ENCH 501 F2018 Quiz#6 Name:

December 4, 2018 Time Allowed: 45 minutes al

In deriving the problem of flow down an inclined wall with a free surface, it is usually assumed that the air is still or moving so
slowly that the velocity gradients at both sides of the air-liquid boundary are very low. Thus, the shear stress at the interface is
considered negligible. This boundary condition allows a determination of the velocity profile in the liquid film. If air is flowing at
a fast rate over the air-liquid interface in the direction of liquid flow or in the opposite direction, the shear stress at the
boundary would not vanish. The interface moves at higher (or lower) velocities than if the air is still over a falling film. Air
flowing over oceans at high velocities cause waves to form at shorelines.

Consider an unused engine oil layer at 15°C flowing down a wall inclined at an angle of 75° to the
vertical. The thickness of the layer is uniform along the length of the wall at 1.25 cm. No ripples or waves
are present at the interface.

a) (4 pts) Estimate the velocity at the air-oil interface and the volumetric flow rate of the oil (per meter
width of the wall) if the air is not moving over the interface. Derivation is not necessary.

b) (6 pts) If air is flowing along the same direction as the oil and a speck of dust at the interface is
moving at 0.24 m/s, what is the volumetric rate of the flow of the oil per meter width of the wall?
Compare the flow rates for parts a and b. Are the volumetric ratios the same as the ratio of surface
velocities? Show your derivations.

Data: Properties of unused engine oil at 15°C are p = 889 kg/m?, p= 1.06 Pa.s; the acceleration of gravity
is 9.81 m/s%.
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