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1.1  In a certain city the amount of money people carry in their pockets is berween S1
and $1000. The average amount per person depends on the zone of the city. In

ing 1o represent the city as a continuum with respect to solvency, i.e., amount of

money per person, find the smallest number of people you have to include in V,

such that the error caused by one person going in or out.of V, be less than 1%.
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1.2 A cylindrical container is filled with water of density £ = 1000 kg/m3, up 10 the
height A =35m, Fig. P1]. The outside pressure is p,= 105 Pa.
Is the water a continuum with respect 1o
densiry? Is it with respect to pressure?
What is the height Az, of your V, ifa
deviatonof 0.1% in p is negligible ?

Is the water a simple thermodynamic
syStem in equilibrium?

How are the answers modified if
Do=6x107 Pa ?

The top layer of the water is held for a
long time at 310 K, and the bottom is
held at 290 K. Is it a continuum with re- Figure P12 Waterin a container
spect to temperamure? Explain. and small cube.
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1.3 A body of water in the shape of a cube is selected inside the container of Fig. P13,
such that the lower side of the cube coincides with z =2.0 m. The side of the cube
is 0.01 m. What is the body force acting on the fluid inside the cube? What are the
surface forces acting on the six sides? Whar are the swesses? Is the whole cube in
mechanical equilibrium? Is it a stable equilibrium?

‘Whar are the forces and the smesses if the cylinder is putin space, i.e., for g=0?
‘What are they if the cylinder falls freely ? How would you keep the water together?
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1.4 A box-like block of wood has the dimensiogs of 1 mx2 mx3 m. The density of the
wood is p= 800 kg/m?3. The coefficient of dry fricdon between wood and concrete
is 0.4, i.e., when the block is drawn on a concrete floor it is pulled with a force of
0.4 N per each 1 N force pushing the block normal o the floor. Calculate and draw

the average stress on that side of the block which touches the floor, when this side -

is:

a. The 1 mx2m side.

b. The 2mx3 m side.
Note that swress is a vector.
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1.5 A certain oil has the viscosity of 2 poise. Its density is 62 Ib/ft3. What is its kine-
matic viscosity in m2/s?
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1.6 A cerain slurry is filtered at constant pressure at the rate of
Ve 52.5V +6.2
r
where V (liv/s] is the rate 1 [s] is the time, and V [liters] is the filtered volume. Is the

equation dimensionally homogeneous ?
Try to rewrite the equation with V in cubic ft. Can you rewrite the equation in a

homogeneous form ?
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1.7 A falling body hasits z coordinate change in time as

z =1z,- 4912

where 1 [s] is the dme, and z [m] is the height. Is the equadon dimensionally homo-
geneous ? Rewrite the equation with z [fi].

Can you rewrite the equation in 2 homogeneous form. Why is the answer here
different from that in Problem 1.4 ?

‘Why do dimensionally homogeneous equatons give more informarion? What is this
informaron ?
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1.8 The following dimensionless numbers are defined:

Re= (Ud.p)/ u Reynolds number
Pr = pcjx Prandtl number

Pe = Re-Pr Peclet number.

where U=2m/s is the flow velocity in the pipe, d = 2"[inch] is the pipe diameter,

p=1000kg/m3 is the fluid density, 12 = 3 cp is its viscosiry, ¢, = 0.5 Br/(lbm-°F)

is the specific heat of the fluid, and k = 0.65 W/m©C is its thermal conductvity.

a. What are the numerical values of Re, Pr and Pe?

b. In a certain set of experiments the flow in the pipe became wrbulent at
U=1lcm/s. In terms of which dimensionless numbers should the engineer
record his findings? Are there hidden assumpdons in your answer? What may
the engineer do to verify these?
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1.9  Using Appendix A, change into the S.I. system:

Density p=1201b/f3

Thermal conducdvity k = 170 Bu/(hr-ft-°F)

Thermal convection coefficient 4 =211 Bu/(hr-fi2- F)

Specific heat =175 Biu/(1b-F)

Viscosity 4 =20 centipoise

Viscosity 1 =77 Ibfs fer*

Kinematic viscosity v =3 fiZfs

Stefan-Boltzmann constant a=0.1713 x 103 Bru/(ftZhr-°R%)

Acceleraton a= 12 fus?
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1.10 The following empirical equation gives the wall shear swess exerted on a fluid
flowing in a concrete pipe )
7,, =0.002 lszr_;
where 1, is the shear stress in lb{fmz, ; the fluid density in slug/fi3, V the average
velocity of the fluid in f /s and r the

ydraulic radius of the pipe in ft. Rewrite the
equation in terms of S.I. units. ’
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1.11  The distance berween the plates in an experimental systern, as shown in Fig. 1.4, is
h=1linch. When the upper plate is pulled with the velocity V=40 {t/min, the shear
swess is T = 121bf/ft2. Using Eq. (1.18) find the viscosity of the fluid, 4, in S.I.

units.
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1.12 A meral sphere of 1ft in diameter is put on a scale. The scale shows a reading of
200 kg. Find the volume, the mass, the density, the specific volume, and the spe-
cific weight of the sphere, in:

a. The S.I system of units.
b. The Britsh system of units.
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1.13 A volume of 30 { of alcohol, subjected to a pressure of 500 amn. at 25°C, conmacts

10 28.8 [
a. What is the modulus of elastcity of alcohol?
b. Whatis its compressibility?
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2.1 A unidirectional flow between three infinite flat plates is shown in Fig. P2.1. The
two outer plates are statonary, while the mid plate moves at a constant velocity
U=1rm/s, as shown in the figure. The gap between the plates is & = 0.005m. The
fluid has a viscosity of u= 2 kg/(m-s), and is Newtonian, i.e., it obeys Newton's
law of viscosity, Eq. (1.18).

a. Consider Egs. (2.34)~(2.36) and calculate the shear swess on the surfaces of all
the plates. -
b. Find the force, per unit area of plate, needed to maintain the steady motion of

the mid plate.
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