] -2044.5 3247
15 a2 100 0 0 0 22096 7 5] 22096 10371
18 a2 100 0 0 0 22096 7 [54] 22096 11725
17 a0 100 0 0 0 22318 25 |54 22315 -3404
18 25 100 10153 100 3046 12687 20 |54 2444 3648
19 25 100 10163 100 3046 1268.7 20 5] 2444 -3893
20 a0 g0 9615 100 3045 0 0 an 961.5 -2931.2
2 75 a0 9705 100 3073 0 0 75 9705 -1960.7
22 70 70 3745 100 3102 0 0 7l 3745 -881.2
23 B3 B0 981.2 100 3107 0 0 ] 981.2 0.0128
HOURLY REPORT - 11
Hour Plant Net Gas Turbine ST Aux. Elec. Fuel
Output Heat Rate Output Dutput Load Chiller Flow
kW BTU/KWh kw kw kw kW kpph
0 420613 E510 252200 183703 15330 18622 127.2
1 421158 E509 252793 183739 16393 1847.2 127.4
2 421158 E509 252793 183739 16393 1847.2 1274
] 421880 EA08 2h3387 183887 16393 1842 1276
4 421880 E508 253387 183887 15393 1842 1276
5 472553 E508 253352 183566 153595 18368 127.8
E 422853 E508 253382 1835966 15395 18368 127.8
7 471050 E362 293158 193554 15740 18571 133.3
2 519842 E248 333524 202253 16335 19233 151
] BE7452 E154 374382 209753 16643 1954.4 1623
10 613780 E073 14439 216269 16528 19671 1732
11 515704 E054 414453 216175 14523 0 1732
12 515464 E057 414448 215341 14525 0 173.2
13 516037 EOE1 414445 215517 14525 0 173.2
14 5145857 EOBE 414441 215046 14530 0 1732
15 614327 EOES 14437 214821 145831 0 1732
16 614327 EOER N4437 214821 14831 0 1732
17 614293 EOES 414439 214791 14331 1] 1732
18 £13188 E073 414448 215673 16332 1975.8 1732
13 £13188 E073 414448 215673 16332 1975.8 173.2
20 553272 E1E1 361130 208453 16311 1915 1584
21 511276 E254 326076 201235 16035 18898 1486
22 467056 E367 285741 153081 16727 18748 138.2
23 418401 E513 250429 183359 15386 18673 1267
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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!

IGNACIO MARTIN - SPAIN martin@thermoflow.com
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