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Abstract: The H-junction represents a commonly encountered type of junction within the water supply network.
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However, the incomplete mixing characteristics of the inflow therein have remained poorly understood to date.
To address this knowledge gap, the present study employed a combined approach integrating computational
fluid dynamics (CFD) simulation and laboratory experiments to investigate the influence laws of several factors,
including pipe diameter, tee spacing, inlet Reynolds number ratio, and outlet Reynolds number ratio, on the
incomplete mixing of H-junctions. The F-test results (with a degree of freedom of 2 and a significance level of
0.05) derived from the CFD simulation revealed that the pipe diameter exerted a negligible impact on the
incomplete mixing degree of H-junctions. In contrast, the tee spacing and the inlet and outlet Reynolds number
ratios had significant influences. Comparative analysis demonstrated that the results from laboratory experiments
were in excellent agreement with those of the CFD simulation. On one hand, this confirmed the accuracy of the
CFD simulation. On the other hand, it furnished reliable data support for the establishment of an empirical
model regarding the incomplete mixing of H-junctions. The established empirical model is applicable to H-
junctions featuring different tee spacings. In practical applications, the selection of appropriate empirical models
based on specific circumstances can contribute to the enhancement of the accuracy of water quality simulation
within the water supply network.

Keywords: water supply network; H-junction; incomplete mixing; computational fluid dynamics; empirical

model
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Fig.2 Results of grid independence verification and grid

partitioning
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Table 1 Working conditions of the CFD numerical experiments
W A D/DN L/D Rey,, Re, ),
1 (10, 20, 40, 50] 2 1 0.5
2 (10, 20, 40, 50] 2 1 1
b 3 (10, 20, 40, 50] 2 4 2
4 (10, 20, 40, 50] 2 0.25 1
1 20 [1.5.10, 12, 15] 1 0.5
L 2 20 [1,5,10, 12, 15] 1 1
3 20 [1,5,10, 12, 15] 1 2
1 20 1 0.25 [0.25,0.5,0.75, 1, 2, 3,4, 5]
Re,, 2 20 1 1 [0.25,0.5,0.75, 1, 2, 3, 4, 5]
3 20 1 4 [0.25,0.5,0.75, 1,2, 3,4, 5]
1 20 1 [0.11,0.25,0.43,0.67,1,1.5,2.33,4,9] 0.5
Res, 2 20 1 [0.11,0.25,0.43,0.67,1,1.5,2.33,4,9] 1
3 20 1 [0.11,0.25,0.43,0.67,1,1.5,2.33,4,9] 2
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Table 2 Laboratory experiment conditions
2H 531 D/mm L/D Re,, Re,,,
1 20 1 [0.11,0.25,0.67,1, 1.5, 2.33, 4, 9] [0.25,0.5,0.75,1, 2, 3,4, 5]
2 20 5 [0.11,0.25,0.67,1, 1.5, 2.33, 4, 9] [0.25,0.5,0.75, 1, 2, 3,4, 5]
3 20 10 [0.11,0.25,0.67, 1, 1.5, 2.33, 4, 9] [0.25,0.5,0.75, 1, 2, 3, 4, 5]
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Fig.9 Scatter plot of laboratory experiment results for groups 2 to 4
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Table 3 Effectiveness of 8 regression model fits

B L=D L=5D L=10D
i HE gk R’ FdiE k225 m R’ Al BRI R*

Cosine 66 0.023 0.875 66 0. 086 0.701 66 0.12 0.379
Fourier 2D 65 0.849 0.539 65 0.12 0.529 65 0.56 0.156
Parobola 67 0.233 0.877 67 0.09 0. 649 67 0.78 0.356
Plane 69 0.613 0.687 69 0.15 0.426 69 0.39 0.214
Poly 2D 66 0.227 0.879 66 0.09 0. 645 66 0.34 0.342
Polynomial 2D 61 0.034 0.980 61 0.02 0.918 61 0.16 0.567
Rational 2D 62 0.027 0.985 62 0.03 0.878 62 0.67 0.619
Rational Taylor 62 0.032 0.982 62 0.02 0.915 62 0.01 0.597
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Table 4 Empirical parameters in Rational 2D function
L 2 a b ¢ d e r g h k
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