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Figure 1  The initial mesh for the computation of the Rankine vortex.
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Figure2 (Color online) The variation of the average distribution radius
of the liquid phase with time.
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Figure 3 (Color online) The number density distribution of the liquid droplets at different times after the injection of particles.
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Figure4 (Color online) Comparison of the mean slip velocity with dif-
ferent droplet radii.
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Figure 5 (Color online) The vorticity distribution of the gas phase at
different time after the injection of particles. (a) 2 ms; (b) 3 ms.
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Figure 6 (Color online) Comparison of the mean radii radial distribu-
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Figure 7 (Color online) The dispersion of the size distribution of
droplets at different times.
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The slip effect of micro-droplets in Rankine vortex

XIE HuYue, CAO Yun, QIN FengHua" & LUO XiSheng

Advanced Propulsion Laboratory, Department of Modern Mechanics, University of Science and
Technology of China, Hefei 230026, China

The method of moments with interphase slip is simplified to numerically study the interaction between nanoscale droplets
and gas flow in a Rankine vortex. In the method, the flow of gas phase and the moments of the droplets size distribution
are calculated respectively and the transfers of momentum and heat between the gas and the droplets which are expressed
by the moments are introduced into the governing equations as the source terms. In this way, the velocity slip between
the gas phase and the droplet phase is captured by the present method. Then, the method is used to simulate the flow of
Rankine vortex where the water droplets with constant radius are injected into the vortex core. The results show that the
vortex is disturbed and the droplets move outward due to the effect of the velocity slip between the phases. The larger
the droplet radius, the stronger the velocity slip effect. When the radius of the injected droplets is small, the vortex keeps
stable and the droplets aggregate as a ring outside the core of the vortex. When the droplets radii are large enough, the
vortex is not stable any more due to the strong slip effect and negative vorticity is induced in the core of the vortex. The
droplets form a swing arm and spiral out of the vortex. At last, the effects of the growth of droplets on the vortex evolution
and interphase slip are also investigated. The grown droplets spiral out and the position of maximum mean radius also
moves outward with time. In the vortex core, condensation stops after a short time because no more vapor is supplied.
With the growing process, more momentum is transferred from the gas phase to the droplets and the slip velocity between
droplets and gas vanishes more quickly.

interphase slip, Rankine vortex, structure of vortex, water droplet
PACS: 47.20.Cq, 47.32.cd, 47.55.Ca
doi: 10.1360/SSPMA2017-00075
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