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CHG2317: Introduction to Chemical Process Analysis & Design Midterm

1. Answer the following questions. (Each question is worth 2 points)

—

a. i:fru or False: Henry’s Law is applicable to dilute ideal solutions.

b. Trueor gffalsé; It is possible to know the absolute value of enthalpy or internal energy
in a process material.

c. Multiple Choice: Superheated steam has a specific enthalpy of 3095 kl/kg at a
pressure of 40 bar absolute. What is the degree of superheat?
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CHG2317: Introduction to Chemical Process Analysis & Design Midterm

2. A counter-current absorber, operating at 14.696 psia and 55 °F is used to absorb ethane
from nitrogen using n-decane. The gas stream (1,) enters the bottom of the absorber with a
12 mol% ethane concentration, while pure n-decane enters from the top (1,). Under these
conditions, 96% of the ethane entering the unit is absorbed. Assume that none of the n-
decane is vaporized into the vapour stream and that the exiting liquid stream is in
equilibrium with the entering gas stream. Use a basis of 100 kmol/h for the entering gas
stream (1, ). Hint: The Cox chart can be used in this case.
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b) The assumption that the exiting liquid is in equilibrium with the entering gas is not
entirely valid. What would need to be the height of the column for this to be valid?
(1 point)
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CHG2317: Introduction to Chemical Process Analysis & Design - Midterm

3. Saturated steams is used to heat a stream of toluene (C;Hg) in a heat exchanger shown
below. The vapour entering the heat exchange is saturated at an absolute pressure of 5 bar.
All of vapour eventually condenses in the heat exchanger and leaves as saturated liquid at
36 °C. The toluene enters the heat exchange at 27 °C and 7 bar (abs) and is heated at
constant pressure to 107 °C; and stays in the liquid phase at all times. The mass flow rate of
toluene is 75 kg/s. The specific enthalpy of toluene at the given pressure is 184.86 ki/kg at
27 °C and 333.05 kJ/kg at 107 °C; relative to a common reference.

Mcoua (kg C;Hg/min) m, (kg H,0 (v)/min)
107°C, 7 bar 5 bar (abs), saturated /¢ "

m,, (kg H,0 (1)/min) ‘ " N Mcyyg (kg C;Hg/min)

36°C satwrafeol {;‘{\ 27°C, 7 bar
a) To heat the toluene from 27 to 107 °C, how much energy (kW) must be transferred? (3
points)
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b) Assuming that all the energy transferred from the steam goes to the toluene, at what
rate (m>/s) must steam be supplied to the exchanger? Use the steam tables. (5 points)
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CHG2317: Introduction to Chemical Process Analysis & Design : Midterm

4. The quality of water vapour is increased in a boiler i.e., the ratio of vapour to liquid is
increased. Steam entering a boiler has a quality of 0.2 (i.e., 20 wt% vapour, 80 wt% liquid)
and is at a pressure of 150 bar and the vapour phase flow rate is 500 kg/h. In the boiler,
heat is added to the steam at 600 kJ/(kg of H,0). The steam exits the boiler as superheated
steam at 150 bar.

Superheated Steam
P =150 bar (abs) T=?

Boiler

Steam of quality = 0.2

P = 150 bar (abs) _.9\ J

a) What is the temperature (°C) of the superheated steam leaving the boiler? (6 points)
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b) What is the flowrate of the superheated steam leaving the boiler (kg/h)? (2 points)
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