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INSTRUCTIONS AND INFORMATION
1.

Answer all the questions.

2.

Read all the questions carefully.

3.

Number the answers according to the numbering system used in this question
paper.

4.

Start each section on a new page.

5.

Write neatly and legibly.
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SECTION A
QUESTION 1
1.1

Various options are given as possible answers to the following questions.
Choose the answer and write only the letter (A–D) next to the question
number (1.1.1–1.1.10) in the ANSWER BOOK.
1.1.1

Evaporation occurs beneath the surface and added heat and mass
transfer resistance are encountered:
A
B
C
D

1.1.2

A… is heated by direct contact of air or gas with solids, by hot
gases passing through an external jacket on the shell, or by steam
condensing in a set of longitudinal tubes mounted on the inner
surface of the shell.
A
B
C
D

1.1.3

Evaporation
Drying
Capacity
Crystallisation

Correct sequence of stages in evolution of a crystal:
A
B
C
D

Copyright reserved

Diluted solution
Heat sensitive organic material
Concentrated solutions of highly soluble materials
Moderately heavy slurries

Formation of solid particles within a homogenous phase:
A
B
C
D

1.1.5

screen-conveyor dryer
tray dryer
rotary dryer
screw-conveyor dryer

ONE of the following cannot be dried by double-drum drying:
A
B
C
D

1.1.4

Water present on the surface
Concept of the film
Concept of the resistance to flow
Water not present on the surface

Embryo → cluster → crystal → cluster
Cluster → crystal → cluster → embryo
Crystal → cluster → embryo → cluster
Cluster → embryo → cluster → crystal
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1.1.6

Phenomenon of boiling point of liquid (solvent) becoming higher
when another compound is added, meaning that solution has a
higher boiling point than pure solvent:
A
B
C
D

1.1.7

Decrease in moisture content of air by operation in which water is
transferred from vapour state to liquid state:
A
B
C
D

1.1.8

Dehumidification
Humidification
Relative humidity
Percentage humidity

Saturated volume of air versus temperature represented by curve
of these lines:
A
B
C
D

1.1.9

Air volume
Humid heat
Humidity
Adiabatic humidification

Combining function of evaporator, crystalliser, dryer, size reduction
unit and classifier:
A
B
C
D

1.1.10

Boiling point rise due to material in solution
Boiling point rise due to hydrostatic head
Boiling point elevation
Entrainment

Flash dryer
Drum dryer
Spray dryer
Rotary dryer

Difference between temperature of condensing steam in steam chest and
temperature of boiling solution at liquid vapour interface in evaporator body:
A
B
C
D

Temperature difference driving force
Apparent temperature difference
Standard temperature difference
Critical temperature difference
(10 × 2)
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Indicate whether the following statements are TRUE or FALSE by writing only
'True' or 'False' next to the question number (1.2.1–1.2.10) in the
ANSWER BOOK.
1.2.1

Salting occurs when the third component acts physically with the
original solvent by a mixed solvent in which the solubility of the
solvent is sharply decreased.

1.2.2

Homogenous nucleation occurs when the solid particles of foreign
substances influence the nucleation process by catalysing an
increase of the nucleation rate at any given super saturation or
giving the infinite rate of super saturation.

1.2.3

A physical process is the transfer of heat from one point to another
which is often encountered in the chemical industry.

1.2.4

In a typical drying rate curve, the falling rate period occurs when a
part of the solid surface is no longer wetted by the liquid, the water
area available for direct heat, and mass transfer decreases.

1.2.5

A flash dryer operates by a timer which moves a flapper valve so
that for a fixed period of time dry solid returns to the mixer and for
another fixed period it is removed as product.

1.2.6

Boiling point rise due to material is the phenomenon that the boiling
point of a liquid (a solvent) will be higher when another compound
is added, meaning that a solution has a higher boiling point than a
pure solvent.

1.2.7

Conduction is the term given to the transfer of energy through
space by electromagnetic waves.

1.2.8

Natural draught cooling towers consist of an empty shell,
constructed either of timber or ferro-concrete, where the upper
portion is empty and merely serves to increase the draught.

1.2.9

In most industrial processes heat is transferred from one point to
another under steady conditions of temperature difference, length
of heat flow path and cross sectional area and is called the
condition of steady flow of heat.

1.2.10

Apparent temperature difference is the difference between the
steam temperature and the apparent temperature of the vapour
leaving the evaporating mixture.
(10 × 1)
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Choose a term from COLUMN B that matches a description in COLUMN A.
Write only the letter (A–K) next to the question number (1.3.1–1.3.10) in the
ANSWER BOOK.

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

1.3.6

COLUMN A
Dryer operated under vacuum,
often with direct heating
Dryer 1,8 m wide and 3,6 m long
giving drying time of 5 to 120
minutes
Evaporator often used as natural
circulation
During course of evaporation
solids are often deposited on heat
transfer surfaces
Liquid mixture containing
suspended solids tends to foul
heat exchanger rapidly
Evaporator operating at a low
temperature difference between
heating media and boiling liquid

1.3.7

Dryers in which solids are fluidised
by drying gas or air in boiled-bed
unit

1.3.8

Number of kilogram of water
vaporised per hour

1.3.9

Number of new particles formed
per unit time per unit volume of
solid-free mother liquor

1.3.10

Operation in which fluid changes
from liquid state to vapour state

A

COLUMN B
screen-conveyor dryer

B

long-tube vertical
evaporator

C

capacity

D

tray dryer

E

nucleation

F

evaporation

G

dirt deposit

H

economy

I

scale formation

J

fluid-bed dryer

K

falling-film evaporator

(10 × 1)
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Complete the following sentences by writing only the missing word or words
next to the question number (1.4.1–1.4.10) in the ANSWER BOOK.
1.4.1

Drying is the operation that involves the simultaneous transfer of …
and heat.

1.4.2

… is used when production rates are low, hold-up times in units are
long or when different types of products must be dried.

1.4.3

During initial breeding seeds are usually carried on their …

1.4.4

… is one of the essential parts of the long-tube vertical evaporator
which removes entrained liquids from the vapour.

1.4.5

When feed to the evaporator is at boiling point the heat transferred
through the heating surface is available for … and capacity is
proportional to the rate of heat transfer.

1.4.6

… is the temperature at which a given air and water vapour mixture
would be saturated.

1.4.7

One of the factors that determine the rate of heat transfer in the
continuous evaporator operating under a steady state is the
amount of … required to heat the feed from its entering
temperature to the boiling temperature.

1.4.8

The degree of saturation expressed as 100 times the actual partial
pressure of pure water vapour in the air divided by the saturation
vapour pressure of the pure water at the same temperature is
called …

1.4.9

A wet-bulb thermometer is kept wet by means of a cloth saturated
with water and the thermometer indicates the equilibrium
temperature attained in the …

1.4.10

Apparent temperature difference is the difference between the
steam temperature and the … of vapour leaving the evaporating
mixture as determined by the pressure of the vapour.
(10 × 1)

TOTAL SECTION A:
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SECTION B
QUESTION 2
2.1

Discuss each of the following regarding agitated film evaporators:
2.1.1

Operation principle

(8)

2.1.2

Advantages

(6)

2.1.3

Uses

(4)

2.2

List FOUR factors influencing the performance of spray.

(4)

2.3

Discuss the drying principle.

(10)

2.4

Draw a labelled diagram of a rotary dryer.

(18)
[50]

QUESTION 3
3.1

Write brief notes on each of the following:
3.1.1

Initial breeding

(5)

3.1.2

Film

(4)

3.1.3

Enthalpy balance

(8)

3.2

List THREE classifications of nucleation groups.

3.3

Name TREE advantages of each of the following:
3.3.1

Forced circulation evaporator

3.3.2

Flash dryer

3.3.3

Falling-fluid evaporator

(3)

(3 × 3)
3.4

(9)

Indicate the transfer of heat in each of the following situations with the aid of
labelled diagrams:
3.4.1

Parallel resistance

3.4.2

Series resistance
(2 × 4)
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A student generates the following data while performing an experiment in the
laboratory:
Water solution contains 78% (m/m) starch.
Temperature of solution is 361,4 K
Molar mass of starch solution is 342 g/mol
Molar mass of water is 18 g/mol
Use Raoult's law to determine the temperature of the starch solution.

(13)
[50]

QUESTION 4
4.1

4.2

Define each of the following:
4.1.1

Equilibrium moisture content

(4)

4.1.2

Duhring’s rule

(4)

4.1.3

Fourier’s law

(5)

4.1.4

Saturation volume

(4)

4.1.5

Magma

(3)

4.1.6

Evaporation

(3)

4.1.7

Drying

(2)

A laboratory is at an absolute pressure of 760 mmHg and contains 0,025 kg
water vapour/kg dry air. The room temperature is 31,5 °C. The saturated
vapour pressure of water at 31,5 °C is 4,63 kPa.
Prove that the saturated vapour pressure of water at 31,5 °C is
4,63 kPa.

(3)

4.2.2

Calculate the percentage humidity.

(8)

4.2.3

Calculate the relative percentage humidity.

(8)

4.2.1

4.3

Name THREE essential parts for long-tube evaporators with upward flow and
give ONE function of each.
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