COLM_104

Consider a film of Newtonian liquid draining down the outside of a vertical rod of radius, a, as shown in
the figure. Some distance down the rod, a fully developed region is reached where fluid shear balances

gravity and the film thickness remains constant. Assuming incompressible, laminar flow and negligible

shear interaction with the atmosphere, find an expression for u,(r) by balancing forces on a differential fluid

element.
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SOLUTION:
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Since the free surface everywhere
has pressure pam and there is no
gravity component in the radial
direction, the pressure everywhere in
the film will be pam.

Apply a force balance in the z direction to the fluid element shown in the figure,
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Since the fluid is Newtonian,
T duy
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Substituting into Eq. (4) and simplifying,
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dr) [2n(r + dr)dz] — (7,,)(2ardz) + (Paem) 2rrdr) — (Paem) (2rrdr) + pg2nrdrdz,
T:Z dr2ndrdz — (t,,)(2nrdz) + pg2nrdrdz = 0,
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Now apply boundary conditions to determine the unknown constants,

no-shear at r = b: 7,,,p = u 22| =0,
ar ly=p
gl _g= _P9 a _ _rg2 -
ar |y = 0=="b+u = o 2ub (using Eq. 10).

no-slipatr=a: u,(r=a) =0,

0=—292+2p2Ina+¢, => ¢, =902 - 29 p2Ina.
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Thus,
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