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ABSTRACT

This study investigates the effect of cooling tower fan operation on net power plant output and
proposes appropriate operating conditions at various ambient and load percentages for a fourteen-cell
mechanical draft cooling tower. Numerical analysis is performed by using a heat balance simulation software,
GateCycleTM. The plant operation and design data of South Bangkok combined-cycle power plant block IlI
with gross capacity 2x246 MW (GTs) + 1x275.6 MW (ST) are applied in the model to demonstrate as a case
study. Base cases with constant gas turbine’s heat rate are considered with four primary parameters, i.e., the
number of operating fans, ambient dry bulb temperature, relative humidity and load condition.

The study reveals that the impact of cooling tower fan cells operation on net output is a polynomial
function of two variables of the fourth power. In case of base load operation, when ambient wet bulb
temperature is below 16°C, if the number of operating fans is reduced, the net power plant output will be
slightly increased. The results are practically similar for the cases at power plant load 75% and 50% at wet
bulb temperature of 17°C and 18°C, respectively. However, when all fans are fully operated the net output is
decreased. It can be concluded that the operating number of cooling tower fans can be optimized to improve

plant performance at virtually no cost.
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Cooling Tower Heat Balance Analysis
Inputs Outputs

Ambient Air Temperature Cooling Tower Duty
Ambient Air Wet Bulb Temperature Makeup Water Flow
Ambient Air Pressure Evaporation Water Loss
Cooling Water Inlet Flow Drift Water Loss
Make Up Water Temperature Outlet Air Temperature
Cooling Water Inlet Temperature Inlet Air Flow
Cooling Water Outlet Temperature/Range Outlet Air Flow
Outlet Air Relative Humidity (¢0) Approach Temperature Difference
Blowdown Flow or Cycles of Concentration Markel Number (KaV/L)
Drift Loss Fraction Cycles of Concentration
Air Side Pressure Loss (Ap) Blow Down Flow
Number of Fans in Operation Fan Efficiency
Fan Speed for Each Fan
Fan Power Consumption
Fan Motor Efficiency
Fan Shaft Loss Fraction
Design Fan Power, Efficiency and Air Flow at
The Reference Air Pressure and Temperature
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] GateCycle SBCC3Q:5B30CA - [Flowsheet] [-[C]
Y9 Fle Edt Inpubs Analysis Outputs Tools Yiew Window Help =18l x|
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=l
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248259
GT1 MODEL: S5BCC30
248255 POWER:  776.01
GT? HR: 5187 65
EFF: 5818 _‘
274009 770520
ST
6636.1
GPHR
~==1-4
| i o
|Add hew Units/Streams from PFD Palette. Double-click on Units/Streams for input
5U% 3 wwusnassredislninpasBeuiaunszuasfimisah 3 faelilsunsn GateCycle™
AN9197 2 TanareessuLTianInzEnsdeaaslsdlnin [91
Circulating Water Flow Rate m’/h 45,230 Reference Condition
Wet Bulb temperature °C 29.1 Fuel Natural Gas
Ambient Pressure mbar 9.8 Ambient Temperature °C 33
Hot Water Temperature °C 41.8 Ambient Pressure mmHg 760
Cold Water Temperature °C 32.0 Ambient Humidity RH% 75
Cooling Range °C 9.8 Power Output at Reference Condition
Approach Temperature °C 2.9 Gross Power Output, Base Load kW 767,600
Fan Power Consumption/Cell kW 183 Gross Power Output, 75% Load kW 579,200
Basin Dimension-Width mm 34,740 Gross Power Output, 50% Load kW 391,200
Basin Dimension-Length mm 68,280
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