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Chapter 7 – Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Reading Question 7.1:

Gases are more compressible than liquids because the distance between the gas molecules is

much greater than the distance between molecules in a liquid.



Chapter 7 – Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Reading Question 7.2:

The pressure at the bottom of a stagnant fluid is greater than at the top of the fluid. The

higher pressure at the bottom is due to the weight of the fluid above it.



Chapter 7 – Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Reading Question 7.3:

a. Since mass is conserved and the density and area are constant, the average outlet velocity

out must be equal to the average inlet velocity. In equation form:



This does not change if you are going uphill or downhill.

b. The pressure will drop as the fluid flows through the pipe due to friction losses.

c. The potential energy of the liquid increases as it is pumped up a hill. The numerical

value of the shaft work term (ws) will be positive. The pump performs work on the fluid

in order to increase the energy of the fluid.



Chapter 7 – Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Reading Question 7.4:

The first drawback is that the pressure available at the bottom of the tank is a function of the

height of the fluid in the tank. Because the height is expected to vary with time, the resulting

flow rate would also vary with time.

The second drawback is that the pressure at the bottom of the tank may not be high enough to

provide the NaOH at the desired flow rate.



Chapter 7 – Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Reading Question 7.5:

Neither the dishwasher nor the clothes washer require extremely high pressures. Therefore,

either type of pump is capable of supplying the desired pressure. The centrifugal pump has

the additional advantage of running safely even when the outlet line is completely plugged.

A centrifugal pump is the recommended type of pump (and is the type of pump typically

used).



Chapter 7 – Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Reading Question 7.6.:

The rupture disc provides a safety feature by which the pressure downstream of the pump

will not exceed a specified threshold pressure. Furthermore, when the threshold pressure is

reached, the rupture disc and enclosure ensure that a rupture will occur within the safe

enclosure rather than somewhere else where people or the environment may be adversely

affected.
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Homework Problem 7.1:

a. Because the pressure-measuring device reads the atmospheric pressure as zero, all

pressures are read as gauge pressures, so

peak pressure:

mm Hg: P = 120 mm Hg (gauge)

atm: P = 120 mm Hg



1atm

= 0.16 atm

760 mm Hg



pressure between beats:

mm Hg: P = 80 mm Hg (gauge)

atm: P = 80 mm Hg



1 atm

= 0.11 atm

760 mm Hg



b. The absolute pressures will be the gauge pressure plus the atmospheric pressure, so

peak pressure:

mm Hg: P = = 120 mm Hg + 760 mm Hg = 880 mm Hg

atm: P = 0.16 atm + 1 atm = 1.16 atm

pressure between beats:

mm Hg: P = = 80 mm Hg + 760 mm Hg = 840 mm Hg

atm: P = 0.11 atm + 1 atm = 1.11 atm



Chapter 7 – Answer Key, Introduction to Chemical Engineering: Tools for Today and Tomorrow

Homework Problem 7.2:

The relationship for the gauge pressure of a stagnant liquid is: P = ρgh

Writing this equation twice, once for a depth of 8 ft and once for a depth of 48 ft:

P8 ft = ρg(8 ft)

P48 ft = ρg(48 ft)



(1)

(2)



Taking a ratio of these two equations and recognizing that the density of the water is the

same at both depths and that the acceleration due to gravity is also the same at both depths,



P48



ft



P8 ft



=



ρ g(48 ft )

=6

ρ g(8 ft)



Solving for P48 ft,

P48 ft = 6 P8 ft = 6(3.5 psi) = 21 psi
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Homework Problem 7.3:

We begin by selecting reference points at the locations shown.

Pressure = pg (absolute)



1



Gas



L1



2



Liquid 1



Density = !1



L2



3



Liquid 2



Density = !2



The relationship for pressures at locations 1 and 2 in a stagnant liquid is

P2 – P1 = ρ1g (z1 – z2)



(1)



Similarly, for pressures at locations 2 and 3

P3 – P2 = ρ2g (z2 – z3)



(2)



However, z1 – z2 = L1, z2 – z3 = L2, and P1 = pg, so Equations 1 and 2 become



and



Solving Equation 3 for P2,



P2 – pg = ρ1gL1



(3)



P3 – P2 = ρ2gL2



(4)



P2 = pg + ρ1gL1



(5)



Solving Equation 4 for P3 and substituting Equation 5,

P3 = P2 + ρ2gL2 = pg + ρ1gL1 + ρ2gL2
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