#1

Crude oil, with specific gravity SG = 0.85 and the viscosity p = 2.15 x 10 Ibf-s/ft?, flows

steadily down a surface inclined @ = 30° below the horizontal in a film of thickness
h =0.125 in. The velocity profile is given by

2
u :ﬁ(hy —y—}sine
Y7, 2

(Coordinate x is along the surface and y is normal to the surface.) Plot the velocity profile.
Determine the magnitude and direction of the shear stress zthat acts on the surface.



#2.
A shaft 6.00 cm in diameter is being pushed axially through a bearing sleeve 6.02 cm in
diameter and 40 cm long. The clearance, assumed uniform, is filled with oil whose

properties are v=0.003 m%/s and SG = 0.88. Estimate the force required to pull the shaft at
a steady velocity of 0.4 m/s.



#3.

An amazing number of commercial and laboratory devices have been developed to
measure fluid viscosity. Consider a concentric shaft, as in the previous problem but now
fixed axially and rotating inside the sleeve. Let the inner and the outer cylinders have radii
ri and ro, respectively, with total sleeve length L. Let the rotational rate be 2 (rad/s) and
the applied torque be M. Using these parameters, derive a theoretical relation for the
viscosity u of the fluid between the cylinders.



#4,

The belt in the figure moves at a steady velocity V and skims the top of a tank of oil of
viscosity p, as shown. Assuming a linear velocity profile in the oil, develop a simple
formula for the required belt-drive power P as a function of (h, L, V, b, x). What belt-drive

power P, in watts, is required if the belt moves at 2.5 m/s over SAE 30 oil, withL=2m, b
=60cm,andh=3cm?
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#5.
A highly viscous fluid fills the gap between two long concentric cylinders of radii a and b
> a, respectively. If the outer cylinder is fixed and the inner cylinder moves steadily at an
axial velocity U, the fluid will move at the axial velocity
v = Ulin(b/r)
*  In(b/a)
See figure below for a definition of the velocity component v,. Sketch this velocity

distribution between the cylinders and comment. Find expressions for the shear stresses at
both the inner and outer cylinder surfaces and explain why they are different.
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#6.

b.)

A liquid compressed in a cylinder has a volume of 1 liter (L = 1000 cm®) at 1
MN/m? and a volume of 995 cm?® at 2 MN/m?. What is its bulk modulus?

A rigid tank contains air at a pressure of 90 psia and a temperature of 60°F. By
how much will the pressure increase when the temperature is increased to 110°F?



#7

1.54 As shown in Video V1.2, the “no slip” condition
means that a fluid “sticks™ to a solid surface. This is true for
soth fixed and moving surfaces. Let two layers of fluid be
“ragged along by the motion of an upper plate as shown 1n Fig.
#1.54. The bottom plate is stationary. The top fluid puts a shear
siress on the upper plate, and the lower fluid puts a shear stress
oo the botton plate. Determine the ratio of these two shear
stresses.
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#8

1.58 A Newtonian fluid having a specific gravity of 0.92
and a kinematic viscosity of 4 X 10™*m?/s flows past a fixed
surface. Due to the no-slip condition, the velocity at the fixed
surface is zero (as shown in Video V1.2), and the velocity
profile near the surface is shown in Fig. P1.58. Determine the
magnitude and direction of the shearing stress developed on the
plate. Express your answer in terms of U and &, with U and &
expressed in units of meters per second and meters, respectively.
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#9

1.62 The space between two 6-in.-long concentric cylinders
is filled with glycerin (viscosity = 8.5 X 107 Ib - s/fi*). The
inner cylinder has a radius of 3 in. and the gap width between
cylinders is 0.1 in. Determine the torque and the power required
to rotate the inner cylinder at 180 rev/min. The outer cylinder
is fixed. Assume the velocity distribution in the gap to be linear.



