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A device used to COOL hot water stream based on evaporative cooling

Hot stream(DM Water)

Cold stream(DM Water)

Warm Process Water

Cold Process Water



üTuning cooling tower parameters for optimized 

operation

üOptimizing Energy Consumption
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(Temperature 
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Hot Air
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Cooling 

Tower

CT Objective

To decreasehot water temperature

by 4-8 degrees (TATA Steel

Jamshedpur)

Cooling tower is an energy 

intensive process



Monitor Operation/ 
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ÅTune the model parameters to decrease energy consumption

×Stage efficiency was assumed to be equal for all stages for 

basic simulation purpose which later on to be optimized with the 

help of available data

×Vapor liquid equilibrium 

Assumptions



Development of Equilibrium Model 

for existing cooling tower

Mass Balance Energy Balance 

Equilibrium Model 

Optimized Model 

Simulink Model Validation and 

Implementation

MATLAB
Compiler , Optimization 

toolbox & Simulink



Mass balance for 2 stages
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Energy balance for 2 stages



ü Unknowns: L2, L1, T2, T1, H2, H1 (No of unknowns is 6)

ü No of equations: 4

ü Degrees of freedom=2 

ü To eliminate one set of unknowns in order to make the number of unknowns and number of equations equal murphy 

efficiency equation is used
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ü Equations obtained for ó2ô stages are
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ü H1 and H2 can be calculated from Y1 and Y2
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ü Degrees of freedom after variable substitution:   No. of variables 4 and No. of equations 4. This implies D.O.F=0



MATLAB R2016b

Simulink

MATLAB Compiler

Optimization toolbox





Variable initialization

Calculation of primary unknowns from initial parameters

(vapor pressure, inlet humidity, mole fraction etc.)

Calculation of partial pressure, humidity, mole 

fraction and liquid flow rate for each individual 

stages (in terms of temperature)

Calculation of temperature by substitution

Outlet temperature value for all stages

Providing the final 

temperature value to the 

respective calculations

Final values
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