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Introduction

- Water cooling system

Castro et al, 2013. 

• In our case, we only solve this part 
of the system

• We determine piping diameters 
(lengths are fixed) and full cooler 
geometry 
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Introduction

Our previous model (Levy et al, 2019) aimed at designing 
the piping and the exchangers simultaneously:  

- Using the Kern model for heat exchangers

- Using Hazen Williams model for pressure drop in pipes.

- Outlet Temperature of exchangers fixed. 
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MILP – SIMULTANEOUS DESIGN

- Results for fixed cooler outlet temperature (4 Coolers)
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MODEL EXTENSION

- Variable temperature at the outlet of each cooler

- Variable temperature returning to the cooling tower 
inside a small window 

THIS PROBLEM PRESENTED DIFFERENT CHALLENGES
We now show different attempts to solve it
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MILP – DISCRETE TEMPERATURE REPRESENTATION

Temperature of the water flowrates of each heat exchanger - discrete 
variables.

- Range of cooling water return temperature.

- Some heat exchangers temperatures combinations  selected  -
return temperature range - “if” loop prior to optimization. 

- The optimization is performed in one step.
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MILP – DISCRETE TEMPERATURE REPRESENTATION

Results
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MINLP – with auxiliary variables 

- One binary (yrow) to represent each possible cooler geometry 
(developed by Gonçalves et al.; 2017) 

- Temperature of the water flowrates of each heat exchanger is a 
continuous variable 

- Permissible range of cooling water return temperature.

- Hazen-williams Equation – auxiliary variable
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MINLP – with auxiliary variables 
Results
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MINLP – with auxiliary variables 
- Results
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MINLP – with exchanger candidate binary representation  (yrow)

- hydraulic model – no auxiliary variables

- Results
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MINLP – with exchanger candidate binary representation  (yrow)

- Results
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MINLP –

- Heat exchanger model - original format.

- Hydraulic model - original format.

Workshop: New Tools for the Optimal Basic Design of 
Chemical Process Equipment and Flowsheets



MINLP –

- Results
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MINLP –

- Results
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Current Approach: Set trimming, NLP and MILP tools

- We propose to use a set trimming step for the coolers individually
- We follow with a determination of the minimum flowrate for each 

exchanger candidate 
- This lead to a large MILP where each exchanger candidate has its 

own flowrate.
- This large MILP does not fit in regular laptops and desktops
- We are testing Smart Enumeration. 
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Conclusions

- MILP model of cooling water systems, considering the Kern model for heat 
exchangers presents high number of variables, being a barrier for the 
software GAMS.

- The more nonlinear the models, the fewer the variables, but convergence 
problems appear.

- The next steps are set trimming and smart enumeration, along with the use 
of NLP to determine the minimum flowrate for each exchanger.
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