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Abstract:; To address the problems of low accuracy and high sensitivity to outliers for rheological
performance modeling of non-Newtonian fluid residues in chemical reactors, an Input convex
neural network (ICNN) modeling method is proposed for higher viscosity prediction stability and
better physical consistency of complex non-Newtonian f{luids. For the purpose of this study, a
three-layer ICNN model with convexity constraints was first constructed, and non-negative
weight restrictions were introduced to secure physical reasonability of the model; then an

exponential mapping regularization item was designed to enhance robustness to high-viscosity
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regimes and outliers; finally, a fitting performance evaluation of the input convex neural network
was conducted with viscosity response data of 5 typical residue samples collected from chemical
reactors at a shear rate of 0—2 500 s™', using the power-law model, Carreau model, linear
regression, support vector regression, decision tree, random forest, feedforward neural network
models as references for comparison. The results show that among the models, the ICNN model
demonstrates better fitting effect and more accurate prediction, with a low mean square error of
2.06X10", and a fitting performance metric of 0. 987, having achieved a good balance between
accuracy and robustness; besides, the prediction curve of the ICNN model is smoother, having
avoided oscillation and distortion that are common with classical models. The model proposed in
this study provides an effective method for rheological performance modeling of complex non-
Newtonian fluids such as fluid residues in chemical reactors, and it is of significant engineering
reference value for the optimization of transport control and processing technologies.

Keywords: chemical reactor residues; non-Newtonian fluid; rheological modeling; input convex

neural network; viscosity prediction
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Fig. 1 Appearance photos of five chemical reactor residue samples
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Table 1 Physicochemical parameters of the five residual

samples
#5  pH HE/(keg-m )  HTERESE N
1 7.2 1189 71.4
2 6.9 1170 74.6
3 8.3 1165 81.1
! 6.5 1178 66.9
5 7.5 1 250 93.8
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Fig. 2 Schematic diagram of the ICNN structure
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Fig. 3 Shear rate-viscosity test results for the samples
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Fig. 4 Comparison of the fitting effect of ICNN model and

classic rheological model on viscosity of different samples
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Fig. 6 Comparison of the fitting effects of ICNN and typical

machine learning model on viscosity of different samples
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Fig. 8 Comparison of viscosity predictions between ICNN

and FNN on viscosity of different samples
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Fig. 9 Comparison of the prediction errors of ICNN and FNN

on viscosity of different samples
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