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SECTION A (Total: 100 marks)

Answer FOUR (4) questions.

Please use the answer booklet provided.

Question 1

(a)

b)

A mixture with an average molecular weight of 52.22 contains 45 mol% acetaldehyde with
the remaining, acetone and acetic acid. It is found that the volume of acetaldehyde

in the mixture is 100 cm?®.

i Calculate the mole fractions for acetone and acetic acid in the mixture.

(4 marks)
i. Determine the number of moles of each compound in the mixture.

(4 marks)
iii. Determine the volume of acetic acid and acetone (in cm?).

(4 marks)

A fresh feed stream consists of solid and water is fed into an evaporator at a rate of
75 kg/hr. Before entering the evaporator, a fraction of the fresh feed bypasses the
evaporator and rejoins the evaporator concentrate stream while the other stream
enters the evaporator at the rate of 60 kg/hr. In addition, water is evaporating at a
rate of 20 kg/hr. The final product contains 30 wt% solid and the balance water. The

process flow diagram is shown in Figure 1.

Bypass stream

Final Product
Fresh Feed

3| Evaporator >

100 wt% water

Figure 1: Evaporation Process
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i. Calculate the ratio of the bypass stream to the fresh feed stream.
(3 marks)
ii. Calculate the mass flow rate of solid and water in the bypass stream.
(6 marks)
ii. Determine the mass fraction of solid and water in the stream leaving the
evaporator.
(4 marks)

Question 2

(a)

(b)

(c)

The Reynolds number (Re) is a dimensionless quantity that is used to help predict
flow patterns in different fluid flow situations. If the calculated Reynolds number is
less than 2100, the flow is defined as laminar flow. On the other hand, if the Reynolds
number is above 2100, the flow is defined as turbulent flow. The equation is defined

as below
_Dwp

7,
Where D is pipe diameter, v is fluid velocity, p is the fluid density, and yu is fluid

Re

viscosity. Liquid methanol flows through a pipe with the diameter of 3.5 inches at the
velocity of 550 ft/min. At fluid temperature of 20°C, the specific gravity (SG) of
liquid methanol is given as 0.792 and the viscosity as 5.94 x 10 kPa.s. Evaluate the

flow pattern of the liquid methanol by determining its Reynolds Number.
(10 marks)

A vapor mixture of 45 mol% 1-Propanol (C3HsO) and the balance 2-Propanol (C3HsO)
is in equilibrium with its liquid mixture at 65°C. The gas-liquid mixture exhibits ideal
solution behavior. Solve the system total pressure and the composition of the liquid
mixture in mole %.

(9 marks)

Humid air at 87°C and 1 atm with relative humidity of 94% is cooled to 25°C at
constant pressure.
i. Calculate the dew point

(3 marks)
ii. Calculate degrees of superheat of the air at 87°C.

(3 marks)
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Question 3

(a) A scuba tank contains 1500 total moles of a gas mixture that consists of oxygen
(O2) gas with a pressure of 0.45 atm and helium (He) gas at 16.53 psi. Solve the
number of moles (in mole) of O and He in the tank.

(7 marks)

(b) 5.0 kmol of methane (CHa) is placed in a 2.0 m?® cylinder at 30°C.

i. Estimate the cylinder pressure in atm if it is assumed methane behaves as
an ideal gas in the system.
(5 marks)
ii. Determine the cylinder pressure in atm using Soave-Redlich-Kwong equation
of state if methane behaves as a non-ideal gas in the system.
(13 marks)

Question 4

A condenser is used to condense substances from gaseous to liquid state, typically by
cooling it. In this problem, a stream of humid air consisting of 40.0 mol% air (air consists
of 21 mol% Oz and the balance N3) and the balance water enters a condenser at 200°C.
80% of the water vapor in the feed is condensed and removed as pure liquid water. Both gas
and liquid phase streams, which are in equilibrium with each other at 40°C, are separated and

discharged as separate streams. Oz gas leaves the condenser at the rate of 5.04 mol/s.

(a) Draw and label a flowchart of the process.

(4 marks)
(b) Solve the total flow rate of the feed stream and both streams leaving the condenser.

(3 marks)
(©) Calculate the composition of the gas phase stream (in mol%) leaving the condenser.

(4 marks)

(d) Taking [Nz (g, 40°C), Oz (g, 40°C), and H20 (v, 40°C)] as reference for enthalpy
calculations, prepare and fill in the inlet-outlet enthalpy table and determine the heat
transferred from the condenser in kilowatts (KW). (Neglect the effects of pressure
changes on enthalpies).

(14 marks)
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Question 5

In the first step of the nitric acid production, ammonia (NH3) must be oxidized with excess
air to form nitric oxide (NO) and H.O. However, NH; oxidation also produces Nz and H;0
in another reaction. 25.0 mol/s of NHz enters the reactor at 25°C and 1 atm. On the other
hand, the pre-heated air enters as a separate inlet stream at 300°C and 1 atm at the rate
of 250.0 mol/s (assume air consists of 21 mol% O, and the balance N;). The gas mixtures
leaves the reactor at 900°C and 1 atm. Selectivity of the desired, NO relative to the

undesired, N2 is 0.16 with 25% conversion of NHa.

4NH, (g)+50,(g) - 4NO(g) +6H,0()
2NH,(g)+1.50,(g) —> N,(g)+3H,0(»)

(a) Draw and label a flowchart of the process.
(4 marks)

(b) Solve the molar flow rate of all the compounds in the gas mixtures leaving the reactor

using atomic balance method.
(10 marks)

(c) Taking elemental species [0z (g), H2 (g), and N: (g)] at 25°C and 1 atm as
reference for enthalpy calculations, fill in and complete the inlet-outlet enthalpy
table below (Table 1) and subsequently determine the heat transferred to the

reactor in kilowatts.

Table 1: Inlet-outlet enthalpy table

INPUT OUTPUT
Substance
Nin (Mol/s) Hin (kJ/mol) Nout (Mol/s) Hout (kd/mol)
Nz (g) 8.12 27.19
0:(g) 8.47 28.89
NHs (g)
H20 (v)
NO (g)
(11 marks)
END OF EXAMINATION PAPER
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A. List Of Formulations
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15. p, =y1.P:p:(T)
16p£ :yjP: p"(Tdmpmn.)
17.p,= b o =X Py
lS.pA :yAszAHA(T)
_ 5 0
19. Sr(hr)— ——x100%
Piry
1_8"[7_1.8”18_ 1°F 1°C
1%C ° 1°K "1°R° 19K
B. Gas Constant
3
R=831470% _ 08314 L5947 _ 08206 L1 _ g 36 LmmEE
mol. K mol K mol. mol. K
_0.7302_f1-atm__ ¢ 53 JP.psia
Ibmol.°R Ibmol.°R
—1.987—%L__g3144 7 __q9087_BM __
mol . K mol K Ibmol.°R
C. Standard Conditions for Gases
System Ts Ps Vs Ns
Sl 273 K 1 atm 0.022415 m?® 1 mol
CGS 273 K 1 atm 22.415 L 1 mol
American Engineering 492°R 1 atm 359.05 ft 1 Ib-mole
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