2—-1C For a substance, what 1s the difference between mass
and molar mass? How are these two related?

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

2-3C What is specific gravity? How is it related to density?

2-4C The specific weight of a system is defined as the
weight per unit volume (note that this definition violates the
normal specific property-naming convention). Is the specific
weight an extensive or intensive property?

2-5C What is the state postulate?

2-6C Under what conditions is the ideal-gas assumption
suitable for real gases?

2-7C  What is the difference between R and R,? How are
these two related?

2-8 A fluid that occupies a volume of 24 L weighs
225 N at a location where the gravitational acceleration is
9.80 m/s’. Determine the mass of this fluid and its density.

2-13 The pressure in an automobile tire depends on the
temperature 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 1s 0.025 m”, determine the pressure rise in the tire when
the air temperature in the tire rises to S0°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.



2-16 A cylindrical tank of methanol has a mass of 40 kg
and a volume of 51 L. Determine the methanol’s weight, den-
sity, and specific gravity. Take the gravitational acceleration
to be 9.81 m/s%. Also. estimate how much force is needed to
accelerate this tank linearly at 0.25 m/s?.

2-27 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
cavitation for this propeller.

2-62 The Airbus A-340 passenger plane has a maximum
takeoff weight of about 260,000 kg, a length of 64 m, a wing
span of 60 m, a maximum cruising speed of 945 km/h, a
seating capacity of 271 passengers, a maximum cruising alti-
tude of 14,000 m, and a maximum range of 12,000 km. The
air temperature at the crusing altitude i1s about —60°C. Deter-
mine the Mach number of this plane for the stated limiting
conditions.

2-63 Carbon dioxide enters an adiabatic nozzle at 1200 K
with a velocity of 50 m/s and leaves at 400 K. Assuming
constant specific heats at room temperature, determine the
Mach number (a) at the inlet and (/) at the exit of the nozzle.
Assess the accuracy of the constant specific heat approximation.
Answers: (a) 0.0925, (b) 3.73



2-78E The viscosity of a fluid is to be measured by a vis-
cometer constructed of two 5-ft-long concentric cylinders. The
inner diameter of the outer cylinder is 6 1n, and the gap between
the two cylinders 1s 0.035 in. The outer cylinder is rotated at
250 rpm, and the torque is measured to be 1.2 Ibf-ft. Determine
the viscosity of the fluid. Answer: 0.000272 Ibf-s/ft?

2-79 A 50-cm X 30-cm X 20-cm block weighing 150 N is
to be moved at a constant velocity ol 0.80 m/s on an inclined
surface with a friction coefficient of 0.27. (a) Determine
the force F that needs to be applied in the horizontal direc-
tion. (b) If a 0.40-mm-thick oil film with a dynamic viscos-
ity of 0.012 Pa-s is applied between the block and inclined
surface, determine the percent reduction in the required
force.

V=0.80 m/s

50 cm \ o




2-80 Consider the flow of a fluid with viscosity p through
a circular pipe. The velocity profile in the pipe is given as
u(r) = (1 — r"/R"), where u_,, 1s the maximum flow
velocity, which occurs at the centerline: r is the radial dis-
tance from the centerline: and u(r) is the flow velocity at any
position r. Develop a relation for the drag force exerted on
the pipe wall by the fluid in the flow direction per unit length
of the pipe.

Ur) = Ugay (1 — F*/R7)
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2-81 A thin 30-cm X 30-cm flat plate is pulled at 3 m/s hori-
zontally through a 3.6-mm-thick o1l layer sandwiched between
two plates, one stationary and the other moving at a constant
velocity of 0.3 m/s, as shown in Fig. P2-81. The dynamic viscosity
ol the o1l 15 0.027 Pa-s. Assuming the velocily 1 each oil layer
to vary linearly, (a) plot the velocity profile and find the location
where the oil velocity i1s zero and (b) determine the force that
needs to be applied on the plate to maintain this motion.

Fixed wall

| |
'
"le =1 mm V=3 m/s F
4

fy =2.6 mm V, = 0.3 m/s
! [ |
Moving wall

2-92 A large plate is pulled at a constant speed of U =
4 m/s over a fixed plate on 5-mm-thick engine oil film at
20°C. Assuming a half-parabolic velocity profile in the oil
film, as sketched, determine the shear stress developed on the
upper plate and its direction. What would happen if a linear
velocity profile were assumed?

U=4m/s

Engine oil




2-94 A thin plate moves between two parallel, horizontal,
stationary flat surfaces at a constant velocity of 5 m/s. The
two stationary surfaces are spaced 4 cm apart, and the medium
between them is filled with oil whose viscosity is 0.9 N-s/m?,
The part of the plate immersed in oil at any given time 1s 2-m
long and 0.5-m wide. If the plate moves through the mid-plane
between the surfaces, determine the force required to maintain
this motion. What would your response be if the plate was [ cm
from the bottom surface (/1) and 3 ¢m from the top surface (hy)?

Stationary surface

hy V=5m/s F

Stationary surface

2-109 Contrary to what you might expect, a solid steel ball
can float on water due to the surface tension effect. Deter-
mine the maximum diameter of a steel ball that would float
on water at 20°C. What would your answer be for an alumi-

num ball? Take the densities of steel and aluminum balls to
be 7800 kg/m® and 2700 kg/m’, respectively.



