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Fig. S1. Comparison of the coefficient of determination (R2) values for different neural network training algorithms (trainbr, trainlm, trainscg) as a function of the number of hidden layers (1–4). Performance was evaluated for four different outputs: (a) Sauter mean diameter in the horizontal direction (d₃₂ h), (b) Sauter mean diameter in the vertical direction (d₃₂ v), (c) liquid holdup in the horizontal direction (holdup h), and (d) liquid holdup in the vertical direction (holdup v). The results demonstrate how the choice of hidden layers and training algorithms impacts the predictive accuracy of the models across various target variables.
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Fig. S2. Comparison of MSE values for different neural network training algorithms (trainbr, trainlm, trainscg) as a function of the number of hidden layers (1–4). Performance was evaluated for four different outputs: (a) Sauter mean diameter in the horizontal direction (d₃₂ h), (b) Sauter mean diameter in the vertical direction (d₃₂ v), (c) liquid holdup in the horizontal direction (holdup h), and (d) liquid holdup in the vertical direction (holdup v). 
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Fig. S3. Residual plots for the developed predictive models: (a) d32 h​, (b) d32 v​, (c) holdup h​, and (d) holdup v.
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[bookmark: _Hlk208413818]Fig. S4. Comparison between experimental and predicted values for (a) d32 h, (b) d32 v​, (c) holdup h​, and (d) holdup v
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Fig. S5. Error distribution plots for (a) d32 h, (b) d32 v​, (c) holdup h​, and (d) holdup v
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Fig. S6.  Comparison between experimental results and predicted values obtained from the MLP model
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