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NOTES 

1. If doubt exists as to the interpretation of any question, the candidate is urged to submit

with the answer paper, a clear statement of any assumptions made.

2. The examination is an open book exam. One textbook of your choice with notations

listed on the margins etc., but no loose notes are permitted into the exam.

3. Candidates may use any non-communicating scientific calculator.

4. All problems are worth 25 points. At least two problems from each of sections A and B

must be attempted.

5. Only the first two questions as they appear in the answer book from each section will

be marked.

6. State all assumptions clearly.
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Section A: Mechanical Operations

Al. Crude oil is to be transferred from one tank to another by way of a pump and standard 8-inch
Schedule 40 steel pipe (internal diameter = 20.27 cm) at a rate of 4000 liters per minute. The
suction line to the pump is 15 meters long, and the discharge is a further 180 meters. The
discharge tank is 10 meters higher than the feed tank. The entrance to the feed tank and to the
discharge tank are both square-edged, and there is a fully open globe valve in the line. There
are two bends between the globe valve and discharge tank. If the crude oil has a specific
gravity of 0.88 and dynamic viscosity of 8.5 x 10-2 N.s/m2 and the roughness of the steel pipe
is 0.046 mm, determine the power requirement assuming a pump efficiency of 70%. Allow
for entrance and exit head losses of 1.5 velocity heads. The valve used to regulate the flow
has an equivalent length-to-diameter ratio of 340, and the two bends have an equivalent
length-to-diameter ratio of 30.
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Fanning friction factor (f) vs. Reynolds number (Re) for pipes
Transactions of the American Society of Mechanical Engineers, vol. 66, p.672 (1944)
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A2. Oil (viscosity = 3 x 10-3 Ns/m2 and density = 900 kg/m3) is passed vertically upwards through
a bed of catalyst consisting of approximately spherical particles (diameter = 0.1 mm and and
density = 2600 kg/m3). The voidage of catalyst bed is 0.48.

(a) [15 points] At approximately what mass flow rate per unit area of will fluidization
occur?

(b) [10 points] At approximately what mass flow rate per unit area of will transport of
particles occur?

A3. A slurry containing 40% by mass solid is to be filtered on a rotary drum filter (diameter = 2
meters and length = 2 meters), which normally operates with 40% of its surface immersed in
the slurry and under a pressure of 17 kN/m2. A laboratory test on a sample of the slurry using
a leaf filter (area = 200 cm2) and covered with a similar cloth to that on the drum produced
300 cm3 of filtrate in the first 60 seconds and 140 cm3 in the next 60 seconds, when the leaf
was under an absolute pressure of 17 kN/m2. The bulk density of the dry cake was 1500
kg/m3 and the density of the filtrate was 1000 kg/m3. The minimum thickness of cake, which
could be readily removed from the cloth, was 5 mm.

(a) [20 points] At what speed should the drum rotate for maximum throughput?

(b) [5 points] What is the maximum throughput in terms of the mass of the slurry fed to the
unit per unit time?
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Section B: Thermal Operations

Bl. A 62.5% by weight aqueous solution of potassium nitrate (KNO3) originally at 100 °C is
gradually cooled to 10 °C in a crystallizer.

(a) [20 points] What is the yield of KNO3 solids as a function of temperature?

(b) [5 points] How many kilograms of KNO3 solids are produced 10 °C if the original
solution weighed 22,680 kg?
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Solubility of KNO3 in water versus temperature
Perry's Chemical Engineers' Handbook, 8th Edition (2007)
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B2. A countercurrent rotary dryer at 295 K is fed granular material containing 40% moisture and
the material is withdrawn at 305 K containing 5% moisture. The air supplied, which contains
0.006 kg water vapor per kg of dry air, enters the dryer at 385 K and leaves at 310 K. The
dryer handles 0.125 kg/sec wet stock of granular material. Assuming that radiation losses
amount to 20 kJ/kg of dry air used, determine the following:

(a) [18 points] Mass flow of dry air supplied to the dryer

(b) [7 points] Humidity of air leaving the dryer.

DATA: Specific heat capacity of dried granular material = 0.88 kJ/kg K
Specific heat capacity of dry air = 1.00 kJ/kg K
Specific heat capacity of water vapor = 2.01 kJ/kg K
Latent heat of water vapor at 295 K = 2449 kJ/kg

B3. A shell-and-tube heat exchanger with one shell-side pass and one tube-side pass has the
following geometry:

Shell diameter = 63.5 cm
Number of tubes = 532
Length of a tube = 4.8 m
Outer diameter of tube = 1.9 cm
Inner diameter of tube = 1.6 cm
Spacing between tubes (triangular arrangement) = 2.4 cm
Baffle spacing = 24.1 cm

The tube material is stainless steel with a thermal conductivity of 17 W/m. K. The fouling
heat-transfer coefficient is 5670 W/m2 K. The change in viscosity with temperature can be
assumed negligible. Calculate the overall heat-transfer coefficient for this heat exchanger
under the following service conditions:

Tube side liquid undergoing sensible-heat transfer 
Flow rate = 226,795 kg/hr Specific heat = 2.1 kJ/kg K
Viscosity = 5 x 10-4 Pa.s Specific gravity = 0.8
Thermal conductivity = 0.13 W/m K

Tube side liquid undergoing sensible-heat transfer 
Flow rate = 90,718 kg/hr Specific heat = 4.19 kJ/kg K
Viscosity = 8.3 x 10-4 Pa.s Specific gravity = 1.0
Thermal conductivity = 0.62 W/m K
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