Franklin W. Olin College of Engineering
ENGR 3310: Transport Phenomena

Problem Set 1
Assigned: 9/9/04 Fall 2004
Due: 9/16/04 by 5:00 pm

Problem 1:

1.56 A 40elb, D8-fi-diameter, [-fi4all cylindrical tank
alides slowly down a ramp with a constant speed of 0.1 fu's as
shown in Fig. P1.56. The uniform-thickness oil layer on the
ramp has a viscosity of 0.2 1b - 5/ft®. Determine the angle. @,
of the ramp.

B FIGURE P1.56

Problem 2:

*P1.54 A disk of radius R rotates at an angular velocity {1 inside
a disk-shaped container filled with o1l of viscosity u, as
shown in Fig, P1.54, Assunmng a linear velocity profile
and neglecting shear stress on the outer disk edges,
derive a formula for the viscous torque on the disk

F
C:_; Q
e , Clearance
i_j, /: h
."/ f;/ :_,-r“"f .-"( ""\'
| 0Nl P 2 )
N {
| I
——— R
.54
Problem 3:

A solid cylindrical needle of diameter d, length L, and density o, may float in liquid of
surface tension o. Neglect buoyancy and assume a contact angle of 0°. Derive a formula
for the maximum diameter dyax able to float in the liquid. Calculate dyax for a steel
needle (SG = 7.84) in water at 20 °C.



Problem 4:

L8 Blood pressure is commonly measured with a cuff
placed arcund the arm. with the cuff pressure (which is a mea-
zure of the arterial blood pressure) indicated with a mercury
manometer (see Video Z.1). A typical value for the maximum
value of blood pressure (systolic pressure) is 120 mm Hg, Why
wouldn®tit be simpler, and cheaper, to use water in the manome-
ter rather than mercury? Explain and support your answer with
the necessary calculations.

Problem 5:

135 The cyclindrical tank with hemispherical ends shown
in Fig. P2.35 contains a volatile liquid and its vapor. The lig-
uid density iz 800 kg/m®, and it vapor density is negligible.
The prezsure in the vapor is 120 kPa {abs), and the atmospheric
pressure is 101 kPa (abs). Detenmine (a) the gage pressure read-
ing on the pressure gage: and (b} the height, k. of the mercury
mancmeter.
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B FIGURE P2.35

Problem 6:

L6 An inverted test tube partally filled with air floats in
a plastic water-filled soft drink bottle as shown in Video V2.5
and Fig. P2.86. The amount of air in the tube has been adjusted
a0 that it just floats. The bottle cap is securely fastened. A slight
aqueezing of the plastic bottle will canse the test mbe to sink
to the bottom of the bottle. Explain this phenomenon.
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Problem 7:
1949 The U-tube of Fig. P2.99 iz partially filled with water
and rotates arcund the axis ¢—a Determine the angular veloc-
ity that will cavse the water to start to vaporize ot the bottom

of the tube (point Al

B FIGURE P2.99%

Problem 8:

4.5 The x and ¥ components of velocity for a two-dimen-
sional flow are @ = 3 fi/s and » = 9x? fi/s, where x is in feet.
Determine the equation for the streamlines and graph repre-
sentative streamlines in the upper half plane.



