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Experiment Study on Mixing Efficiency of Material for Improving
Reclamation Soil Quality in Dredging Soil Pipeline using CFD

ABSTRACT

This study utilised Computational Fluid Dynamics(CFD) for preliminary assessment of mixing efficiencies of 2-phase fluids in a pipe
at which a slurry flow and an injected solidifier join, for the purposes of reducing trial-and-error-based instances of physical experiments
and conducting the overall research in an economical way. Using OpenFOAM", we simulated behavior of 3-phase fluids under 18
different settings generated by changing diameters of a dredged soil transportation pipe, a quality improving material injection pipe and
the confluence angle. While difference in mixing efficiencies amongst the instances was insignificant, discernible boundary layers
amongst the materials were observed in all of the instances. In order to break the boundary layers, we designed a substructure inside
a pipe and found out that it could remarkably improve mixing efficiencies particularly for short distance applications.
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Pipe for Transportation Pipe for Injection
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{ai) otal | Wtr | Soil | Cont. ey () ) (m/s) | Total | Wtr | Soil | Cont. (mm) | (tm’)
(%) (%)

Case0l | 500 |5.000] 0.982 [0.895| 0.086 | 400 | 0.008 | 1.300 | 200 | 2.188 | 0.069 | 0.049 | 0.020 | 100 | 0.011 | 2.300 | 45 | Grab
Case02 | 500 |5.000] 0.982 [0.895| 0.086 | 400 | 0.008 | 1.300 | 200 |2.188 | 0.069 | 0.049 | 0.020 | 100 | 0.011 | 2.300 | 90 | Grab
Case03 | 500 |5.000] 0.982 |0.895| 0.086 | 400 | 0.008 | 1.300 | 200 |2.188 | 0.069 | 0.049 | 0.020 | 100 | 0.011 | 2.300 | 135 | Grab
Case04 | 500 |5.000| 0.982 |0.895| 0.086 | 400 | 0.008 | 1.300 | 150 |3.889 | 0.069 | 0.049 | 0.020 | 100 | 0.011 | 2300 | 45 | Grab
Case05 | 500 [5.000( 0.982 |0.895| 0.086 | 400 | 0.008 | 1.300 | 150 | 3.889 | 0.069 | 0.049 | 0.020 | 100 | 0.011| 2300 | 90 | Grab
Case06 | 500 |5.000] 0.982 |0.895| 0.086 | 400 | 0.008 | 1.300 | 150 |3.889 | 0.069 | 0.049 | 0.020 | 100 | 0.011 | 2300 | 135 | Grab
Case07 | 500 |5.000] 0.982 |0.895] 0.086 | 400 | 0.008 | 1.300 | 100 | 8.750 | 0.069 | 0.049 | 0.020 | 100 | 0.011 | 2.300 | 45 | Grab
Case08 | 500 15.000] 0.982 [0.895| 0.086 | 400 | 0.008 | 1.300 | 100 |8.750 | 0.069 | 0.049 | 0.020 | 100 |0.011|2.300 | 90 | Grab
Case09 | 500 |5.000] 0.982 |0.895| 0.086 | 400 | 0.008 | 1.300 | 100 | 8.750 | 0.069 | 0.049 | 0.020 | 100 | 0.011 | 2.300 | 135 Grab
Casel0 | 760 [5.000| 2.268 |2.184| 0.084 | 1000 | 0.008 | 1.300 | 300 |2.355|0.166 | 0.121 | 0.045 | 100 | 0.075 | 1.495 | 45 | Pump
Casell | 760 15.000] 2.268 |2.184| 0.084 | 1000 | 0.008 | 1.300 | 300 |2.355 | 0.166 | 0.121 | 0.045 | 100 | 0.075 | 1.495 | 90 | Pump
Casel2 | 760 |5.000] 2.268 |2.184| 0.084 | 1000 | 0.008 | 1.300 | 300 |2.355|0.166 | 0.121 | 0.045 | 100 | 0.075 | 1.495 | 135 | Pump
Casel3 | 760 15.000] 2.268 |2.184| 0.084 | 1000 | 0.008 | 1.300 | 250 |3.392 | 0.166 | 0.121 | 0.045 | 100 | 0.075 | 1.495 | 45 | Pump
Casel4 | 760 15.000] 2.268 |2.184| 0.084 | 1000 | 0.008 | 1.300 | 250 |3.392 | 0.166 | 0.121 | 0.045 | 100 | 0.075 | 1.495 | 90 | Pump
Casel5 | 760 |5.000| 2.268 |2.184| 0.084 | 1000 | 0.008 | 1.300 | 250 |3.392 | 0.166 | 0.121 | 0.045 | 100 | 0.075 | 1.495 135 | Pump
Casel6 | 760 [5.000] 2.268 |2.184] 0.084 | 1000 | 0.008 | 1.300 | 200 | 5.299 | 0.166 | 0.121 | 0.045 | 100 | 0.075 1.495 | 45 | Pump
Casel7 | 760 [5.000] 2.268 |2.184] 0.084 | 1000 | 0.008 | 1.300 | 200 |5.299 | 0.166 | 0.121 | 0.045 | 100 0.075| 1.495 | 90 | Pump
Casel8 | 760 15.000] 2.268 |2.184| 0.084 | 1000 | 0.008 | 1.300 | 200 |5.299 | 0.166 | 0.121 | 0.045 | 100 | 0.075 1.495 | 135 | Pump
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Table 4. Analysis Result of Mixture Efficiency
Volume Fraction of Additives Total Mixture Ratio
C:se Ave v ' ) Fraction DB Initial Eta.
No o) ® Min. Var. - 3 %) @ 1-Q/@

Case0l 0.0159 0.0240 0.0063 0.0492 0.0026 0.1821 8.72 0.0572 57.96
Case02 0.0130 0.0251 0.0063 0.0752 0.0031 0.1810 7.20 0.0572 56.04
Case03 0.0133 0.0305 0.0009 0.0009 0.0032 0.1811 7.35 0.0572 46.72
Case04 0.0120 0.0520 0.0004 0.0004 0.0013 0.1806 6.64 0.0858 39.36
Case05 0.0145 0.0543 0.0003 0.0003 0.0032 0.1816 7.99 0.0858 36.75
Case06 0.0183 0.1122 0.0000 0.0000 0.0044 0.1830 9.99 0.0858 -30.74
Case07 0.0176 0.0364 0.0002 0.0002 0.0030 0.1828 9.63 0.1144 68.20
Case08 0.0114 0.0590 0.0001 0.0001 0.0022 0.1804 6.30 0.1144 48.41
Case09 0.0160 0.0832 0.0000 0.0000 0.0040 0.1822 8.81 0.1144 2731
Casel0 0.0148 0.0878 0.0000 0.1626 0.0024 0.1817 8.15 0.0753 -16.65
Casel | 0.0113 0.1238 0.0000 0.2397 0.0027 0.1803 6.24 0.0753 -64.49
Casel2 0.0119 0.1419 0.0000 0.2428 0.0029 0.1806 6.61 0.0753 -88.48
Casel3 0.0167 0.0748 0.0008 0.1089 0.0018 0.1824 9.16 0.0941 20.48
Casel4 0.0107 0.1060 0.0000 0.2192 0.0023 0.1801 592 0.0941 -12.64
Casel5 0.0151 0.1858 0.0000 0.2402 0.0036 0.1818 8.32 0.0941 -97.53
Casel6 0.0122 0.0813 0.0000 0.1693 0.0021 0.1807 6.74 0.1129 28.02
Casel7 0.0168 0.1425 0.0000 0.1951 0.0033 0.1825 9.23 0.1129 -26.23
Casel8 0.0151 0.1926 0.0000 0.2465 0.0037 0.1818 8.32 0.1129 -70.59
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Fig. 18. Dimension of Modified Models
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Table 5. Analysis Result of Mixture Efficiency (for Modified Models)

Case Volume Fraction of Additives Total Fraction Mixture Ratio Initial Eta.
N Avg. D | Max. @ Min. Var. Std. Dev. ® DS (%) @ 1-Q/@
Casel0-1 0.0148 0.0878 0.0000 0.1626 0.0024 0.1817 8.15 0.0753 -16.65
Casel0-2 0.0227 0.1882 0.0000 0.0779 0.0018 0.1264 17.94 0.0753 -150.12
Casel0-3 0.0192 0.0382 0.0029 0.0255 0.0005 0.1205 15.94 0.0753 49.23
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