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QUESTION 1 (30)

1.1 A 0.50-molar aqueous solution of sulfuric acid flows into a process unit at a rate of
1.25m*/min. The specific gravity of the solution is 1.03.

Calculate
1.1.1 The mass concentration of H>SO4 in kg/m? (3)
1.1.2 The mass flow rate of HoSOy4 in kg/s. (3)
1.1.3 The mass fraction of HaSO4. (5)

1.2 The heat capacity of ammonia, defined as the amount of heat required to raise the
temperature of a unit mass of ammonia by precisely 1°F at a constant pressure, is, over a
limited temperature range, given by the following expression.
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1.2.1 Determine the expression for Cp in J/(g °C) in terms of 7(°C). (10)
1.3 Convert 23 Ibm ft/min? to its equivalent in kg cm/s”. (2)
1.4 Consider the interval from 20°F to 80°F, for the following

1.4.1 Calculate the equivalent temperatures in °C and the interval between them. 4)

QUESTION 2 (30)

2.1 Fresh feed stream flowing at 27.77g/s contains 20% by weight KNOs (K) in H20 (W). The
fresh feed stream is combined with a recycle stream and is fed to an evaporator. The
concentrated liquid solution exiting the evaporator contains 50% KNO3 which is fed to a
crystallizer. The crystals obtained from the crystallizer are 96% KNO; and the balance as
water. The liquid from the crystallizer constitutes the recycle stream and contains 0.6 kg
KNOj; per 1000g of H»O.

2.1.1 Calculate the degree of freedom around all the units and the process. (10)
2.1.2 Re-draw the diagram and calculate all stream flow rate values in kg/h (12)
2.1.3 Calculate the compositions of water and the salt in stream 2 (8)
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Pure water

QUESTION 3 (15)

3.1 An open-end manometer is connected to a pipe in which a gas is flowing as shown (Figure
below). The manometer fluid density is 2.00 g/cm®. A gas bubble is trapped in the left leg of
the manometer (as shown). What is the pressure of the flowing gas inside the pipe (in atm)?
Is this pressure a gauge pressure or an absolute pressure? How do you know?

Assume that the density of the bubble is zero.

b Gas in »> é

P=1atm

! & — e

Density =2 g/cm?®

Gas bubble
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QUESTION 4 (25)

4.1 The feed to a compressor is superheated steam at 300°C and 20 bar absolute pressure. It
enters the compressor at a velocity of 20 m/s. The pipe inlet inside diameter is 0.10 m. The
discharging pipe, after the compressor, has a smaller inside diameter and the discharge
velocity is 170 m/s. The exit of the compressor is superheated steam at 350°C and 60 bar
absolute pressure. Heat loss from the compressor to the surroundings is 5 kW. Determine

the compressor horsepower.

(15)

4.2 A closed rigid vessel that contains 200 kg of a fluid is heated from 20°C to 150°C. Calculate
the heat required for this purpose. The constant volume heat capacity of the fluid is given by
the following relation: (10)

C. (——_I-(}—) =a+bT =0.855+9.42x107*T
kg-°C
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