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the interaction between the isw plume and the liquid-column and the flow structure can be more
precisely illustrated by mean velocity contours of the plume and the liquid-column at a height of 1.0
m as shown in fig. 12. there is a remarkable difference in the flow structure between the upslope and
the downslope sections. the vertical velocity is much higher on the upslope section as a result of the
temperature decrease by melting. there is also a significant difference in the velocity distribution
between the upslope section and the downslope section. such a significant difference in the velocity
and the drag distribution caused by the inclusion of melting determine the difference between the
isw plume and gravity current sensitivity to the drag law, as this is determined by the delicate
balance between the momentum equation terms. the conventional ice plug theory is improved by
incorporating the buoyancy effect and the drag effect of the isw plume on the liquid-column as
shown in fig. 13. the ice plug is characterized by a low velocity near the ice and a high velocity
gradient at the ice-free surface. this is because the temperature near the ice is lower than the
temperature at the free surface. as the upper row was heated to 60c and 100c, the results at
downstream distances of 2d, 5d and 8d are quite similar to the single-row cases. however, the
velocity distribution is weaker and the velocity magnitude is increased by less than 5.4% (0.48 m/s
at 2d~0.47 m/s at 8d) and 1.47 m/s at 5d~0.48 m/s at 8d) at the downstream distance of 2d and 5d,
respectively. this is most likely caused by the reduced cross-flow area due to the temperature
gradient which is higher at the upper row, while the temperature difference between the upper and
lower rows is kept the same as the single-row case. as the upper row was heated to 140c, the
velocity field is more similar to the single-row case. the averaged velocity is increased by 11.9%
(0.50 m/s at 2d~0.53 m/s at 8d) and 14.3% (0.51 m/s at 5d~0.60 m/s at 8d) at the downstream
distance of 2d and 5d, respectively. the relative difference of velocity magnitude at the downstream
distances is about 8.53 m/s at 8d) and 6.5% (0.50 m/s at 5d~0.61 m/s at 8d) at the downstream
distance of 2d and 5d, respectively.
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