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Prediction of Air-Side Friction Factor in Staggered Plain Fin-and-Tube Heat Exchangers Using Artificial Intelligence
Algorithms
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Abstract

The friction factor is one of the key parameters in evaluating the thermal and hydraulic performance of fin-and-tube heat exchangers,
as it directly affects energy consumption and operational costs. Developing a data-driven approach capable of accurately and rapidly
predicting this parameter can significantly reduce the time and cost associated with numerical and experimental methods. In the
present study, the air-side friction factor of a staggered plain fin-and-tube heat exchanger was accurately predicted using several
machine learning techniques, including Random Forest, Additive Regression, KStar, Random Subspace, and Decision Table
methods. The models were trained using a dataset consisting of 1,149 observations collected from various published sources.
Longitudinal tube pitch, transverse tube pitch, fin pitch, and Reynolds number were considered as the input parameters, while the
friction factor was taken as the output parameter. The results demonstrated that the Random Forest model achieved the best
predictive performance among all developed models for the testing dataset, with a correlation coefficient of 0.9986, root mean
square error of 0.0004, Willmott’s index of agreement of 0.99996, Kling—Gupta efficiency of 0.98541, and Nash—Sutcliffe efficiency
of 0.9982.

Keywords: Friction Factor, Machine Learning, Fin and Tube Heat Exchanger, Random Forest, Prediction, Data Driven.
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