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FLUID MECHANICS

PROBLEMS*

Density and Specific Gravity

2-1C  What is the difference between intensive and exten-
sive properties?

2-2C  What is specific gravity? How is it related to density?

2-3C  Under what conditions is the ideal-gas assumption
suitable for real gases?

2-4C  What is the difference between R and R, How are
these two related?

2-5 A spherical balloon with a diameter of 6 m is filled
with helium at 20°C and 200 kPa. Determine the mole num-
ber and the mass of the helium in the balloon.  Answers: 9.28
kmeol, 37.2 kg

2-6 ™ Reconsider Prob. 2-5. Using EES (or other) sofi-

= ware, investigate the effect of the balloon diame-
ter on the mass of helium contained in the balloon for the
pressures of (a) 100 kPa and (b) 200 kPa. Let the diameter
vary from 5 m to 15 m. Plot the mass of helium against the
diameter for both cases.

2-7 The pressure in an automobile tire depends on the tem-
perature of the air in the tire. When the air temperature is
25°C, the pressure gage reads 210 kPa. If the volume of the
tire is 0.025 m®, determine the pressure rise in the tire when
the air temperature in the tire rises to 50°C. Also, determine
the amount of air that must be bled off to restore pressure to
its original value at this temperature. Assume the atmospheric
pressure to be 100 kPa.

V= 0.025 m*
T=25'C
Pg =210kPa

FIGURE P2-7

* Problems designated by a “C" are concept questions, and
students are encouraged to answer them all. Problems designated
by an “E” are in English units, and the S| users can ignore them.

Problems with the @ icon are solved using EES, and complete
solutions together with parametric studies are included on the
enclosed DVD. Problems with the@ icon are comprehensive in
nature and are intended to be solved with a computer, preferably

—8E The air in an automobile tire with a volume of 0.53
[t is at 90°F and 20 psig. Determine the amount of air that
nust be added to raise the pressure to the recommended
ralue of 30 psig. Assume the atmospheric pressure to be 14.6
psia and the temperature and the volume to remain constant.
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2-9E A rigid tank contains 20 lbm of air at 20 psia and
0°F. More air is added to the tank until the pressure and
emperature rise to 35 psia and 90°F, respectively. Determine
he amount of air added to the tank. Answer: 13.7 Ibm

2-10 The density of atmospheric air varies with eleva-

tion, decreasing with increasing altitude. (a)
Using the data given in the table, obtain a relation for the
variation of density with elevation, and calculate the density
at an elevation of 7000 m. (k) Calculate the mass of the
atmosphere using the correlation you obtained. Assume the
earth to be a perfect sphere with a radius of 6377 km, and
take the thickness of the atmosphere to be 25 km.

z, km o, kg/m?
6377 1.225
6378 1.112
6379 1.007
6380 0.9093
6381 0.8194
6382 0.7364
6383 0.6601
6385 0.5258
6387 04135
6392 0.1948
6397 0.08891
6402 0.04008

Vapor Pressure and Cavitation

2-11C  What is vapor pressure? How is it related to satura-
tion pressure?

2-12C Dwoes water boil at higher temperatures at higher
pressures? Explain.

2-13C  If the pressure of a substance is increased during a
boiling process, will the temperature also increase or will it
remain constant? Why?

2-14C  What is cavitation? What causes it?

2-15 In a piping system. the water temperature remains
under 40°C. Determine the minimum pressure allowed in the
system to avoid cavitation.

2-16 The analysis of a propeller that operates in water at
20°C shows that the pressure at the tips of the propeller drops
to 2 kPa at high speeds. Determine if there is a danger of cav-
itation for this propeller.



2-8 The air in an automobile tire with a volume of 0.015m?*

is at 32°C and 138kPa. Determine the amount of air that

must be added to raise the pressure to the recommended

value of 210kPa. Assume the atmospheric pressure to be 101.325kPa
and the temperature and the volume to remain constant.

Answer: 0.0123kg

* Problems designated by a “C” are concept questions, and
students are encouraged to answer them all.

Problems with the icon are solved using EES, and complete
solutions together with parametric studies are included on the
enclosed DVD. Problems with the icon are comprehensive in
nature and are intended to be solved with a computer, preferably
using the EES software that accompanies this text.

2-9 A rigid tank contains 9 kg of air at 138 kPa and

21<C. More air is added to the tank until the press ure and
temperature rise to 240 kPa and 32T, respectively. Determine
the amount of air added to the tank. Answer: 6.24 kg







2-17 The analysis of a propeller that operates in water at
21<C shows that the pressure at the tips of the pro peller drops
to 0.69kPa at high speeds. Determine if there is a danger of
cavitation for this propeller.







2-52 The viscosity of a fluid is to be measured by a viscometer
constructed of two 0.9m long concentric cylinders. The

inner diameter of the outer cylinder is 0.15m, and the gap between
the two cylinders is 1.25mm. The outer cylinder is rotated at 250
rpm, and the torque is measured to be 0.08Nm. Determine the
viscosity of the fluid. Answer: 0.0016 Ns/m”

2—-60 A 0.75mm diameter glass tube is inserted into

kerosene at 20°C. The contact angle of kerosene wit h a glass
surface is 26° Determine the capillary rise of ker osene in the
tube. Answer: 0.84mm







2-70 The pressure on the suction side of pumps is typically
low, and the surfaces on that side of the pump are susceptible
to cavitation, especially at high fluid temperatures. If

the minimum pressure on the suction side of a water pump is
6.55 kPa absolute, determine the maximum water temperature
to avoid the danger of cavitation.







2-76 A 23mm diameter glass tube is inserted into mercury,
which makes a contact angle of 140° with glass. Determine
the capillary drop of mercury in the tube at 20C.

Answer: 0.02mm




