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Spin-up in a Cylinder with a Time-Dependent Rotation Rate

Kyung Seok Kim, Ho Sang Kwak and Jae Min Hyun
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Abstract

Comprehensive numerical computations are made of a homogenous spin-up in a cylindrical cavity
with a time-dependent rotation rate. Numerical solutions are acquired to the governing axisymmetric
cylindrical Navier-Stokes equation. A rotation rate formula is Q~Qi+/4 Q(l—exp( -t/t)). If to is large, it
implies that a rotation change rate is small. The Ekman number, E, is set to 10 and the aspect ratio,
R/H, fixed to 1. For a linear spin-up(e <<l), the major contributor to spin-up in the interior is not
viscous-diffusion term but inviscid term, especially Coriolis term, though t. is very large. The
viscous-diffusion term only works near sidewall. But for spin-up from rest, when t. is very large,
viscous-diffusion term affects interior area as well as sidewall, initially. So azimuthal velocity of
interior for large t. appears faster than that of interior for relatively small t. However, the
viscous-diffusion term of interior decreases as time increases. Instead, inviscid term appears in the
interior.
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u=w=0, v'=-r at t=0 (9)

u=w=0, v'=-rexp(-t/t.)) at z=0 (10)
u=w=90 w/ dr=0 at r=0 (1D
u=w=0, v'=-rexp(-t/t.)) at z=R/H (12)
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Figure, 3. Spin-up results at z
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Figure. 2. Spin~up results at r
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