Flow Between Rotating Cylinders

An incompressible Newtonian liquid of density p and dynamic viscosity p is sheared
between concentric cylinders with radius R, (inner) and R, (outer) rotating at angular
velocity ®; and ;. (a) Simplify the momentum equations and solve the differential
equations to get the velocity ue and pressure p profiles using the appropriate
boundary conditions. (b) For what angular velocity must the outer cylinder rotate for
stability assuming the inviscid stability criterion is sufficient, i.e., dy*/dr > 0 where
Y = Uet.
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Fig. 11.10 Definition sketch of instability in rotating Couette flow.
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fzure 9.8 Steady rotation of a tank containing viscous fluid. The shape of the free surface is also

sdicated.
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Figure 9.7 Rotation of a solid cylinder of radius R in an infinite body of viscous fuid
The flow field is viscous but irrotational.
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8.14 A tornadb may be modeled as the circulating flow shown in Fig. P8.14, with v E
vz =0 and v,(r) such that

wr r=R

Vs =1 wR>

r>R

Fig. P8.14

Determine whether this flow pattern is irrotational in either the inner or outer region.
Using the r-momentum equation (D.5) of App. D, determine the pressure distribution p(r)
in the tornado, assuming p = p. as r — . Find the location and magnitude of the lowest
pressure.
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} FIGURE 5-22

3 Theory and experiment by Taylor (1923) for the instability of Couette flow between rotating cylinders:
1 =1 A/ jQ‘*‘dS

(a) Taylor vortices; (b) theory and experiment for r,=4.035 cm, r, = 3.55 cm.



