Queesition 8

A viscosity pump is made wp of 2 stationary, cvlindrical casing and a drum of
diameter D that rotates inside the casing at a constant angular spesd w; the drom
and the casing are concentric. Liquid with density g and coefficient of viscosity p
enters a section AA", fiows around the annulus between the drum and casing, and
leaves at another section BB’ (see Figure La}), The pressure at BB' is higher than
at AA', by Ap The gap of the annulus A is 50 small compared with the diameter of
the drum that the flow can Se considered as that hetween two flat, parallel plates
of length L. as shown in Figure 1hb.
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Chocse a Castesian coordinace svstem 3o that the fow is in the r-direction and the
loveer place AR lies in the plane z = 0.

(i} Assume that the fow is laminar and two-dimensional. Whas can veu say about
the g-component of the velocity vector @ = [y, wa, ug), and the p-dependence
of the other velocity components, &, and g’
Write down the houndarr conditions that the velocity vector u must satisfy
on the plates AB and A'B°

Lt} Assume that the fow i fully developed aad that there are no bedy forces.
Taken together with these assumptions, what else in the question statement
suggests thar the flow is seeady” Write down the mathemartical implications
aof spendy How

Explain why it is reasonable to take ax = 0 sverywhers.

Wh is it reasonable 1o assume that the finid is incompressible® Write down
& mathematical statemenc of incompressibilitr involving w. Henee show that
up = g {z).

iiif) Write down the r- and - components of the Navier-Stokes squarions for this
flow. Solve them together with the boundary conditions of Part (i) to find
the pressure p and velocity component g, and hence show thar the How rate
{per unit depth in the yp-direction} @ is given by

Dedyes chat 4 is less than .04 ,.‘i.r
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