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Fig. 1 Framework of stochastic modeling
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Fig. 2 Generation of 100 sample points on a unit square
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Fig. 3 Schematic of closed cooling tower
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Fig. 6 Grid independence and result test
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Fig. 7 Simulation results of closed cooling tower
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Study of stochastic modeling of closed cooling tower

considering uncertainty of ambient parameters

LIU Hua, ZHU Qiping, XIE Xiaocui, HE Chang” ,
ZHANG Bingjian, PAN Ming, CHEN Qinglin

( Guangdong Engineering Center for Petrochemical Energy Conservation, School of Chemical Engineering and Technology »
Sun Yat-Sen University, Guangzhou 510275, China )

Abstract: The implying impacts of plant locations and season-related environmental parameters on
the thermal efficiency of a closed cooling tower are systematically investigated using stochastic
modeling. The first step is experimental design in which the uncertain random variables are
characterized and quantified to determine an appropriate sampling strategy. Taking Beijing and
Guangzhou as examples, the representative statistics of ambient temperature and relative humidity in
each season are collected and processed to determine their cumulative distribution functions and
correlation coefficient matrix by combining kernel density estimation with Pearson product-moment
correlation coefficient methods. Hammersley sequence sampling is used to discretize the random
values and sample from these probability distributions that generates a set of scenarios. Thereafter,
the sampled scenarios can be passed through the rigorous three-dimensional modeling of the closed
cooling tower with COMSOL software so that the heat-mass transfer process can be simulated and the
probability distribution of thermal efficiency in the input space can be obtained. The stochastic
modeling results show that the existing deterministic design methods for the closed cooling tower have
a relatively high probability of being under designed. The differences in environmental parameters
between cities have a great influence on the probability distribution of thermal efficiency, which

highlights the necessity of flexible design for the closed cooling tower.

Key words: closed cooling tower; stochastic modeling; uncertainty; sampling strategy; CFD model



