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CE8005 – AIR POLLUTION AND CONTROL ENGINEERING -TWO MARKS WITH ANSWERS 

UNIT I INTRODUCTION 

PART-A 

1. Define air pollution. (Nov/Dec-2018, 2019) 

Air pollution is defined as the pollution in the atmospheric air, due to the presence of solid, 

liquid or gaseous material causes the problems to humans, living systems, plants etc.  

2. Differentiate Pollution and Pollutant.(Apr/May-2018) 

Air Pollution is defined as the pollution in the atmospheric air, due to the presence of solid, 

liquid or gaseous material causes the problems to humans, living systems, plants etc.  

A Pollutant is defined as a material (or substance) which creates the air pollution and in the 

form of liquid, gaseous or solid. 

3. What are the layers of the atmosphere? (Nov/Dec-2018) 

• Troposphere (0 to 12 km) 

• Stratosphere (12 to 50km) 

• Mesosphere (50 to 80 km) 

• Thermosphere (80 to 500km) 

• Exosphere (above 500km) 

4. What is planetary boundary layer? (April/May-2017) 

The planetary boundary layer is the part of the troposphere that is closest to Earth’s surface and is 

directly affected by it, mainly through turbulent diffusion. 

5. What are the sources of air pollution? (Nov/Dec-2016,2017,2018) 

1. Natural Sources: wind-blown dust, forest fires, and volcanic actions 

2. Mane-Made Sources: combustion products of fuels, coals, gases and exhaust gases form vehicle 

6. Mention the classification of air pollutants. (May/June 2016) 

A. Classification based on the origin: B. Classification based on the chemical composition: 

(i) Primary Air Pollutants (i) Organic Compounds 

(ii) Secondary Air Pollutants (ii) In-Organic Compounds 

C. Classification based on the state of matter: 

(i) Particulate Pollutants (ii) Gaseous Pollutants. 

7. Define primary pollutants. Give examples. (Nov/Dec-2011, 2017) 

Pollutants directly emitted from the identifiable sources are called primary air pollutants. 

Examples: SO2, CO, CO2, NO, NO2. 

8. What are secondary air pollutants? Give examples. (Nov/Dec-2011, 2017) 

Primary pollutants react with one another or with water vapour in the presence of sunlight 

forms, a new form of pollutant called secondary pollutants. Examples: Acid (H2SO4). Ozone 

(O3) etc. 

9. What are the major effects of air pollutants on human health? (Apr/May-2017) 

a) Effects on Visibility 

b) Breathing Troubles 

c) Increases Blood Pressure 

d) Heart and Lung Diseases etc. 

10. Brief the effect of Carbon Monoxide on human beings. (Nov/Dec-2012, 2017) 

Carbon Monoxide has a greater blood-affinity property ad which has been affected by blood 

hemoglobin 200 times more than O2. This CO replaces the O2 present in the hemoglobin and 

forms Carboxy-hemoglobin (CO.Hb). 

11. Name any two effects on plants and also pollutant responsible. 

1. Excess Fluorine (0.3µg/m3) – Photo-toxicological effect. 

2. Chemical Pollutants- Yield reduction in crops 

12. List two effects of air pollutants on materials. (Nov/Dec-2019) 

a) Corrosion, b) Chemical attack, c) Abrasion, d) Deposition and removal.  



13. List out the various air pollution caused by nuclear energy program. (Nov/Dec-2017) 

Nuclear wastes from Radio-active emissions may create cancer in humans and sometimes mutations 

and deaths also, during Nuclear Weapon Testing and Nuclear power plant operations. 

14. Define Acid Rain. 
Acid rain is defined as the rain having pH value equal to or less than 5.6, having harmful effects on 

humans, animals, plants, aquatics and infrastructures. 

15. Define global warming. (Nov/Dec-2018) 

Global warming is the increase of Earth’s average surface temperature, due to the effect of green-house 

gases (such as CO2) emissions from burning of fossil fuels or from deforestation. Global warming is the type 

of greenhouse effect. 

16. What is green-house effect? (Apr/May-2015) 
The Greenhouse Effect is a natural process that increases the temperature of the Earth’s surface, which is 

caused by conversion of solar radiation into heat. 

17. List out air pollutants responsible for ozone layer depletion. (Nov/Dec-2018) 

a) Use of Chloro-Fluro Carbons (CFCs) 

b) Nuclear Tests 

c) Supersonic Transport, Rockets and Space Shuttles. 

d) Nitrogenous Fertilizers. 

18. What are principal gases of concern in green-house effect? (Apr/May-2015) 

a) Carbon-di-oxide(CO2), b) Methane(CH4), c) Nitrogen oxides (NOx), d) Ozone(O3), e) Water Vapours 

f) Chloro-Fluro Carbons (CFCs) 

19. What is ozone layer depletion? (Apr/May-2018) 

The reduction of thickness of Ozone layer due to the attack of chemical pollutants is called 

Ozone layer depletion. Ozone is fromed from the molecular and atomic oxygen, as follows 

 
20. What are Air Quality Standards? (Nov/Dec-2012) 

Air Quality Standards are defined as the standard limits, placed on the levels of air pollution in the 

ambient air, during a given period of time. 

21. Explain briefly the various air quality standards. (Nov/Dec-2016) 

1. Ambient Air Quality Standards. 

2. Other Air Quality Standards 

❖ Point of Impingement standards 

❖ Soiling Index 

❖ Odour Standards 

❖ Visibility Standards 

❖ Standards for Particulate Matter Deposited 

22. What are Emission Standards? (Nov/Dec-2017) 

Emission standards are the limits, establish the permitted levels of emission from the specific 

groups of emitters and require that all members of these groups emit, not more than these 

permitted emission levels. It is classified into two types: i) Mobile Sources ii)Stationary Sources.  

23. Define Ambient Air Quality. (May/June-2014) 

Ambient air quality standards are defined as the legal limits, placed on the concentration of air pollutants 

in a community, where the people and things are exposed. 

24. What are sampling? (Nov/Dec-2017) 

Sampling - a proper technique uses to acquire a representative sample of possible contaminated air or 

gaseous for later evaluation or analysis of the quantity of pollutants Present. 

25. Define Isokinetic Samples or conditions. (Nov/Dec-2014) 

Isokinetic Condition is defined as the sample condition, when the stack velocityVs is equal to the 

velocity at the top of the probe nozzle (Vn) at the smple point and this is exist at the particle size is 

greater than 3µ. 
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UNIT II METEOROLOGY  

PART-A 

1. List out the meteorological factors of air pollution. (May/June-2012) 

Primary parameters: 1) Wind Speed and Direction 2) Temperature 3) Atmospheric Stability 

4) Mixing Height. 

Secondary Parameters: 1) Rainfall and Precipitation 2) Humidity 3) Solar Radiation 

4) Visibility. 

2. What is mixing height? (Nov/Dec-2011) 

Mixing height is defined as the height above the earth’s surface to which related pollutants 

will extend, primarily through the action of atmospheric turbulence. 

3. What is ‘Plume’? (Nov/Dec-2012) 

Plume is defined as the path and its extension in the atmosphere of the emitted gas from a source. 

The source is generally referred as stack. 

4. Define Plume rise. (April/May-2017) 
Plume rise is defined as the distance of the hot plume from the stack into the atmosphere, due to the 

buoyancy and momentum. 

5. Define atmospheric stability (Nov/Dec-2012) 

Atmospheric stability is defined as the measure of atmospheric tendency to encourage or 

discourage the vertical motion and the vertical motion is directly related to the different types 

of weather conditions and its severity. 

6. What do you mean by inversion and its types? (Nov/Dec-2014) 

When the Reverse (or negative) lapse rate occurs, a dense-cold stratum of air at ground level gets 

covered by lighter-warm air at higher levels. This concept is called inversions. Types: 1) Radiation 

Inversion 2) Subsidence Inversion. 

7. Define Lapse Rate. (Nov/Dec-2019, 2016) 

The rate at which the temperature changes with increasing height of the atmosphere is called 

Lapse rate or temperature Lapse Rate. 

8. State adiabatic lapse rate. (Nov/Dec-2018) 

The lapse rate of a parcel of dry air, when it lifts upwards in a hydrostatically-stable 

environment and expands slowly to the lower environment pressure without exchange of 

heat is called Adiabatic Lapse rate. 

9. What is meant by temperature lapse rate? 

The temperature of the ambient air decreases with increase in the altitude. The rate at which, the 

temperature changes with increasing height of the atmosphere is called Temperature Lapse rate. 

10. Define Environmental lapse rate. 
The lapse rate changes with respect to time and place. Even at the same place, the rate changes with time. 

However the lapse rate can be determined by raising a ballon, by the digtal self-recording mechanism and 

it is called Prevailing or Ambient or Environmental lapse rate. 

11. Write the plume rise computing formula suggested by (IS: 8829). (Apr/May 2017) 

Maximum Concentration (Cm) of pollutants on ground level is given as 

Where, H- height of the stack (in m), K-Constant, M-Mass of the pollutant gases discharged per unit 

time, V-Volume of the pollutant gases discharged per unit time, AT-Difference in temperature of 

stack gases and surrounding air. 

12. Define Plume and Plume Rise. 
Plume is defined as the path and its extension in the atmosphere of the emitted gas from a source. The source is 

generally referred as stack. In general, plume is an air column, in which one air is moving through another. 

Plume Rise is defined as the distance of the hot plume from the stack into the atmosphere, due to the buoyancy 

and momentum. 



13. Define Wind Rose. (Apr/May-2017) 

Wind rose at a location is defined as the pictorial representation of distribution of wind 

direction at the given location over the observation period. Wind rose is used to show the 

prevailing wind direction. Uses: It is used to view how the wind speed and direction are 

typically distributed at a particular location. 

14. What is meant wind rose diagram and its types? 
 

Types of Wind rose: 1) Type-I Wind Rose (showing direction and duration of wind) 

2) Type II Wind Rose (showing direction duration and intensity of wind) 

15. What is Pollution Roses? 
Pollution Roses are defined as the wind rose diagram and in which various parameters of precipitation, smoke, 

sulphur-di-oxide, hydro carbons etc. are attached with the wind direction, instead of wind speed. 

16. What is turbulence and how it is formed? (April/May-2017) 

Turbulence is defined as the gas (or a fluid) flow, differentiated by its properties, changes with 

respect to time, which is formed due to the rapid variation of pressure, velocity etc.  

17. What are dispersion models? (Nov/Dec-2012) 

Dispersion models are mathematical simulation or approaches made to the dispersion of pollutants 

to study how air pollutants disperse in the ambient atmosphere. 

18. Express Gaussian dispersion model. (Nov/Dec-2012) 

The Gaussian model is the oldest and most commonly used model type. It assumes that the air 

pollutant dispersion has a Gaussian distribution. It is for predicting the dispersion of continuous, 

buoyant air pollution plumes originating from ground-level or elevated sources. 

19. What are the applications of dispersion model? (Nov/Dec-2017) 

Following are the applications of dispersion models. 

1. Air Quality Assessment. 

2. Estimation of downwind ambient concentration of air pollutants. 

3. Calculation of toxins emitted from sources such as industrial plants, vehicular traffic or 

accidental chemical releases. 
4. Estimation of predict future concentrations under specific scenarios. 

20. Briefly explains Dense gas dispersion model. (May/June 2016) 

Dense gas models are models that simulate the dispersion of dense gas pollution plumes (i.e., pollution 

plumes that are heavier than air). The three most commonly used dense gas models are: 

a) The DEGADIS model b) The SLAB model c) The HEGADAS model. 

21. Explain Lagrangian dispersion model. (May/June 2012) 
A Lagrangian dispersion model mathematically follows pollution plume parcels (also called particles) as the 

parcels move in the atmosphere and they modelthe motion of the parcels as a random walk process. 

22. Briefly explains Eulerian dispersion model. (May/June 2012) 
The Eulerian dispersions model is similar to a Lagrangian model in that it also tracks the movement of a large 

number of pollution plume parcels as they move from their initial location. 

23. List out the types of Plume Pattern. 
1) Looping Plume, 2) Neutral Plume, 3) Coning Plume, 4) Fanning Plume, 5) Lofting Plume, 6) Fumigating 

Plume, 7) Trapping Plume. 

24. Define Lofting and Looping. 
Lofting: A type of plume which occurs when an inversion exits only below the plume and the plume is 

inhibited from mixing downward. Looping: A type of plume which has a wavy character. It occurs in a highly 

unstable atmosphere because of rapid mixing. 

25. Define Coning. 

A type of plume which is like a cone. This takes place in a near neutral atmosphere when the wind velocity is 

greater than 32km/h. 
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UNIT III CONTROL OF PARTICULATE CONTAMINANTS 

PART-A 

1. What is the main objective of using air pollution control equipment? (Nov/Dec-2017) 
The important objectives of the air pollution control are as follows 

➢ Controlling of effects of air pollution on public 

➢ Protection of animals, plants, etc 

➢ Protection of properties against pollutants attack. 

➢ Providing the acceptable environment, etc. 

2. Write two advantages of gravity separators. (Nov/Dec-2019) 

➢ High efficiency 

➢ Fabric filters can remove very small particles in dry state. 

➢ When the performance reduces, it produces prewarning. 

3. Write the principle involved in cyclone separator. (Nov/Dec-2019) 

A cyclone is a centrifugal separator in which particles, due to their mass, are pushed to the outer 

edges as a result of centrifugal force. The particles which are present in the air are forced to the 

outer edges and leave the separator via a collection device fitted to the bottom of the separator. 

4. Define Dispersion. 

Dispersion in air pollution control is defined as the chemical or physical process of distributing 

the air pollutants over the wide area of the atmosphere by means of wind etc. 

5. List out types of scrubbers. (April/May-2019) 

1) Spray towers, 2) Venturi scrubbers, 3) Cyclone scrubbers, 4) Packed scrubbers 

5) Mechanical scrubbers. 

6. Define stokes law. (Nov/Dec-2018) 

Stoke’s law, states thet the settling velocities of small spherical particles in a fluid medium. The 

terminal settling velocity can be calculated by using the Stoke’s law. 

 
7. What is the principle of Electrostatic Precipitator? (Nov/Dec-2018) 

EPS is working based on the principle that, the ESP uses the electrical forces to move the particulate 

matter, out of the flowing gas stream and on to collector plates. 

8. Write the collection mechanism of scrubbers. (Nov/Dec-2017) 

Inertial separators collect the particles by changing the direction of motion of the flowing gas, 

in such a way that the particle cross over the gas stream lines and the particles are either 

concentrated into a small part of the gas flow or are separated by impingment onto a surface.  

9. What are the factors affecting the selection of control equipment. 

1) Type of the industry 

2) Concentration and characteristics of pollutant 

3) Carrier gas characteristics, 4) Process factors, 

5) Constructional measures, 6) Operational factors, 7) Efficiency required. 

10. Write any two pollution control equipments. (Nov/Dec-2016) 

Following are the important equipment used to control the particulate matter.  

1) Gravitational Settling Chambers. 

2) Centrifugal Collectors (Dynamic Precipitators, cyclone collectors, etc.) 

3) Wet Scrubbers (or) Wet Collectors (spray towers, wet cyclone scrubbers, venture-scrubbers etc.) 

11. List the principles of control of particulate matter. (Nov/Dec-2015) 

Particles are collected by a combination of several mechanisms. The available mechanisms are 

gravitational settling, centrifugal impaction, inertial impaction, direct interception, diffusion and the 

electrostatic attraction. 



12. Write the formula to calculate the efficiency in gravitational settling chamber. (Apr/May 2017) 

The collection efficiency of a settling chamber is given by, Efficiency, 

 

13. What are particulates removal mechanisms in filters? (Nov/Dec -2014) 

The use of fabric filters is based on the principle of filtration which is the separation of solids from 

fluids (gases) by interposing a medium through which only the fluid can pass. The mechanisms by 

which the particles come into contact with the fibres in the filter media are straining (sieving), 

Interception, Diffusion, Inertial separation and Electrostatic attraction. 

14. Define “drift velocity”. (Nov/Dec -2014) 

The drift velocity (or axial drift velocity) is the flow velocity of a particle or electron attains in a 

material due to an electric field, in an ESP. 

15. State the particulate size which can be removed in a settling chamber and an ESP. 

➢ Particle size of about 50 µm can be removed by gravitational settling. 

➢ Particle size of greater than 0.1µ to 10µ can be eliminated by ESP’S 

16. What are the advantages of ESP? (Nov/Dec-2017) 

1) High collection efficiency (upto 99%). 

2) Less moving parts and easy operation. 

3) Withstand high temperatures (upto 750º) 

17. List out the applications of ESP. 

1) Cement factories- recovery of cement dust from kilns, Cleaning of flue gas from cement kilns. 

2) Pulb and Paper- Soada- fume recovery in kraft pulb mills. 

3) Petroleum Industry- Recovery of catalyst dust. 

18. Write the fundamental approaches of controlling air pollution. (May/June-2014) 

The air pollutants can be controlled by the following two methods 

1) By changing the raw materials in industries. 

2) By installing suitable air pollution control equipments. 

19. Name the common methods of filter cleaning. 

1) Rapping 

2) Shaking 

3) Reverse air low 

4) Pulse jet 

20. What are the methods used for controlling of air pollution by installing equipments. 

1) Replacement of burning fuel by electricity or solar energy. 

2) Using high quality cereals and efficient engines. 
3) Replacement of old machineries with the new one. 

4) By installing mechanical air pollution controlling devices. 

21. What are the techniques are used to control the air pollution without control devices. 

1) Process Change 

2) Change in Fuel 

3) Good operating Practices 

4) Plant Shutdown or Relocation. 

22. Write down the various types of Inertial Separation. (Nov/Dec-2012) 

1) Baffle type 

2) Louvre type 

3) Dust trap 

23. What is wet scrubbing? (Nov/Dec-2017) 

Wet scrubbing is defined as the air pollution control technique, used to clean air, fuel gas, or other gases of 

various pollutants and dust particles with the scrubbing liquid. 

‘ƞ’ = 1-e(-nLWVt/Q) 
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UNIT IV CONTROL OF GASEOUS CONTAMINANTS 

PART-A 

1. What is the Absorption? (Nov/Dec-2011) 
Absorption is also a natural process, in which gaseous and particulate matters of air pollutants are collected 

either by mist or rain and settle down with mist or rain. 

2. What is the Adsorption? (Nov/Dec-2016) 
Adsorption is the physical process of collecting the gaseous, liquid and solid air pollutants in the air by a 

surface, where they are concentrated and retained. 

3. Differentiate Adsorption and Absorption. (Nov/Dec-2017) (April/May-2019) 

Absorption is also a natural process, in which gaseous and particulate matters of air pollutants are collected 

either by mist or rain and settle down with mist or rain. Adsorption is the physical process of collecting the 

gaseous, liquid and solid air pollutants in the air by a surface, where they are concentrated and retained. 

The difference between absorption and adsorption is that in absorption the molecules are taken up by a liquid, 

while for adsorption the molecules are fixed onto solid surfaces. 

4. Define Air Quality Index. (Nov/Dec-2016) 

Air Quality Index is defined as a scale or an indicator of air quality, based on air  pollutants that  

have adverse effects on human health and the environment. It is a number used by government 

agencies to communicate to the public, how the air is polluted at present. 

5. Define Air Pollution Index. (April/May-2017) 

Air Pollution Index is the index of quality of air based on air pollutants and it is calculated from 

various air pollution data. 

6. How combustion process brings air pollution control? (Nov/Dec-2018) 

Combustion or Incineration techniques oxidize the substances rabidly through the combination of 

oxygen with a combustible material in the presence of heat. When combustion is complete, the gas 

stream is converted into CO2 and water vapour. 

7. State the mechanisms of controlling gaseous pollutants. (April/May-2017) 

The gaseous pollutants can be controlled by 1) Absorption, 2) Adsorption, 3) Combustion or Incineration 

4) Condensation. 

8. What are the various adsorbents in adsorption unit? (Nov/Dec-2017) 

Various adsorbents used in adsorption units are 

i) Activated Carbon 

ii) Molecular Sieves 

iii) Activated Alumina 

iv) Silica Gel etc 

9. What are the devices are used in absorption unit? 

i) Spray Towers 

ii) Plate Towers 

iii) Packed Towers 

iv) Venturi Scrubbers 

10. How nitric acid is removed from atmosphere? (Nov/Dec-2016) 

1) Fuel De-Nitrogenation 

2) Tail-End Control Equipment 

3) Strong oxidization by KMnO4 

11. Name the methods of controlling nitrogen oxides. 

1) Fuel De-Nitrogenation 

2) Combustion Modification 

3) Modification of operating Conditions 

4) Tail-End Control Equipment 



12. List the factors influencing the efficiency of absorption process. (Nov/Dec -2014) 

1) Surface contact between the gas and the liquid 

2) Concentration of the absorbing media 

3) Speed of reaction between the absorbent and the gas 
13. Define Bio-filtration. 

Bio-filtration is an air pollution control technique which involves bio degradation of 

contaminants under the action of microorganisms diffused in a thin layer of moisture known  

as Bio-film. 

14. What are the advantages of Bio filtration? (Nov/Dec-2017) 

➢ Bio-filtration has a very high odor and VOC removal efficiency. 

➢ The bio-filtration process results in a complete decomposition of the pollutants, creating no hazardous 

byproducts. 
➢ Bioteg bio-filters are practically maintenance free. 

➢ Bio-filters have low investment and operation costs. 

15. What are the disadvantages of Bio-filtration? 

➢ The filter material must be periodically replaced 

➢ It is difficult to check the humidity and pH of the filter material 

➢ Few configuration parameters to improve efficiency 

➢ Risk of blockage due to dust 

16. What is Bio-Scrubber? (May/June-2014) 

Bio-scrubbers or biological scrubbers are the biological reactors, used to remove Volatile 

Organic Compounds (VOCs) and odorous molecules present in industrial gaseous emissions. 

17. Distinguish between Contact condenser and Surface condenser. 

In the contact condenser, the gaseous pollutant comes into contact with cold liquid. It requires 

small floor space, it requires less quantity of cooling water. In the surface condenser, the gaseous 

pollutant comes into contact with the cooled surface, in which the cooled liquid is circulated. It 

requires small floor space, it requires less quantity of cooling water. 

18. What are the types of condensation system? 

There are two types of condensers used for pollution control 1) Contact Condenser 2) Surface 

Condenser 

19. What is the importance of activated carbon in adsorption? 

Activated carbon is an effective adsorbent because it is a highly porous material and provides a large 

surface area to which contaminants may adsorb. 

20. What is thermal Incinerator? (Nov/Dec-2012) 

In thermal incinerators, the combustible waste gases pass over or around a burner flame, into a 

residence chamber, where oxidation of the waste gases is completed. 

21. What is catalytic Incinerator? (Nov/Dec-2017) 

Catalytic combustion is suitable, when the combustible materials in the waste polluted gas are 

difficult to burn flame incineration. This is generally occurring to burn flame incineration. This is 

generally occurring, when the energy of the polluted gas is lesser than 3.7 MJ/m3. 
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UNIT V INDOOR AIR QUALITY MANAGEMENT 

PART-A 

1. Define Indoor air pollution. 

Indoor air pollution is defined as the degradation of indoor air quality by harmful chemicals and other 

materials and it can be up to 10 times severe effects than outdoor air pollution. 

2. What are the various indoor air pollutants? 
1) Carbon Monoxide, 2) Nitrogen oxide, 3) Volatile Organic Compounds 4) Biological Pollutants 5) Lead 

6) Pesticides, 7) Formaldehyde 

3. Define Sick Building Syndrome. 

Sick Building Syndrome (SBS) or Tight Building Syndrome is a medical condition, where people in a 

building suffer from symptoms of illness or feel unwell without any specific reason or cause. 
4. What are the symptoms of sick building syndrome? 

1) Headache 2)Dizziness 3) Nausea 4) Skin irritation 5) Skin irritation 6) Irritation of the eyes 

5. What is meant by sound and its types? (Nov/Dec-2018) 

Sound is defined as the energy and atmospheric or air prone vibrations understandable to the ear. It is 

classified into two types: 1) Musical sound 2) Noise. The unit of sound measurement is Bel. The unit of 

bel is very large and the sound intensity is low, hence instead of using bel, decibel (dB) is used. 

6. Define Noise Pollution. (Nov/Dec-2015) 

Noise Pollution is defined as the type of energy pollution in which, distracting, irritating and the 

damaging sounds are audible freely. The unit of noise measurement is decibel (dB). 
Two types: 1) Indoor Noise 2) Outdoor Noise. 

7. Define ‘Hearing Threshold Level’ (HTL). (April/May-2018) 

The hearing threshold level is the sound level below which a person’s ear is unable to detect any 

sound. For adults, 0 dB is the reference level. 

8. What are the most common sources of Noise pollution? (Nov/Dec-2017) 

Common sources of noise pollution are 1) Traffic noises 2) Industrial noises 3) Other important 

sources. 

9. What is sound pressure level? (April/May-2017) 

Sound level or sound pressure level is defined as the scale of measuring the intensity of sound based on 

the sound of pressure and a reference standard pressure. 

10. What is threshold Shift? (Nov/Dec-2016) 

Threshold Shift is defined as the degree of hearing loss in terms of decibel (dB) shift from a patients 

previous audiogram. 

11. Write the ambient air quality standards in respect of noise. 

ZONE 

CODE 
ZONE 

LIMITS IN dB (A) 

DAY TIME 6AM TO 9 PM NIGHT TIME 9 PM TO 6 AM 

A) Industrial 75 70 

(B) Commercial 65 55 

(C) Residential 55 45 

(D) Silence 50 40 

12. What is LN and Leqn? (Nov/Dec-2015) 

The parameter Ln is a statistical measure indicating how a particular sound level is exceeded 

frequently. Leq is defined as  the statistical value  of sound pressure level that can be  equated to 

any fluctuating noise level. 

13. List out the control and preventive measures of noise pollution. 

1) Control at Source 

2) Control in the transmission path 

3) Control by using protective equipment. 



14. What are the laws regarding noise pollution? (Nov/Dec -2014) 

1) Factories Act (Reduction of Noise and Oil of Machinery) 

2) Motor Vehicle Act (Provision Relation to use of horn and change of Engine) 

3) Noise Pollution Control Rule 2000 (Under Environment Protection Act, 1996) 

15. What are the preventive measures of noise pollution? 
Some noise pollution preventive measures are provided in the points below. 

• Honking in public places like teaching institutes, hospital, etc. should be banned. 

• In commercial, hospital, and industrial buildings, adequate soundproof systems should be installed. 

• Musical instruments sound should be controlled to desirable limits. 

• Dense tree cover is useful in noise pollution prevention. 

• Explosives should be not used in forest, mountainous, and mining areas 

16. What are the effects of noise on human health? (Nov/Dec-2017) 

Noise pollution can be hazardous to human health in the following ways: 

• Hypertension 

• Hearing loss 

• Sleeping disorders 

• Cardiovascular issues 

17. What are the factors influencing the intensity of traffic noise? 

➢ Type of the traffic 

➢ Volume of the traffic 

➢ Distance of the traffic 

➢ Wind effects 

➢ Other disturbances 

18. Identify the primary sources of environmental noise. (May/June-2014) 

Main sources of community noise pollution include the following 

i) Road, Rail and Air traffic 

ii) Construction and Public work 

iii) Sound from neighborhood. 

19. What is Noise Indicator? 

The instrument used to measure the sound or noise level in dB units is called Sound Level meter or Noise 

Indicator. 

20. What is acoustic zoning? 

In acoustic zoning, the populated area is divided into four zones. Silence zone, residential zone, 

commercial zone and industrial zone. It divides on the basis of the level of noise. 
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UNIT I INTRODUCTION 

PART-B 

1. i) Write the sources and classification of air pollutants.(8) 

ii) Discuss the effects of CO and PM2.5 (5) (Nov/Dec 2019) 

2. i) Write the national ambient quality standards for industrial, residential and ecologically sensitive areas.(9) 

ii) Explain the structure of an atmosphere. (4) (Nov/Dec 2019) 

3. Discuss the effect of air pollution on human, animals and plants. (13) (Apr/May 2019) 

4. Enumerate the causes, effect and control of ozone layer depletion.(13) (Apr/May 2019) 

5. i) Explain the various effects of air pollution on materials.(7) 

ii) Describe the effects of ozone layer depletion. (6) (Nov/Dec 2018) 

6. Describe the particulates and gaseous pollutants that occur in ambient air with its harmful effects 

on human beings.(13) (Nov/Dec 2018) 

7. Briefly discuss about the various types of gases causing air pollution.(13) ( Nov/Dec 2017) 

8. Explain briefly about the various classification of air pollutant. (13) ( Nov/Dec 2016) 

9. i) Enumerate the effects of CO2, SO and heavy metals on human beings. (8) (Apr/May 2017) 

ii) Explain any one method of analysis of Air Pollutants at source. (5) (Apr/May 2017) 

10. Discuss the Global Warming- pollutants, their sources and impacts. (13) (Apr/May 2017) 

 

UNIT II METEOROLOGY 

PART-B 
 

1. Explain the assumptions made in Gaussian dispersion model and mention gauss dispersion equation (13) 

(Apr/May 2019) 

2. Explain the Gaussian model with assumptions merits and demerits. (13) (Apr/May 2017) 

3. List the types of plume behavior and relate each to atmospheric conditions. (13) (Apr/May 2019) 

4. i) Explain the elements of atmosphere.(7) 
ii) Explain the atmospheric stability process through temperature lapse rate. (6) (Nov/Dec 2018) 

5. i) Explain with neat sketch the types of plume behavior.(9) 

ii) Explain the types of inversions (4) (Nov/Dec 2019) 

6. i) Write the assumptions of Gaussian Plume Model.(8) 

ii) Explain the meteorological parameters influencing the air pollution. (5) (Nov/Dec 2019) 

7. Explain in detail about various types of plume behavior with neat sketch. (13) (Nov/Dec 2017) 

8. Briefly discuss about the various meteorological parameters that influencing air pollution.(13) ( Nov/Dec 

2017) 

9. Describe in detail about the various Dispersion models in air pollution control. (13) ( Nov/Dec 2016) 

10. Explain the factors influencing the atmospheric dispersion of air pollutants. (13) (Apr/May 2017) 

11. On a summer afternoon with a wind speed of 3.20 m/s the concentration of particulate matter was found to 

be 1520 µ/m3 at a point 2km down wind and 0.5km perpendicular to the plume centerline from a coal fired 

power plant. Determine the particulate emission rate of the power plant, given the following: 

Stack parameters Atmospheric Condition 

Height: 75.0m Pressure: 100Kpa 

Diameter: 1.50m Temperature: 28ºC 

Exit Velocity: 12 m/s 

Temperature: 322ºC (Nov/Dec 2011,12) 

12. A factory emits 40g/s of NOX at an effective height H of 75m the wind speed is 5m/s. At a distance of 

1.5km downwind the standard deviation values of y and z are 35m and 22m respectively. What are the NOX 

concentrations 

i) At the centre line of the plume. 

ii) At a point 75m to the side of and 10m below the centre line. (Nov/Dec 2018) 



UNIT III CONTROL OF PARTICULATE CONTAMINANTS 

PART-B 
 

1. Explain with neat sketch the working principle, advantages and disadvantages of Electrostatic Precipitator (13) 

(Nov/Dec 2019) (Apr/May 2019) 

2. i) Explain the approaches to air pollution control. (7) 

ii) Discuss the factors to be considered in selection of equipment for control of particulate containments. (6) 

(Nov/Dec 2019) 

3. Explain with neat sketch explain the working principle of cyclone separator. (13) (Apr/May 2019) 

4. i) Draw the cyclone separator and explain its working principle advantages and limitations. (8) 

ii) Explain the criteria for selection of air pollution control equipment. (5) (Apr/May 2017) 

5. What are the scrubbing devices in pollution control? Explain with a neat sketch.(13) (Apr/May 2015) 

6. Discuss the different mechanism on control of gaseous pollutants. Explain any two in detail.(13) 

(Apr/May 2018) 

7. Briefly discuss about the air pollution controlling methods. (13) (Nov/Dec 2017) 

8. i) Discuss in detail about economical aspects of various air pollution controlling equipments.(6) 

ii) Briefly discuss about the various factor influencing choice of equipment. (7) (Nov/Dec 2017) 

9. Explain the principle of operation and working of a settling chamber. 

How its efficiency can be improved? (13) (Nov/Dec 2017) 

10. Estimate the minimum size of the particle that will be settled with 100% efficiency for the following data: 

Particulates density=2100kg/m3, Gas flow= 800 lps, Chamber size = 8m*2m*1.5m, Viscosity= 2*10-5 

kg/ms, Factor of safety=2. Assume stoke’s law applicable. 

(Nov/Dec 2018) 

 

UNIT IV    CONTROL OF GASEOUS CONTAMINANTS  

 

1. i) Explain the principle of absorption and adsorption for control of gaseous pollutants. (8)  

ii) Explain the working principle of a packed tower (5) (Nov/Dec 2019) 

2. Explain with neat sketch the working principle of a incinerator with its advantages and disadvantages. (13) 

(Nov/Dec 2019) 

3. Explain various absorption units in air pollution control. (13) 

4. What is a condensation technique in the control of gaseous contaminants? Explain. (13) (Nov/Dec 2011) 

5. What is combustion? How do combustion process is applied in gaseous emission control? (13) (N/D- 2012) 

6. What is adsorption? How adsorption principles are used for air pollution control? (13) (Apr/May 2017) 

7. What is Bio-filtration? Explain the components and working of Bio-filtration units. (13) 

8. Write a brief note about control and monitoring of gaseous pollutants on environment. (13) 

 
UNIT V - INDOOR AIR QUALITY MANAGEMENT 

 

1. i) Write the sources of Indoor air pollution. (7)  

ii) What are the symptoms of sick building syndrome? (6) (Nov/Dec 2019) 

2. i) Explain the effects of noise on human beings. (10)  

ii) Write the methods to eliminate or reduce noise. (3) (Nov/Dec 2019) 

3. i) Explain the methods to control noise pollution in an industrial area. (10)   

ii) Write the effects of noise pollution. (6) (May/June 2016) 

4. Explain briefly the various sources and their effects of noise pollution. (13) (Nov/Dec 2016) 

5. Explain briefly the control strategies of noise pollution. (13) (Nov/Dec 2016) 

6. Explain the effects of Noise pollution and list the standards. (13) (Nov/Dec 2018) 

7. Discuss the role of legislation in noise control. (13) (Apr/May 2019) 
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B.E./B.Tech. DEGREE EXAMINATIONS, APRIL/MAY 2019. 
 

Seventh Semester 

 

Civil Engineering 

 

CE 601 I — AIR POLLUTION MANAGEMENT 

 
(Regulation 2013) 

(Common  to  PTCE  6011 — Air  Pollution  Management  for B.E. Part Tlme   f Slxth 

Semester — Civil Engineering — Regulation 2014) 

Time   : Three hours Maxim um J00 marks
 

Answer ALL questions. 

 

PART A — (10 2 = 20 marks) 

 

1. \Vhat are secondary air pollutants? 

2. mention the methods of sampling of gaseous pollutants. 

3. What is a wind rose diagram? 

4. What is Mixing Height? 

5. List out the type of S crubbers 

6. Define combustio n. 

7. Define Zoning. 

8. What is Emission st andard? 

9. What is the purpose of frequency analysis? 

10. Mention the noise standards for industrial area in day time and night time? 

PART  B — (5 13 = 65 marks) 

11. 
(a) Discuss the effect of air  pollution on human,  animals and plants? (13) 

Or 

(b) En umer ate the ca uses, effect  and  control of ozone layer depletion. (1.4) 
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Or 

 
(b) List th e   types   Of lui vle   beh av io r   and rel £tt G J£tCh 

 
 

i 3 (a) 

conditions. 

Explain with neat $lxetelt explaln the worliing pri nciple 

sep ara tor. 

Or 

 
Of cyclone 

 

 

(b) Expla in the working of an electrostatic pre eipi ta tor and w rite the 

ad vantages and disa dva nta ges 
of el ectrostastie   '     pre   cipit ator. 

(13) 
 

14. (a) Explain the legal provisions in India against air pollution. 

Or 

(13) 

(b) Explain the objective of air quality monito ring an d en umera te the reason 

for high air  pollution in India. (1 
 

15. (a) Discuss the role of legislation in noise control. 

 

 
(b) Describe the major sources of noise pollution. 

 

PART C — (1 x 1fi = 15 marl:s) 

(13) 

 

 
(13) 

 

16. (a) What is air quality management? Discuss the air quality mana gement in 
India for Mobile Som-ces? (15) 

 
 

@) Discuss the  auditory  and non au ditory effects of noise pollutl on. (15) 
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B.E.fB.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2018. 

Seventh Semeater 

Civil Engineering 

CE 6011 — AIR POLLUTION MANAGEMENT 

(Regulations Z0l3) 

(Common to PTCE 6011 — Air Pollution Management — for B.E.  tPart-Time)  — 

Sixth Semester — Civil En neering — (Regulations 2014) 

Time : Three houre Maximum : 100 marka 

 

Anewer ALL questions. 
 

PART A — (10 x 2 = 20  marks) 

1. Define air pollution. 

2. Define global warming. 

3. State adiabatic lapse rate. 

4. Recall the layers of the atmosphere. 

5. Define etokes law. 

6. Recall the principle of ESP. 

7. What is state zoning? 

8. What ie legislation? 

9. Define aound. 

10. List the unit of measurement of sound. 

PART B — (5 x 13 = 65 marks) 
 

11. (a) (i) Explain the various effects of air pollution on materials. 

(ii) Describe the effects of ozone layer depletion. 

 

 
(b) Describe the particulates and gaaeoue pollutants that occur in ambient  

air with ita harmful effects on human beinga. 
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12. (a) 

 

 

 

 

@) 

 

 

 

 

 
 

13. (a) 

(i) Explain the elements of the atmosphere. 

(ii) Explain the atmospheric sta bility proces8 tLough temperature 
lapse rate. 

 

 
A factory emits 40 g/s of NO. at an elective height U of 75 m. The wind 

speed ia 5 mls. At a distance of 1.S downwind the Standard deviation 

values of y anfi z are 35 m and 22 m respectively. What are the NO, 
concentrationa 

(i) at the centre line of the plume, 

(ii) at a point 75 m to the side of and 10 m below the center line._ 

(i) Deacribe the working principle of scrubbera. 

(ii) Explain the method of control of VOC’a by concentration and 
recoverj•. 

 

 
 

@) 

 

 

 
 

14. (a) 

 

 

 

@) 
 

 

Or 

Estimate the miriimum size of the particle that will be 8ett led with l00•›t 

e&ciency for the fohowing data; Particulates density  =  2100  kgfm•,  Gaa  

flow = 800 lps, Chamber size = 8 m x 2 m Y 1.5 m Viscosity 

2 x 10*’ kg/ms, Factor of safety = 2. Assume Stoke’a law applicable. 

 

(i) Explain the various preventive measures of air pollution. 

(ii) State the objectives of air quality monitoring programme. 

Or 

Deaczibe by stepR by step procedure of environmental impact aBsessment. 

(i) DeBcribe thP characteriatica of aound waves. 

(11) Explaio the’ sources of noiae pohution. 
 

 

Explain the eoecta of Noise pollution and list.the atandarda. 
 

PAB7 C —(1 x 15 = 15 aarks) 

 

16. (a) Explain any three air po3ution control meaawea. 

 

 
@) Explain any three Noiae poEuGon control méthoda. 
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B.E.fB.Tech. DEGREE EXAMINATION, NOVEM BER/DEGRMB ER 2017 
Seventh Semester 

Civil Engineering 

CE 6011 — AIR POLLUTION MANAGEMEN'f 

(Regulations 2013) 

Time : Three Houra Maximum : 100 M8f'ka 
 

 

Answer ALL questions. 

PART - A 

 
1. Write the clasaifiCation of air pollutants. 

 

 
(10x2=20 Marka) 

 

2. List out the various air pCi llution caueed by nuclear energy prCtgram. 

3. Define wind rose. 

 
4. Write the plume riae computing formula suggested by Indian Standard US : 8829) ? 

5. What is the Main objective of using air pollution cO£ tt r Ol eq ttipme Il t * 

6. Write the collection Xlechanf am of scrubbera. 

7. Define Emission Standards. 

 
8. Write £t     y t K Il Ct1 OIl9 Of the central board  to cotlt pCi ñ p Oll ution.

 

- 8t Out Various reBourcea of Noise pollution. 

10. Write the ambient Noise level for Residential and Industrial zone.
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Re8. No. 
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PART — B (bxi 6=80 Marks) 

- B) Q2icfly diocus8 about the various typea of gaaea causing air pollution. 

(OR) 

(is) 

 

b) DiacuaB in detail about the effect of air pollution on plants arid farm animals. (l6) 

 

12, a)  Explain in detail about various types of plume behavior with neat aketch. (16) 

(OR) 

b) Briefly diacuas about the various meteorological parameters that induencing 

air pollution (ss) 
 

13. a) With a neat aketch explain the construction and working of a pipe type electro 

static precipitator. 

(OR) 

b) i) Discuaa in detail about Economical aspects of various air pollution oontrolling 

 
(l6) 

equipments. (8) 

ii)   Briefly discuss about the various factor induencing choice  of equipment. (8) 
 

14. a)   Discuss in detail about the air quality standards of EPA and  Indian Standards. (16) 

(OR) 

b) Write brief notea on : 

a) Constitution of pollution control board. (4) 

b) Functions of the  state pollution control board. (4) 

c) Write the li8t of indu8trie8 8pecified in the  scheduled Under Air Act 1981. (8) 
 

16. a)  i) Briefly explain about various typea of Noise Pollution. 

ii) Write briefly notea on preventive measure of noise pollution. 

(OR) 

b) i) Dracula in detail about effect of noiae pollution. 

ii) Write about various control measure of noiae pollution. 

(0) 

)g) 

 

(10) 
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CH8501 Chemical Process Industries 2020-2021 

1 Department of Chemical Engineering 

 

 

UNIT I 

SULFUR, SULFURIC ACID AND CEMENT 

PART-A 

1. What are the applications of Sulphur? 

The application spectrum for sulphuric acid is as follows: 

 Phosphatic fertilizers 

 Petroleum refining 

 Inorganic chemicals and pigments 

 Copper leaching 

 Synthetic rubbers and plastics 

 Industrial organic chemicals Pulp and paper 

 Others 

 
2. Give the uses for elemental sulfur? 

Uses for elemental sulphur are: 

 85 to 90% for sulfuric acid manufacture 

 Rest for production of: SO2, SO3, CS2 and P2S5; Rubber vulcanization 

agents; gunpowder, sulfur dyes: putties, sulfur concrete; paper. 

 Divided approximately: 7% to paper and pulp, 3% to CS2 manufacture 

 
3. Give the Raw material sources for Sulphur? 

Sulfuric acid may be produced from elemental sulfur, pyrites (sulfides of iron), 

hydrogen sulfide as contained in sour gas and petroleum, waste gases from the 

burning of fuel and smelting operations such as pyrites of copper, iron, zinc and 

lead. 

 
4. Write the properties of Sulphur? (MAY 2015) 

Sulfur has the chemical formula S and an atomic weight of 32.07. It exists as 

rhombic crystals, M.P. 112.8 C and as monoclinic crystals, M.P. 119 C and it 

boils at 444.6 C. The specific gravity at 18 C of the rhombic form is 2.07 and 

of the monoclinic form is 1.96. The liquid has a specific gravity of 1.083. it is 

insoluble in water, but soluble in organic solvents and liquid ammonia. Sulfur 

exists in the following forms: rock, lump, molten, ground powder and sublimed 

powder (flowers of sulphur). 
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5. Write the uses of sodium thiosulphate? (MAY 2015) (May/June 2016) 

Sodium thiosulfate, also spelled sodium thiosulphate, is used as a medication to 

treat cyanide poisoning, pityriasis versicolor, and to decrease side effects from 

cisplatin. For cyanide poisoning it is often used after the 

medication sodium nitrite and typically only recommended for severe cases. In 

bacteriological water assessment, it promotes the survival of coliform organisms 

by neutralizing residual chlorine and in the tanning of leather. 

 
6. What are the ways of recovering Sulphur from flue gas? 

The ways of recovering sulphur from flue gas is as follows: 

 By the reduction of elemental sulphide ores. 

 Exothermic oxidation of H2S 

 
7. Classify the methods of production of sulphur? 

The method of production of sulphur is given below: 

 Iron pyrites from Amjhore in Bihar State 

 Elemental sulphur mining from salt domes (USA, Sicily) 

 Hydrogen sulphide conversion from natural gas and industrial gases 

(Indian refineries and many U.S. refineries) 

 
8. In which refinery Sulphur is recovered during refining of crude petroleum? 

Madras Refinery Ltd. is the only plant from which elemental sulphur is recovered 

during the refining of crude petroleum. 

 
9. What are the processes used for the manufacture of Sulphur? 

The various processes that are involved in the manufacture of sulphur are as 

follows: 

 Elemental Sulphur mining from salt domes 

 Conversion of Hydrogen sulphide from Natural gas and industrial gases 

& from iron pyrites. 

 
10. What are the major Engineering problems in Sulphur mining by Frasch 

Process? 

The major Engineering problems in Sulphur mining by Frasch Process are listed 

below: 

 Heat transfer in melting and shipping operations 

 Finding suitable sources of treated water 

 Corrosion 
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𝟐 

11. What are the raw materials used in the manufacture of Sulphur by Finnish 

process? 

The raw materials used in the manufacture of Sulphur by Finnish process are 

 Pyrities ore 

 Limestone 

 Fuel oil 

 Water 

 Electricity etc. 

 
12. Give the chemical reactions involved in conversion of H2S into sulphur? 

The chemical reactions involved in conversion of H2S into sulphur is given 

below 

 

 

13. Write the chemical reactions involved in Finnish process? 

Chemical reactions: 

(a) Thermal dissociation 

𝟏 𝐚𝐭𝐦,𝟏𝟑𝟎𝟎𝟎𝐂 𝟏 

FeS2→−−−−−−−−→ 𝐒 (𝐠) + 𝐅𝐞𝐒 (𝐥); H = + 15.98 K. Cal 
𝟐 

 

(b) General combustion reaction 

C + H +S + O2SO2 , H2S, CO, H2 CO2, H2 O 

 
(c) Sulfur recovery from gases – Hot stage 

𝐂𝐚𝐭𝐚𝐥𝐲𝐬𝐭, 𝟔𝟎𝟎𝐎𝐂 

2COS + CS2 + 2SO2→−−−−−−−−−−→S6 + 3CO2 

 
(d) Sulfur recovery from gases – Cold stage 

Al2O3, 2800 C 
4H2S + 2SO2→−−−−−−−−→ 4H2O + S6 

 
(e) Roasting of FeS (pyrrhotite) for SO2 recovery 

𝟏 𝟏 𝒂𝒕𝒎, 𝟏𝟎𝟎𝟎𝟎 𝑪 
o

 
 2FeS + 3 O2→−−−−−−−−−→ Fe2O3 + 2 SO2 ; H = – 295.02 K. Cal 

𝟐 

 

14. Give some uses of Sulphuric acid. 

The application of sulphuric acid is as follows 

 Used for the manufacture of phosphatic fertilizers 

 In the manufacture of ammonium sulphate, nitrophosphate 

 Pickling of finished steel & Viscose rayon filament making 
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15. Write about the Catalyst used in Contact Process?(JUNE 2014) (May/June 

2016) 

Most widely used catalyst is vanadium pentoxide dispersed on a porous carrier 

in pellet form. Platinum catalyst was previously used but suffers from easy 

poisoning, fragility, rapid heat deactivation, and high initial investment. 

16. What are the typical sulphuric acid specifications? (April 2017) 

Sulphuric Acid Specifications is as follows: 
 

Ash content < 50 ppm 

Hg 

(Standard) 

<0.5 ppm (typically 0.25 

ppm) 

Fe 
<25 ppm (typically <15 

ppm) 

Ni <1 ppm 

 
 

17. What are the various types of cement? (June 2014) 

The various types of cement is listed below 

 High alumina 

 Pozzolana 

 Hydraulic lime 

 Magnesium oxychloride 

 
18. What are the types of Portland Cement? (DEC 2011) 

Type I – Regular 40-60% C3S, 10-30 % Ca2S, 7-13% 

Ca3A; hardens to full strength in 28 

days. 

Type II – Modified Higher C2S/C3S to resist sulphate 

attack. 

Type III – High Early Strength Attains strength of Type I in only 3 

days; high heat rates – useless on 

massive structures; higher C3S & C3A 

percentage with finer grinding to 

increase hydration rate. 

Type IV – Low Heat Designed for massive structure work 

Type V – Sulphate Resistant Good for sea water contact; C3A<4% 
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19. Define Pozzolana cement.(May/June 2016) 

Pozzolanic cements are mixtures of portland cement and a pozzolanic material 

that may be either natural or artificial. The natural pozzolanas are mainly 

materials of volcanic origin but include some diatomaceous earths. Artificial 

materials include fly ash, burned clays, and shales. 

 
20. What is meant by Calcining? (JUNE 2011) 

Calcining involves decomposition of CaCO3 to CaO and firing at 1,400-1,500 

 C to promote compound formation. Calcination is also used to mean a thermal 

treatment process in the absence or limited supply of air or oxygen applied to 

ores and other solid materials to bring about a thermal decomposition. 

 
21. Write the importance of Frasch Process. (Nov/ Dec 2019) 

The Frasch process is a method to extract sulfur from underground deposits. It 

is the only industrial method of recovering sulfur from elemental deposits. In the 

Frasch process, superheated water is pumped into the sulfur deposit; the sulfur 

melts and is extracted. The Frasch process is able to produce high-purity sulphur. 

 
22. What are the important factors to be considered in Cement Industry? 

The important factors to be considered in Cement Industry are as follows: 

o Process technology 

o Industry problems including 

o Capital availability 

o Locational problems 

o Power 

o Raw material problems 

o Transport problems 

o Export problems 

o The advent of mini-plants 

o The impact of research and development 

o Future market influences and trends 

 
23. What is oleum? (Nov 2019) 

Oleum is produced in the contact process, where sulfur is oxidized to sulfur 

trioxide which is subsequently dissolved in concentrated sulfuric acid. Sulfuric 

acid itself is regenerated by dilution of part of the oleum. Oleum is an important 

intermediate in the manufacture of sulfuric acid due to its high enthalpy of 

hydration. When SO3 is added to water, rather than dissolving, it tends to form a 

fine mist of sulfuric acid, which is difficult to manage. 
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PART-B 

 
1. What are the various methods of Sulphur production? (MAY 2013) 

2. Explain the Frasch process for mining of Sulphur with a neat diagram. Write the 

application of H2SO4 and Sulphur (Dec 2016) (Nov 2019) 

3. Explain the recovery of sulphur from polluting gas? (MAY 2015) 

4.  Explain the production of sodium sulphate by three stage procedure(MAY 

2015) 

5. Describe the manufacture of Sulphur by Finnish process. 

6. What are the major engineering problems encountered by Finnish process? 

7. With the help of a neat diagram describe the manufacture of H2SO4 by contact 

process.(JUNE 2014)(May/June 2016) (Dec 2016) (April 2017) (Nov 2019) 

8. Discuss the role of a promoter in H2SO4 manufacture. What are the promoters 

employed? 

9. Discuss briefly the absorption of SO3. 

10. Enunciate the advantages and disadvantages of V2O5 over platinum as catalyst. 

(JUNE 2011) (Dec 2016) 

11. Discuss the major engineering problems associated with production of 

cement.(May/June 2016) 

12. Explain Portland cement production? (MAY/JUNE 2014)(MAY 2015) (Dec 

2016)(April 2017) (Nov 2019) 

13. Explain the types of cement in detail. 

14. Explain the impediments to growth of cement industry in India? 

15. Discuss with a neat flow sheet about the production of sulphur by oxidation 

reduction of hydrogen sulphide. 

16. Discuss with a neat flow sheet about the manufacture of sulphuric acid by lead 

chamber process. 

17. Explain in detail the various factors to be considered in cement industry. 

18. Discuss in detail about the properties of cement. 
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UNIT II 

FERTILIZER INDUSTRY 

1. What are the essential elements needed for plant growth as primary, 

secondary and micro nutrients? 

The primary or macro nutrients required by plants are Carbon (C), Hydrogen 

(H), Oxygen(O), Niotrogen(N), Phosphorous(P), Potassium(K) 

Secondary nutrients: 

In addition to the primary nutrients listed above, plants also need secondary 

nutrients like Sulphur(S), Calcium(Ca), Magnesium(Mg), Chlorine(Cl – not 

always essential) and Sodium(Na). 

 
2. What are the raw materials required for the manufacture of ammonium 

sulphate? 

Granular ammonium Sulphate is made by combining ammonia and Sulphuric 

acid in a pipe reactor, to produce an ammonium sulphate solution. The solution 

is sprayed into a granulating drum where the fertilizer granules are formed. 

 
3. Write the chemical reaction involved in production of yellow phosphorous? 

The chemical reaction involved in production of yellow phosphorous is given 

below 
 

 
 

 

4. Write a note on the different grades of Urea. 

Grade N-P-K: 46-0-0 – Urea is the most concentrated dry source of nitrogen. 

Agrium produces several grades of Urea: – Agricultural grade, SGN 300, Lawn 

grade, Prilled feed grade, Forestry grade. Urea is used in the production of resins 

and glues. Industrial resins are used in the manufacture of such forestry products 

as plywood and oriented strandboard. Urea is used in the production of fiberglass 

insulation, forestry fertilization and on airport runways as a de-icer. Urea is used 

in the control of NOx emissions. Urea Ammonium Nitrate liquid is used in 

effluent treatment. 
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5. What are the properties of Yellow Phosphorous and Red Phosphorous? 

Yellow Phosphorous 

 Molecular weight: 123.9 

 Melting Point: 44.10 °C 

 Density: 

 Solid: 1.82 gm / cc 

 Liquid: 1.74 gm / cc (450°C) 

Ignites spontaneously in air, must be stored under water. Possesses disagreeable 

odour with extreme toxicity 

Red Phosphorous 

 Molecular weight: 123.9 

 Melting Point: 5930° C 

 Density: 

 Solid: 2.36 gm / cc 

 
6. Explain phosphate rock beneficiation? (MAY 2015) (May/June 2016) (Nov 

2019) 

 
 

7. Give the chemical reactions involved in wet process using HCL. 

The chemical reactions involved in wet process using HCL is given below 
 

8. Write the chemical reaction involved in production of NH3? 

The chemical reaction involved in production of NH3 is given below 

Chemical reaction 

N2 + 3 H2  2NH3 H = – 22.4 K. Cal. 
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9. What are the end uses of ammonia? 

The uses of ammonia are given below: 

 Nitrogen fertilizers in the form of liquid and aqueous NH3 solutions, 

ammonium salts, urea and Nitric acid 

 Most nitrogen chemical compounds. It is the major raw material for 

industry and agriculture. 20% - nitric acid, 20% - urea, 15% ammonium 

phosphates, 80% fertilizers. 

 
10. Write notes on and catalyst of synthetic ammonia production 

As the product molecule, ammonia, has lower volume than the reactant 

molecules the equilibrium yield of ammonia is increased by increasing pressure. 

To keep the equipment size small, the rate of reaction must be increased since 

N2 & H2 alone react together slowly. As the product molecule, ammonia, has 

lower volume than the reactant molecules the equilibrium yield of ammonia is 

increased by increasing pressure. To keep the equipment size small, the rate of 

reaction must be increased since N2 & H2 alone react together slowly. Catalyst 

is required to increase the reaction rate – Iron with added promoters – oxides of 

Aluminium, Zirconium, or Silicon and Potassium Oxide These promoters 

prevent sintering and make the catalyst more porous. Catalysts get deactivated 

by contact with Cu, P, As, s & CO. 

 
11. Write down the reactions in the manufacture of single super phosphate. 

The reaction involved in the manufacture of single super phosphate is 

 
12. How is red phosphorous manufactured from yellow phosphorous? 

Red phosphorous is formed by heating yellow phosphorous to give a high degree 

of oxidation and stability. 

 
13. What are the major engineering problems in the manufacture of 

phosphorous? 

The major engineering problems in the manufacture of phosphorous are as 

follows: 

o Design of electric furnace, 

o Control and operation, 

o Safety precautions in handling phosphorous. 
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14. What are the safety measures should be taken in phosphorous industries? 

(MAY 2010) 

Most of the yellow phosphorus is converted directly to phosphoric acid and 

phosphates. It is bulk shipped by tankage via boat, rail and truck. Water is kept 

over the top surface to avoid direct contact with air since yellow phosphorus 

oxidizes vigorously. Shipping tankage is kitted for steam heating to 50°C to melt 

the phosphorus before pumping. 

 
15. What is superphosphate and how is it manufactured? (Dec 2012) 

The formula for superphosphate is 3CaH4(PO4)2 .7CaSO4 

Super phosphate is made by reacting phosphate rock with Sulphuric acid. 

Phosphate rock is crushed, ground and mixed with Sulphuric acid to produce 

superphosphate. 

 
16. What are the raw materials required for the manufacture of H3PO4? 

The raw materials required for the manufacture of H3PO4 are Phosphate rock and 

Sulphuric acid, Elemental Phosphorous, air and steam. 

 
17. Give the chemical reactions of the manufacture of phosphoric acid by wet 

process using Sulphuric acid. (May/June 2016) 

The chemical reactions of the manufacture of phosphoric acid by wet process 

using Sulphuric acid is 

 

18. Write the major reactions involved in ammonia oxidation process? 

The major reactions involved in ammonia oxidation process is given below 
 

19. What is Urea? Give its chemical formula 

NH2 .CO. NH2 – Urea is a solid fertilizer fairly soluble in water. Also in 

combination with formaldehyde can be used as an adhesive (urea formaldehyde) 

 
20. What is TSP and how is it manufactured? 

TSP – Triple Super Phosphate is made by the reacting Phosphate rock with 

Phosphoric acid. 
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PART B 

1. Give the specifications of phosphate rock. (Dec 2014) 

2. Describe the manufacture of Phosphoric acid by wet process using H2SO4 with 

a neat sketch. 

3. With a neat flow diagram explain the process of ammonia manufacture. (May 

2015) 

4. Explain the uses and economics of ammonia the most important nitrogenous 

material. 

5. Explain the major Engineering problems involved in ammonia production? 

6. State the operating conditions for the different processes for the manufacture of 

Ammonia. 

7. Describe the manufacture of Phosphoric acid by wet process using HCl with a 

neat sketch. 

8. Mention some major engineering problems of the two wet processes for 

phosphoric acid manufacture. 

9. Explain the major engineering problems associated with nitric acid manufacture 

(May 2015) 

10. Explain the production of urea from ammonium carbamate and present the flow 

sheet(May/June 2016) (Nov 2019) 

11. With a neat flow diagram explain the manufacturing process of phosphoric acid 

by electric furnace. (Nov 2019) 

12. What are the raw materials required for the manufacture of phosphorous by 

electric furnace process? (June 2011) 

13. Discuss in detail with a neat diagram the production of P2O5 from phosphate 

rock. (May/June 2016) 

14. Describe the manufacture of TSP with a neat flow diagram. (Nov 2019) 

15. Write a short note on the economics of TSP. (May/June 2014) 

16. 

UNIT III 

PULP, PAPER, SUGAR AND STARCH INDUSTRIES 

 
1. Name the different derivatives of cellulose and their uses. (Nov/ Dec2012) 

 Cellulose Nitrate: It is used for plastics, and explosives as well as most 

chemical derivatives. 

 Sodium Carboxymethyl cellulose: It is used as a protective coating for 

textiles and paper. For sizing, for ice cream and other emulsion stabilizers 

and as an additive to impart strength to sausage casings. 

 Hydroxyethyl cellulose: It is useful as thickener and a protective colloid 

in water-based coatings. 
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2. Name the different types of pulping process. (Nov/ Dec2012) 

The different types of pulping process are listed below: 

 Chemi-mechanical pulping process 

 Ground wood or mechanical process, 

 Neutral sulfite semichemical process 

 Rag process, soda process 

 Solvent pulping process 

 Sulfate and sulfite process. 

 
3. Name some of the bleaching agents used in pulping process. 

The bleaching agents used in pulping process are Sodium dithionate (Na2S2O4), 

sodium borohydride or bisulfite. Oxidative bleaches are ozone, Na2O2, H2O2, 

ClO2 and chlorine. 

 
4. What is the objective of pulping process? (Nov/Dec 2016) 

The objective of pulping process is to release the fibrous cellulose from its 

surrounding while keeping the hemicelluloses and celluloses intact, thereby 

increasing the yield of useful fibers. The fibers thus obtained are naturally colored  

and must be bleached before they can be used for paper. 

 
5. What is meant by free sulfur dioxide? 

In the pulp manufacture, the "free" sulfur dioxide is the sum of the sulfurous acid 

and that portion which requires alkali to convert from a bisulfite to a neutral sulfite. 

 
6. Explain the function of "Beater". 

In beating operation, the circulating pulp is forced between the bars on the 

revolving roll and the Stationary bars of the bedplate. The roll itself may be 

raised or lowered to achieve the results desired. Beating the fibers makes them 

appear stronger, more uniform, denser, more opaque and less porous. Bonding 

between fibers is increased by beating. 

 
7. Why sizing agent is added to the paper? (Nov/Dec 2016) 

Sizing is added is paper to improve resistance to penetration by liquids. Sizing 

maybe added to the furnish (mixed pulp diluted and ready to add to the paper 

machine) or applied to the furnace of the finished paper. Stock sizing involves 

adding size in the beater, then later precipitating it with papermaker's alum, 

Al2SO4, 18H2O. The commonest sizing agent is rosin soap made foam tall oil; 

wax emulsions are also used. 
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8. Why fillers are necessary in the paper production? 

Fillers are added to the slurry to increase brightness, bulk, flexibility, opacity, 

softness and weight of finished paper. 

 
9. Explain dewatering process involved in finishing operation of pulp. 

Hydraulically pressing pulp at 200-300 atm to form wet lap sheets which can be 

dried and further vacuum flash drying of mechanically dewatered pulp to produce 

a dry fluffy material which can be baled. Extension in form of easily-handled 

noodles or pellets or dried to 90% solids for longer range shipping. 

 
10. Explain depithing method. 

Depithing methods are based on the fact that the fibrous portion of bagasse is 

much more difficult to break up by mechanical action than the pith. Thus, 

exposure of bagasse to strong mechanical shredding-grinding action reduces pith 

to a fine powder while grinding in a hammer mill, with the water washing pith 

through the screens, is the preferred process. 

 
11. Explain chemical process involved in pulp manufacture. 

The cellulose from wood is freed from lignins and other non-cellulose ingredients 

by reaction with chemical reagents. The two important processes are sulfate and 

sulfite. The non-cellulosic fraction is solubilized with the insoluble pulp 

consisting of strong fibers of soft texture. These can be bleached in a white or 

near white. 

 
12. What are the various processes involved in sugar manufacture? 

The various processes involved in sugar manufacture are 

 Extraction of sugar cane to produce crystalline white sugar. 

 Extraction of sugar cane to produce gar, a dark brown sugar concentrate. 

 
13. What are the raw materials used in the paper industry? 

The raw materials used in the paper industry are 

 Softwoods: these include coniferous and non-coniferous woods. 

 Grasses and reeds: these include lemon, panni, ulla, siru, munji, etc. 

 Straws: these are based on rice, wheat, bagasse, barley, reeds, etc. 

 Cotton linters 

 Hardwoods: like acacia, lemon, gum, mysoregum, etc. 

 Kenaf and Mesta. 
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14. Mention the requisites for any cellulose raw material 

The requisites for any cellulose raw material are: 

 Ample supply 

 Available to pulp mill throughout the entire year 

 Should not deteriorate in storage 

 High yield of quality fibre 

 
15. What are the by-product of sugar and explain its uses? 

Molasses, bagasse and press mud are the major by-products of the sugar industry. 

Seventy percent of the molasses is used for manufacture of industrial alcohol 

and 30% for potable alcohol. Bagasse: it is used as fuel in boilers for generation 

of steam, raw material for the paper industry as well as cogeneration of power. 

Press mud: it is used in the farms as manure. 

 
16. What is starch? 

Starch is a high polymer carbohydrate occurring in grains and roots in the form 

of granules of 3- 199 microsize. These granules can be extracted from the grains 

by water hydration of the cells. 

 
17. Explain the critical zones of super saturation state exist in sugar 

manufacture. 

Transition region: 

Pulverized sugar seeds are added and new nuclei are produced at the highest 

Point of saturation (graining). 

Metastable region: 

The degree of super saturation is reduced by decreasing the vacuum and crystals 

will grow, but no new sites form. Simultaneous feed liquor addition and 

evaporation at this point can be used to raise the total quantity of crystals produced 

in one batch operation. 

 
18. Define paper and what are the types of paper products? 

Paper is defined as matted or fetted sheets of fibers, usually cellulosic and 

generally formed on a fine wire screen from a water suspension. Paper products 

are classified by requirements or by characteristics of the paper. They are: 

Wrapping paper, Tissue paper, Book paper, Writing paper, Ground wood printing 

paper, Paper band. 
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19. State the principle steps involved in fourdrinier process. 

The principle steps involved in fourdrinier process are: 

 Random arrangement of fibers into a wet web. 

 Removal of free water from wet web by wet pressing and compaction of 

the sheet. 

 Progressive removal of additional water by heated rolls. 

 
20. Mention the industrial application of starch. (Nov 2014) 

The hydrolyzed products of starch (Dextrin's, Syrups, and Sugars) go largely to 

the food industries. Dextrin is used in adhesives and gums. Oxidized form of 

starch is used in the paper industry as a wet strength additive and in adhesives. 

Ester of starch is used as thickeners in canned and frozen foods, adhesives, 

emulsion paint formulations, pharmaceutical filters and binders. 

 
21. What are the important byproducts of sugar industry? Mention their uses. 

The important byproducts of sugar industry are 

 Bagasse - used as fuel for steam boiler, fertilizer, cattle feed and for paper 

making 

 Molasses - used for the production of beer, ethyl alcohol (Distilleries) 

 
22. What is the role of activated carbon in cane sugar refining? (Dec. 2015) 

The role of activated carbon in cane sugar refining are: 

 Easy removal of bad tastes 

 Quick and complete removal of bad odors 

 Provide long term color stability 

 
23. What percentage of juice is extracted from sugarcane during the process of 

making sugar? (Nov 2019) 

The extracted juice, called vesou, contains 95 percent or more of the sucrose 

present. The mass is then diffused, a process that involves finely cutting or 

shredding the stalks. Next, the sugar is separated from the cut stalks by dissolving 

it in hot water or hot juice. 

 
PART-B 

1. With the help of a neat flow chart, discuss the various stages involved in the 

manufacture of paper. (Nov 2016/ 2019) 

2. Write in detail on manufacture and processing of paper by sulfate process. (Nov 2015) 

3. Explain with flow diagram the manufacture of pulp with black liquor recovery 

and reuse. 

4. How is the coated paper produced from ordinary paper? 
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5. Write short notes on the various types of structural boards. 

6. Write short notes on the various types of structural boards. 

7. Briefly write about Cellulose derivatives. 

8. Write short notes on different types of paper products.(Nov 2014) 

9. Draw a flow chart for refined sugar manufacturing process and explain the 

process. (Nov 2014) (Nov 2019) 

10. Discuss about starch and starch derivatives. (Nov 2013) 

11. Explain the Kraft chemical pulping process.(Nov 2016) 

 

 

 
UNIT IV 

PETROLEUM AND PETRO CHEMICAL INDUSTRIES 

 
1. What are the constituents of petroleum? (Nov 2013) 

The constituents of petroleum are given below 

 ALIPHATICS: N-paraffin, Iso-paraffins, and Olefins. 

 RING COMPOUNDS: Naphthenes, Aromatics. 

 ASPHALT: Asphaltenes Resins. 

 MINOR CONSTITUENTS: Sulfur, Nitrogen, and Traces of Fe, Mo, Na, 

Ni, V. 

 
2. What is composition of natural gas? 

Natural gas is composed of paraffin series from C1 to C5, nitrogen, carbon-di- 

oxide, and sometimes helium. Products obtained from natural gas are fuel, LNG, 

natural gasoline, carbon black, He, hydrogen and synthesis gas. 

 
3. What are the separation processes for natural gas liquids? 

The separation processes for natural gas liquids are 

 Refrigerated absorption 

 Low-temperature distillation 

 Adsorption 

 
4. What are precursors of petrochemicals? (Nov/ Dec2012) 

Precursors are reactive materials usually made by breaking down larger molecules 

called feedstock. The principal precursors are ethylene, acetylene, propylene, 

butene, toluene, benzene, xylenes, Naphthalene. 
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5. What is octane number? 

The octane number a measure of the suitability of a fuel for high-compression 

engines, is the percentage of Iso-octane which, when added to n-heptane, knocks 

in a special test engine to the same degree as the fuel being tested. 

 
6. What is naphtha? 

The term naphtha is generally applied to materials with boiling ranges between 

gasoline and kerosene. There are number of specialty naphthas e.g. varnish maker's 

and painter's naphtha, dry cleaning solvent, rubber solvent etc. 

 
7. What are the intermediate distillates? (Nov/ Dec2012) 

The intermediate distillates are 

 Gas oil, Diesel fuels 

 Light and heavy domestic furnace oils 

 Higher distillates for cracking to yield gasoline 

 
8. What are additives added to petroleum products? 

The additives added to petroleum products are 

 Alkylates and reformates - maintain quality of unleaded gasoline's. 

 Organophosphates - reduce combustion chamber deposits 

 Corrosion inhibitors 

 Antioxidants -stabilize the olefins and diolefins & hence reduce the 

production of engine gum and varnish. 

 Detergents - to promote cleanliness. 

 
9. What are uses of heavy distillates? 

The use of heavy distillate are that they are converted into lubricating oils, heavy 

oils for a variety of fuel uses, waxes used for treating paper especially milk 

cartons & cracking feedstock. They are also used for bunker fuel for ships and in 

large stationary power plants. 

 
10. What is pyrolysis? 

It is defined as the treatment of hydrocarbons at high temperature and pressure 

preferably in the presence of catalyst to change their molecular weights. The 

purpose is to crack larger molecules to smaller ones especially in boiling range of 

gasoline. 
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11. What are the various separation processes in refining? (Nov 2016) 

The various separation processes in refining are 

 Fluid flow, Heat transfer, Distillation 

 Absorption, Adsorption, Filtration, Crystallization, Extraction. 

 
12. What are the various conversion processes in refining?(Nov 2013) 

The various conversion processes in refining are 

 Cracking or pyrolysis, Polymerization, Alkylation 

 Hydrogenation, Hydrocracking, Isomerization 

 Reforming or aromatization, Esterification and Hydration. 

 
13. Define reforming. 

The octanes of straight run gasoline's, naphthas, natural gasolines are low, and 

hence these fractions are subjected to a high temperature catalytic treatment, 

frequently in the presence of hydrogen, designed to preserve their present 

molecular size, but convert them into branched chain and aromatic compounds 

with high antiknock ratings. Eg. for catalysts are pt on alumina or silica-alumina 

& chromium on alumina. 

 
14. Define hydro treating. 

Hydro treating is mild processing in the presence of hydrogen, and desulfurizes, 

improves color, reduces metallic contamination which is destructive to cracking 

catalysts, improves storage stability, saturates olefins. Improvements in specialty 

products are particularly marked. 

 
15. What is coking? 

Thermal cracking of heavy oils produces light oils in which considerable coke is 

formed, this is called coking. Flexi coking is a new process that takes the coke 

made and converts it into clean fuel gas by gasifying it with steam and air or 

oxygen. 

 
16. Why are antioxidants used in petroleum products? Give examples (Nov 

2016) 

They are used to prevent the formation of gums. E.g. alpha-naphthol substituted 

catechols, cresols, benzyl-p-amino phenols & certain coal, wood tar fractions. 

 
17. How to produce methyl tertiary butyl ether (MTBE)? 

It can be produced with high selectivity by reacting a mixer of butene-butane 

fraction with methanol in the liquid phase on a fixed bed of ion-exchange resin 

catalyst. Reactor effluent on distillation gives 99% pure MTBE. 
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18. List out the petrochemical products obtained from methane? (Nov 2014) 

 Synthesis Gas which is used to produce Methanol, Hydrocarbons, 

Alcohols and Hydrogen. 

 Halocarbons, 

 Acteylene, 

 Carbon Black, 

 Carbon Disulfide and Hydrocyanic Acid. 

 
19. What is Oil shale? (Dec.2015) 

Oil   shale,   also   known   as kerogen   shale,   is   an   organic-rich fine- 

grained sedimentary rock containing kerogen (a solid mixture of organic 

chemical compounds) from which liquid hydrocarbons called shale oil (not to be 

confused with tight oil—crude oil occurring naturally in shales) can be 

produced. 

 
20. Give example of some of the oxidation reactions. 

 Phthalic acids from xylenes and naphthalene 

 Vanillin from eugenol 

 Toluene to benzaldehyde and benzoic acids 

 Cumene to cumene hydro peroxide & Benzene to maleic acid. 

 

 
PART B 

1. What are the various unit operations in a refinery process? (Nov 2013) 

2. Discuss the important physical and chemical conversion products of petroleum 

refining. 

3. Write short notes on catalytic cracking, Vis breaking and catalytic reforming 

process. (Nov2014) 

4.  Explain the synthesis of acetaldehyde by air oxidation of methane with neat 

flow diagram. 

5.  Describe the manufacture of any two important products obtained from olefins 

by various unit processes. (Nov 2013) 

6. What is sweetening process? Explain any one of the major ways of attaining 

sweetening. 

7. What are the main aromatics obtained from petroleum? (Dec. 2015) 

8. Describe with a neat flow sheet the manufacture of Phenol by Toluene oxidation 

process. 

9. Explain the main operating components of fluid catalytic cracking unit. 

10. What is catalytic reforming? With a neat flow diagram explain the process. (Nov 2016) 

https://en.wikipedia.org/wiki/Fine-grained
https://en.wikipedia.org/wiki/Fine-grained
https://en.wikipedia.org/wiki/Fine-grained
https://en.wikipedia.org/wiki/Kerogen
https://en.wikipedia.org/wiki/Organic_chemical_compound
https://en.wikipedia.org/wiki/Organic_chemical_compound
https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Shale_oil
https://en.wikipedia.org/wiki/Tight_oil
https://en.wikipedia.org/wiki/Petroleum
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11.  Discuss in detail about the various chemical intermediates and products obtained from 

methane and synthesis gas. (Nov 2016) 

12. Elaborate on the atmospheric distillation unit of crude petroleum. (Nov 2013) 

13. Write short notes on Isomerization and Catalytic Reforming (Nov 2019) 

14. Discuss the details of composition and classification of petroleum based on US bureau 

of mines and API. (Nov 2019) 

 

 
UNIT V 

FUEL AND INDUSTRIAL GASES 

1. What is composition of natural gas? 

Natural gas is composed of paraffin series from c1 to c5, nitrogen, carbon-di- 

oxide,and sometimes helium. Products obtained from natural gas are fuel, LNG, 

natural gasoline, carbon black, He, hydrogen and synthesis gas. 

 
2. What is producer gas and water gas? 

When superheated is passed over red hot coke, a mixture of carbon monoxide 

and   hydrogen   is   obtained   which   is   known   as   water   gas. Producer 

gas: A gas mixture containing carbon monoxide (CO), hydrogen (H2), carbon 

dioxide (CO2) and nitrogen (N2). 

 
3. Why producer gas is not a good fuel? 

Producer gas is a mixture of flammable gases (principally carbon monoxide and 

hydrogen) and nonflammable gases (mainly nitrogen and carbon dioxide) made 

by the partial combustion of carbonaceous substances, usually coal, in an 

atmosphere of air and steam. 

 
4. What is the formula for natural gas? 

Methane - One carbon atom;   chemical   formula CH4.   The   principal   use 

of methane is that it is used as a fuel. The natural gas that is delivered to your 

home is almost pure methane. 

 
5. What is syn gas? 

Syngas, or synthesis gas, is a fuel gas mixture consisting primarily of hydrogen, 

carbon monoxide, and very often some carbon dioxide. The name comes from 

its use as intermediates in creating synthetic natural gas (SNG) and for producing  

ammonia or methanol. 



CH8501 Chemical Process Industries 2020-2021 

21 Department of Chemical Engineering 

 

 

6. What is the difference between water gas and syngas? 

Syngas is a product obtained from gasification of carbon-containing materials 

such as coal. Water gas is produced from syngas. The main difference between 

Syngas and water gas is that syngas is composed of carbon   dioxide 

whereas water gas has no carbon dioxide. 

 
7. What is gaseous fuel? 

Fuel gas is any one of a number of fuels that under ordinary conditions are 

gaseous. Many fuel gases are composed of hydrocarbons (such as methane or 

propane), hydrogen, carbon monoxide. 

 
8. What are the advantages of gaseous fuel? 

Liquid and gaseous fuels have higher calorific values than the solid fuels. In 

other words, for a given mass of the fuel, liquid and gaseous fuels produce more 

heat. Liquid and gaseous fuels produce little or no smoke, whereas most of the 

solid fuels burn with smoke. 

 
9. What is the coke oven gas? 

Coke-oven gas is a fuel gas having a medium calorific value that is produced 

during the manufacture of metallurgical coke by heating bituminous coal to 

temperatures of 900°C to 1000°C in a chamber from which air is excluded. 

 
10. What is a coke oven used for? 

It is used to convert the bituminous coal mined in the local mountains into 

industrial coke, a relatively clean-burning fuel used in the smelting of iron ore. 

 
11. What are the three types of fuel? 

There are three types of fossil fuels which can all be used for energy provision; 

coal, oil and natural gas. 

 
12. What is the composition of coke oven gas? 

Coke oven gas is formed by heating coal to 1100 °C without access of air. The 

classic composition of coke gas: hydrogen (H2 - 51%), methane (CH4 - 

34%),carbon monoxide (CO - 10%), ethylene (C2H4 - 5%). The composition 

may also include benzene (C6H6), ammonia (NH3), hydrogen sulfide (H2S) and 

other components. 

 
13. What are the industrial uses of nitrogen oxygen and argon gases? 

Argon is a significant shielding gas used during arc welding processes, either on 

its own or combined with other gases. It is also used as the inert gas in electric 
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light bulbs (when mixed with nitrogen), as a low thermal conductivity medium 

within double-glazing window units and for semiconductor manufacture. 

 
14. What is industrial oxygen? 

Industrial oxygen (gas/liquid) predominantly produced industrially by the 

fractional distillation of liquefied air or the use of Zeolites to remove carbon 

dioxide and nitrogen from air (CO2), or the electrolysis of water. 

 
15. What are Industrial gases? 

Industrial gases are the gaseous materials that are manufactured for use 

in industry. The principal gases provided are nitrogen, oxygen, carbon dioxide, 

argon, hydrogen, helium and acetylene; although a huge variety of gases and 

mixtures are available in gas cylinders. 

 
16. What is carbon dioxide gas used for? 

Carbon dioxide in solid and in liquid form is used for refrigeration and cooling. 

It is used as an inert gas in chemical processes, in the storage of carbon powder 

and in fire extinguishers. 

 
17. What happens when you mix nitrogen and oxygen? 

Nitrogen is very unreactive; this is because of the nitrogen triple bond. We can 

get the nitrogen to react with the oxygen in the air so in a thunderstorm all the 

energy from the lightning can actually cause the oxygen and nitrogen to combine  

together. 

 
18. What are the main uses of hydrogen? 

 Commercial fixation of nitrogen from the air in the Haber ammonia 

process. 

 Hydrogenation of fats and oils. 

 Methanol production, in hydrodealkylation, hydrocracking, and 

hydrodesulphurization. 

 Rocket fuel. 

 Welding. 

 Production of hydrochloric acid. 

 Reduction of metallic ores. 

 
19. What is liquefied natural gas used for? 

LNG is normally warmed to make natural gas to be used in heating and cooking 

as well as electricity generation and other industrial uses. LNG can also be kept 

as a liquid to be used as an alternative transportation fuel. 
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20. Can gases like oxygen nitrogen and carbon dioxide be recycled? 

The percentage of gases like oxygen, nitrogen and carbon dioxide remains 

almost the same in the atmosphere because the cycling process of all these gases 

maintains their   percentage   in   the   atmosphere   at   constant   level. 

Constant recycling replenishes the lost gas in the atmosphere and balance is 

maintained. 

 
21. Enumerate the uses of LNG. (Nov 2019) 

LNG is normally warmed to make natural gas to be used in heating and cooking 

as well as electricity generation and other industrial uses. LNG can also be kept 

as a liquid to be used as an alternative transportation fuel. 

 
22. Enumerate the reaction involved in the manufacture of producer gas. (Nov 

2019) 

Producer gas is a combustible gas manufactured by blowing a mixture of steam 

and air upwards through a bed of hot coke, or coal, such that the fuel is 

completely gasified. The gas obtained from coke consists mainly of a mixture of 

carbon monoxide and hydrogen with the nitrogen from the blast of air. 

H2O + C → H2 + CO 

 
PART-B 

 
1. What is Industrial gases and classify them in detail. 

2. Discuss in detail about the producer gases. 

3. Give the application and uses of water gas 

4. How the coke oven gas is produced? 

5. Distinguish between the natural gas and LPG. 

6. How LPG is produced and gives the schematic diagram? 

7. What are the applications of carbon gas? 

8. Give in detail the application of oxygen industrial gas. 

9. State the differences between the nitrogen gas and oxygen gas in industry 

manufacture process. 

10. How the industrial gases used in our chemical industry? 

11. How to prevent the pollution caused by these industrial gases? 

12. How do you classify the fuel gas? 

13. With a help of neat flow sheet, describe the various stages involved in the 

production of nitrogen and oxygen gases using Linde-Frankl cycle. (Nov 2019) 

14. Describe the production of water gas, producer gas and coke oven gas with a 

neat flow diagram. (Nov 2019) 
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CH 8502 CHEMICAL REACTION ENGINEERING-I 

UNIT I 
 

1. Distinguish between homogeneous and heterogeneous reactions. 
 

Homogeneous reactions: 

 A reaction is homogeneous if it takes place in one phase alone. 

 Most gas-phase reactions and fast reactions such as burning of a flame are non- 

catalytic type. 

 Most liquid phase reactions, reactions in colloidal systems, and enzyme & 

microbial reactions 4are catalytic type. 

Heterogeneous reactions: 

 A reaction is heterogeneous if it requires the presence of at least two phases to 

proceed at the rate it does. 

 Burning of coal, roasting of ores, attack of solids by acids, and gas-liquid 

absorption with reaction are non-catalytic type. 

 Ammonia synthesis, oxidation of ammonia to produce nitric acid, cracking of 

crude oil, and oxidation of SO2 to SO3 are catalytic type. 

 

2. What is elementary reaction? (APRIL, 2011) 
 

The reactions in which the rate equation corresponds to a stoichiometric equation are 

called elementary reaction. 

 

3. What is meant by non-elementary reactions? (May, 2016), (May, 2015) /What is 

Non-elementary reaction? (APRIL, 2011) 

The reactions in which there is no correspondence between stoichiometry and rate 

equation are known as Non-elementary reaction. 

 

4. Define the term ‘specific reaction rate’ or ‘rate of reaction’. 
 

The rate of reaction may be expressed either as the rate of disappearance of a certain 

reactant or the rate of formation of a certain product. It is a positive quantity and tells us 

how the concentration of reactant or product changes with time during the course of 

reaction. 

 

5. Define rate equation [ MAY 2018] 

 
The rate law or rate equation for a chemical reaction is an equation gives the 

relationship between the reaction rate with the concentrations or pressures of the 

reactants. 

 

6. What are the variables affect the rate of reaction? 
 

Many variables affect the rate of reaction of a chemical reaction. In homogeneous 

systems the temperature, pressure, and composition are obvious variables. 

In heterogeneous systems, material may have to move from phase to phase during 

reaction; hence, the rate of mass transfer can be important. In addition, the rate of heat 

transfer may also become a factor. 

 It is simple to work and is recommended when testing specific mechanisms, or 

relatively simple rate expression. (elementary reactions) 

 Order obtained is accurate. 

https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Reaction_rate
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 It has a disadvantage that it fails to test the rate expression involving fractional 

orders and involves multi-stage analysis in testing the rate form. 

 

7. Distinguish between integral and differential method of analysis of kinetic data. 

(JUNE,2012) 

Differential method of analysis: 

 Single stage analysis, tests any mechanism or rate form. 

 It is the best analysis for fractional order reactions. 

 It can be used to develop or build a rate equation to fit the data. 

 It has a disadvantage that it requires more accurate or large amounts of data to 

evaluate (dCi / dt), which is the slope of the curve ‘Ci‘ versus ‘t’, at different 

intervals of ‘t’ and it is difficult to work also. 

 

8. What are single and multiple reactions? 
 

Single reaction: When a single stoichiometric equation and single rate equation are 

chosen to represent the progress of the reaction, then it is said to be ‘single reaction’. 

Multiple reactions: When more than one stoichiometric equation is chosen to represent 

the observed changes, then more than one kinetic expression is needed to follow the 

changing composition of all the reaction components, it is said to be ‘multiple reactions’. 

Multiple reactions may be classified as; Series reactions, Parallel reactions, and Series- 

Parallel reactions. 

 

9. Discuss the reaction rate of homogeneous reactions. (MAY 2017) 
 

Suppose a single-phase reaction   aA + b B r R + s S. The most useful measure of 

reaction rate for reactant ‘A’ is then 

-rA = - (1/V) (dNA/dt) = [Amount of A disappearing] / [(Volume) (Time)], [mol/m3-s] 

Where (-rA) is the rate of disappearance of A and it is the intensive measure; Minus 

sign means disappearance. 

In addition, rates of reaction of all materials are related by(-rA)/a = (-rB)/b = rR/r = rS/s. 

 

10. Distinguish between conversion and yield? (JUNE, 2012) 

Conversion is the amount of reactant being converted to product at unit time. Yield is 

defined as the ratio of moles of product formed to moles of reactant either fed or 

consumed. 

 
11. What are the order and molecularity? (June, 2014) / DefineMolecularity of the 

reaction. (May 2015,Dec 2016) (MAY 2017) (MAY 2018) 

The sum of the powers of the concentration terms involved in the rate equation of a 

reaction is called Order of that reaction.The number of molecules involved in the 

reaction is called Molecularity.q 

 
12. What is meant by overall order of the reaction? (May, 2015). 

The sum of the powers of the concentration terms involved in the rate equation of a 

reaction is called Order of that reaction 

 

13. What is Rate constant ‘K’? 
 

The rate constant is equal to rate of reaction when the concentrations of limiting reactants 

are unity. 
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14. What are Multiple reactions and give its sub types? 
 

When more than one stoichiometric equation is chosen to represent the observed changes, 

then more than one kinetic expression is needed to follow the changing composition of all 

the reaction components, called multiple reactions. Series reaction, parallel reaction and 

combination of both are the types of multiple reactions. 

 

15. What are parallel reactions and give its sub types? 
 

When two or more reactions are involved using same reactants simultaneously, the 

reaction is called parallel reaction. Competitive and side by side reaction are its subtypes. 

 

16. What is competitive reaction? 
 

When the same reactant is used for two or more reactions simultaneously, the reaction is 

called competitive reaction. 

 

17. What is side by side reaction? 
 

It is the type of parallel reaction, where different reactants are used for two or more 

reactions, but occurred simultaneously, called as side by side reaction. 

 

18. What are the various intermediates that can be formed in a non-elementary 

reaction? 

Free radicals, ions and polar substances, molecules, transition  complexes  are  the  

various intermediates that can be formed in a non-elementary reaction. 

 

19. With suitable example, show the representation of an elementary reaction in 

terms of partial pressure. 

For isothermal (elementary) gas reactions where the number of moles of material 

changes during reaction, the relation between the total pressure of the system ‘’ to 

the changing concentration or partial pressure of any of the reaction component is 

aA + b B + ...  r R + s S + … 

For the component ‘A’, pA = CA R T = pAo – [(a/n) ( - o)] 

For the component ‘R’, pR = CR R T = pRo + [(r/n) ( - o)] 

And the rate of the reaction, for any component ‘i', is given by 

ri = (1/RT) (dpi/dt) 

 

20. How will test the kinetic models that involve a sequence of elementary reaction? 

In testing the kinetic models that involve a sequence of elementary reaction, we 

hypothesize the existence of two types of intermediates; 

Type-I: An unseen and unmeasured intermediate ‘X’ usually present at such small 

concentration that its rate of change in the mixture can be taken to be zero. Thus, we have 

[X] is small and d[X]/dt = 0. This is called the ‘steady-state approximation’. 

Type-II: Where a homogeneous catalyst of initial concentration Co is present in two 

forms, either as free catalyst ‘C’ or combined in an appreciable extent to form the 

intermediate ‘X’, an accounting for the catalyst gives [Co] = [C] + [X]. We then also 

assume that 

either (dX/dt) = 0 or that the intermediate is in equilibrium with its reactants. 

Using the above two types of approach, we  can  test  the  kinetic  model  or search a 

good mechanism; Trial and error procedure is involved in searching for a good 

mechanism. 
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UNIT II 

 

1. What are steady and unsteady state operations? (May, 2016) 

When the conditions at all points are constant at different times, the 

operations/reactions are called as steady state operations whereas when the conditions 

are changing with time, then it is called as unsteady state operation. 

 

2. Derive the performance equation of a MFR applied to a variable volume first 

order irreversible reaction. (May, 2013) (MAY 2017). 

The performance equation of MFR applied to variable volume first order irreversible 

reaction,ι/C Ao = XA/(-rA). 

Here, kτ = XA (1+εAXA)/(1-XA) 

 

3. Give the basis on which chemical reactions and reactors are classified. 

a. Based on number of phases: Homogeneous & Heterogeneous reactions. 

b. Based on progress: Reversible & Irreversible reactions. 

c. Based on stoichiometric equation: Single reaction & multiple reaction (Series 

&parallel reaction) 
 

4. Differentiate constant volume and variable volume methods of analysis of 

reactors. 

Constant volume method: 

 It refers to the volume of reaction mixture, and not the volume of reactor. It 

actually means a constant density reaction system, that is, the composition of 

reaction mixture is constant. 

 Most of the liquid phase as well as gas phase reactions occurring in a constant 

volume bomb fall in this class. 

 In a constant volume system, the measure of reaction rate of component ‘i’ 

(reactant or product) becomesri = (1 / V) (dNi/ dt) = dCi / dt. 

 Conversion of reactant ‘A’ in this method is given by X A = 1 – (CA/CAo). 

Variable volume method: 

 It actually means the composition of reaction mixture varies with time by the 

presence of inerts. 

 Gas phase reactions involving the presence of inerts or of impure reactants 

occurring in a reactor fall in this class. 

 The measure of reaction rate of component ‘i’ (reactant or product), in this 

method, becomes ri = (Cio / i) [d (ln V)/ dt). 

 In variable volume system, the fractional change in volume of the system 

between the initial and final stage of the reaction will be accounted. Thus, 

conversion of reactant ‘A’ becomes XA = [1 – (CA/CAo)] / [1 + A (CA/CAo)]. 

 

5. What is a pseudo first order reaction? Give an Example. 

A second order rate equation which follows the first order rate equation is defined as 

pseudo First order reaction. Example: Ester hydrolysis. 

CH3 COO C2 H5 + H 2O  CH 3COOH + C 2H 5OH 

(A) (B) (C) (D) 

When C BO >>C Ao,Concentration of H 2O is very large, - rA = - dCA/dt =k ‘CA. 

 

6. What is a zero order reaction? 

When the rate of the reaction is independent of the concentration of the reactants, it   

is called as Zero order reaction. Example: Decomposition of HI 

 

7. Explain bimolecular reactions with examples. 

An irreversible bimolecular-type second-order reaction may fall on two categories; 

(1) The reaction A + B  Products with corresponding rate equation 

-rA = - (dCA/dt) = - (dCB/dt) = k CA CB 
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Here the amounts of A and B that have reacted at any time‘t’ are equal. 

(2) The reaction 2A  Products with corresponding rate equation 
-rA = - (dCA/dt) = k C 2 

A 

Here in practice that the reactant ratios either equal to or widely different fromthe 

stoichiometric ratio. 
 

8. Explain third order reaction with example. 

An irreversible trimolecular-type third-order reaction may fall on two categories; 

(1) The reaction A + B + D  Products with corresponding rate equation 

 

-rA = - (dCA/dt) = k CA CB CD. 

If CDo is much greater than both CAo and CBo, the reaction becomes second order. 

(2) The reaction A + 2B  Products with corresponding rate equation 

 

-rA = - (dCA/dt) = k CA CB
2. 

 

9. Write the empirical rate equation of nth order. 
The empirical rate equation of nth order, -rA = - dCA/dt = k C n (constant volume). 

Separating the variables and integrating, we get C 1-n - C 
A 1-n = (n - 1) k t. 

A Ao 

Case i) n>1, CAo
1-n = (1 - n) k t. The slope is (1 - n) 

k is negative Or the time decreases. 
Case ii) n<1, CAo

1-n = (1 - n) k t. The slope is (1 - n) k is positive. 

The rate of the reaction predicts that the reaction will drop to zero at someinfinite time 

which is completion of the reaction (CA = 0). 
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10. What are autocatalytic Reactions? 

A reaction in which one of the products of reaction acts as a catalyst is called 

autocatalytic reaction. Example: A+R R+R 

 

11. What are multiple reactions? Explain. 

When more than one stoichiometric equation is used to represent a reaction and    

more than one rate equation is required to follow the change in concentration 

of all the components, the reactions are said to be ‘Multiple reactions’. It can be 

classified as Series, Parallel or Series-Parallel reactions. 

 

12. Give the variables affecting the rate of reaction. 

The variables affecting the rate of the reaction are (1) temperature (2) Pressure and 

(3) Composition of materials involved. 

 

13. What is activation energy? (MAY 2017) 

The excess energy of the reactants required to dissociate into products is knownas 

activation energy. 

 

14. Write Arrhenius Law. 

The temperature dependency on the reaction rate constant is given by Arrhenius   

Law. That 

is, k = ko e-E/RT 

Where k = rate constant, k0 = frequency factor, E = Activation energy 

 

15. Define Half life of the reaction. 

The half life of the reaction ‘t1/2’ is defined as the  time  needed  for  the  

concentration of reactants to drop to one half its original value. 

 

16. Define Fractional Conversion ‘XA’. (APRIL, 2011) 

Fractional conversion of a reactant A is defined as fractional reactant converted into 

product at any time.  It is given by the equation, XA = (NAO – NA) / NAO 

Where ‘NAO’ is the initial no. of moles of reactant ‘A’ at t = 0. 

‘NA‘ is the remaining no. of moles of reactant at any time ‘t’ in the reaction. 

 

17. For an irreversible gas phase reaction 2A  3R, determine the value of A if the 

feed is a mixture of 50% A and 50% inert. 

Component Initial (XA=0) Final (XA=1) 

A  0.5 0 

Inert 0.5 0.5 

R 0 0.5 * 3/2 = 0.75 

Total 1.0 1.25 

Therefore, A = [VX=I - VX=0] / VX=0 = [1.25 - 1.0] / 1.0 = 0.25 

 

18. Half-life of a first order reaction A  B is 10 min. What percent of A remains 

after 60 min? 

 We know, the performance equation of a first order reaction taking place in the 

batch reactor as - ln(1- XA) = k t 

 Given, at t = 10 min X A = 0.5 (Half-life). Then, from the above equation, we 

get k = 0.069315. 

 Thus, at t = 60 min, we get 

Remaining A, (1- XA) = exp (-k t) = exp (- 0.069315 * 60) = 0.0156 or 

1.56% 

 

19. For (-rA) = k CA / (M+CA), how will you graphically determine ‘k’ & ‘M’ from 

CA vs. (-rA) data? 
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 Taking reciprocal of the given expression, we get 1/(-r A) = (M/k) (1/CA) + 

(1/k). 

 Then plot a graph  of 1/(-r A) vs. (1/CA), using the given data, which forms a 

straight line with slope as (M/k) and intercept as (1/k). 

 From the intercept, we get ‘k’ and (slope/intercept) will give ‘M’. 
 

20. The rate equation of a reaction 2A + B  C is -rA = k C 2 C . Find the unit of 

‘k’. 
A B 

 

 The given reaction, and from the rate equation, is third order. 

 We know, the unit for the rate constant, in general, is 

k = [time]-1 [concentration]1-n = [min]-1 [mol/lit]1-3 = lit2/mol2-min 

 

21. What are ideal reactors? 

Ideal reactors (BR, PFR, and MFR) are relatively easy to treat. In addition, one or 

other usually represents the best way of contacting the reactants – no matter what the 

operation. For these reason, we often try to design real reactors so that their 

flows approach these ideals. 

 

22. What is a Batch reactor? 

A batch reactor (BR) is one in which reactants are initially charged into a container, 

are well mixed, and are left to react for a certain period. The resultant mixture 

is then discharged. This is an unsteady state operation where composition changes 

with time; however at any instant the composition throughout  the  reactor  is  

uniform. 

 

23. What are the advantages and disadvantages of a batch reactor? 

The advantages of a batch reactor are (i) small instrumentation cost and (ii) flexibility 

of operation. 

A batch reactor has the disadvantages of (i) high labour (ii) poor quality control of  

the product and (iii) considerable shutdown time has taken  to empty, clean 

out and refill. 

 

24. Write down the performance equation of Batch reactor. (May, 2015). 

The performance equation of batch reactor is 

t/CA0 = ∫dxA/dt. 

 

25. What is a Mixed flow reactor? 

 Mixed flow reactor (MFR) is also called as back mix reactor or continuous 

stirred rank reactor (CSTR) or constant flow stirred tank reactor (CFSTR). 

 In this reactor, the contents are well stirred and uniform throughout. The exit 

stream from the reactor has the same composition as the fluid within the reactor. 

 

26. What is a Plug flow reactor? 

 Plug flow reactor (PFR) is also referred as slug flow, piston flow, ideal tubular,  

and unmixed flow reactor. It specifically refers to the pattern of flow as plug 

flow. 

 It is characterized by the fact that the flow of fluid through the reactor is orderly   

no element of fluid overtaking or mixing with any other element ahead or 

behind. 

 Actually, there may be lateral mixing of fluid in a PFR; however, there must be 

no mixing or diffusion along the flow path. 

 The necessary and sufficient condition for plug flow is the residence time in the 

reactor to be the same for all elements of fluid. 

 

27. Differentiate between MFR and PFR. 
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MFR: i) there is no concentration gradient within the reactor, since there is uniform 

mixing. 

ii) Rate of reaction varies with concentration alone. 

PFR: i) There is concentration gradient within the reactor in the axial direction, 

since there  is no mixing in this direction. 

ii) Rate of reaction varies with position. 

 

28. Define space time & space velocity. (APRIL, 2011) 

The time required to process one reactor volume of feed measured at specified 

conditions is called space time. 

Space velocity is defined as the number of reactor volumes of feed at specified 

conditions which can be treated in unit time. 

 

29. What is the purpose of recycling in CSTR? 

In some reaction system, it is advantageous to divide the product stream and a part 

returned to reactor as recycle to increase the conversion rate. These reactors are called 

recycle reactors. The recycling provides a means for obtaining various degree 

of backmixing. 

 

30. What is meant by recycle ratio? (May, 2015), (Dec 2016) (MAY 2017) 

Recycle ratio ‘R’ can be defined as the ratio of the volume fluid returned to the 

reactor entrance to the volume of fluid leaving the system or reactor. 

31. Write the significance of Recycle ratio. 

Significance: Recycle ratio can be made to vary from zero to infinity. Reflection 

suggests that as the recycle ratio is raised, the behavior shifts from plug flow 

(R = 0) to mixed flow (R = ). 

 

32. When will the recycle reactor behave like a CSTR?(MAY 2017) 

When the recycle ratio ‘R’ becomes or tends to infinity (R=), the recycle reactor 

behaves like a CSTR. 

 

33. When do you go for recycle reactors?[ MAY 2018] 

Recycle reactors are used in the following situations 

i) When the reaction is autocatalytic 

ii) When it is necessary to maintain nearly isothermal operation of the 

reactor 

iii) When it is necessary to promote a certain selectivity 
 

34. When will the recycle reactor behave like a PFR? 

When the recycle ratio ‘R’ become to zero, then the recycyle reactor behaves like 

PFR. 
 

UNIT III 

1. Explain conservation of mass in reactors. 

Rate of accumulation of the component within the system = Rate of flow of a into the 

system — Rate of flow of An out of the system — Rate of consumption of component a 

in the system. 

 

2. Write the classification of chemical reactors based on the method of operation and 

the number of phases in the reaction mixture. 

Method of operation: Unsteady state reactorsbatch and Semi-batch 

Steady state reactor Tubular reactor, Back mix 

Phases: Homogeneous reactor  Batch, PFR, MFR reactors 

Heterogeneous reactor  Biochemical Reactor 
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3. What do you mean by a space velocity of 5 hr-1? 

In one hour, five reactor volumes of feed at specified conditions are being   treated   by 

the reactor. 

 

4. Distinguish between Holding time and Space time for flow reactors.[ MAY 2018] 

 Holding time: It is the mean residence time of flowing material in the reactor. It is 

given by the expression t = CAodXA / [(-rA) (1 + A XA)] 
 

 

 

 

 
fluid. 

Space time: It is the time needed to treat one reactor volume of feed at specified 

conditions. It is given by the expression = V/v o = (CAo V) / FAo 

For constant density systems (all liquids and constant density gases) t =  = V/v 

Where ‘V’ is the volume of the reactor and ‘v’ is the volumetric flow rate of reacting 
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5. Which reactors performance is identical for constant density systems? 

For constant density systems, the performance equation  for  Batch  reactor  and  Plug 

flow reactor are identical. 

 

6. At what situation the ratio of the volume of MFR's to PFR's is greater than unity? 

The ratio of the volume  of MFR's to PFR's is always greater than unity for identical   

feed composition (CAo), flow rate (FAo) and conversion and for all positive reaction 

orders. 

 

7. Consider a gas phase reaction 2A  R+2S with unknown kinetics. If a space velocity 

of 1min-1 is needed for 90% conversion of A in a PFR find the corresponding space 

time and mean residence time or holding tome of the fluid in the reactor. 

Given, XA=0.9, space velocity=1 min-1. 

(i) Space time=1/space velocity=1 min. 

(ii) tM= V/vf = V/vo (1 + A XA ); where A = (3 - 2)/2 = 0.5 and V/v0 = 1 

Therefore, t M = V/vf = V/vo (1 + A XA) = 1/1.45=0.6897 min. 

 

8. A 2nd order reaction is to be carried out in 3 CSTR’s of Volume 100 lit, 150 lit and 

200 lit. Explain how they are connected. 

For 2nd order (n > 1) reaction, to be carried out in CSTR’s  of  different  sizes,  the 

reactors should be ordered so as to keep the concentration of reactant as high as 

possible. This can be performed by arranging them in the ascending order with respect 

to volume or size. Hence, the best arrangement should be 

100 liter  150 liter  200 liter 

 

9. Differentiate between PFR's and batch reactors. How would you compare them? 

PFR: (i) It is a steady state flow reactor (ii) As space time increases concentration of 

reactant decreases (iii) Better quality control (iv) For high rate of reaction PFR is 

employed. 

Batch reactor: (i) It is unsteady state reactor (ii) As reaction  time  increases  

concentration of reactants decreases (iii) No better quality control (iv) For very slow 

reactions or low rate of reaction batch reactors are employed. 

 

10. What are steady and unsteady state operations? (June, 2014) 

Steady state reactor 

Reactors those in which the properties of the system do not change with time is said to 

be a steady state reactor. Example: Continuous stirred Tank reactor, plug flow reactor. 

Total mass inflow = Total mass outflow 

Unsteady state reactor 

Reactors are those in which the properties of the system changes with time and rate of 

reaction decreases with time expect for zero order reaction are said to be unsteady state 

reactor. Example: Batch reactor, Semi-batch reactor. There is accumulation in these 

reactors. Accumulation = input - output + generation - 

consumption. 

 

11. What are semi batch reactors? Give the different types. 

It is an unsteady state reactor. Reactors which are partially batch and partially continuous 

are referred to as semi-batch reactor. The semi batch reactors offers good control of 

reaction speed, because the reaction proceeds as reactants are added. Types: (i) 

volume changes but composition is unchanged (ii) composition changes but volume is 

constant. 

 

12. What are the different factors to be considered for reactor design? 

The different factors required for reactor design are (i) Size of reactor (ii) Type of reactor 
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(iii) Time or duration of reaction (iv) Temperature & Composition of reacting materialin 

the reactor (v) Heat removal or added and (vi) Flow pattern of fluid in the reactor. 

 

13. Which achieves higher conversion among the flow reactors for identical conditions? 

Why? 

For identical conditions i.e. for some reactor volume conversion achieved in PFR is 

higher than in MFR. Since in a PFR, all the properties vary gradually along the length 

of the reactor. Hence concentration is maintained at high value throughout and the 

rate of reaction is maintained at high value.Therefore Conversion achieved in PFR for 

same volume is greater or higher than in MFR. 

 

14. Why does rate of reaction vary in a PFR? How does it vary in a MFR? 

Rate of reaction varies, for isothermal reactions, in PFR as there is no mixing in the axial 

direction since rate of reaction is directly proportional to concentration. As 

concentration of reactant varies with distance rate of reaction also varies. 

In PFR, rate of reaction is independent of time and dependent on positionor distance. 

In MFR, rate of reaction is independent of position & dependents on concentration of 

reactants. 

 

15. Which reactors are most suitable for very high pressure gas phase reaction and for 

isothermal operation? 

Tubular flow reactor is most suitable for very high pressure gas phase reaction and Back-

mix reactor is most suitable for isothermal operation. 
 

16. What are the operating conditions for an exothermic reversible reaction-taking 

place in a plug-flow reactor? Give the uses of PFR. 

The operating conditions for an exothermic reversible reaction-taking place in a PFR are 

the temperature should be high in the beginning and decreased towards and of the 

reaction. 

Uses of PFR: 

i) For reactions where the reaction rate is fairly to extremely high, (ii) For large scale 

production, and (iii) For good qualitycontrol. 

 

17. For two CSTR’s operating in series, state the principle involved to determine the 

minimum volume of reactors. Given, feed concentration is CAO and final 

concentration is CA2. The reaction is first order. 

For a system of two CSTR’s connected in series, in which first order reaction is taking 

place and for the given conversion, the minimum volume of reactors will be obtained 

when both the reactors are operated with equal volume. This was obtained by using 

the minimum concentration of ‘A’ as CA, MIN = SQRT (CAO CA2) in the performance 

equation. 

 

18. How does intermediate conversion affect the volume of the multiple reactor system 

for single reactions? 

Intermediate conversion affects the volume of the multiple reactor system for single 

reactions in case of MFR only .In case of PFR intermediate conversion does not 

determine the total reactor volume; in the case of PFR’s whatever be the intermediate 

conversion the total reactor volume required to achieve a given conversion is identical 

.In case of MFR, there is a particular intermediate conversion. 
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At this conversion the total volume of the reactor required  is  minimum.  This  

conversion is called as “the best intermediate conversion“. If the intermediate 

conversion is changed the size ratio and volume of the units will change. 

 

19. A large CSTR, small CSTR and PFR of fixed volume are available. In general, how 

would you arrange them for getting maximum conversion for reactions of order >1 

and <1. Why? 

 For n>1 arrangement is PFR followed by small CSTR followed by large CSTR to 

maintain the reactant concentration as high as possible. 

 For n<1 arrangement is large CSTR followed by small CSTR followed by PFR. 

 For n=1 arrangement for first order reaction sequencing does not affect 

conversion. It can be either PFR followed by MFR or MFR followed by PFR. 

 

20. If 1/(-rA) versus XA graph decreases to a minimum from XA = 0 to XA = 0.4 and then 

increases, suggest a multiple reactor system with minimum volume for a desired 

conversion of XA = 0.6. 

For the given situation, the best reactor setup should be PFR followed by         CSTR. 

That is, PFR should be operated up to the point of minimum (up to XA = 0.4) 

followed by a CSTR to fulfill the desired conversion (XA = 0.6). 

Because minimum the area under the curve of 1/(-rA) versus XA will lead to  the  

minimum volume for the desired conversion. This was obtained only by the above 

said reactor arrangement. 

 

21. Define instantaneous yield. (May 2016),(APRIL, 2011), (JUNE 2012) (JUNE,2013) 

(June, 2014) (MAY 2017) (NOV 2018) 

Instantaneous fractional yield () is the ratio of moles of desired product formed at 

any instant to moles of reactant (A) reacted at any instant. 

‘’ is a function of CA. As CA varies throughout the reactor, ‘’ will also vary with 

position in the reactor. 

 

22. Define overall fractional yield.(JUNE, 2012) (JUNE 2013) (Dec 2016)(MAY 

2017)(NOV 2018) 

Overall fraction yield () is the mean of the  instantaneous  fractional  yields  at  all  

points within the reactor. 

Both the yields depend on the type of flow with in the reactor. 

 

23. Explain the term “Selectivity” and “Yield”.(Dec 2016)(NOV 2018) 

Selectivity is defined as the ratio of moles of desired product to moles of undesired 

product. 

Yield is defined as the ratio of moles of product formed to moles of reactant either     

fedor consumed. 

 

24. How does PFR convert to MFR? 

When the recycle ratio is made to infinity, PFR will act as MFR. 

 

25. How does MFR convert to PFR? 

When MFRs of more than 30 kept in series, MFR will act as PFR. 

26. How semi batch reactor can act as PFR? 

When the reactants are added in higher flow rate, the semi batch reactor can act as PFR. 

 

27. How semi batch reactor can as MFR? 

When the reactants are added in slower manner, the semi batch reactor can act as MFR. 
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UNIT IV 
 

1. What is Holding time? 

Holding time is nothing but mean residence time of flowing material in the reactor. 

 

2. What do you mean by optimum recycle operation? 

When material is to be processed to some fixed final conversion in a recycle reactor, 

there must be a particular recycle ratio ‘R’ that minimizes the reactor volume or space 

time. That recycle ratio is said to be optimum and the operation is said to be optimum 

recycle  operation. 

 

3. Define Optimum temperature Progression? ( MAY 2018) 

The Optimum temperature Progression is defined as that temperature progression 

which minimizes V/FAO (ie.size) for a given conversion of the reactant A. This 

optimum may be isothermal (constant temperature) or it may be a changing 

temperature may be along the length of a plug flow reactor with time in case of a 

batch reactor or from stage to stage in case of series of CSTR /MFR. 

 

4. Suggest the most suitable reactor setup for all autocatalytic reactions. 

The most suitable reactor setup for autocatalytic reactions is MFR operating at the 

point of maximum rate (low conversion) followed by a PFR (high conversion); 

that is, MFR operating to maximum rate followed by PFR. Because this will lead to a 

system with minimum volume for a desired conversion. 

 

5. What are the factors affected by the pattern of flow within the vessel for multiple 

reactions? 

The factors affected by the pattern of flow within the vessel for multiple reactions are 

(i) The Volume of the vessel, (ii) The product distribution, (iii) Selectivity and yield 

of product. 

 

5. How will you control the product distribution for reactions in parallel using 

k2/k1? 

The product distribution for reactions in parallel can be controlled by varying the ratio 

k2/k1 (ratio of the rate constants of the formation of undesired product to the desired 

product). This can be done in two ways; 

 By changing the temperature level of operation. (If the activation energy of the 

two reactions are different, k2/k1 can be made to vary.) 

 By using a catalyst. (One of the most important features of catalyst is  its  

selectivity in depressing or accelerating specific reactions. This may be a much 

more effective way of controlling product distribution than any other way.) 

 

6. How does the concentration level of reactants affect the product distribution in 

parallel reactions? 

For reactions in parallel, the concentration level of reactants is the keyto proper 

control of product distribution. That is, 

i) High reactant concentration favors the reaction of higher order. 

ii) Low reactant concentration favors the reaction of lower order. 

iii) The concentration level has no effect on the product distribution for reactions 

of the same order. 
 

7. Write the general representation of series-parallel reactions with an example. 

k1k 2 K3 

(i) A R  S TParallel with respect to A and series with respect to A, R, and 

S. 
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(ii) A + B  R and R + B  S 

Parallel with respect to B and Series with respect to A, R, and S. 

 

8. Explain the best operating conditions for parallel reactions. 

For a desired conversion, the best operating condition for parallel reactions is that 

the reaction should be performed in the MFR first, up to the maximum yield 

with respect to the concentration of reactant in the (S/A) versus CA, and the 

followed by a PFR up to the desired conversion. Here, ‘S’ is the desired product. 

 

9. For the parallel reactions A  R rR = 1 

A  S rS = 2 CA 
A  T rT = C 2 

A 

withCAo = 2 gmol/lit. What will be the frac.Yield of S when fractional conversion 

of A is 0.5? 

 For the given parallel reaction, the instantaneous fraction yield of ‘S’ with 
respect to ‘A’ is (S/A) = dC S / (dCA + dCS + dCT) = 2 CA / (1 + 2 CA + C 2) = 
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A 

A 

2 CA / (1 + CA)2 

 Given, X A = 0.5 or CA = CAo (1 – XA) = 2 (1 – 0.5) = 1 gmol/lit. Thus, 

(S/A) = 2 (1) / (1 + 1)2  = 2 / 4 = 0.5 
 

10. For the reactions A + B  R & R + B  S A& B are mixed in a 

Batch reactor. What is the maximum concentration of R you obtain? 

For the given series - parallel reactions, the maximum concentration of ‘R’, obtained 

in the batch reactor, is 

CR, max / CAo = [k1/k2]k2/(k2-k1) k2/k1 1 
CR, max / CAo = 1/e = 0.368 k2/k1 = 1 

 

11. For the first order reactions A  k1R  k2S,  if  k1  =  0.5  and opt, CSTR  =  10  secs, 

calculate opt, PFR. 

 We know, for first order reactions in series - taking place in a CSTR, the 

expression for optimum space time is opt, CSTR = 1 / SQRT (k1k2). 

 Given, k 1 = 0.5 &opt, CSTR = 10 secs. Using this given data, from the above 

expression, we have k2 = 1/( k1opt, CSTR
2) = 1/[(0.5) (102)] = 0.02 

 We know, for first order reactions in series - taking place in a PFR, the 

expression for optimum space time is opt, PFR = ln (k2/ k1) / (k2 – k1). 

 Using  the  given  value  for  ‘k 1‘and the determined value of ‘k2’, the above 

expression yieldsopt, PFR = ln (0.02/0.5) / (0.02 – 0.5) = 6.706 secs. 
 

12. Reactant A in a liquid either isomerizes or dimerizes as follows; 

A Rdesired, rR = k1 CA and A + A Sunwanted, rS = k2 C 2 

Write  (R/A) and  [R/(R + S)]. 

For the given parallel reaction, the instantaneous fractional yields 

 (R/A) =  [R/(R + S)] = dCR/ (dCR + dCS) = k1 CA / (k1 CA + k2CA
2) 

= k1 / (k1 + k2CA) 

 

13. Explain “First-order reaction followed by Zero-order reaction” and vice-versa. 

 “First-order reaction followed by Zero-order reaction” – It is a special case of 

series reaction, which can be represented as 

A   k1 R k2 S -rA = k1CA&rR = k1 CA – k2 
n = 1 n = 0 

 “Zero-order reaction followed by First-order reaction” – It is a special case of 

series reaction, which can be represented as 

A   k1 R k2 S -rA = k1&rR = k1 – k2 CR 
n = 0 n = 1 

14. Explain qualitatively how to maximize the desired product in series reactions. 

 For irreversible reactions in series the mixing of fluid of different composition 

is the key to the formation of intermediate, the desired reaction product. The 

maximum possible amount of any and all intermediates is obtained if fluids of 

different compositions and at different stages of conversion are not 

allowed. 

 This also allows us to evaluate the effectiveness of various reactor systems.     

For example, plug flow and batch operations should both give a maximum R 

(the intermediate) yield because here there is no mixing of fluid streams of 

different compositions. On the other hand, the mixed reactor should not give 

as high a yield of R as possible because fresh stream of pure A (the reactant) is 

being mixed continually with an already reacted fluid in the reactor. 

 

15. Give the application of irreversible series - parallel reactions. 

 The field of polymerization affords an opportunity for a fruitful application of 

series - parallel reactions. 
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4 

3 

rT 

R 

 Often hundreds or even thousands of reactions in series occur in the formation   

of polymers, and the type of cross linking and molecular weight distribution of 

these products depends on the physical and chemical properties of the 

products. 

 For such reactions, PFR will yield a higher maximum concentration of any 

intermediate than does a MFR. 

 

16. What are Denbigh reactions? Explain its special cases. 

 Denbigh (1958) was the first to treat the following rather general reaction 

scheme 

A R S -rA = k12 CA rR = k1 CA – k34 CR rS = k3 CR 
2 = k2 CA rU = k4 CA 

T U k12 = k1 + k2 k34 = k3 + k4 

With CAo + CRo + CSo + CTo + CUo = CA + CR +CS + CT + CU 

 The performance equation for this reaction scheme reduce directly to all the 

special cases, such as 

 

A R S A 

S 

A R S 
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R R  U T 

A                A S 

T 
 This scheme has wide application to a whole host of real reacting systems.  

These rate equations are all of first order and so to development of the 

performance expressions do not involve complex mathematics, although it 

may be a tedious task. 

 

17. State the three step procedure of the selection of favorable system for any 

reaction. 

 First, we must find how equilibrium composition,  rate  of  reaction,  and  

product distribution are affected by changes in operating temperature and 

pressures. This will allow us to determine the optimum temperature 

progression, and it strives to approximate with a real design. 

 Second, chemical reactions are usually accomplished by heat effects, and we 

must know how these will change the temperature of favorable reactor and 

heat exchange systems – those which closely approach to optimum. 

 Finally, economic considerations will select one of these favorable systems as 

the best. 

 

18. What do you mean by heat of reaction? 

The heat of reaction is the heat absorbed (or) evolved during the course of reaction 

and it is equal to the change in the enthalpy of the system for the reaction 

proceeding at constant pressure. 

 
19. ExplainLe-chatelier’sprinciple. 

If a system in equilibrium is subjected to a change in temperature, pressure or 

concentration the equilibrium of the reaction will shift in the direction, which tends to 

undergothe effect of the change impressed. This is known as Le-chatelier’s Principle. 

 

20. Give the relationship between standard free energy and equilibrium constant. 

The relationship between standard free energy and equilibrium constant is given by 

GO = - R T ln(K) 

Where GO  is the std. free energy change of the reaction. 

‘K’ is the equilibrium constant of the reaction. 

‘T’ is the reaction temperature. 

‘R’ is the universal gas constant. 

 

21. What are the factors which affect the equilibrium conversion in chemical 

reaction 

The  factors  which  affect  the  equilibrium  conversion  in  chemical  reaction  are 

(i) Temperature (ii) Pressure (iii) presence of inert (iv) presence of excess reactant and 

(iv) activities of reactants and products 

 

22. What is the effect of pressure on equilibrium conversion?(MAY 2017) 

The thermodynamic equilibrium constant is unaffected by the pressure of the system; 

though it is unaffected by the pressure or inerts, the equilibrium concentration of 

materials and equilibrium conversion of reactants can be influenced by these 

variables. 

 

23. What do you mean by equilibrium conversion? (MAY 2017) 

It is the conversion obtained in the reactor with minimum ‘G’ (Gibb’s free energy 

change) of the reaction. 
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24. Give the conclusions drawn form thermodynamics for single reactions. 

The following conclusions may be drawn from the thermodynamics; 

 The thermodynamic equilibrium constant is unaffected by the pressure of the 

system, by the presence or absence of inerts, or by the kinetics of the reaction, 

but is affected by the temperature of the system. 

 Though the thermodynamic equilibrium constant is unaffected by the pressure   

or inerts, the equilibrium concentration of materials and equilibrium 

conversion of reactants can be influenced by these variables. 

 K >> 1 indicates that practically complete  conversion  may  be  possible  and 

that the reaction can be considered to be irreversible. K << 1 indicates that 

reaction will not proceed to any appreciable extent. 

 For an increase in temperature, equilibrium conversion rises for endothermic 

reactions and drops for exothermic reactions. 

 For an increase in pressure in gas reactions, conversion rises when the number  

of moles decreases with reaction; conversion drops when the number of moles 

increases with reaction. 

 A decrease in inerts for all reactions acts in the way that an increase in 

pressure acts for gas reactions. 

 

25. What do you understand by chemical equilibrium of a reaction? 

In a chemical reaction, chemical equilibrium is the state in which both reactants and 

products are present in concentrations which have no further tendency to change with 

time. Usually, this state results when the forward reaction proceeds at the same rate 

as the reverse reaction. 

 

26. Write the methodology to quantify product distribution and of reactor size. 

Instantaneous fractional yield and overall fractional yield are methodologies used. 

 

27. How will you determine the size of reactor required for a given duty and for a 

given temperature progression? 

The size of reactor required for a given duty and for a given temperature progression 

is determined as follows; 

 Draw the reaction path on  the X A vs. T plot. This is the operating line for the 

given operation. 

 Find the rates at various X A along this path. 

 Plot the 1/ (-r A) vs. XA curve for this path. 

 Find the area under this curve, with respect to the given or desired conversion. 

This gives V/FAo or /CAo. 

 

28. Explain adiabatic operations of flow reactors.(Dec 2016)(MAY 2017) 

In adiabatic operations, there is no heat interchange with surroundings. The 

conversion can be defined as the ratio of heat needed to raise the feed stream to T2 to 

the heat released by reaction at T2. Thus, XA = C’PT / (-Hr2), 

For complete conversion, -Hr2 = C’PT 

Where C’P is the mean specific heat of either unreacted feed stream or of completely 

converted product stream per mole of entering reactant ‘A’; T = (T2 – T1); T1 & T2 

are the temperatures of the entering and leaving streams. 

 

29. How will you find the best reactor type for adiabatic operations? 

The best reactor type for adiabatic operations, which minimizes V/FAo, is found 

directly from the XA vs. T graph. 

 If the rate progressively decreases with conversion, then use plug flow. This is 

the case for endothermic reactions and close to isothermal exothermic reactions. 

 For exothermic reactions that have a large temperature rise during reaction, the 
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rate rises from a very low value to a maximum at some intermediate XA, then falls. 

This behaviour is characteristic of autocatalytic reactions, thus recycle operations are 

best. 

 The slope of the operating line, C    P/(-Hr), will also determine the best reactor  

type for adiabatic operations as; 

1. For small CP/(-Hr), pure gaseous reactants, mixed flow is best. 

2. For large CP/(-Hr), gas with much inerts, or liquid systems, plug 

flow is best. 

30. Explain Non-adiabatic operations of flow reactors. 

In non-adiabatic operations, heat interchange with the surroundings will  be 

accounted. The conversion can be defined as the ratio of the net heat still  

needed after heat transfer to raise the feed to T2 to the heat released by reaction at 

T2. Thus, 

XA = (C’PT – Q) / (-Hr2) 

Where C’P is the mean specific heat of either unreacted feed stream or of completely 

converted product stream per mole of entering reactant ‘A’; T = (T2 – T1); T1 & T2 

are the temperatures of the entering and leaving streams & ‘Q’ is the heat interchange to the 

surroundings per mole of entering reactant ‘A’. 

 

31. For an adiabatic flow reactor, fractional conversion XA is usually calculated by 

XA = C’P (T2 –T1) / (- Hr2). State on what basis this equation is derived and 

what does each term denote. 

 This equation was derived on the basis that the reactant ‘A’ has been taken as 

limiting reactant. 

 C’  P is the mean specific heat of unreacted feed stream per mole of entering 

reactant ‘A’. 

 

 (-H r2) is the heat released by the reaction per mole of entering reactant ‘A’ at 

T2. 

 T 1 & T2 are the temperatures of the entering and leaving streams. 

 

32. What is the conversion you expect from an adiabatic CSTR with the following 

operating condition: A  R; specific heat of pure feed 100 J/gmol-oC, heat of 

reaction = -20 KJ/gmol; Feed Temperature 30oC; operating temperature 150oC. 

 We know, for an adiabatic flow reactor, fractional conversion X A is usually 

calculated by XA = C’P (T2 –T1) / (-Hr2) 

 Given C’ P = 100 J/gmol-oC, -Hr2 = -20 KJ/gmol = -20000 J/gmol, T1 = 30oC 

andT2 = 150oC. 

 Using this given data in the above expression, we get 

XA = [100 (150 – 30)] / (20000) = 0.6 or 60%. 

 

33. What are ‘limit cycles’ and ‘Oscillating reactions’? 

Limit cycle: 

a. It is an enclosed boundary for stable operation of any reactor, based on the mole 

fraction of reacting fluid with temperature. 

b. Limit cycle may also enclose a point of unstable equilibrium. 

c. The progress of reactor with time for mildly exothermic reaction could be 

controlled in a limit cycle of a period of a few minutes. 

Oscillating reactions: 

 Suppose an exothermic reaction is taking place in a CSTR, the progress of the 

reaction may exhibit a sustained oscillation with respect to time. Such 

behaviour of reactions is said to be ‘Oscillating reactions’. 

 This type of behavior has recently become more widely recognized; it can 

occur in many catalytic systems. 

 In biological phenomena, oscillatory solutions are often positively preferred. 
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34. What do you mean by ‘Parameter sensitivity’ in flow reactors? 

# Parameter sensitivity is defined as the situation where a small change in the 

operating variables leads to a very large change in the behaviour of the reactor. 

# Usually the heat transfer parameters and the degree of dilution of the reaction 

mixture are very sensitive with respect to temperature (reacting fluid temperature) 

changes. 

# For example, if the useful reaction is accompanied with exothermic degradation 

process, it will be evident that the onset of this process may occur rather quickly if the 

sensitive parameter exceeds a certain values. 

# Nevertheless it may be necessary for this parameter to be kept close to its critical 

value in order to achieve an acceptable yield from the useful reaction. This may well 

occur in partial oxidation processes, and in such instances a CSTR can have 

advantages over a PFR. 

 

35. How temperature affects product distribution? 

Arrhenius equation is employed to find the temperature effect on product distribution. 

 

36. What method is to be employed to get higher effectiveness of reactor for single 

reactions? 

To minimize the reactor volume, keep the concentration as high as possible for a 

reactant whose order is n>0. For components where n<0, keep the concentration low. 

 

37. What method is to be employed to get more effectiveness for reactions in series? 

To maximize any intermediate, do not mix fluids that have different concentration of 

the active ingredients – reactant or intermediates. 

 

38. Write about higher yield in parallel reactions. 

To get best product distribution, low CA favors the reaction of lowest order, high CA 

favors reaction of highest order. 

 

39. Write the methods to improve the yield for complex reactions. 

These networks can be analyzed by breaking them down into their simple series and 

simple parallel component. It should be in plug flow, without any recycle. 

 

40. Write about continous versus noncontinuous operations. 

Any product distribution that can be obtained in continous steady state flow 

operations can be gotten in a non-flow operation and vice-versa. 

 

41. Write about effect of temperature on product distribution. (May, 2016) 

A higher temperature favors the reaction with larger E, while a low temperature 

favors the temperature reaction with smaller E. 

 

42. Write the difficulties encountered in using selectivity. 

Selectivity is hard to evaluate, and not very useful. Thus instead of using selectivity, 

use fractional yield. 
 

 

1. Explain Denbigh system in detail.  
Unit V 
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1. Differentiate space time and mean holding time. (May, 2015). 

The time required to process one reactor volume of feed measured at specified 

conditions is called space time. The time taken by any particle to pass through 

the reactor from inlet to outlet is called as mean holding time. 

 
2. What are the factors responsible for deviations from ideal plug flow in a tubular 

reactor? 

The factors responsible for deviations from ideal plug flow in a tubular reactor are (i) 

Mixing in longitudinal direction (formation of vortices and eddies, cause this effect) 

and (ii) Incomplete mixing in radial direction (formation of parabolic velocity profile, 

may cause this effect). 

3. Define Skewness (May 2018) 

Skewness is asymmetry in a statistical distribution, in which the curve appears 

distorted or skewed either to the left or to the right. Skewness can be quantified to 

define the extent to which a distribution differs from a normal distribution. 

4. What are the reasons for non-ideality in real reactors? (May, 2016), (NOV/DEC 

2013) 

The reasons for non-ideality in real reactors are 

 Presence of stagnant regions (or dead zones), bypassing or short-circuiting 

– CSTR 

 Mixing in longitudinal direction, incomplete mixing in radial direction and 

Channeling - PFR 

Note: Deviations from ideal performance divide into two classifications; 

(i) The first is a flow arrangement in which elements do not mix, but follow 

separate paths through the reactor (segregated flow). These elements are retained in 

the reactor for different times, that is, they have different residence times. 

(ii) The second is a flow arrangement whereby elements of fluid partially mix 

(micro mixing). 

 

5. Explain the term Channeling. 

Channeling occurs in fixed-bed fluid-solid catalytic reactor. The non-uniform packing 

arrangement results in a higher velocity near the tube wall where the porosity is 

greatest. Hence, the time for reaction (residence time) near the wall will be less than 

that at the centre of the tube. This means that the composition of the fluid will vary 

radially, so that the requirement of complete radial mixing is not satisfied. 

 

6. Explain the term short-circuiting. 

Short-circuiting of fluid oftenly occurs in stirred-tank reactors. Here a part of the fluid 

entering the tank follows a shortened path to the exit and maintains its identity (does 

not mix) while doing so. 

 

7. What data do you need in predicting the behavior of a real reactor? (May 2016) 

(May 2018) 

To predict the behavior of a real reactor, we need the following data’s; 

 RTD (Residence Time Distribution) of material, which is flowing through the 

vessel. 

 State of aggregation of the flowing material, its tendency to clump and for a 

group of molecules to move about together. 

 Earliness and Lateness of mixing, of material in the vessel. 

 

8. What is method of inquiry in stimulus response experiment? 

Method of inquiry in stimulus (It is a tracer input into the fluid entering the vessel) 

response experiment is the method of determining the ‘E’ curve or RTD by 
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introducing pulse or step tracer into the vessel. 

 

9. What is ‘E’ function? Explain.(Dec 2016) 

It is evident that the elements of fluid taking different routes through the reactor may 

take different lengths of time to pass through the vessel. The distribution of these 

times for the stream of fluid leaving the vessel is called the exit age distribution ‘E’ or 

the residence time distribution ‘RTD’ of fluid (or it is the distribution needed to 

account for non-ideal flow). ‘E’ has the units of time-1. 

Note: To find ‘E’ curve from the CPulse curve (a plot of CPulse vs. time‘t’) simply 

change the concentration scale such that the area under the curve is unity. Thus, E = 

CPulse/(M/v) or ∫E(t).dt = 1 

Where ‘M’ is the amount of pulse tracer added (kg or moles) and ‘v’ is the 

volumetric flow rate fluid entering the vessel. 

Note: (M/v) is equivalent to the area under the CPulse curve. The relationship between 

CPulse and ‘E’ curves only holds exactly for vessels with ‘closed‘boundary conditions 

(that is, there should be no flow or diffusion or upflow eddies at the vessel entrance at 

the vessel exit). 

 

10. Explain ‘F’ function. 

The dimensionless form of CStep curve (a plot between CStep vs. time‘t’) is called ‘F’ 

curve. It is found by having the tracer concentration rise from zero to unity. Thus, F = 

CStep/CMax = CStep/(m/v) 
Where ‘m’ is the mass or molal flow rate of tracer introduce, continuously and ‘v’ is 
the volumetric flow rate fluid entering the vessel. 

 

11. Give the relationship between E(t) and F(t). 

The relationship between ‘E’ and ‘F’ curves for the fraction of the exit stream  that 

has resided in the reactor for a period of time shorter than a given value ‘t’ is given by 

t 

∫ E(t) dt = [Frac. of effluent which has been in reactor for less than time 

‘t’] = F(t) 

 

(or) dF/dt = E(t) 

Note: The above relationships only hold for closed vessels. 

 

12. What is the requirement of tracer material used for the conduct of stimulus 

response experiment? [Dec-2012] 

The requirement of tracer material is; 

 It should be non-reactive or inert. 

 It should be soluble or miscible in the reacting fluid. 

 Properties (density) should be similar to reacting fluid. 

 It should be easily detectable. 

 It should not adhere on the walls of the reactor. 

 

13. What is the difference between ‘E’ and ‘C’ curve? 

‘C’ curve is a plot between CPulse and time ‘t’ and area under the ‘C’ curve has the 

dimensions of Kg-s/m3 or Kmol-s/m3.‘E’ curve is a plot between {CPulse/(M/v)} and 

time ‘t’ and area under the ‘E’ curve is always unity. 

Note: (M/v) is equivalent to the area under the CPulse curve. 

 

14. Sketch E (θ) for (i) ideal PFR (ii) ideal CSTR. (NOV/DEC 2014) 
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Ideal PFR Ideal CSTR 

15.State the relationship between E and F function. [Dec-2012] 

The relationship between „E‟ and „F‟ curves for the fraction of the exit stream that 

has resided in the reactor for a period of time shorter than a given value „t‟ is 

given by ∫ E(t) dt = [Fraction of effluent whichhas been in reactor for less than 

time „t‟] = F(t) (Or) dF/dt 

= E(t) Note: These relationships only hold for closed vessels. 

 

16. What are mean residence time, standard deviation and skewness of a RTD 

function? 

Mean residence time (tm): It is the mean time of passage, or when the curve passes by 

the exit or it is the time corresponding to the peak value of either CPulse curve or ‘E’ 

curve. (First moment of probability distribution of a real valued random variable) 

Standard deviation (or variance) (σ2): It is a measure of the spread of the tracer curve. 

(Second moment of probability distribution of a real valued random variable) 

Skewness (s3): It is a measure of the extent that a distribution is skewed to one 

direction or another in reference to the mean. (Third moment of probability 

distribution of a real valued random variable) 

 

 
17. Define Intensity of dispersion.
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It is a dimensionless number signifies the characterizing of spreading of the tracer in a 

packed bed of pipes or tubes. It is represented by (D/Ud). Where‘d’ is a characteristic 

length (dtube or dp) 

 

18. What is Dispersion number? 

It is a dimensionless number characterizing the spreading of the tracer in the whole 

vessel, which is defined as the ratio of movement of longitudinal dispersion to 

movement by bulk flow. It is represented as (D/UL). 

Where ‘D’ is the dispersion coefficient or coefficient of molecular diffusion (in m2/s), 

‘U’ is the velocity of fluid flow (in m/s) and ‘L’ is the length of the non-ideal tubular 

reactor (in ‘m’). 

 

19. Define Peclet number. What are the values of Peclet number for (i) ideal CSTR 

(ii) ideal PFR? 

The reactor Peclet number (NPe) is defined as the ratio of the rate of transport by 

convection to that of the rate of transport by diffusion or dispersion. It is given by NPe 

= (U L)/D. 

Where ‘D’ is the dispersion coefficient or coefficient of molecular diffusion (in m2/s), 

‘U’ is the velocity of fluid flow (in m/s) and ‘L’ is the length of the non-ideal tubular 

reactor (in ‘m’). 

For ideal CSTR, NPe = 0 and for ideal PFR, NPe = ∞. 

 

20. What is Tank’s-in-series model? State its limitations. 

It is the model useful for representing flow in real vessels, for scale-up, and for 

diagnosing poor flow. 

It is simple, can be used with any kinetics, and it can be extended without too 

much difficulty to any arrangement if tanks, with or without recycle. 

This model is applicable only for not very viscous fluids, flowing in a pipe or 

tube. 

 

21. Define Sherwood number and Schmidt number. 

The Schmidt number (NSc) is defined as the ratio of the molecular momentum transfer 

to that of the molecular mass transfer.It is given by NSc = μ/(  d). 

Where‘d’ is the characteristic dimension of the reactor, ‘’ is the density of the 

reacting fluid, and ‘μ’is the viscosity of the reacting fluid. 

The Sherwood number (NSh) is defined as the ratio of the total mass transfer to that of 

the molecular mass transfer.It is given by NSh = (kg d)/D. 

Where‘d’ is the characteristic dimension of the reactor, ‘kg‘ is the mass transfer 

coefficient, and ‘D’ is the diffusivity of the reactant. 

 

22. Differentiate between the segregated flow model and mixing models. 

 Complete segregation model or Segregated flow model  

All molecules of same age group remain together as they travel through the 

reactor and are not mixed till the exit point. This is called as complete segregation 

model. 

 Maximum mixed ness model or mixing model  

Molecules of different age group are completely mixed at the molecular level as 

soon as they enter the reactor. This is called as ‘complete micro mixing‘ or 

maximum mixed ness model. Note: Both the models are said to be Zero 

parameter models. 

 

23. Name the basic models used for non -  ideal flow (Dec 2016) (MAY 2017) 

 Tanks in Series model 

 Dispersion Model 
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CH 8502 CHEMICAL REACTION ENGINEERING-I 

UNIT I 
 

1. Classify chemical reactions in different ways and explain each type. 

 

2. Explain the theories for temperature dependency of rate constant. Using the collision 

theory, calculate the rate constant at 300 K for the decomposition of hydrogen iodide, 

assuming collision diameter of 3.5 A and an activation energy of 44 Kcal.(May, 2015) 

 
3. To operate a batch reactor for converting A into R. This is a liquid phase reaction with the 

stoichiometry A → R. 

 
CA,(mol/l) 0.1 0.2 0.3 0.4 0.2 0.6 0.7 0.8 1.0 1.3 2.0 

-rA,(mol/l 

min) 

0.1 0.3 0.5 0.6 0.5 0.25 0.10 0.06 0.05 0.045 0.042 

 

For the above data determine the order of reaction and rate constant. [ MAY 2018] 

 

4. Discuss in detail about the reaction kinetics of a non-heterogeneous reaction, 

H2 + Br2 → 2 HBr. 

 

5. For the stoichiometric equation, A+ B → P, find the order with respect to A and B. 

CA 2 2 3 

CB 125 64 64 

-rA 50 32 48 

 

6. Decomposition of reactant A at 400 oC between 1 – 10 atm, follows the first order 

kinetics. Show that the mechanism for this reaction is 

A + A <==> A* + A 

A* → R + S 

 

7.  i) A radio activeKrepton (89 Kr) is assigned for a day. What will be the concentration at 

the endof the day, given data t1/2 = 76 min. 

ii) Derive the expression for irreversible bimolar second order reaction. 

 

8. The primary reaction occurring in the homogeneous decomposition of Nitrous Oxide is 

found to be N2O  N 2 + 1/2O2 with rate -rN2O = k1 [N2O]2/(1 + k2[N2O]). Devise a 

mechanism to explain the observed rate. 

 

9. The aqueous reaction A  R + S proceeds as follows; 
 

 

 

t, min 0 36 65 100 160 

CA, 
mol/lit 

0.1823 0.1453 0.1216 0.1025 0.0795 0.0494 
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With CAo = 0.1823 mol/liter, CRo = 0 and CSo = 55 mol/liter, find the rate equation 

for this reaction.(Dec-2004) (May-2005)(Dec 2016) 

 

10. When concentrated urea solution is stored it slowly converts to Biuret by following 

elementary reaction. 

2 NH2.CO. NH2 ------------  NH2. CO – NH –CO- NH2 + NH3 

Urea of CAo = 20 mol/litre is stored at 100 oC and after the time of 7 hrs 40 min, 1 mole 

percentage has been converted. Find the rate equation. 

 

11. Derive the performance equation for Ideal Batch reactor. (May, 2016)(Dec 2016) 

 

12. i) In a homogenous liquid polymerization, 20% of the monomer reacted at 34 mins for the 

initial concentration of 0.04 and also for 0.8 mol/lit. Find the rate expression.(May 2015) 

ii) When the concentration of reactant doubled, the rate of reaction triples. Find the 

reaction rate.(May, 2015) 

 

13. Explain the kinetic models for non-elementary reactions. (May, 2012). 

 

14. Develop rate equations for half life period and fractional life period for second order 

reaction (MAY 2017) 

 

15. For the aqueous reaction A → products, the following data were obtained at 25 deg C in 

which the concentration of A is given at different intervals of time. 
t, min 0 10 20 30 40 

CA, mol/L  0.86 0.74 0.635 0.546 0.405 

Find the reaction order and calculate the rate constant and half life period. (Dec. 

2012). 

 

UNIT II 

 

 

1. Derive the performance equation for constant volume batch reactor where first order 

reaction takes place. Give graphical representation also. (May, 2015)(MAY 2017) 

2. We are planning to operate a Batch reactor to convert A to R. The rate is given below. 

How long we must react for the concentration from CA0 = 1.3 to CA =0.3 mol/lit. 

CA, mol/lit 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1.0 1.3 2.0 

-rA, 
mol/lit.min 

0.1 0.3 0.5 0.6 0.3 0.25 0.1 0.06 0.05 0.045 0.042 

 

3. Derive the performance equation for steady state Plug flow reactor (PFR) with neat 

graphical represenataion for first and second order reaction(May 2016),(May,2015) 

(MAY 2018) 

4. A stream of pure gaseous reactant A with CAO = 660mol/l enters a plug flow reactor at a 

molar flow rate of 540 mmol/min and polymerise as per reaction 3A→ R with –rA = 54CA 

mmol/lmin. How large a reactor is required to lower the concentration of A in the exit 

stream to CAF = 330 mmol/lit.(MAY 2017) 

 

5.  The first order reversible liquid phase reaction A→ R takes place in a batch reactor.  

After 8 minutes, the conversion of ‘A’ is 33.3 % while equilibrium conversion is 66.7%. 

Find the rate equation for this reaction taking CAo = 0.5 mol/lit and CRo = 0. 

 

6. An aqueous reactant stream with CAo = 4 mol/lit passes through a MFR followed by a 

PFR. Find the concentration at the exit of the PFR if the concentration of ‘A’ in MFR is 1 

mol/lit. The reaction is second order with respect to ‘A’. The volume of PFR is three 
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times that of MFR. (Dec 2016) (MAY 2017)(MAY 2018) 

 

7. A liquid reactant stream with CAo=1 mol/lit passes through two mixed flow reactors in 

series. The concentration of A in the exit stream from the first reactor is 0.5 mol/lit. Find 

the concentration of A in the exit stream of the second reactor. The reaction A ►R, 

follows second order kinetics and V2/V1 = 2. (May 2016) (MAY 2017) 
 

8. A homogenous liquid phase reaction A ----- R, -rA = k C 

conversion in mixed flow reactor. 

2, takes place with 50 % A 
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i) What will be conversion if reactor is replaced by 6 times as large as the reactor, all 

other remaining unchanged? 

ii) What will be conversion if original reactor is replaced by PFR of same size? 

 

9. Derive the equation for PFR in series. 

 

10. Derive the performance equation of Recycle reactor. 

 

11. Derive the performance equation of auto-catalytic reactor. 

 

12.  Derive the performance equation for steady state continuous stirred tank reactor with 

schematic representation and write the assumptions made.(Dec 2016) 
 

UNIT III 

 
 

1. For the series reaction, A → B (with k1 = 0.35 h-1) 

B → C (with k1 = 0.13 h-1) 

With CA0 = 4 gmol/L, CB0=CC0 =0; find maximum concentration of B attained in PFR as 

well as single MFR, and find which one is best for the production of desired product, B. 

(May, 2016) 

 

2. 100 L/h of radioactive fluid having a half life of 20 h is to be treated by passing it through 

two equal mixed flow reactor in series. The volume of each mixed flow reactor in series 

is 40000 L.How much has the activity decayed in passing through this recator system? 

The reaction follows first order kinetics. ( MAY 2018) 

 

3. Determine the best setup to achieve a given conversion in mixed flow reactors of different 

sizes in series. (May, 2015). 

 

4. How will you determine the best system for a given conversion when MFRs of different 

sizes kept in series? Explain it with neat sketches. 
 

5. A homogenous liquid phase reaction A ----- R, -rA = k C 

conversion in mixed flow reactor. 

2,takes place with 50 % A 
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i) What will be conversion if reactor is replaced by 6 times as large as the reactor, all 

other remaining unchanged? 

ii) What will be conversion if original reactor is replaced by PFR of same size? 

 

6. At present conversion is 66.67% for the elementary second order liquid reaction 2A ► 

2R, when operating in an isothermal PFR with a recycle ratio of unity. Determine the 

conversion if the recycle stream is shut off. 

 

7.  A second order reaction carried out in a single CSTR results in 80% conversion of 

reactant ‘A’. It is proposed to put another similar CSTR in series with the first one. For all 

other parameters remain identical, (i) how will this addition affect the conversion of 

reactant and (ii) if the same 80% conversion is to be obtained from reactors in series, by 

how much can the treatment rate be increased? 

 

8. The elementary liquid phase reaction, 

A+B ------------- ► products, 

-rA = 500 CA CB, (mol/lit.min) is carried out in an experimental tubular reactor (assume 

plug flow) under the following conditions: Volume of reactor (V) = 0.1 litre, Volumetric 

feed rate (v) = 0.05 lit/min. Concentration of reactants in feed: CAo= CBo = 0.01 mol/lit. 

i) Find the XA that can be obtained? 

ii) For the same conversion as in part (i), find size of CSTR needed. 

iii) Find the XA that can be expected in a MFR which is equal in size to PFR. 

 

9. The elementary reaction A+B → R is affected in a setup consisting of a mixed reactor in to 

which two reactant solutions are introduced, which was followed by a plug flow reactor. A 

large enough excess of B is used so that the reaction is first order with respect to A. 

Various ways of increasing productions have been suggested one of which is to reverse the 

order of the two units. How would this change affect conversion? 

(May, 2013) 

 

10.100 LPH of radioactive fluid having a half life of 20 hr is to be treated by passing it 

through 2 ideal stirred tank reactors in series, 40,000 L each. When passing through the 

system, how much is the active decay? 

 

11. Derive the equation to find the rate constant for the irreversible reactions, in parallel by 

integral method of analysis.(May, 2015) 

A → R, with k1 

A → S, withk2 

 

12. Derive the Michalis-Menten kinetics. 

 
13. (i) What are the factors affecting choice of reactors? Write its important significance of 

each reactor.(Dec 2016) 

(ii) Explain selectivity and reactivity in detail. 
 

UNIT IV 
 

 

1. Your company has two mixed flow reactors of unequal size for production of a 

specified product according to first order kinetics. How should these reactors be 

connected to obtain a maximum production rate? (May, 2015) 

 

2. Explain two step irreversible series and parallel reactions and perform the qualitative 

analysis. 

A +B→ R 

R +B → S 
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A B 2 2 R B 

With k1 and k2 are rate constants for two reactions respectively. 

 

3. Explain Irreversible first order reaction in series and derive the maximum 

concentration of intermediates and products. 

A → R → S 

With k1 and k2 are rate constants for two reactions respectively. 
 

4. Discuss the stability criteria for exothermic reactions in mixed reactors. 

 

5. Starting with reactants ‘A’ and ‘B’ of given concentration (no inerts) for the 

competitive reactions with stoichiometry and rate as shown below: 

A + B → R (Wanted reactions with rate, R1); 

R + B → S (Unwanted reactions with rate, R2). 

 

6. Sketch the best contacting pattern for both continuous and non-continuous operations 

for the following: 

i) R1 = k1. CA.CB
2 ; R2 = k2. CR.CB 

ii) R1 = k1. CA.CB ; R2 = k2. CR.CB
2
 

iii) R1 = k1. CA.CB ; R2 = k2. CR
2.CB 

R1 = k1. C 2.C ; R = k . C .C 
 

7. Explain two step irreversible series and parallel reactions and perform the qualitative 

analysis. A +B→ R 

R +B → S 

With k1 and k2 are rate constants for two reactions respectively. 

 

8. What is the effect of temperature and pressureon equilibrium conversion? 

 

9. Derive the fractional conversion XA for Adiabatic flow reactors.(May, 2016)(Dec 

2016) 

10. Explain the concept of Optimum temperature progression(JUNE, 2012)(Dec 2016) 

 

11. Explain six major rules to be used in choosing the right kind of reactor. 

 
12. An irreversible isomerization reaction is carried out in the liquid phase in a MFR. 

Rate Constant at 165C = 0.7 hr-1 

Activation energy = 120000 J/mol 

Heat of Reaction = -350 kJ/kg 

Heat capacity of the reactants and product 1.96 kJ/kgK 

Volumetric flow rate = 0.33m3/h 

Feed temperature = 20 C 

Conversion expected = 95% 

Calculate the reactor size and temperature of the reaction mixture if the reactor 

operated adiabatically. (MAY 2018) 
 

13. Explain Denbigh system in detail.  
Unit V  
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1. i) Discuss the effects of Non-ideal flow in reactors with examples. 

ii) Explain the method of conducting stimulus response experiments. (May, 2016) 

 

2. (i) Explain the effects of Non-ideal flow with examples. 

(ii) Derive relationship between E and F curves. (MAY 2017) 
 

 
 

t, min 0 1 2 3 4 5 6 7 8 9 10 12 14 

E,min-1
 0 .02 0.10 .16 .20 .16 .12 .08 .06 .44 .03 .012 0 

3. Calculate the mean residence time and variance for a vessel(MAY 2018) 

 

 
4. Explain the method of conducting Stimulus response experiments. 

5. Derive the equation to find out conversion by direct use of tracer curve. 

6. A sample of tracer was injected as a pulse to a reactor and the effluent concentration 

(C) measured as a function of time, resulting in the following data; 
 

 
 

t, min 0 1 2 3 4 5 6 7 8 9 10 12 14 

C, g/m3
 0 1 5 8 10 8 6 4 3 2.2 1.5 0.6 0 

 

i) Plot C(t) and E(t). 

(ii) Determine the fraction of material leaving the reactor that has spent time between 

3 and 6 minutes in the reactor and the fraction of material leaving that has spent 7.75 

and 8.25 minutes in the reactor. (MAY 2017) 

 

5. A first order reaction is carried out in a Non-ideal tubular reactor. Assuming that the 

Axial dispersion model is valid, derive an expression for conversion in the 

reactor.(Dec 2016) 

 

6. The concentration reading in the table represents a continuous response to a pulse 

input; 
 

t, min 0 5 10 15 20 25 30 35 

C, gm/lit 0 3 5 5 4 2 1 0 

This vessel is used as a reactor for a liquid decomposing with rate -rA = k CA& k = 

0.307 min-1. Find the conversion expected in the reactor and compare it with the PFR 

by 

(i) Direct use of Tracer curve. 

(ii) Using Dispersion model. 

 

7. For a Non-ideal reactor described by N-Tank’s in series model, derive an expression 

for E(t).(Dec 2016) (May 2018) 

 

8. The tracer concentration in the effluent stream of a reactor as a function of time is 

tabulated as follows; 
 

t (s) 0 100 200 300 460 500 670 735 840 960 

C (g/m3) 0 2.9 8.7 12.4 10 6.5 3.0 1.5 0.5 0 
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Calculate the conversion as per the Tank’s-in-series model, if a first order irreversible 

liquid phase reaction takes place in the reactor. The rate constant is k = 0.0056 s-1. 

 

9. From a pure input into a vessel we obtain the following output signal: 

Time, 

min 

1 3 5 7 9 11 13 15 

Conc 0 0 10 10 10 10 0 0 

We want to represent the flow through the vessel with the tank-in series model. 

Determine the number of tanks to use. (May, 2015) 

 

10. In an effort to determine the cause of low yields from a reactor, a trace study was 

conducted. An amount m0 = 3.80 kg of an inert reactor A was injected into the feed 

port of the 1.9 m3 reactor. The volumetric flow rate was constant qo = 3.1 LS-1. The 

following tracer-response data were acquired. 

t,min 0 0.2 0.4 2 4 10 20 40 60 80 

CA, 
kgm-3

 

2 1.96 1.93 1.642 1.344 0.736 0.268 0.034 0.004 0.000 

 

Calculate the value of E(t),t (bar), ₑ2 t for flow through the vessel. (May, 2015) 

 

11. Explain basic models for non-ideal flow in detail. 
 

12. Explain RTD studies in detail 
****************** 



2020-2021 CH8591 -Heat Transfer 

Dept of Chemical Engineering 1 

 

 

 

 

UNIT I: CONDUCTION 

PART A 

C305.1 At the end of this unit students has ability 

To learn about heat conduction, Thermal conductivity measurement. 

 
1. What is conductance in heat transfer? (May, 2013) 

Conductance in heat transfer is an atomic or molecular process and occurs in the presence 

of temperature difference. Generally, occurs in solid and stagnant liquid. 

 

2. Write the modes of Heat Transfer? 

The modes of Heat Transfer are Conduction, Convection & Radiation. 
 

3. State Fourier’s Law. (Nov 2013, May 2014) 

Fourier’s Law states that if two plane parallel surfaces each having an area A are separated by a 

distance, x, and are maintained at temperature T1 and T2 respectively, the rate of heat conduction Q at 

steady state through the wall is given by, 

Q  kA
dT

 

i. dx 
Where k is called the thermal conductivity of the solid and is assumed to be constant throughout the 
wall. 

 
4. What is effect of temperature on Thermal Conductivity? (May 2016) 

It is fundamental property of a material that gives a measure of the effectivity of the material 

in transmitting heat through it. In metals, increase in temperature increases thermal conductivity as, 

a. = ko (a+bT+cT2) 
b. 

5. Define thermal conductivity. ( Nov 2013) 

The rate at which heat passes through a specified material, expressed as the amount of heat 
that flows per unit time through a unit area with a temperature gradient of one degree per unit distance. 
For thermal conductivity, K, the unit is W/m.K. 

 

6. Difference between Thermal conductivity and thermal resistance. (Nov 2014) 

The reciprocal of thermal conductivity is thermal resistivity, usually measured in kelvin-meters per watt 

(K·m·W−1). 
 

7. Write the approximate range of thermal conductivities of solids, liquids and gas.(Nov 2015) 
Solids: The thermal conductivity of metals varies from 2.3 to 420 W/m.K. The best conductor is silver ( 
k=420 W/m K); followed by red copper (395); gold (302); aluminum (210); Ice: 2; Lead = 35.3; 
Liquids:Alcohols and Oils: 0.1-0.21; Water (liquid): 0.6 W/m K; 

Gas: 0.23 – 0.26 W/m K. 

 
8. What is film coefficient? 

Heat transfer coefficient is also called as film coefficient, because heat transfer at a phase boundary is 

sometimes visualized as occurring through a thin stagnant film adhering to the boundary or the interface 

between the phases. 

 

9. Classify Convection. 

It can be classified as Forced convection and Free or Natural convection 
 

10. When Forced convection occurs and how? 
It occurs when motion in the medium is caused by an external mechanical agency such as pump, a 
blower, an agitator, etc. 
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11. When free convection occurs and how? 
It occurs when motion in the medium is created by adverse gradient, as a result of temperature 
difference. 

 

12. What is heat transfer coefficient? 

An empirical heat transfer coefficient is based on the phenomenological observation that heat flux is 

proportional to the temperature driving force and the proportionality constant is heat transfer 

coefficient. 
 

13. What is Radiation? 
A body at a temperature above absolute zero always emits energy in the form of electromagnetic waves 

called Radiation. 

 

14. What is TEMA? 

It is abbreviated form of Tubular Exchangers Manufacturers’ Association and it provides the standard 
or stipulated heat exchanger design code. 

 

15. When LMTD correction factor is to be used in heat exchanger design? 

In multi pass exchangers, the fluids are not always in countercurrent flow and this causes in the average 

driving force. A correct factor, FT, is to be used to get true mean temperature difference. 
 

16. Write one dimensional heat conduction  
d 2T 

0 
dx 2 

17. Write the three dimensional equation for unsteady state condition and with heat source 
d 2T 

 
d 2T 

 
d 2T 

 
q 
 

1 u 
 

i. 
ii. 

dx 2 dy 2 dz 2 k  
. 
t 

18. Write the S.I. units of Thermal conductivity and heat transfer coefficient. 
For thermal conductivity, K, the unit is W/m.K., 

For heat transfer coefficient,h, the unit is W/m2.K 

 

19. What is Steady state conduction? 
A solid body is said to be in a steady state if its  temperature does not vary  with time and 
conduction occurs on that body is said to be steady state conduction. 

 

20. What is heat transfer coefficient? 

The heat transfer coefficient is a measure of the intensity of heat transfer between the surface of 

a body and its surroundings. 
 

21. Explain the fact for negative sign in the Fourier’s law of heat conduction 

It is due to the fact that with an increase in length x, there is a decrease in temperature. 

 

22. Write briefly on analogy between flow of heat and flow of electricity.(May 2015) 

Thermal Conduction Electric Conduction 

Heat flow rate: Q = ΔT/ Rthermal Electric current : I = ΔV/ R 

Temperature difference: ΔT = T1 - T2 Potential difference : ΔV = V1 - V2 

Thermal resistance: Rthermal = Δx/(kA) Electric resistance = R 

 

23. State any four importance of heat transfer in a chemical plant. (May 2015/Nov 2014) 
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In chemical engineering, rate of heat transfer should be predicted in a variety of process situations. For 

example, 

(i) In mass transfer operations such as distillation, the overhead vapor has to be condensed to liquid 

product in a condenser, and the bottoms are boiled off into vapor in a reboiler. Often the feed stream is 

pre-heated using the bottoms product in a heat exchanger. 
(ii) The production and use of process steam, which is brought to various locations in a plant through 

steam pipes as a heating utility. Also, these steam pipes need to be insulated to minimize heat loss to the 

ambient air. Such insulation is also important when transporting hot fluids from one place to another. 
(iii) A similar application is the transport of refrigerated liquids through piping – here we need to 

insulate to avoid transferring heat into the liquid from the ambient air. 

(iv) Chemical reactors can generate heat if the reaction is exothermic, and this heat must be removed to 

avoid a runaway reaction; likewise, endothermic reactions need a supply of heat to maintain the 
reaction. 

 

24. State the significance of contact resistance. (May 2017) 

This phenomenon is said to be a result of a thermal contact resistance existing between the contacting 
surfaces. Thermal contact resistance is defined as the ratio between this temperature drop and the 

average heat flow across the interface. 

 

25. State the importance of thermal time constant. (May 2017) 

The time required for a thermistor to change 63.2% of the total difference between its initial and final 

body temperature when subjected to a step function change in temperature, under zero power 
conditions. 

 

26. Is heat transfer scalar or vector quantity? Explain (May 2017) 

Heat transfer has both magnitude and direction so it is a vector quantity. 

PART B 

1. Derive the steady state heat conduction equation for a cylinder and discuss the temperature distribution 
for a composite cylindrical wall. (Dec. 2013); (Dec. 2012)(Dec 2018) 

2. (i) Derive steady state heat conduction equation for the hollow sphere of three different layers of 
different material.(June 2013) 
(ii) The composite wall of an oven consists of three materials, two of which are of known thermal 

conductivity, kA = 45 W/m.K and knowm thickness, LA = 0.35 m and LC = 0.18 m. 

The third material, B which is sandwiched between materials A and C, is of known thickness, LB = 0.12 

m, but unknown thermal conductivity kB. Under steady conditions, measurements reveal an outer 

surface temperature of 25 oC, an inner surface temperatrure of 650 oC and oven air temperature of 830 
oC. The inside convection coefficient h is known to be 30 W/m2k. What is the value of kB?(June, 2013) 

3. Compare the temperature distribution in a spine (pin fin) having a diameter of 2 cm and length 

10 cm and exposed to a convection environment with h=25 w. m2 K for three fin materials; 

copper (k = 385 W/mK), stainless steel (k = 17 W/mK) and glass (k = 0.8 W/m K). Also 

compare the relative heat flows and fin efficiencies with respect to copper fin. (Nov 2015) 

4. (i) Discuss the concept of mean temperature difference. (May 2015) 

(ii) State the application of conduction in liquids in a chemical plant. 

(iii) Calculate the rate of heat flow through the wall of a refrigerated van of 1.6 mm of steel at 

outer surface, 110 mm plywood at the inner surface and 2cm of glass wool in between, if the 

temperatures of the inside and outside surfaces are 17 oC and 28 oC respectively. Take thermal 

conductivities of steel, glass-wool and plywood as 23.2 W/m oC, 0.014 W/m oC and 0.052 W/m 
oCrespectively. 

5. A plane wall 10 cm thickness generates heat at a rate of 4 x 104 W/m2 when an electric current is 

passed through it. The ‘h’ between each face of the wall and ambient air is 50 W/m2K. Find (i) Surface 

temperature (ii) maximum temperature of wall. Let ambient temperature = 20 oC and k = 15 W/m.K. 
6. (i)Derive the expression for steady state heat conduction through hollow cylindrical pipe and also for 

composite cylinders. 

(ii) A spherical shaped vessel of 1.5m diameter is 120 mm thick. Find the rate of heat leakage, if the 
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temperature difference between the inner and outer surfaces is 220oC. Thermal conductivity of material 

is 0.35 kJ/m h oC. (May 2015) 

7. Derive the generalized expression for One Dimensional Unsteady state heat conduction with heat 

generation, with neat sketch. 

8. Derive the expression of heat transfer through Composite Wall (solids) and compare it with an electric 

circuit. 

9. Temperature distribution across a large concrete slab 50 cm thick heated by one side as studied as : T = 

60 – 50 x + 12 x2 + 20 x3 – 15 x4, where T is in K and x is in metres. Let A = 5 m2 and K = 1.2 W/m k, 

thermal diffusivity = 1.77 x 10-3 m2/sec. Find a) Heat entering and leaving the slab, b) heat energy 

stored in unit time, c) rate of temp. change at both sides of the slab, d) the point at which the rate of 

cooling or heating is maximum. 

10. A steam pipe of 0.12 m outside diameter is insulated with a layer of calcium silicate. If the insulation is 

20 mm thick and its inner and outer surfaces are maintained at 800 K and 490 K respectively, what is 

the heat loss per unit length of the pipe? Thermal conductivity of insulation of 0.05 W/m.K,300 K. 

(June, 2013) 

11. A 10 cm high pressure pipe carries saturated steam at 17 bar gauge pressure obtained from a waste heat 
boiler of an ethylene oxide plant. The actual ID of the pipe is 102 mm an dits wall thickness is 6mm 

(k=45 W/m oC). The pipe is lagged with a 75 mm layer of glass wool (k=0.49W/m oC) which is held by 

a thin external cover of aluminum. The ambient air temperature is 32 oC and the heat transfer 
coefficient at the outer surface is 14.2 W/m2oC. At this pressure, the temperature of resistance, calculate 

the overall heat transfer coefficient based on the outside and the inside area and the rate of heat loss 

from a 3 m section of the pipe. 
 

12. Consider a spherical shell of inner radius r1 and outer radius r2 whose thermal conductivity varies 
linearly in a specified temperature range as K(T) =K0(1+ᵦT) where K0 and ᵦ are the two specified 

constants. The inner surface of the shell is maintained at a constant temperature of T1 and the outer 

surface is maintained at T2. Assuming one dimensional steady state heat transferobtain the relation for 
the heat transfer rate through the shell and the temperature distribution T(r) in the shell.(Dec 2017) 

13. Consider a short cylinder of radius r0 and height H in which heat is generated at a constant rate of g0. 

Heat is lost from the cylindrical surfaces at r=r0 by convection to the surrounding medium at a 

temperature Ta with a heat transfer coefficient h. The bottom surface of the cylinder at Z=0 is insulated, 
while the top surface at z=H is subjected to a uniform heat flux qh. Assuming constant thermal 
conductivity and steady two dimensional heat transfer, express the mathematical formulation.(Dec 17) 

14. Derive an equation for critical thickness of insulation for a cylinder (June 2014) 

15. Explain the method of measurement of thermal conductivity. (June 2014) 

16. A composite cylinder consists of 10cm radius steel pipe of 25mm thickness over which two layers of 

insulation of 30mm and 335mm are laid. The conductivities are 25W/mK,0.25W/mK and 0.65W/mK. 

The inside is exposed to a convection at 300˚C with h=65 W/m2K. The outside is exposed to air at a 
temperature of 30˚C with h=15W/m2K. Determine the heat loss/m. Also find the interface 

temperature(may 2017) 

17. A steel pipe of outside diameter 30cm carries steam and its surface temperature is 220˚C. It is exposed 

to a surrounding at 25˚C. Heat is lost both by convection and radiation. The convective heat transfer has 

a value of 22W/m2K. Determine the heat loss per 1m length of the pipe. Check the economical merits of 

adding insulation pads of 7.5cm thickness with a thermal conductivity of 0.6W/mK. The cost of heat is 
Rs 200/ per 108 kJ. The cost of insulation is Rs 8000/m length. The unit is in operation for 200hr/yr. 

The capital should be recovered in two years. After adding the insulation also the same convection and 

radiation prevail over the surface. (May 2017) 

18. A steam boiler furnace is constructed out of a layer of fire clay 1.25 mm thick and a layer of red brick 

500 mm thick.If the wall temperature inside the boiler furnace is 1373 K and on the outside wall is 323 

K .Determine the amount of heat loss per m2 of the furnace wall (Dec 2018) 

19. A furnace is constructed with 225 mm of firebrick, 120 mm of insulating brick and 225 mm of building 

brick. The inside temperature is 1200 K and the outside temperature 330K.If the thermal conductivities 
are 1.4,0.2 and 0.7W/mK. Find the heat loss per unit area and the temperature at the junction of the 

firebrick and insulating brick(Dec 2019) 

20. A steel tube fitted with transverse circular steel fins of constant cross –section has the following 

specifications: 
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Tube o.d :d=54.0 mm, fin diameter d=70.0 mm 

Fin thickness w=2.0 mm number if fins/meter run=230. 

Determine the heat loss per meter run of the tube when the surface temperature is 370 K and the 

temperature of the surroundings 280 K .The heat transfer coefficient between gas and fin is 30W/m2K and 

the thermal conductivity of steel is 43W/m2K(Dec 2019) 
 

 

 

 

UNIT II: CONVECTION 

PART A 

C305.2 At the end of this unit students has ability 

To understand Concepts of heat transfer by convection. 

 

1. Define fouling factor.(Dec. 2013) 

Formation of scale or a deposit on a heat transfer surface is called fouling and the heat 

transfer resistance offered by the deposit is called fouling factor or dirt factor. 

 
2. What are the uses of Transient Heat conduction?(June, 2013) 

The unsteady state of conductive heat transfer is generally called as Transient heatconduction. 
Temperature at any point depends not only on its position on 3 axes but also ontime. In all the 

industrial applications, transient heat conduction is happened. 

 
3. Define Prandtl Number?(Dec. 2012) 

It is defined as the ratio of Momentum diffusivity to thermal diffusivity. If Pr<1, the 
momentum boundary layer remains within the thermal boundary layer. If Pr>1, the reverse becomes 

true. 

 
4. Write the significance of Stanton number? 

It is the ratio of rate of wall heat transfer by convection and rate of heat transfer by bulk flow. 
 

5. Write the significance of Graetz number? 
It is similar to Peclet number but used in connection with analysis of heat transfer in laminar flow in 
pipes. 

 

6. Write various momentum and heat transfer analogies 

Colburn analogy, Reynolds analogy and Prandtl analogy. 

 

7. Write the significance of Thermal diffusivity 

Higher the thermal diffusivity, the less time is required for heat to penetrate into the solid. 
 

8. Write the Critical radius of insulation 

The minimum radius required for insulation, above which heat loss decreases with increase in the 
thickness of insulation. 

 

9. What are fins? 

Heat transfer by convection between a surface and the fluid surrounding it can be increased by 

attaching to the surface thin strips of metal, called fins. 

 

10. Write the physical significance of Biot Number 

It is the ratio of conductive resistance to heat transfer to the convective resistance to heat transfer. 
 

11. Write the basic criteria required for lumped heat system. (Dec. 2012) 

The Biot Number should be less than 0.1. 

 

12. What is Thermal Contact Resistance? 

When two flat solid surfaces are in contact, there may be scattered tiny gaps containing an entrapped 
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gas (usually air) at the contact surface, this resulting heat transfer resistance at the interface is called 

the thermal contact resistance. 

 

13. Write about film boiling 

The film boiling reduces the heat transfer coefficient. Film boiling will occur for nearly all fluids, if 

the temperature difference between the metal surface and the liquid is greater than F. 

14. What type of condensation is best and why? (Dec 2019) 

Drop wise condensation is best than film wise condensation, because, in the former, more surface area 

is exposed to the hot fluid and in the latter, the heat transfer surface area is covered by the film and 

this film blankets the surface, hence, film itself acts as the resistance for the heat transfer. 
 

15. Write the advantage of using 1-2 shell and tube heat exchangers than 1-1 exchanger. 
Increased velocity in the tube side fluid creates turbulence. This turbulence influences the heat transfer 

rate. Hence 1-2 exchanger is best over 1-1 exchanger. 

 

16. Why evaporators are operated at reduced pressures? 

To enable the use of low pressure steam as heating medium, to prevent thermal degradation of the 
solute and to reduce the wall thickness of the evaporator body. 

 

17. When thermal and hydro boundary layer thicknesses are same? 

When the Pr = 1, the thickness of thermal and hydro boundary layers are same. 

 

18. Explain Reynolds Analogy 
According to Reynolds Analogy, Stanton Number is the half of the Fanning Friction Factor with the 
following restrictions: 1. Pr = 1, 2. No form drag. 

 

19. Explain Colburn Analogy (Dec 2019) 

According to Colburn Analogy, JH is the half of Fanning Friction Factor with the following: 

0.5 < Pr < 50, 

No Form drag. 

 

20. Write the Dittus Boelter Equation. (Nov 2015) 

Nu = 0.023 Re0.8.Pr0.33
 

 

21. Write the physical significance of Peclet Number? 

The ratio of rate of heat transfer by bulk flow and rate of heat transfer by conduction. 
 

22. Why forced convection net transfer rate is higher than natural convection? (May 2017) 

The potential of heat transfer is much higher; thus the heat transfer coefficient is higher. 

 

23. Brief on thermal boundary layer. (May 2017) 

In heat transfer, the boundary layer is known as Thermal Boundary layer, and its thickness can be 

defined as the distance at which fluid attains 99% of free stream temperature. 

PART B 

1. Derive Reynolds analogy and colburn analogy and also mention their validity.(Nov 2015) 

2. Derive the relationship between individual and overall heat transfer coefficients. 

3. A 6.35 mm ID tube is maintained at 37.8 oC along its surface. Ethylene glycol at 15.6   oC is 

allowed to flow through this tube with a mean velocity of 0.61 m/s. Determine the mean heat transfer 

coefficient over the first 1.5 m length of the tube. The properties of ethylene glycol are: viscosity at 
15.6 oC = 25.67x10-3 kg/ms; viscosity at 37.8oC = 10.38x10-3 kg/ms; Thermal Conductivity = 0.292 
W/m K; density = 1100 kg/m3; Pr at 15.6 oC = 204. 

4. (i) Explain the concept of thermal and hydrodynamic boundary layer. (Nov 2015) 
ii) Air at 1 atm and 300 K ows across a 30 cm square plate at a velocity of 25 m/s. The last half of the 

plate is heated to a constant temperature of 360 K. Compute heat lost by the plate. (June, 2013) 

5. A big slab of Aluminium at a uniform temperature of 250 oC is exposed suddenly to a surrounding 

temperature of 70 oC. What is the total heat removed from the slab per unit surface area when the 
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temperature at a depth of 5 cm has dropped to 130 oC?(June, 2013) 

6. Derive unsteady state heat conduction equation for cylindrical coordinates. 
7. A semi-infinite plate without internal source of heat/sink is placed in the first X, Y quadrant with edges 

x=0, x=L, y=0, y=∞. The edges x=0, x=L, y=∞ are maintained at uniform temperature of T1 and fourth 

edge y=0 is maintained at steady state temperature distribution of f(x). Find the temperature 

distribution in the plate. 

8. Water flows at 50 oC inside a 1” inner diameter tube, such that hi = 3500 W/m2.K, thickness 

of wall is 0.8 mm, thermal conductivity k = 16 W/m.K. Calculate overall heat transfer coefficient‘U’ 

and heat transfer rate per unit length, at the atm. temperature of 20 oC. 

9. Steam at 120 oC is flowing through at wrought-iron ( k = 59 W/m.k) tube of ID = 5 cm and OD = 7 cm 

which is covered with 1 cm thick asbestos (k=0.1105 W/m K) insulation. If the convection heat 

transfer coefficient at the inner and outer surfaces of the tube are 200 and 10 W/m2.K, respectively, and 

the atmospheric air is 25 oC, estimate the rate of heat losses from steam per metre length of the tube. 

Assume that the steam in the tube is held at a constant temperature. 

10. Derive the expression for Lumped Heat Capacity analysis. 

11. A stainless steel ball of OD 1 cm at a temperature of 320 oC is immersed in a liquid of 120oC for 

which h = 100 W/m2k. Find time required for the ball to reach a temperature of 200 oC. Take density = 

7800 kg/m3, CP = 460 J/kg.K, thermal conductivity, k = 40 W/m.K. 

12. Air at 303 K and 1.01 bar flows over a flat plate at a velocity of 190m/min. If the plate size is 

0.5m*0.5m and maintained at 353 K, find the hydrodynamic and thermal boundary layer thickness, 
local heat transfer coefficient, average heat transfer coefficient, total loss per hour and the drag force 

on the plate.(Dec 2017) 

13. It is desired to estimate the batch time for heat treatment process involved in cooling alloy steel balls of 
15mm dia from 820˚C to 100˚C in an oil at 40˚C with a convection coefficient of 18W/m2K. The 

material properties are density=7780 kg/m3, specific heat=576 J/kgK, conductivity =45 W/mK, 

determine the time required. If this is to be achieved in 10 min, determine the value of convection 
coefficient. If the convection coefficient increases to (i) 5000W/m2K (ii) 6000 W/m2K using 

evaporating liquid, determine the time required to cool 100˚C. (Dec 2017) 

14. Difference between natural and forced convection with suitable examples. (June 2014) 
15. Consider a large plane of wall of thickness L=0.3m and thermal conductivity 225W/m˚C and surface 

area 10m2. The left side of the wall at x=0 is subjected to a net heat flux of 700W/m2 while the 

temperature at that surface is measured to be 80˚C. Assuming constant thermal conductivity and no net 
heat generation in the wall, express the differential equation and boundary conditions for steady one 

dimensional heat conduction through the wall. Obtain the relation for variation of temperature in the 

wall by solving the differential equation and evaluate the temperature at the right surface of the wall at 

x=L. (May 2016) 

16. Dry compressed air at 7 bar and 125˚C is to be cooled to 75˚C in a tubular cooler, the diameter being 

5cm and the wall temperature at 20˚C. Determine the length of the tube required. The velocity used is 

1.2m/s. (May 2017) 

17. A constant heat flux is provided over a cylinder of diameter 2.5cm and water at high pressure flows 
over it in an annulus between the cylinder and the 5cm diameter of the pipe. Water enters at 120˚C and 

is to be heated to 240˚C. The flow rate is 6kg/s. The heat flux is 8100 kW/m2. Determine the length 

required and also the temperature of the inner cylinder wall at the exit. The outer surface can be taken 

as insulated. (May 2017) 

18. Air stream at 300 K is moving at 0.3 m/s across a 100 W electric bulbat 400 K.If the bulb is 

approximated by a 60 mm diameter sphere, Calculate the heat transfer rate and the percentage of power 

lost by convection.(Dec 2018) 

19. Derive an expression for overall heat transfer coefficient from individual heat transfer coefficient.(Dec 

2018) 

20. Using the method of dimensional analysis, obtain the relevant dimensionless groups in forced 
convection, to obtain conviction coefficient.The physical quantities pertinent to forced convection are 

listed below, together with dimensions.Flow Length L; free stream velocity u , m/s; fluid density ρ, 
kg/m3 ;fluid viscosity kg/ms; Thermal conductivity k, W/m.K. ; specific hest capacity c, J/kgK; 

Convection coefficient h, W/m2.K (Dec 2019) 
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21.  Air at 27˚C and 1 atm flows over a flat plate at a speed of 2 m/s. Calculate the boundary layer 

thickness at distances of 20 cm and 40 cm from the leading edge of the plate. Calculate the mass flow 

that enters the boundary layer between x=20 cm and x=40 cm.The viscosity of air at 27˚C is 1.85*10-5 

kg/ms. Assume unit depth in the z direction. (Dec 2019) 

 
 

UNIT III: CONDENSATION 

PART A 

C305.3 At the end of this unit students has ability 

To learn Heat transfer to boiling liquids&condensing vapours 

 
1. Define Nusselt Number. (Dec. 2013) 

Nusselt number is the ratio of wall temperature gradient to temperature gradient across the fluid in the 

pipe. 

 

2. When thermal and hydrodynamic boundaries are equal? Explain. (June, 2013) 

The thermal and hydrodynamic boundaries are equal for the fluids having Pr = 1. 
Mostly the gases will have the Prandtl number equals to 1. The thicknessof these boundaries are samefor 

almost all gases. 

 
3. What is the effect of presence of Air in condensation process 

Air or any non-condensable fluids will blanket the heating surface and it offers higher heat 

resistance. Hence 1% of non-condensable fluids will reduce the heat transfer rate by 50%. 

 
4. What are the types of heat exchangers?(Dec. 2012) 

It can be classified as standard heat exchangers and compact heat exchangers. The standard 

heat exchangers can further be classified as double pipe heat exchangers and shell and tube 

exchangers. 
 

5. What is subcooled boiling? (May 2015) 

The boiling which indicates the location where the vapor can first exist in a stable state on the heater 

surface without condensing or vapor collapse. 

 

6. What condenser can be used for sub cooling? 

For sub cooling, vertical condensers are often used. 

 
7. What steps can be taken to change the film wise condensation to drop wise one?(May 2016) 

Add traces of oil with the steam 2. Use highly polished condensing surface. 
 

8. Differentiate the film boiling and nucleate boiling 

When the temperature gradient is greater than 50 F, film boiling occurs and the temperature gradient is 

less than this, Nucleate boiling occurs. 

 

9. What is meant by Nucleate boiling 
When vaporization takes place directly at the heating surface, it is called Nucleate boiling. Heat transfer 

rate is higher for nucleate boiling than film boiling. 

 
10. Define Fin Efficiency.(Nov 2015)(Dec 2019) 

The ratio of actual heat transferred by fin to the maximum heat transferable by fin, if the entire fin area 

were at base temperature. 
 

11. Write various design procedures widely used in Heat exchanger design 

1. Kern’s Method 2. Bell’s method 

 
12. Compare Kern’s method and Bell’s method 

Kern’s method assumes that cross flow is used in shell side. But in practical, due to leakages in the 
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baffle holes, co current or countercurrent flow is available on shell side. 

 

13. What is critical heat flux in pool boiling of water? 
The maximum heat flux is called critical heat flux, occurs at Nucleate boiling and is of the order of 1 

MW/m2.
 

 

14. Write the physical significance of Reynolds number 
It is the ratio of inertial force to viscous force. 

 

15. Write the types of boiling ?(May 2016) 

Pool boiling 2. Forced convection boiling. Pooling boiling can be sub classified into Interfacial 

evaporation, Nucleate boiling, stable film boiling, Radiation. 
 

16. Mathematically, differentiate natural and forced convection 

For natural convection, Nu = f (Gr, Pr) 

For Forced convection, Nu = f (Re, Pr) 

 
17. Write about natural convection (Dec 2019) 

Heat is transferred from higher temperature region to lower one and the heat transfer rate is increased by 
the mixing of fluids, occurred due to difference in density (due to temperature difference) 

18. What is steam trap? 
It is used for removing the condensate from the evaporator. A steam trap allows the condensate 

to flow through it, while it stops the steam from blowing out of it. 

19. What is Equivalent Number (De)? 

De = 4 (Hydraulic Radius) = 4 rH, where rH = CSA/ Wetted Perimeter 

20. What is NTU? (May 2015) 

The Number of transfer unit can be abbreviated as NTU and it is indicative of the size of the heat 

exchangers. 

21. Concise on the regimes of boiling. (May 2017) 
 

 

 

 

PART B 

1. A 5 cm O.D., 1m long tube is to be used to condense steam at atmospheric pressure. The water flows 



2020-2021 CH8591 -Heat Transfer 

Dept of Chemical Engineering 10 

 

 

inside the tube maintaining the wall surface at 60 oC. Estimate the mass of condensate for the tube in 

(i)horizontal position (ii) vertical position. (Nov 2015) 

2. By dimensional analysis derive the relationship between the dimensionless numbers for 

naturalconvection.(Dec. 2013) 

3. By dimensional analysis, prove that, Nu = f(Re, Pr) for forced convective heat transfer operation 

4. Explain the physical significance of the above mentioned dimensionless groups.(Dec. 2013) 

5. Compare drop wise condensation and film type condensation. 
6. Explain in detail on mechanism of boiling. (June, 2013) 

i) Derive the expression for calculating turbulent boundary layer thickness. 

ii) Define Prandtl number and explain its significance. 
iii) Write a short note on heat transfer to molten metals. (June, 2013) 

7. Explain in detail, Graphical analysis of two dimensional systems. 

8. Explain different analogies relating heat, mass and momentum transfers in detail. 

9. 400 tubes of 6mm diameter are arranged in a square array and exposed to saturated steam at a pressure of 
0.15 bar. Calculate the mass of the steam condensed per unit length of tubes for a tube wall temperature 

of 25 oC. (Nov 2015) 

10. Steam is condensed at pressure of 1.4 atm absolute in a vertical condenser at the rate of 8100 kg/hr using 

water at 32 oC. The outlet temperature of water is 84oC. The design coefficient may be taken as 190 

Btu/hr ft2oF. Find out heat load, cooling water requirement and area of heat transfer.(May 2015) 

11. Water flows through a vertical tube of 8 cm diameter and 120cm long and maintains its surface 

temperature at 343K. The tube is kept in an environment of saturated steam at atmospheric pressure; find 

the heat transfer coefficient on the surface assuming laminar film condensation. Also find the heat 
transfer rate to water and rate of condensation of steam.(Dec 2017) 

12. Saturated water at atmospheric pressure is boiled using a specially coated stainless steel pate, ground and 

polished and maintained at a temperature of 380K. If the area of the stainless steel plate is 2m2, what will 

be the rate of heat transfer from it to the water when the nucleate boiling exists? Assume the value of Ca 

as 0.008. (Dec 2017) 

13. Explain different types of boiling. (June 2014) 

14. Water is boiled at sea level in a coffee maker equipped with 22cm long and 0.5cm diameter immersion 

type electric heating element made of mechanically polished stainless steel. The coffee maker initially 

contains l litre of water at20˚C. Once water starts to boil, it is observed that half of the water in the 
coffee maker evaporates in 25 min. Determine the power rate of electric heating element immersed in the 

water and the surface temperature of the heating element. Also determine how long will it take for this 

transfer to rise to a temperature of 1litre of cold water from 20˚C to the boiling temperature.(May 2016) 

15. Saturated steam at 32˚C condenses on the outside of 5cm outer diameter, 5cm long vertical tube. The 

temperature of the tube is maintained at 22˚C by the cooling water. Determine the rate of heat transfer 

from the steam to the cooling water. The rate of condensation of the steam and the approximate thickness 
of the liquid film at the bottom of the tube. (May 2016) 

16. For water boiling at 1 atm at 100˚C determine the value of excess temperature in the film boiling region 

for a heat flux equal to the critical flux for this condition. (May 2017) 

17. What is film wise and drop wise condensation? Which would you prefer ?Why?(Dec 2018) 

18. With the help of q/A Vs T, explain the various stages involved in the boiling of saturated liquid and 
briefly discuss about the influence of boundary layer on heat transfer(Dec 2019) 

19. A. Write the assumptions made for calculating heat transfer coefficient during film condensation on a 
vertical plate 

B.Dry steam at 100˚C condenses on the outside surface of a horizontal pipe of O.D 2.5 cm. The pipe 
surface is maintained at 84˚C by circulating water through it. Determine the rate of formation of 

condensate per meter length of the pipe. The properties of condensate at film temperature are ρf=963 
kg/m3 ,µf= 306*10-6 N s/m2 ; Kf=677*10-3 W/mK; λ=2257 KJ/kg(Dec 2019) 

 

 

UNIT IV: EVAPORATION & RADIATION 

PART A 

C305.4 At the end of this unit students has ability 

To understand Theory of evaporation - single effect and multiple effect evaporation 
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1. What is grey body? (Nov 2014, May/June 2016) 
The materials whose emissivity and absorbivity are independent of their wavelengths are called grey 
body. 

2. Differentiate between grey and black body. (May 2015) 
The materials whose emissivity and absorbivity are independent of their wavelengths are called grey 
body. On the other hand, in black body, emissitivity and absorbivity are unity. 

3. Define steam economy.(Dec. 2012) 
Ratio of kg of vapor produced to the kg of steam supplied. Economy of single effectevaporator may be 
0.8 and increases with number of effects. 

4. State Stefan Boltzmann’s law.(Nov 2014)(Dec 2019) 

Stefan – Boltzmann law states that the total energy radiated per unit surface area of a black 

body across all wavelengths per unit time. j * is directly proportional to the fourth power of 

the black body’s thermodynamic temperature, T. 

1. Hence, j
* 
 T 

4

 

 

The value of the constant  is:   
2 5 

k 
4

 

15c2h3 
 5.670400X108 

J 
 

 

sm2 K 4 
5. What is monochromatic radiating power?(Dec. 2013) 

The amount of radiant energy emitted by a surface per unit area, per unit time and unit wavelength is 

called monochromatic emissive power of a blackbody. 

6. Write the types of evaporators. 

In broad sense, the evaporators can be classified into Natural and forced circulation evaporators. 

7. What are the common operational problems of an evaporator? (Nov 2015) 

Insufficient vacuum, Insufficient precooling, Moisture of saturation., High pressure drop 

8. When the liquor is dirt, what type of evaporators can be used? 
Basket type evaporators are best when the feed liquor is dirt because cleaning is very easy such that the 

calendria can be removed easily and cleaned. 

9. When the liquor is too viscous, what type of evaporators can be used? 

Agitated Thin film evaporators can be used when the liquor is too viscous even for 1, 00,000 cP. 

10. When the liquor is too heat sensitive like fruit juices, what type of evaporators can be used? 
Falling film evaporators can be used, where the retention time is less and more heat transfer rate can be 
achieved in lesser time. 

11. Classify the evaporators, based on the mode of feed supply. 

Forward feed, backward feed, parallel feed and mixed feed evaporators are available. 

12. What is the wavelength of thermal radiation? 

The wavelength of thermal radiation will be 0.1 to 100 micrometers 

13. Differentiate Evaporation and drying. 

The removal of a part of the solvent from a solution of a non-volatile solute by vaporization is called 

Evaporation where as if the entire solvent is vaporized out from the solution leaving a solid residue as 
the product, the operation is called drying. 

22. What is spectral emissivity? 

It is the ratio of intensity of radiation emitted by a body at wavelength to that of the radiation emitted 

by a black body at the same temperature and wavelength. 

14. What is Absorptivity, Reflectivity and transmissivity? 

The fraction of incident radiation absorbed, reflected and transmitted by the body is called 

Absorptivity, Reflectivity and transmissivity, respectively. 

15. Differentiate White body and Black body. 

The substance which reflects all the incident radiation is called White body whereas that which absorbs 
and emits all the incident radiation is called Black body. 

16. What is view factor? 

The fraction of the total radiant energy that is emitted by the surface I and is intercepted by the surface 

j is called view factor. 

17. Differentiate Specular and diffuse radiation. 

If the angle of incidence of radiation is equal to angle of reflection, then it is called specular radiation 

http://en.wikipedia.org/wiki/Black_body
http://en.wikipedia.org/wiki/Black_body
http://en.wikipedia.org/wiki/Black_body_radiation#Spectrum
http://en.wikipedia.org/wiki/Time
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and when the incident radiation is reflected in all directions uniformly, the reflection is called diffuse 

radiation. 

18. Write the types of steam trap. 

1. Expansion traps 2. bucket traps and 3. tilt traps. 
19. Write the types of evaporators. 

Horizontal tube natural circulation evaporator, vertical type natural circulation evaporator, Long tube 

vertical type evaporators, falling film type evaporator, forced circulation type evaporator, agitated film 

evaporator, open pan solar evaporator. 

20. Define multiple effect evaporators. 
The vapor, which contains latent heat, is generally discarded in an evaporator, thereby wasting 

energy. But it can be used as steam supply to another unit operating under a lower pressure and 
temperature. The vapor from the second unit can be further used as steam supply to third unit and so 

on. The economy gets increased in MEE. 

21. What is meant by capacity of evaporator? (Dec 2019) 

Kg of vapor produced per unit time is called as capacity of evaporator. 

22. What is the effect of roughness of surface on radiation? (May/June 2016) 

Roughness of the surface increases the emissivity. 

23. What is Planck’s constant and where it is used? 
The energy of each quantum in Radiation will be E = hv. 

Where, h is Planck’s constant = 6.625 X 10-34 J.s. 

24. Write the effect of BPE in multiple effect evaporators. 

 
 

Influence of BPE is strongest in last effect because of higher liquid concentration. So, the effective 
temperature driving force in each effect is reduced because of the BPE. 

25. What are the factors should be taken into account during the selection of 

Evaporator? 
Solution viscosity, heat sensitivity of the solute, scale or fouling characteristics of the solution, 

corrosiveness, presence of suspended solids and forming characteristics. 

26. List the advantages of multiple effect evaporators. (May 2017) 

Each successive steam chest in the multiple-effect evaporator condenses at the same temperature as 
that at which the previous effect is evaporating. ... The condensation duty is distributed between the 

steam chests of the effects, except for the first one, and so condenser and cooling water requirements 

will be less. 

27. State the importance of wien’s displacement law. (May 2017) 

It is based on the fact that hotter objects have more energy than cooler objects and therefore emit more 

radiation at higher frequencies than at lower frequencies. 

PART B 

1. (i) Arrive at the equation to find out the radiation heat transfer between the two black surfaces. 
(ii) Briefly explain black body concept. 

(iii) The effective temperature of a body having an area of 0.12 m2 is 630oC. Calculate the total rate of 

energy emission, the intensity of normal radiation and wavelength of maximum monochromatic 

emissive power.(May 2015) 

2. Discuss in detail on design of furnaces. (May 2015) 

3. Briefly explain the working of a multiple effect evaporator with a neat sketch. (Dec. 2012). 

4. Classify evaporators. Explain the working of a falling film evaporator with a neat sketch. 

5. A double effect evaporator is used to concentrate 11200 kg/hr of 5% solids to 50%. The feed enters at 

33oC and saturated steam at 115 oC enters the first effect for supplying the heat. The pressure in the 

second effect is 13.65 KPa absolute. The overall coeeficients are U1 = 2250 and U2 = 1610 W/m2 K. 

The specific heat of the solution is given by Cp(kJ/kg oC)= 4.19-2.35X. where X is the solute fraction 

by weight? Find out the area of evaporation. Assume no BPE. Carry out the calculation for only one 

trial. (May 2015) 

6. Explain the following: 
Absorptivity 

Reflectivity 

Emissivity 
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d) Kirchoff’s law 

7. i) Explain the different types of radiation. 

ii) Two parallel plates 0.5 m by 1 m, spaced by 0.5 m apart. One plate is maintained at 1000 oC and the 

other plate is at 500oC. The emissivities of the plates are 0.2 and 0.5 respectively. The plates are 

located in a very large room whose walls are maintained at 27 C. the plates exchange heat with each 

other and the room, but only the plate surface facing each other need to be considered in the analysis. 

Find the net transfer to each plate and to the room.(June, 2013) 

8. i) Explain the constructional details of long tube evaporator. 
Discuss different types of multiple effect evaporator based on feeding. (June, 2013) 

9. Write about Forward feed and Backward feed multiple effect evaporators. 
10. An aqueous solution of a high molecular weight solute is concentrated from 5% to 40% at a rate of 100 

m3/day. The feed temperature is 25 oC, and the concentrated product leaves at its boiling point. 

Calculate the rate at which heat must be supplied if evaporation occurs at (i) 1 atmosphere pressure (ii) 

a vacuum of 650 mm Hg. What advantage of this operation under vacuum is apparent from the 

answers? 

11. Explain the following in brief: 
(i) Governing law of radiation. 
(ii) Wien’s displacement law. 
(iii) Duhring’s Rule. 

12. Derive the equivalent emissivity for radiation exchange between small gray bodies and large 
parallel gray planes.(Dec. 2013) 

13. A feed of 3000 kg/hr of a 1.2 wt% NaOH salt solution at 311 K enters continuously in a single 

effect evaporator and is being evaporated to 3.0 wt%. The evaporation is at atmospheric 

pressure and the area of the evaporator is 72 m2. Saturated steam at 383.2 K is supplied for 

heating. Since the solution is dilute, it can be assumed to have the same boiling point as water. 

The heat capacity of the feed can be taken as 4.10 kJ/kg.K. Calculate the amounts of vapor and 

liquid product and the overall heat transfer coefficient.(Nov 2015) 

14. A furnace discharges hot flue gas at 1000 K and 1 atm abs pressure containing 7% CO2 into a 

stack having an inside diameter of 0.6m. The inside walls of the refractory lining are at 900 K 

and emissivity of the lining is 0.75. Calculate the rate of heat transfer from the gas by radiation. 

(Nov 2015) 

15. Explain the constructional details of short tube evaporator.(May 2014) 

16. Explain the relation between emmisivity and absorptivity. (June 2014) 

17. Explain the experimental determination of emmisivity. (June 2014) 

18. A triple effect forced circulation evaporator is used to concentrate 10000kg/hr aqueous sodium 
hydroxide solution from 10 to 40%. The feed is at 30˚C. The last stage is at 50mm of H 

absolute, U1=6000w/m2k U2=3600w/m2 and U3=2100w/m2k and it’s a forward feed. Find the 

heat transfer area and the steam economy. The steam available at 123˚C is (Hfg=2010kJ/kg). 
Latent heat at other stages are at 2100kJ/kg and 2200kJ/kg. The temperature in the last stage is 

38˚C. Assume Cp of solution is 4kJ/kgk (Dec 2019) 
19. Consider to rectangular surfaces perpendicular to each other with a common edge which is 

equal to 1.8m long, the horizontal surface is 0.8m wide and the vertical surface is 1.5m high. 

The horizontal surface has an emmisivity of 0.75 and is maintained at a temperature of 413K. 

The vertical surface is black and is maintained at 553K. The back sides of the surface are 

insulated. The surrounding surfaces are at 303K and can be considered to have an emmisivity 

of 0.8. Determine the net rate of heat radiation heat transfer between the two surfaces and 

between the horizontal surfaces of the surroundings.(Dec 2017) 

20. A group of 32 transistors dissipating 2W each are to be cooled by attaching them to a black 

anodized square aluminium plate and mounting the plate on the wall of a room at 30˚C. The 

emmisivity of the transistor and the plate surface is 0.9. Assuming the heat transfer from the 

back side of the plate to be negligible and the temperature of the surrounding surfaces to be the 

same as the air temperature of the room, determine the sie of the plate if the average surface 

temperature of the plate doesn’t exceed 45˚C. (May 2016) 
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21. The absorber surface of solar collector is made of aluminium coated with black chrome 

(α=0.87 and ε=0.09). Solar radiation is incident on the surface at the rate of 650 W/m2. The air 

and the effective sky temperatures are 25˚C and 15˚C respectively. And the convective heat 

transfer coefficient is 20W/m2˚C. For an absorber surface temperature of 75˚C determine the 

net rate of solar energy delivered by the absorber plate to the water circulating behind it.(Dec 

2019) 

22. Calculate the rate of heat oss from thermo flask if the polished silvered surfaces have 

emissivity of 0.05 ,the liquid in the flask is 368 K and the casing is at 293 K .Calculate the rate 

of heat loss if both surfaces were black.Stefan-Boltzman constant is 5.67*10-8W/(m 2K4) .(Dec 

2018) 

23. An aqueous solution at 15.5˚C and containing 4% solids is concentrated to 20% solids. A 

single effect evaporator with a heat transfer surface area of 37.2m2 and an overall heat transfer 

coefficient of 2000 Wm-2 K-1 is to be used. The calandria contains dry saturated steam at a 

pressure of 200kPa and the evaporator operates under vacuum of 81.3kPa. If the boiling point 

rises to 5K, calculate the evaporator capacity.(May 2016) 
 

UNIT V: DESIGN OF HEAT EXCHANGERS 

PART A 

C305.5 At the end of this unit students has ability 

To learn about design of heat exchanger 

1. What are tie rods? (Dec. 2013) 

The rods which are used to support the baffles are called as tie rods. Usually in heatexchangers, there will 

be two tie rods, at the top and at the bottom of the exchanger. 

2. Define LMTD.(May 2015)(Dec 2019) 
LMTD is defined as, logarithmic mean temperature difference, which is used in heat 

T1   T2 
 exchanger. It is, T   T1 



ln  
T 

 2 
3. Distinguish between heat transfer with and without phase change. (June, 2013) 

Cooling the hot oil using cold water is the example for heat transfer without phase change. On the 

other hand, when cooling the water vapor, it starts to get condensed, which is the example for heat 

transfer with phase change. 

4. What is Baffle spacing? 
The distance between 2 adjacent baffles (Centre to centre) is called baffle spacing or baffle pitch. It 

should be 0.2 to 1 time of shell diameter. 

5. Differentiate Heat exchangers and condensers. (May 2015) 

Condensers are coolers whose primary purpose is the removal of latent heat instead sensible heat and 

phase change is involved. Whereas, heat exchangers transfer the sensible heat and no phase change is 
involved. 

6. What are compact heat exchangers? 

A new class of heat exchangers which offers more than 700 m2 of heat transfer area per m3 of heat 

exchangers is called as compact heat exchangers. 

7. Write various design codes widely used. 

1. TEMA – Tubular Exchanger manufacturers’ Association 
2. ASTM – American Society of Testing Materials 

8. What is tube pitch? (Nov 2014)(Dec 2019) 
Minimum centre to centre distance between adjacent tubes in shell and tube heat 
exchangers. 

9. Write the applications of heat exchangers in process plants 

1. Cooler 2. Exchanger 3. reboiler 4. Heater 5. Condenser 6. Chiller. 

10. Write the various parts of shell and tube heat exchangers. 

1. shell 2. tube 3. baffles 4. tube sheets 5. tie rods and spacers 6. Flanges 7. Channel cover 8. inlet 

nozzles 9. channel 
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11. Write about Schedule Number. 
The wall thickness of pipe is indicated by the schedule number, which increases with the thickness. 

The Schedule numbers, 10, 20, 30, 40, 60, 80, 100, 120, 140 are in use. 

12. Why baffles are used in heat exchangers 

To improve the turbulence by increasing the velocity, to increase the residential time. 

13. Write the advantages of Spiral type heat exchangers 

It offers higher heat transfer coefficients because of the secondary flow created in a fluid in spiral flow. 
Suitable for handling viscous fluids and slurries, offer reduced fouling rate and can be cleanly relatively 

easily. 

14. Write the optimum velocity range of tube side fluid in heat exchangers 

The velocity ranges from 1 to 2 m/sec, preferably 1.5 m/sec should be maintained to create turbulence,  

to achieve higher transfer rate and also to reduce fouling. 

15. Why tube sheets are used in heat exchangers 
The circular metallic plates are used to hold the tubes, on both the ends of the heat exchanger, are called 
as tube sheets. 

16. Write the standard lengths of tube for the construction of heat exchangers 

8, 12, 16 and 20 ft are standard lengths of tubes 

17. When the pressure drop across the tube is low, what changes can be done to improve pressure 

drop in heat exchanger design? 
1. Reduce the diameter of the tube 2. If the diameter of the tube is smaller, increase the 

number of tube passes. 

18. When the pressure drop across the shell is low, what changes can be done to improve pressure 

drop in the heat exchanger design? 
1. Reduce the number of shell passes. 2. if it is one shell pass, then decrease the baffle spacing by 

increasing the number of baffles used. 

19. Write the significance of floating head heat exchangers 
When the temperature differential between the shell and the tube sides is large, the thermal stress will 
be generated. This problem can be countered by using floating head heat exchangers. 

20. What is Diffuse Gray? 

A surface is called Diffuse Gray if its spectral emissivity and the absorptivity are independent of the 
angle of incidence or the angle of emission. 

21. What is Effectiveness of heat exchanger? (Nov 2015) 

It is the ratio of actual heat transfer to the maximum possible heat transfer in the given heat exchanger. 
The value will be 0 – 1. 

22. Write the flow arrangements in heat exchangers 

1. Parallel or co-current flow, counter flow 3. Cross flow. Cross flow is best and counter 
flow is better than parallel flow from heat transfer rate point of view. 

23. Write the types of tube layout of a shell and tube heat exchangers. 

1. Triangular pitch 2. square pitch. 

24. State the advantages of compact heat exchangers. (May 2017) 
1. Compact heat exchangers are available in a wide variety of configurations to suit most processes heat 

transfer requirements. 

2. The advantages of CHEs, and associated heat transfer enhancement techniques, extend far beyond 

energy efficiency. 
3. Lower capital cost, reduced plant size, and increased safety are typical benefits arising from the use of 

CHE. 

4. CHE can replace some normal size heat exchangers bringing advantages and performance. 

 

25. State the assumptions of parallel flow heat exchangers. (May 2017) 

In parallel flow heat exchangers two fluids enter the exchanger at the same end, and travel in 

Parallel to one another to the other side. 
26. What is Fouling and how it can be prevented in heat exchangers(Dec 2018) 

Scaling is a type of fouling caused by inorganic salts in the water circuit of the heat exchanger. It 

increases the pressure drop and insulates the heat transfer surface, thus preventing efficient heat transfer 

 

PART B 

1. An oil cooler consists of straight tube of 20 mm outer diameter and 15 mm inner diameter enclosed 
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within a pipe and concentric with it. The external pipe is well insulated. The oil flows through the tube 

at 0.05 kg/s (Cp = 2 kJ/kg oC) and cooling fluid flows in the annulus in opposite direction at the rate of 

0.1 kg/s (Cp=4kJ/kg oC). The oil enters the cooler at 180 oC and leaves at 80 oC while cooling liquid 

enters the cooler at 30 oC. Calculate the length of the pipe required if heat transfer coefficient from oil 

to tube surface is 1720 W/m2oC and from metal surface to coolant is 3450 W/m2oC. Neglect the 

resistance of the tube wall. (May 2015) 

2. A counter flow double-pipe heat exchanger is to heat water (Cp = 4.18 kJ/kgoC) from 20oC to 80 oC at 

a rate of 1.2 kg/s. The heating is to be accomplished by geothermal water (Cp = 4.31 kJ/kgoC) available 

at 160oC at a mass flow rate of 2 kg/s. The inner tube is thin walled and has a diameter 0f 1.5 cm. If the 

overall heat transfer coefficient of the heat exchanger is 640 w/m2oC. Calculate the length of the heat 

exchanger required to achieve the desired heating. Comment on your results. (Nov 2015) 

3. Derive ε as a function of NTU for a parallel flow heat exchanger. (Dec. 2012) 

4. i) Explain parallel flow and counter flow heat exchanger. 
ii) Steam at a pressure of 1.2 atm absolute is condensed in a 1-4 vertical condenser at the 

rate of 8000 kg/hr using water at 300 K with flow rate of 6500 kg/hr. Find out heat load, outlet 

temperature of water and area of heat transfer. Take Uo = 600 W/m2K. (June, 2013) 

5. With a neat sketch explain the construction and operation of i) Box type furnace ii) De 

florex circular furnace. (June, 2013) 

6. Derive the energy balance and LMTD for a counter current heat exchanger. (Dec. 2013) 

7. Water enters a counter flow double pipe heat exchanger at 15 oC, flowing at the rate of 1,300 kg/hr. It is 

heated by oil (CP = 2,000 J/kg.K) flowing at the rate of 550 kg/hr from an inlet T of 94 oC. For an area 

of 1 m2 and U = 1,075 W/m2.K, find heat transfer rate and outlet temperature of water and oil. 

8. Explain the steps involved in designing the Shell and Tube heat exchanger. 
9. Explain compact heat exchangers. 
10. Draw and explain the working principle of shell and tube heat exchanger in detail. 

11. In a double pipe heat exchanger, 10,000 kg/hr of an oil having specific heat of 2095 J/kg.K is cooled 

from 80 oC to 50 oC by 8000 kg/hr of water entering at 25 oC. Find the heat transfer area for which U = 

300 W/m2.K. Compare the performance of co-current and counter current double pipe heat exchanger. 

Take CP of water = 4180 J/kg.K. (Dec 2018) 

12. A chemical plant produces 300 metric tons of sulphuric acid per day. The acid is to be cooled 

from 333 K to 313 K by 500 metric tons of water per day, which has an initial temperature of 

288 K. A counter flow cooler consisting of concentric pipes 12.5 mm thick is to be used. The 

inner pipe through which the acid flow is 75 mm bore and the outer one 125 mm bore. The 

outside diameter of the inner pipe is 100 mm. The physical properties of the fluid at the mean 

temperature are as follows: 

Properties Acid Water 

Density, kg/m3 1800 998.2 

Heat Capacity, kJ/kg.K 1.465 4.187 

Thermal Conductivity, W/m K 0.302 0.6669 

Viscosity, kg/m.s 0.0112 0.0011 

 
Thermal conductivity of pipe material is 46.52 W/m.K. Use Dittus-Boelter equation for calculation of h. 

Also calculate the length of pipe required. (Nov 2014) 

 

13. In a process industry, the waste water (Cp=4350 J/gK) at 85˚C is used to preheat fresh water at 25˚C at 

the same flow rate in a double pipe counter flow exchanger, the heat transfer surface area of the heat 
exchanger is 2.5m2 and the overall heat transfer coefficient is 650 W/m2K. If the rate of heat transfer in 

the heat exchanger is 60kW, determine the outlet temperature and the mass flow rate of each fluid 

stream.( Dec 2017) 

 

14. A hot water stream from a factory building has a temperature of 100˚C and a flow rate of 12 kg/s and a 
specific heat capacity of 4.22kJ/kgK. The incoming water supply to the manufacturing process is at 
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28˚C and has a flow rate of 9kg/s and has a specific heat capacity of 4.2kJ/kgK. It is proposed to install 

a counter flow heat exchanger to recover the waste heat. If the heat exchanger has an overall area of 

50m2 and an overall heat transfer coefficient of 850 W/m2K (assuming there are no heat losses from the 
heat exchanger), determine the effectiveness of the heat exchanger, the heat transfer rate and the exit 

temperature of the incoming water stream leaving the heat exchanger.(Dec 2017) 

 
15. In a heat exchanger hot fluid enters at 200˚C and leaves at 110˚C while the cold fluid enters at 80˚C and 

leaves at 130˚C. Determine the LMTD and the effectiveness in the following cases. Counter flow; two 

shell passes and multiple tube passes; and cross flow and the cold fluid unmixed. Also find the NTU 

values.(Dec 2017) 

 

16. Hot oil is to be cooled by water in a 1 shell pass and 8 tube passes heat exchanger. The tubes are thin 

walled and are made of copper with an internal diameter of 1.6cm. The length of each tube pass in the 

heat exchanger is 6m and the overall heat transfer coefficient is 330W/m˚C. Water flows through the 

tube at the rate of 0.25kg/s and oil through the shell at the rate of 0.35kg/s. The water and the oil enters 
at a temperature of 20˚C and 150˚C respectively. Determine the rate of heat transfer in the heat 

exchanger and the outlet temperature of the water and oil. (Dec 2019) 

 

17. Cold water enters a counter flow heat exchanger at 15˚C at a rate of 8kg/s, where it is heated by a hot 
water stream that enters the heat exchanger at 70˚C at a rate of 2kg/s. Assuming the specific heat of 

water to be constant 4.2kJ/kg˚C, determine the maximum heat transfer rate and the outlet temperatures 

of cold and hot water streams for this limiting case. (May 2016) 

 

18. Water (Cp=4180 J/kg˚C) is to be heated by a solar heated hot air (Cp=1010 J/kg˚C) in a double pipe 
counter flow heat exchanger. Air enters the heat exchanger at 90˚C at the rate of 0.3kg/s. while water 
enters at 22˚C at the rate of 0.1kg/s. The overall heat transfer coefficient is based on the inner side of the 
tube is given to be 80W/m2˚C. The length of the tube is 12m and the internal diameter of the tube is 
1.2cm. Determine the outlet temperatures of water and air.(Dec 2019) 

 
 

19. Derive an expression for logarithmiv mean temperature (LMTD) for heat exchanger.(Dec 2018) 

 

20. Hot water at 2.5kg/s and 100˚C enters a concentric tube heat exchanger having a total area of 23m2 cold 

water at 20˚C enters at 5kg/s and the overall heat transfer coefficient is 1000W/m2K. Find the total heat 

transfer rate and the outlet temperatures of hot and cold fluids. Assume 
 

(i) Counter flow in heat exchanger 

(ii) Hot and Cold water Cp is 4200 J/kg k(May 2017) 
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CH8551 MASS TRANSFER-I 

 

UNIT   I – (DIFFUSION) 

 
C303.1 Students would have knowledge in diffusion and its application in laminar and 

turbulent conditions 

 

1. State Fick’s first law of diffusion. 

The molar flux of a species relative to an observer moving with molar average velocity is 

proportional to the concentration gradient in a certain direction. 
 

 

Where, JA is the molar flux of component A in the Z direction. CA is the concentration of A 

and Z is the distance of diffusion. The proportionality constant, DAB is the diffusion 

coefficient of the molecule A in B. This is valid only at steady state condition of diffusion. 

 
2. Define the terms: Molecular diffusion & Eddy diffusion (May 2018) 

Molecular Diffusion is a mechanism of mass transfer in stagnant fluids / moving in laminar 

flow. Molecular diffusion is concerned with the movement of individual molecules through a 

substance by virtue of their thermal energy. The phenomenon of molecular diffusion leads to 

a completely uniform concentration throughout a solution. 

Eddy Diffusion is a mechanism in which the mechanical agitation produces rapid movement 

of relatively large chunks /eddies, of fluid characteristics of turbulent motion, which have 

carried salt with them. 

 

3. State Knudson diffusion? 

Knudsen diffusion is a means of diffusion that occurs when the scale length of a system is 

comparable to or smaller than the mean free path of the particles involved. For example in a 

long pore with a narrow diameter (2–50 nm) because molecules frequently collide with the 

pore wall. In other words Knudsen diffusion occurs in porous solids when the pore diameter, 

d to mean free path of the gas molecules is less than 0.2 (d/λ < 0.2). 

 
4. Define molecular diffusion. 

Molecular diffusion is caused by the movement of individual molecules through a substance 

by virtue of their thermal energy. Example: if colored solution is poured into a pool of water 

it begins to diffuse slowly into the entire liquid 

 
5. Define Diffusion Coefficient 

The proportionality factor of Fick’s law is called diffusivity or diffusion coefficient, DAB 

which can be defined as the ratio of the flux to its concentration gradient and its unit is m2 /s. 

It is a function of the temperature, pressure, nature and concentration of other constituents. 

DAB = flux/ concentration gradient 

http://en.wikipedia.org/wiki/Diffusion
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6. What is the effect of temperature and temperature in diffusivity of gases? 

Effect of temperature: 

The diffusion coefficient D is a function of both temperature and pressure. 

Diffusion increases with increasing temperature (as molecules move more rapidly) DAB α T. 

Effect of pressure: 

Pressure dependence of diffusivity is given by DAB α 1/P decreases with increasing pressure 

(which packs more molecules in a given volume, making it harder for them to move). 

 
7. Define Unsteady state Diffusion 

If the change of concentration of a component A of the diffusive constituents in a mixture 

occurs over a time at a point, the Fick’s law of diffusion at unsteady state condition can be 

expressed for Z-direction as 
 

Both the diffusive and non-diffusive constituents affect the rate of unsteady state diffusion 

 
8. What is the physical basis for mass transfer to occur? 

 Mass Transfer phenomena arise from the distribution of sample molecules within 

either the stationary phase or mobile phase. 

 Existence of Concentration Gradient 

 Diffusion forms the basis for several mass transfer operations. 

 
9. Define Mass Flux 

Mass Flux of a given species is the amount of that species in either mass or moles which 

crosses a given area per unit time. It is defined as the rate of mass transfer across a unit area 

i.e.; the area being measured in the direction normal to the diffusion. Its unit moles/m2s. 

The mass (or molar) flux of a given species is a vector quantity denoting the amount of the 

particular species, in either mass or molar units, that passes per given increment of time 

through a unit area normal to the vector. 

 

10. Write down the relationship between mass transfer coefficients and diffusivity 

The diffusivity or diffusion coefficient, DAB is defined as the ratio of its flux JA to its 

concentration gradient. Diffusion coefficient is a measure of diffusive mobility. The negative 

sign emphasizes that diffusion occurs in the direction of a drops in concentration 

Where, JA = molar flux DAB = diffusion coefficient 𝜕𝜕𝜕/𝜕𝜕 = concentration gradient. 

 
11. Write Stokes-Einstein Equation 

Liquid diffusivity varies linearly with absolute temperature and inversely proportional to 

viscosity of the medium Hence, 
 

Where diffusivity - DAB, absolute temperature – T, viscosity of the medium - μ. 
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12. Explain the diffusion in solids. 

The concentration gradient remains unchanged with the passage of time, so the rate of diffusion is 

constant. Hence Fick’s law can be applied when the diffusivity is independent of concentration and 

there is no bulk flow. Thus, NA the rate of diffusivity of substance A per unit cross section of solid is 

proportional to concentration gradient in the direction of diffusion. 

Where, DA – Diffusivity of A through solid. 

 
13. Write the Measurement of gas-phase diffusion coefficient 

There are several methods of experimental determination of gas-phase diffusion coefficient. 

Two methods are 

(a) Twin-bulb method and 

(b) Stefan tube method. 

Predictive Equations are sometimes used to determine diffusivity. These may be empirical, 

theoretical or semi-empirical. 

 
14. Write Chapman-Enskog Equation 

Where, σAB is characteristic length parameter of binary mixture in Å, ΩD is collision 

integral=f(kT/εAB) 

 

 
15. Define Surface diffusion 

The diffusion of adsorbed molecules on the surface due to concentration gradient is kwon as 

surface diffusion. If the fractional coverage of the surface is less than unity then the some of 

the active sites remain empty. Adsorbed molecule having energy greater than the energy 

barrier tends to migrate to an adjacent vacant site. This migration is visualized to occur by 

“hoping mechanism”. 

 
16. Define Diffusion through polymers 

The diffusion of solutes through polymeric solids is more like diffusion in liquids, 

particularly for the permanent gases. The gas dissolves into the solid exposed to the gas and 

usually described by Henry’s law. The gas then diffuses from high to low pressure side. 

Hence, high pressure is applied to increase gas concentrations, thus increasing respective 

solubility (difference in solubility is the key feature) of gases. The polymeric chains are in a 

state of constant thermal motion and diffusing molecule move from one location to the 

adjacent location due to the potential barrier. 

 

17. What is an interstitial mechanism in the diffusion of solids? 

Interstitial sites are placed between the atoms of a crystal lattice small diffusing solute forms 

may pass from an intestinal site to the next when the matrix atoms of the crystal lattice move 

aspect temporarily to provide the necessary space. 
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18. Give the Wilke-Lee equation and its use. 

One of the most common methods to estimate the binary gas diffusivity DAB in low pressure 

system was proposed by Wilke and Lee 

DAB = diffusion coefficient, cm2/s, MA, MB = molecular weights of A and B, respectively, T 

= temperature, K, P = pressure, bar, σAB = “collision diameter,” a Lennard-Jones parameter, 

angstrom , ΩD = diffusion collision integral, dimensionless 

 

19. Write Wilke-Chang Equation 
 

where, DAB
O is diffusivity of solute A in solvent B, m2 /s, φ is association factor [for 

H2O=2.26; MeOH=1.9; EtOH=1.5; non-associated solvent=1.0]; MB is molecular weight of 

B; T is absolute temperature in K; μB is solution viscosity, kg/m.s; νA is solute molar volume 

at normal boiling point, m3 /kmol [νA=0.0756 m3 /kmol for H2O as solvent]. 

 
 

20. When will the mass diffusivity and the momentum diffusivity are same? 

Mass diffusivity and momentum diffusivity are same for liquids at high Concentrations 

 

21. Define Diffusion in porous solids 

The solid sometimes may act as porous barrier or as porous catalyst pellets and is normally 

surrounded by a single body of fluid. The inward or outward movement of the solutes 

through the pores of the solid is mainly by diffusion. This movement may occur inside the 

pore or at the surface of the adsorbed solute 

 
 

UNIT – II – MASS TRANSFER COEFFICIENT 
 

C303.2 Students would have knowledge in mass transfer coefficient and its application 

in various theories. 

 

1. List the assumptions of two film theory. (Dec 2018) 

 Steady-state: concentrations at any position in the tower do not change with time. 

 Interface between the gas phase and the liquid phase is a sharp boundary. 

 Laminar film exist at the interface on both sides of the interface 

 Equilibrium exists at the interface, thus there is negligible resistance to mass transfer 

across the interface: (xi, yi) is the equilibrium concentration. 

 No chemical reaction: rate of diffusion across the gas-phase film must equal the rate 

of diffusion across the liquid-phase film. 
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2. Give the significance and representation of Stanton Number: 

Stanton number, St, is a dimensionless number that measures the ratio of heat transferred 

into a fluid to the thermal capacity of fluid. It is used to characterize heat transfer in forced 

convection flows. 

Where, h = convection heat transfer coefficient, = density of the fluid, cp = specific heat of 

the fluid, V = velocity of the fluid 

It can also be represented in terms of the fluid's Nusselt, Reynolds, and Prandtl numbers: 

 
3. Write the Basic assumptions of the penetration theory. 

Basic assumptions of the penetration theory are as follows: 

 Unsteady state mass transfer occurs to a liquid element so long it is in contact with the 

bubbles or other phase 

 Equilibrium exists at gas-liquid interface 

 Each of liquid elements stays in contact with the gas for same period of time 

4. What is penetration theory? 

In the absorption of gases from bubbles or absorption by wetted-wall columns, the mass 

transfer surface is formed instantaneously and transient diffusion of the material takes place. 

Figure demonstrates the schematic of penetration model. 
 

5. What is Surface renewal theory? (May 2017) 

For the mass transfer in liquid phase, Danckwert (1951) modified the Higbie’s penetration 

theory. He stated that a portion of the mass transfer surface is replaced with a new surface by 

the motion of eddies near the surface 

 

Where s is fraction of the surface renewed in unit time, i.e., the rate of surface renewal [s-1]. 

 
6. What is Boundary Layer Theory 

Boundary layer theory takes into account the hydrodynamics/flow field that characterizes a 

system and gives a realistic picture of the way mass transfer at a phase boundary. A 

schematic of concentration boundary layer is shown in Figure 
 

http://en.wikipedia.org/wiki/Dimensionless_number
http://en.wikipedia.org/wiki/Thermal_capacity
http://en.wikipedia.org/wiki/Heat_transfer
http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Specific_heat
http://en.wikipedia.org/wiki/Velocity
http://en.wikipedia.org/wiki/Nusselt_number
http://en.wikipedia.org/wiki/Reynolds_number
http://en.wikipedia.org/wiki/Prandtl_number
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7. Write the relationships between the mass transfer resistances 

The following relationships between the mass transfer resistances can be made from the 

Equations 
 

 

8. What are the theories of mass Transfer? 

Many theories are available to explain the behavior of mass transfer coefficient such as the 

 Film Theory 

 Penetration Theory 

 Surface renewal Theory 

The theories are based on both molecular and turbulent diffusion. 

9. What is Film theory? 

In case of one dimensional convective mass transfer, the concentration distribution is linear. 

The coefficient of mass transfer in this special case is proportional to the diffusion 

coefficient and inversely proportional to the film. This phenomenon is commonly known as 

the film theory. The schematic diagram of concentration profile with stagnant film is shown 

in Figure 
 

 
10. How do you obtain over all mass transfer coefficient from individual mass transfer 

coefficients? 

Where ky and kx are the locally applicable coefficients (individual mass transfer coefficient); 

and m’ is the slope. The above equation shows the relationship between the individual phase 

transfer coefficients and overall coefficient (ky) Similarly, 1/kx = 1/m’ky + 1/kx Thus from 

the above two equations, the overall mass transfer coefficients can be obtained from 
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individual mass transfer coefficients. 

 

11. Give the significance and representation of Nusslet Number. 

Nusselt number is the ratio of convective to conductive heat transfer across (normal to) the 

boundary. The conductive component is measured under the same conditions as the heat 

convection but with a (hypothetically) stagnant (or motionless) fluid. 

Where, L = characteristic length, kf = thermal conductivity of the fluid, h = convective heat transfer 

coefficient 

 
12. Give the significance and representation of Prandtl Number. 

The Prandtl Number is a dimensionless number approximating the ratio of momentum diffusivity 

(kinematic viscosity) and thermal diffusivity and can be expressed as 

Pr = v / α 

Where, Pr = Prandtl's number, v = momentum diffusivity (m2/s), α = thermal diffusivity (m2/s). The 

Prandtl number can alternatively be expressed as Pr = μ cp / k 

Where, μ = absolute or dynamic viscosity (kg/m s, cP), cp  =  specific  heat  capacity  (J/kg  K,  

Btu/(lb oF)) 

k = thermal conductivity (W/m K, Btu/(h ft2 oF/ft)) 

The Prandtl Number is often used in heat transfer and free and forced convection calculations. It 

depends on the fluid properties. 

http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Heat_conduction
http://en.wikipedia.org/wiki/Normal_(geometry)
http://en.wiktionary.org/wiki/stagnant
http://en.wikipedia.org/wiki/Characteristic_length
http://en.wikipedia.org/wiki/Thermal_conductivity
http://en.wikipedia.org/wiki/Convective
http://en.wikipedia.org/wiki/Convective
http://en.wikipedia.org/wiki/Heat_transfer_coefficient
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13. How does mass transfer coefficient vary with DAB in film theory and penetration 

theory? 

 In film theory, mass transfer coefficient is proportional to DAB: [ KC  DAB] 

 In penetration theory, mass transfer coefficient is proportional to DAB
0.5: [ KC 

DAB
0.5] 

 
14. Give the significance and representation of Schmidt Number. 

The dimensionless group in mass transfer identical to that of prandtl number in heat transfer. 

It is the ratio of molecular momentum transfer to molecular mass transfer. 

NSC = µ / ℓ * DAB 

 
15. Define the term overall mass transfer coefficient. (Nov 2011) 

In engineering, the mass transfer coefficient is a diffusion rate constant that relates the mass 

transfer rate, mass transfer area, and concentration gradient as driving force. 

Where,  kc is the  mass transfer  coefficient [mol/(s·m2)/(mol/m3)], or m/s,   is the mass 

transfer rate [mol/s], A is the effective mass transfer area [m2], ΔCA is the driving force 

concentration , difference [mol/m3]. 

This  can  be  used  to  quantify  the  mass  transfer  between phases, immiscible and  

partially miscible fluid mixtures (or between a fluid and a porous solid. Quantifying mass 

transfer allows for design and manufacture of separation process equipment 

 
16. Explain how gas film controls mass transfer. 

It is possible that one of the films exhibits relatively high resistance and therefore dominates the 

overall resistance to transfer. This, of course, depends on the relative magnitudes of kl, kg and Hc. 

So the solubility of the gas and the hydrodynamic conditions which establish the film thickness or 

renewal rate (in either phase) determine if a film controls. 

 
17. State the assumptions made in Chilton-colburn analogy. (May 2009) 

Chilton–Colburn J-factor analogy is a successful and widely used analogy from heat, momentum, 

and mass transfer analogies. The basic mechanisms and mathematics of heat, mass, and momentum 

transport are essentially the same. 

It can be written as 

This equation permits the prediction of an unknown transfer coefficient when one of the other 

coefficients is known. The analogy is valid for fully developed turbulent flow in conduits with Re > 

10000, 0.7 < Pr < 160, and tubes where L/d > 60. 

 

18. What is Lewis number? 

A dimensionless number formed by dividing thermal diffusivity by mass diffusivity. 

Lewis number = thermal diffusivity/mass diffusivity 

LE = SC  / PR  = α / D 

Where α - thermal diffusivity, D- mass diffusivity 

http://en.wikipedia.org/wiki/Engineering
http://en.wikipedia.org/wiki/Diffusion
http://en.wikipedia.org/wiki/Mass_transfer
http://en.wikipedia.org/wiki/Mass_transfer
http://en.wikipedia.org/wiki/Phase_(matter)
http://en.wikipedia.org/wiki/Miscible
http://en.wikipedia.org/wiki/Miscible
http://en.wikipedia.org/wiki/Miscible
http://en.wikipedia.org/wiki/Separation_process
http://en.wikipedia.org/wiki/Momentum
http://en.wikipedia.org/wiki/Turbulent_flow
http://en.wikipedia.org/wiki/Reynolds_number
http://en.wikipedia.org/wiki/Prandtl_number
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19. How mass transfer coefficient and diffusivity are related in film theory? 

Mass transfer coefficient is defined as the ratio of rate of mass transfer per unit area to its 

concentration gradient. It can also be defined as ratio of flux to its concentration gradient. 

Mass transfer coefficient, MTC = flux/concentration gradient 

 
20. What is Interphase Mass Transfer Theory? 

The process of mass transfer from the bulk of one phase to the interphase surface and then 

from the interphase to the bulk of another phase is called interphase mass transfer. As an 

example absorption of sulfur dioxide from air occurs by water. In this case sulfur dioxide 

diffuses through air and then passes through the interface between the air and water and 

finally, diffuses through the adjacent immiscible water phase. Here mass transfer occurs in 

each phase because of concentration gradient till an equilibrium state (i.e., chemical potential 

of the component becomes same for both the phases) exists at the interface between the 

phases. 

UNIT III - HUMIDIFICATION 
 

C303.3 Students would have knowledge in Humidification and its application in Cooling 

tower 

 
1. Define Humidification and dehumidification. 

Humidification and dehumidification involve transfer of the material between a pure 

liquid phase and fixed gas that is nearly insoluble. Both heat transfer and gas phase mass 

transfer influences each other. 

Increasing the amount of vapors present in the gas stream is called Humidification. 

Reducing the amount of vapors present in the gas stream is called Dehumidification. 

2. Define absolute Humidity. 

The ratio of mass of vapor to the mass of gas is the absolute humidity Y'. If the quantities 

are expressed in moles, then the ratio is the molal absolute humidity Y. 

Vapor – Component present as gaseous and liquid form; referred as component A 

Gas – component present only in gaseous form; referred as component B 

 

Where, MA – Molecular weight of A 

MB – Molecular weight of B 

 ,  – Partial Pressure of component A & B 

Pt – Total Pressure 

 
3. Define saturated molal absolute humidity 

If an insoluble dry gas B is brought into contact with sufficient liquid A, the liquid will 

evaporate into the gas until ultimately, at equilibrium, the partial pressure of A in the 

vapor-gas mixture reaches its saturation value, the vapor pressure PA at the prevailing 

temperature. Saturated molal absolute humidity Ys is defined as 
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Where PA – vapor pressure of A, Pt – Total Pressure. 

 
4. Define Dry-bulb temperature and Wet-Bulb Temperature. 

Dry-bulb temperature: This is the temperature of a vapor-gas mixture as ordinarily 

determined by immersion of a thermometer in the mixture. 

Wet-Bulb Temperature: The wet-bulb temperature is the steady-state temperature 

reached by a small amount of liquid evaporating into a large amount of unsaturated 

vapor-gas mixture. Under properly controlled conditions it can be used to measure the 

humidity of the mixture. For this purpose a thermometer whose bulb has been covered 

with a wick kept wet with the liquid is immersed in a rapidly moving stream of the gas 

mixture. The temperature indicated by this thermometer will ultimately reach a value 

lower than the dry-bulb temperature of the gas. 

5. Define Relative humidity 

Relative saturation also called as Relative Humidity, expressed as a percentage is defined 

as the ratio of the partial pressure of vapor   to the vapor pressure of the liquid PA at gas 

temperature. 

% RH =  × 100 

6. What is Percentage humidity? 

Percentage saturation, or percentage absolute humidify is defined as ratio of actual 

humidity, Y to the saturation humidity, Ys. 

% H =  × 100 

7. What is humid volume? 

The humid volume VH of a vapor-gas mixture is the volume of unit mass of dry gas and 

its accompanying vapor at the prevailing temperature and pressure. For a mixture of 

absolute humidity Y’ at tG and PI' total pressure, the ideal-gas law gives the humid volume 

as 

 
8. What is humid heat? 

The humid heat Cs is the heat required to raise the temperature of unit mass of gas and its 

accompanying vapor one degree at constant pressure. For a mixture of absolute humidity 

Y', 

Cs = CB+ Y'CA 

Where, CA & CB – Specific heat of component A & B. 

 
9. Define Dew point? 

Dew point is the temperature at which a vapor-gas mixture becomes saturated when 

cooled at constant total pressure out of contact with a liquid. Dew point is the 

atmospheric temperature (varying according to pressure and humidity) at which water 

droplets begin to condense out. 
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10. What are the types of cooling towers? 

 Natural draft towers 

 Induced draft towers 

 Forced draft towers 

 
11. Write any four method to determine the Humidity. 

 Hygrometer. 

 Dew-point hygrometer 

 Psychrometer. 

 Electrolysis hygrometer 

12. What is Adiabatic Saturation Temperature 

 If the gas is passed over the liquid at such a rate that the time of contact is 

sufficient for equilibrium to be established, the gas will become saturated and both 

phases will be brought to the same temperature. 

 In a thermally insulated system, sensible heat equals latent heat. 

 As a result of continued passage of the gas, the temperature of the liquid gradually 

approaches an equilibrium value which is known as the adiabatic saturation 

temperature 

 
13. Define Enthalpy 

The (relative) enthalpy of a vapor-gas mixture is the sum of the (relative) enthalpies of 

the gas and of the vapor content. Then the total enthalpy for the mixture H', per unit mass 

of dry gas, is 

H' = Cs (t - to) + Y' ƛ0
 

Where, Cs – Humid Heat, Y' - absolute Humidity, ƛ0 - Latent heat of vaporization 

 
14. What are the major applications of humidification operations 

Four major applications of humidification operations are as follows: 

a) Humidification of gases for controlled drying of wet solids 

b) Dehumidification and cooling of gas in air conditioning 

c) Gas cooling with the help of water 

d) Cooling of liquid (e.g. water) before reuse 

 
15. What are the factors that have influence on wet-bulb temperature? 

Factors that have influence on wet-bulb temperature 

(i) Dry bulb temperature of air TG 

(ii) Humidity, Y 

(iii) Air velocity 

(iv) Shape of the thermometer bulb 
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16. Define Natural Draft Towers 

A natural draft cooling tower has a large reinforced concrete shell of hyperbolic shape 

(also called ‘hyperbolic tower’). Natural flow of air occurs through the tower; hence it is 

called natural draft 

17. What are the major advantages of countercurrent induced draft cooling tower? 

Major advantages of countercurrent induced draft cooling tower 

(a) Relatively dry air contacts the coldest water at the bottom of the cooling tower 

(b) Humid air is in contact with the warm water and hence maximum average driving 

force prevails for both heat and mass transfer 

 
18. What are the basic assumptions for the design of cooling tower? 

Basic assumptions for the design of cooling tower are as follows: 

(i) the rate of vaporization of water is much less than the rate of water input to the 

tower (about 1% loss of feed water) 

(ii) evaporative or adiabatic cooling of water occurs in the tower 

 
19. Define wet bulb depression and wet bulb approach 

The wet-bulb depression is the difference between the dry-bulb temperature and the wet 

bulb temperature. If there is 100% humidity, dry-bulb and wet-bulb temperatures are 

identical, making the wet-bulb depression equal to zero in such conditions. 

For evaporative processes, the difference between the cold water temperature and 

entering wet bulb temperatures is the wet bulb approach. 

 

UNIT IV- DRYING 
 

C303.4 Students would have knowledge in Drying and its application in different types 

of dryers 

 
1. Write the principles of drying. 

Drying is a complex operation involving transient of heat and mass along with several rate 

processes, such as physical or chemical transformations, which, in turn may cause changes 

in product quality (colour, texture, odour, etc.) as well as the mechanisms of heat and  

mass transfer. Drying is a dual and simple process which easily accessible and widely 

used in present days. The dual process of drying includes 

(i) Heat transfer to the drying object from the heating sources and 

(ii) Removing moisture from the drying object being heated up, then, followed by 

removing moisture from drying object surface to the environments 



CH8551 Mass transfer-I 2021-2022 

13 Department of Chemical Engineering 

 

 

 
2. What is pendular state? 

It is that state of a liquid in a porous solid when a continuous film of liquid no longer 

exists around and between discrete particles so that flow by capillary cannot occurs. This 

state succeeds the funicular state. 

 

3. What is shrinkage? 

An important factor in controlling the drying rate is the shrinkage of the solid as the 

moisture content is lowered; rigid, porous or non-porous solids do not shrink appreciably 

during drying. But colloidal and fibrous materials undergo severe shrinkage as the 

moisture is removed from them. 

 
4. Which drier is used for drying Detergent solution? 

Powder detergents are manufactured using various processes, such as spray drying, 

agglomeration, dry mixing or a combination of these. 

Spray Drying Process - The different stages / operations performed in a spray drying 

process, are: 

The slurry is heated and then pumped to the top of a tower where it is sprayed through 

nozzles (under high pressure) to create small droplets. The droplets fall through a current 

of hot air, thereby forming hollow granules as they dry. 

5. What are the different types of dryers? 

There is a wide variety of contact dryer designs depending on the form of the material and 

how it is bought in to contact with heated surface. These can be broadly divided as 

follows. 

Material held as a un agitated layer on a heated tray, band or plate: vacuum tray, vacuum 

band and plate dryers. 

Material (liquid or paste) handled as a thin film on a heated surface: drum and thin film 

dryers. 

 
6. Material handled as an agitated bed/solids (or in some cases pastes and sludges): 

horizontally and vertically agitated dryers, rotating batch dryers and indirectly 

heated rotary dryers. What is the principle involved in drying? 

Drying is a mass transfer process consisting of the removal of water or another solvent by 

evaporation from a solid, semi-solid or liquid. This process is often used as a final 

production step before selling or packaging products. 

To be considered "dried", the final product must be solid, in the form of a continuous  

sheet (e.g., paper), long pieces (e.g., wood), particles (e.g., cereal grains or corn flakes) or 

powder (e.g., sand, salt, washing powder, milk powder). 

A source of heat and an agent to remove the vapor produced by the process are often 

involved. In bioproducts like food, grains, and pharmaceuticals like vaccines, the solvent 

to be removed is almost invariably water. 

 
7. What are adiabatic and non-adiabatic dryers? 

Dryers, which expose the solids to a hot gas, are called adiabatic or direct dryers; those in 

which heat is transferred from an external medium are known as non-adiabatic or indirect 

dryers. Dryers heated by dielectric, radiant, or microwave energy are also non-adiabatic. 
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Some units combine adiabatic and non-adiabatic drying; they are known as direct-indirect 

dryers. 

 
8. Define moisture content wet and dry basis. 

Moisture content (wet basis): The moisture content of a solid or solution is usually 

described in terms of weight percent moisture, and unless otherwise qualified this is 

ordinarily understood to be expressed on the wet basis, (i.e) as (kg moisture/kg wet 

solid)100 = [kg moisture/(kg dry solid+kg moisture)]100 = 100X / (1+X). 

Moisture content (dry basis): This is expressed as kg moisture/kg dry solid = X. 

Percentage moisture, dry basis = 100 X 

 
9. What is meant by Critical moisture? 

Critical moisture: Critical moisture content, XC is the moisture content at which the 

drying rate first begins to drop (under constant drying conditions). It is the average 

moisture throughout a solid material being dried, its value being related to drying rate, 

thickness of material, and the factors that influence the movement of moisture within the 

solid. 

10. Which drier is suitable for handling fragile crystals? 

Fragile crystal is a free flowing solid where 

 Convection dryer: Belt conveyor dryer, Tray dryer (Batch & continuous), 

 Conduction dryer: Tray dryer (Batch & continuous) 

 
11. Define the term equilibrium moisture and free moisture content of solid. 

Equilibrium moisture content: Equilibrium moisture content is defined as the moisture 

content of a substance when at equilibrium with a given partial pressure of the vapour. 

Free moisture content: Free moisture content is that moisture contained by a substance 

in excess of the equilibrium moisture. 

 
12. What are the types of moisture? 

 Equilibrium moisture 

 Bound moisture 

 Unbound moisture 

 Free moisture. 

 

13. Define Bound moisture and unbound moisture. 

Bound moisture: Bound moisture is defined as the moisture contained by a substance 

which exerts an equilibrium vapour pressure less than that of pure liquid at the same 

temperature. 

Unbound moisture: Unbound moisture is defined as it is the moisture contained by a 

substance which exerts an equilibrium vapour pressure equal to that of pure liquid at the 

same temperature 

 
14. What are pendular states of drying? 

In the first falling rate period after the critical point, the liquid/vapor meniscus retreats into 

pores of the body. The moisture still exerts its full vapor pressure and is transferred mainly 

by capillarity, as liquid is in the funicular state 
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15. What are funicular states of drying? 

In the second falling rate period moisture is held in the finest capillaries and evaporation 

occurs inside the body at the boundary between the funicular (continuous liquid) and 

pendular (isolated pockets of liquid) regions. Transport in pendular region occurs by 

evaporation-condensation mechanism. The drying rate decreases sharply and takes place 

in all inner portions of the material. 

 
16. Discuss the factors, which affect the rate of drying. 

 The sample should not be too small. 

 The sample should be similarly supported in a tray or frame. 

 It should have the same ratio of drying to nondrying surface. 

 It should be subjected to similar conditions of radiant heat transfer. 

 The air should have the same temperature, humidity and velocity (both speed and 

direction with respect to the sample). 

17. What is case hardening in drying? 

Case hardening describes lumber or timber that has been improperly kiln-dried. If dried 

too quickly, wood shrinks much at the surface, compressing its damp interior. This results 

in unrelieved stress. Case-hardened wood may warp considerably and dangerously when 

the stress is released by sawing. 

 

18. Define constant drying rate period. 

During constant rate drying, moisture is always available at the surface such that 

resistance to moisture removal is only the rate at which the moisture can evaporate. The 

constant rate drying period is described by the relationship 

 
19. Define falling rate period. 

After all the water at the surface of the material has been exhausted, the moisture is 

diffused from the internal parts of the product to the surface. The amount of water at the 

surface becomes progressively limits. As a result the drying rate will be slower as time 

progresses. The following relationship can be used for rate of drying. 

 
20. What type of drier is suitable for drying milk powder? 

Processing of whole milk into powder can be done in different drying systems, but the 

drying system also sets the limits of the quality and type of whole milk powder that can be 

produced. It is important to define very early in the project, which type of end product the 

plant has to produce, as that will decide what type of spray dryer that has to be used. 
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UNIT V - Crystallization 
 
 

C303.5 Students would have knowledge in crystallization and its application different 

types of crystallizers 

 
1. What is Crystallization? 

 Crystallization is the (natural or artificial) process for the formation of solid  

crystals from a homogenous single phase solution. 

 Crystallization is also a chemical solid-liquid separation technique, in which 

isolation of a solute from the liquid solution to a pure solid crystalline phase occurs. 

 Generally, crystallization is the last chemical purification step. More than 80% of 

the substances used in pharmaceutics, fine chemicals, agrochemicals, food and 

cosmetics are isolated or formulated in their solid form 

 
2. What is meant by homogeneous nucleation? 

Homogeneous nucleation occurs spontaneously and randomly, but it requires 

superheating or supercooling of the medium. Compared to  the  heterogeneous  

nucleation (which starts at nucleation sites on surfaces), Homogeneous nucleation occurs 

with much more difficulty in the interior of a uniform substance. 

 

3. Explain Delta L law of crystal growth. 

If all crystals in magma grow in a uniform super saturation field and at the same 

temperature and if all crystals grow from birth at a rate governed by the super saturation 

Then all the crystals are not only variant but also have same growth rate ie. Independent of 

size. 

4. What are the three techniques to produce super saturation? 

Solutes like potassium nitrate and sodium sulphite are less soluble at low temp than high 

temperature. 

 Super saturation is produced by cooling. 

 When solubility is independent of temperature as with common salt super 

saturation is developed by evaporation. 

 In intermediate cases a combination of cooling and evaporation is effective. 

 
5. What is Magma? 

In industrial crystallization from solution, two phase mixture of mother liquor and 

crystals of all sizes which occupies the crystallizer and is withdrawn as product is called 

magma. 

 
6. What are the classification of nucleation? 

 Spurious nucleation 

 Primary nucleation 

 Secondary nucleation. 

 

7. What is the mechanism of Crystallization? 

Crystallization from solution can be thought of as a 3 step processes which are: 

 Super saturation -The formation of supersaturated solution 
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 Nucleation - The formation of crystal nuclei. 

 Crystal growth - The growth of the nuclei to larger size 

 

8. Define Super saturation 

 Super saturation refers to a state in which the liquid (solvent) contains more 

dissolved solids (solute) than can ordinarily be accommodated at that temperature. 

 Based on Ostwald-Miers, the field of super saturation consists of three regions and 

the relationship between super saturation and spontaneous crystallization. 

 
9. Define Primary Nucleation 

 The formation of a new crystalline entity from a solution starts through the 

nucleation process. 

 Nucleation is defined as the series of atomic or molecular processes by which the 

atoms or molecules of a reactant phase rearrange into a cluster of the product phase 

large enough as to have the ability to grow irreversibly to a macroscopically larger 

size. The cluster is defined as nucleus or critical nuclei. 

 Nucleation can be homogeneous, in the absence of foreign particles or crystals in 

the solution, or heterogeneous, in the presence of foreign particles in the solution. 

 
10. Define Secondary Nucleation 

 Secondary nucleation takes place when nucleation is induced by the presence of 

crystals of the same substance. 

 Secondary nucleation requires "seeds" or existing crystals to perpetuate crystal growth 

11. What is crystal? 

Crystal is a solid body with plane faces in which the atoms are arranged in an ordinary 

repetitive array. Most crystals are anisotropic; their mechanical, electrical, magnetic and 

optical properties are often different in different directions. 

 
12. What are the Types of crystal geometry? 

Crystals are classified into seven general systems: 

 Cubic System: Three equal axes at right angles to each other 

 Tetragonal system: Three axes at right angles to each other, one longs than others. 

 Orthorhombic: Three axes are right angles to each other, all of different lengths. 

 Monoclinic: Three unequal axes, two at right angles in plane and the third at some 

different angle to the plane. 

 Triclinic: Three unequal axes at unequal angles to each other and not 30°, 60° or 

90°. 

 Trigonal (Rhombohedral): Three equal and equally inclined axes. 

 Hexagonal: Six equal axes in one plane at 120° to each other and a seventh axis at 

right angle to this plane. 

 
13. What is the theory of crystallization? 

When crystallization starts in a homogeneous mixture, a new solid phase is created. Basic 

steps of nucleus formation or nucleation and crystal growth are overall crystallization 

process. 
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14. What are the Methods in Crystallization 

Hanging drop 

Sitting drop 

Sandwich drop 

Free interface diffusion 

Batch (robots) 

Micro batch - under oil 

Micro dialysis (buttons) 

 
15. What are the uses of crystallization? 

Crystallization is primarily employed as a separation technique in order to obtain pure 

crystals of a substance from an impure mixture. Another important application of 

crystallization is its use to obtain pure salt from seawater. Crystallization can also be used 

to obtain pure alum crystals from an impure alum. In such scenarios, crystallization is 

known to be more effective than evaporation since it also removes the soluble impurities. 

 
16. What are the two primary types of crystallization? 

Crystallization processes can be broadly categorized into the following two types: 

 Evaporative crystallization 

 Cooling crystallization 

17. What are the advantages of crystallization? 

The key advantages of crystallization are listed below. 

 A product of high purity can be obtained from one single step via the process of 

crystallization. 

 The dry products formed from crystallization can be directly packaged and stored. 

 The energy requirements and the operating temperatures of this process are 

relatively low. 

 

18. Define Cooling Crystallization 

Many substances, when dissolved in solvent, form crystals on cooling in favorable 

conditions in this process. However, this method is not very common and has many 

limitations. Usually, the substance is heated and then allowed to cool down in this method. 

 
19. Define Evaporative Crystallization 

It is more common than cooling crystallization. Evaporating sea water leaves salt behind. 

Pure Crystals of Substance are deposited after evaporation of solutions. But this method 

requires a high concentration of the substance in the solution. Therefore, its solute/solvent 

mass ratio should be high. 

 
20. Define Crystal Growth 

Crystal growth is a major stage of a crystallization process, and consists in the addition of 

new atoms, ions, or polymer strings into the characteristic arrangement of the crystalline 

lattice. Producing good quality crystals of a suitable size is the first and most important 

step in determining any crystal structure. Crystallization is the process of arranging atoms 

or molecules that are in a fluid or solution state into an ordered solid state. 
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CH8551 MASS TRANSFER-I 

 

UNIT   I – (DIFFUSION) 

 
C303.1 Students would have knowledge in diffusion and its application in laminar and 

turbulent conditions 

 
 

1. Derive an expression for the steady state diffusion of gas A through a stagnant film of non 

diffusing gas B. 

 
2. Describe a method for estimation of diffusivity of a volatile solvent into air. 

 
3. a) Derive an expression for finding the mass flux of diffusion of A through non diffusing B, 

A and B are liquids. (MAY14) 

b) What is the equation of continuity and how can Fick’s second law of diffusion be derived 

from it? 

 
4. Explain a method of determination of diffusivity. Derive an expression for the same. 
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5. (i) Derive the equations for the steady state diffusion of a component in a liquid mixture 

containing components A and B: (Dec 2017)(May 2018) 

a) for equimolal counter diffusion. 

b) Through a non diffusing B. 

(ii) Write briefly about the measurement and calculation of diffusivities. 

 
6. Differentiate between equimolal counter diffusion and diffusion through a stagnant layer. 

 
7. Ammonia gas (A) diffuses through Nitrogen gas (B) under steady state conditions with 

Nitrogen non diffusing. The total pressure is 1.013 x 105 Pa. and the temp. is 298K. The 

diffusion path is 0.15m. The partial pressure of Ammonia at one end is 1.5 x 104 Pa and at 

the other end is 5 x 103 Pa. The diffusivity for the mixture at 1.013 x 105 Pa. and 298K is 2.3 

x 10-5 m2/sec. Calculate (i) the flux of Ammonia and (ii) the equimolal counter diffusion flux 

, assuming that Nitrogen also diffuses. 

 
8. An open circular tank 5m. In dia. contains Benzene at 22OC exposed to the atm. in such a 

way that the liquid is covered with an air film of thickness 0.9 x 10-2 m. The concentration of 

Benzene beyond the film is negligible. If benzene is worth Rs. 80/litre, what is the value of 

the loss of benzene from this tank in rupees per day? 

Data Given: Vapor pressure of Benzene at 22OC = 100 mm. Hg. 

DAB of Benzene at 0OC = 0.77 x 10-5 m2/s. Viscosity of Benzene at 22OC = 0.55 x 10-3 kg / 

m.s 

Specific gravity of Benzene = 0.88 Viscosity of Benzene at 0OC = 0.75 x 10-3 kg / m.s 

 
9. Calculate the rate of diffusion of water vapor from a thin layer of water at the bottom of a 

well 6m. in height to dry air flowing over the top of the well. Assume that the entire system 

is at 298K and atm. pressure. If the well dia. is 3m., find out the total weight of water 

diffused per day from the surface of water in the well. The diffusion coefficient of water 

vapor in dry air at 298K and atm. pressure is 0.256x 10-4 m2/s. Partial pressure of water 

vapor at 298K is 0.0323 x 10-4 kg. /m2. 

 
10. The diffusivity of CHCl3 in air was measured by exposing pure CHCl3 to a stream of air at 

25OC and 1 atm. pressure. The liquid density of CHCl3 at 25OC is 1.485 g./cc. and its vapor 

pressure at 25OC = 200 mm. Hg. At time t=0, the liquid CHCl3 surface was 7.4 cm. from the 

top of the tube and after 10 hours the liquid surface had dropped 0.44 cm. If the conc. of 

CHCl3 is zero at the top of the tube, calculate the diffusion coefficient of CHCl3 in air. 

 
11. Methane diffuses at steady state through a tube containing helium. At point 1, the partial 

pressure of methane is pA1= 55 kPa and at point 2, 0.03 m apart pA2 = 15 kPa. The total 

pressure is 101.32 kPa and the temperature is 298 K. At this pressure and temperature, the 

value of diffusivity is 6.75 x 10-5 m2/sec. 

(i) Calculate the flux of CH4 at steady state for equimolal counter-diffusion. 

(ii) Calculate the partial pressure at a point 0.02 m apart from point 1. 
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12. Through an accidental opening of a valve, water has been split on the floor of an industrial 

plant in a remote, difficult to reach area. Determine the time required to evaporate the water 

in the surrounding air. The water layer is 15 mm thick and may be assumed to remain at 

25oC and 1 atm pressure with an absolute humidity of 0.002 kg water / kg dry air. 

Evaporation is assumed to take place by molecular diffusion through a gas film of 10 cm 

thick. The mass diffusivity of water vapor in air is 2.6 x 10-5  m2/sec. Vapor pressure of  

water at 25oC is 24 mm. Hg. 

 
13. Ethanol is diffusing through a layer of water of thickness 3mm at 200C Diffusivity of alcohol 

in water is 0.52x10-9 m2/s. The concentrations on opposite sides of water film are 4% and 

10% (by weight ) of alcohol respectively are 0.99 and 0.98 g/cm3. Assuming that water film 

is stagnant estimate (1) the flux of alcohol and (2) concentration of alcohol in the middle of 

water film. 

 
14. Write briefly on diffusion in solids.(April 2017) 

 
15. There are two bulbs connected by a straight tube 0.001 m in diameter and 0.15 m in length. 

Initially the bulb at the end 1 contains Nitrogen and the bulb at the end 2 contains hydrogen. 

The pressure and temperature are maintained constant at 25 0C and 1 std atm. At a certain 

time after allowing the diffusion to occur between the two bulbs, The nitrogen content of the 

gas at the end 1 of the tube is 80 mole % and the other end is 25 mole %.If the diffusion 

coefficient is 0.784 cm2/s, Determine the rates and direction of transfer of Hydrogen and 

Nitrogen. (April 2017) 

 
16. Alcohol vapour is diffusing through a layer of water vapour under equimolar counter 

diffusion at 350C 

And 1 atm pressure .The molal concentration of alcohol on the two sides of a gas film (water 

vapour) 0.3 mm thick are 80% and 10% respectively. Assuming the diffusivity of alcohol 

and water vapour be 0.18 cm2/sec. 

(i) Calculate the rate of diffusion of alcohol and water vapour in kg/hr through an area of 

100 cm2 

(ii) If the water vapour layer is stagnant estimate the rate of diffusion of alcohol vapour. 

(May 2018) 

 
17. A service attendant accidentally spills 50 litres of gasoline which quickly spreads over a 

level surface area 8 m2. Estimate the time required for the gasoline to evaporate into the 

stagnant air above the surface of the liquid. The diffusivity of gasoline inair is 0.65 m3/hr. 

The air temperature is 298K>Evaporation may be assumed to take place through a film of air 

of 2m thickness. Vapour pressure of gasoline at 298 K is 76 mm Hg. The density of gasoline 

is 720 kg/m3 and molecular weight of gasoline is 200. The operation takes place at 1 atm 

pressure. (Dec 2018) 

 
18. A tube of small diameter was filled with acetone to a depth of 1.1 cm from the top and 

maintained at a temperature of 293 K in a gentle current of air, after 5 hours, the level of the 
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liquid had fallen to 2.05 cm. The barometric pressure is 750 mm Hg, the vapour pressure of 

acetone at 293K is 180 mm Hg and the density od acetone is 0.79g/cm3.Calculate the 

diffusivity of acetone vapour in air. (Dec 2018) 

 
19. Discuss the mechanism of diffusion in porous solids. (Dec 2018) 

 
20. Calculate the rate of diffusion of acetic acid (A) across a film of non diffusing water (B) at 

170C, 1mm thick when the concentrations on opposite sides of the film are respectively 9 and 

3 weight % acid. The diffusivity of acetic acid in solution is 0.95x10-9 m2/s. Density of 3 % 

acetic acid solution is 1003.2 kg/m3 and that of 9 % acid solution is 1012 kg/m3. (May 2017) 

 

UNIT – II – MASS TRANSFER COEFFICIENT 
 
 

C303.2 Students would have knowledge in mass transfer coefficient and its application 

in various theories. 

 
 

1. What do you understand by the term overall mass transfer coefficient? Give an account for 

estimating NTU and HTU. 

 
2. Give an account of the various analogies between mass, heat and momentum transfer. 

Explain Reynolds anology in detail (MAY 14) 

 
3. What do you understand by JD and JH factors? 

 
4. Write short notes on: Higbie’s and Danckwert’s theories of mass transfer. 

 
5. Derive a relation for the overall mass transfer coefficient in terms of the individual film 

coefficients and discuss the limiting conditions. (Dec 2018) 

 
6. (i) Derive an expression for N to Y for the case of a dilute solution. 

(ii) Explain the graphical method of determination of NTU. 

 
7. Discuss the following theories: 

i) Penetration theory ii) Surface renewal theory (MAY 2015) 

 
8. (i) Explain the method of plotting the equilibrium and operating lines for a gas liquid system. 

Using this plot describe how the NTU can be calculated. 

(ii) Derive the relationship between individual and overall mass transfer coefficient. 

 
9. Explain how the height of packing for an absorber can be calculated. 

 
10. The absorption of solute A from a mixture is done in a wetted wall column by a solvent at 1 

atm and 250C .The value of mass transfer coefficient is 9x10-4 m/s. At a point the mole 
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fraction of A in liquid gas interface is 2x10-5 in the liquid phase. Partial pressure of A in the 

gas phase is 0.08 atm. Henry’s law relation is PA= (600)XA in atm. Calculate the rate of 

absorption of A. 

 

 
11. An absorption tower operating at 20OC and 1atm. pressure was used to absorb SO2 from an 

air mixture into water. At one point in the equipment, the partial pressure of SO2 was 30 mm. 

Hg. and concentration of the contacting liquid film was 1.2148 Kmol/m3 of solution. The 

individual film mass transfer coefficients at 20OC and 1 atm. were KL = 6.347 kg. moles per 

(hr.m2) per (Kg. mole/m3) and KG = 1.44 Kg. moles/hr. m2. atm. The equilibrium data at 

20OC are as follows: 

Partial Pressure of SO2 0.5 3.2 8.5 2.6 5.9 

(mm. Hg.) 

Conc. of SO2 (Kmol/m3) 0.306 1.459 2.784 6.215110.909 

(i) Evaluate the interfacial comp. CAi and PAi ii) Find KG and KL. 

iii) What percentage of overall resistance to mass transfer lies in the gas phase? 

 
12. Give a brief account of analogies and their usefulness. 

 
13. Discuss the application of mass transfer theories. (Dec 2017) 

 
14. Explain how mass transfer coefficient is determined using a wetted wall column under 

laminar flow conditions. Derive the expression for estimating mass transfer coefficient from 

wetted wall column studies. (May 2017) 

 
15. In the dilute concentration region equilibrium data for SO2 distributed between air and water 

by a relation pA = 25 xA where pA is partial pressure of SO2 (A) in vapor phase (atm) xA is 

mol. fraction of a in liquid phase. For an absorption column operating at 10 atm the bulk 

vapor and liquid concentrations at one point in the column are 0.01 and 0.0 respectively. The 

mass transfer coefficients are Kx = 10Kmol/m2h(∆x) and Ky=8 Kmol/m2h(∆x) (Dec 2017) 

i) Find the overall mass transfer coefficient Kx 

ii) Determine the interfacial compositions xAi and yAi 

iii) Calculate the molar flux of NA 

 
16. Pure water at 260Cflow at the rate of 5.514 x 10-7 m3/s through a packed bed benzoic acid 

spheres having diameter of 6.375 mm. The total surface area of the spheres in the bed is 

0.01198 m2 and void fraction is 0.436.The tower diameter is 0.0667 m. The solubility of 

benzoic acid in water at 260C is 2.498x10-2 

i) Predict the mass transfer coefficient kc 

ii) Calculate the outlet concentration of benzoic acid 

Data at 260C 

μwater = 0.8718x10-3 Pa.s ρwater= 996.7 Kg/m3 DAB= 1.254 x 10-9 m2/s. 
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17. In an experimental study of the absorption of ammonia from an air ammonia mixture by 

water , in a wetted wall tower, the value of the overall gas mass transfer coefficient Kc was 

found to be 0.9325 kmol/m2h atm from an air ammonia mixture in a wetted wall tower. The 

operating pressure and temperature are 2 atm and 288 K respectively. For dilute solutions of 

ammonia at 288K. the equilibrium relationship is given PA = 4 CA where PA is the partial 

pressure of ammonia in atm and CA is the concentration of ammoia in water in kmol/m3 of 

solution. At the top of the tower the outlet gas contained 1% ammonia by volume and the 

input liquid in contact is pure water 85% of total resistance to mass transfer contribution by 

the gas phase. Calculate the (i)overall coefficient based on liquid concentration (ii) 

individual phase transfer coefficients (iii)interphase compositions and (iv) mass transfer flux. 

(Dec 2018) 

 
18. In a wetted wall column carbon dioxide is being absorbed from air by water flowing at 2 atm 

pressure and 250C. the mass transfer coefficient ky has been estimated to be 6.78 x10-5 

kmol/m2s (mole fraction).Calculate the rate of absorption if the partial pressure of carbon 

dioxide at the interface is 0.2 atm and the air is pure. Also determine ky and kg (May 2018) 

 
19. In a certain apparatus used for absorption of SO2 from air by means of water, at one point in 

the tower  the gas contains 10% SO2, and it was in contact with a liquid containing 0.4%  

SO2 (density 990 kg/m3), the temp. was 50OC and the total pressure atmospheric. Overall 

mass transfer coefficient based on gas phase conc. KG = 7.36 x 10-10 kg moles / m2. sec. Of 

the total diffusional resistance 47% was in the gas phase and 53% in the liquid phase. The 

equilibrium data at 50OC is as follows(May 2017) 

Kg. SO2 / 100Kg. water: 0.2 0.3 0.5 0.7 

Partial Pressure of SO2 29 46 83 119  

(mm. Hg.)     

Calculate:     

(i) The overall mass transfer coefficient based on liquid phase conc. KL. 

(ii) The interfacial comp. of both the phases. iii) ka, ky, kc, kx and kL. 
 
 

UNIT III - HUMIDIFICATION 
 
 

C303.3 Students would have knowledge in Humidification and its application in Cooling 

tower 

 

1. (i) Describe the methods used for determination of humidity. 

(ii) Discuss the methods used to increase the humidity of gas. (Dec 2018) 

 
2. What are the different types of cooling towers used in industries? Briefly explain them. 

(Dec 2017) 

 
3. The temperature of air in a room is 40.2OC/50 OC and the total pressure is 101.3 kPa abs. 

The air contains water vapor with a partial pressure PA = 3.74 kPa. Calculate: 

(i) the humidity 

(ii) the  saturation  humidity  and percentage humidity (iii) the percentage relative 
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humidity (Nov 2014) 

. 

4. Explain the theory of adiabatic saturation curves and wet bulb temperature theory 

(Dec12) 

Water is to be cooled in a cooling tower counter currently from 55OC to 30OC, using air 

counter- currently. The entering air is at 20OC and an absolute humidity of  0.007 kg 

water / kg dry air. The value of Kya is 0.3 kg/m3.sec and the liquid flow rate is 1500 

kg/hr.m2. Estimate the minimum air requirement 

and the height of the cooling tower, if 1.3 times the minimum air flow rate is used 

Temperature, to 
OC 20 30 40 50 55 

Enthalpy, H' kJ/kg 60 102 166 279 355 

a) Explain the principle and theory of a cooling tower. 

b) With a neat sketch, explain the operation of a counter-current induced draft 

tower. 

5. Explain how the height of a cooling tower can be determined. 

 
6. A mixture of oxygen-acetone vapor at a total pressure of 1050 mm. Hg. at 25OC has a 

percentage humidity of 70%. The saturation vapor pressure of acetone at 25OC is 290 

mm. Hg. The specific heats of oxygen and acetone vapor are 0.25 and 0.352 Kcal/Kg OC 

respectively. Calculate its molal humidity, absolute humidity, relative humidity, molal 

humid volume and molal humid heat.Fresh air at 21.2OC, in which the partial pressure of 

water vapor is 0.0118 atm. is blown at the rate of 214 m3/hr., first through a preheater 

and then adiabatically saturated in a spray chamber to 100% saturation and then again 

reheated. The reheated air has a humidity of 0.024 kg water vapor/kg. dryair. It 

is assumed that the fresh air and air leaving the preheater have the same % humidity. 

Determine: 

The temp. of the preheater, spray chamber and reheater. 

Heat requirement for preheating and reheating. 

 
7. Write short notes on absolute humidity, relative humidity and dew point. 

 
8. Discuss Interphase mass transfer(MAY14) (MAY 2015) 

 
9. Write a note on induced and forced draft cooling tower (NOV 14) 

 
10. Discuss briefly about spray chamber with a neat sketch.(MAY14)(Dec 12) 

 
11. The air supply for a drier has DBT OF 260C and a WBT of 180C.It is heated to 800C by 

heating coils and introduced into the drier. In the drier it cools along the adiabatic cooling 

line and leaves the drier fully saturated. 

i) What is its initial humidity and final humidity? 

ii) Calculate the dew point of initial air. How much water will be evaporated per 100m3 of 

entering air? iii)How much heat is needed for 100m3 air 800C? 

iv)At what temperature does the air leave the drier 

 



CH8551 Mass transfer-I 2021-2022 

8 Department of Chemical Engineering 

 

 

12. Write a note on two industrial cooling towers with a neat sketch (MAY14) (MAY 2015) 

 
13. Derive an equation for finding height of the packed humidification tower. (Dec 2018) 

 
14. Write briefly about adiabatic saturator (MAY14) 

 
15. Discuss Air conditioning process (NOV14) 

 
16. Discuss the temperature patterns both in batch and continuous countercurrent adiabatic 

dryers. (Dec 2018) 

 

17. Explain the stepwise procedure involved in the design of a cooling tower. (May 2018) 

 

18. Partial pressure of water vapour in a mixture of air-water vapour at a total pressure of 

106.6 kPa and a temperature of 600C is 13.3kPa.Express the concenytration of water 

vapour in 

i) Absolute humidity ii) mole fraction iii) volume fraction iv) relative humidity 

v) g water /m3 mixture . 

Assume vapour pressure is 20.6 kPa at 600C (May 2018) 

 

UNIT IV- DRYING 
 

C303.4 Students would have knowledge in Drying and its application in different types 

of dryers 

 
 

1. Explain the mechanism of dying during constant rate and falling rate period. (MAY14) 

(Dec 2017) 

 
2. A porous solid is to be batch dried under constant drying conditions. A trial shows that it 

requires 6 hours to reduce the moisture content from 30 to 10%. The critical moisture 

content is 16% and the equilibrium moisture content is 2.5%. Assuming that the rate of 

drying during the falling rate period is proportional to the free moisture content. How  

long will it take to dry a sample of the same solid from 35% to 6% under the same drying 

conditions? All moisture contents are on a wet basis. 

 
3. With neat diagrams, explain the working of: Spray dryer. (MAY14,17) b) Rotary 

dryer.(Dec 12) c) Mechanically agitated dryers 

 
4. Write short notes on: 

a) Critical Moisture content. b) Bound and unbound moisture. (MAY 2015) 
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5. Discuss any one industrial dryer for continuous operation. Give a neat sketch. 

 
6. Explain how time of drying can be calculated. 

 
7. 1400 kg. of bone dry granular solid is to be dried under constant drying conditions. From a 

moisture content of 0.2 kg water/kg. dry solid to a final value of 0.02 kg. water/kg. dry 

solid. The material has an effective area of 0.0616 ,2/kg. dry solid. Calculate the time of 

drying 

Flux (kg/hr.m2)  1.71 1.71 1.71 1.46 1.29 0.88 0.54 0.376 

Moisture content 0.3 0.2 0.14 0.096 0.056 0.046 0.026 0.016 

(dry basis)   

 
8. Find an expression for the determination of total time of drying of a wet solid material 

under constant drying conditions to a final moisture content well below the critical 

moisture content. (May 2018) 

 
9. In a textile mill, wet cloth passes through a hot air drier. The cloth enters with 90% 

moisture regain and leaves at 6% moisture regain at a speed of 1.15 m/sec. The width of 

the cloth is 120 cm and its density on bone-dry basis is 0.095 kg/m2. The temperature of 

the cloth leaving the drier is 368 K. The ambient 

 
10. Air enters the dryer at 303 K DB and 298 K WB while the hot air leaves the dryer at 393 

K DB and 328 K WB. Calculate: 

(i) the bone-dry production of the dryer 

(ii) the evaporation taking place in the dryer and 

(iii) the air circulation rate. 

 
11. A time of 5 hrs. was taken to dry a material from an initial moisture of 30% to a final 

moisture of 7%. Critical and equilibrium moisture are found to be 15% and 2% 

respectively. How much further time would be required to dry the material to a final 

moisture of 4%. All moisture contents are on wet basis 

 
12. Explain about tray dryer and fluidized bed dryer with neat sketches. 

 
13. Discuss the temp. patterns in batch and continuous countercurrent adiabatic dryers. 

 
14. Explain briefly about adiabatic saturation curves. (May 2017) 

 
15. Air is to be cooled and dehumidifies by counter current contact with water in a packed 

tower. The tower is to be designed for the following conditions: DBT and WBT ARE 

280C and 250C respectively. Flow rate of inlet air 700kg/hr of dry air. Inlet and outlet 

temperatures of water are 100C and 180C respectively. For the entering air estimate 

(1)Humidity (2)% R.H.(3)Dew point and (4)Enthalpy. (May 2017) 
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16. A drier is used to remove 100 kg of water per hour the material being dried. The available 

air has humidity of 0.010 kg per kg of bone dry air and a temperature of 23.90C and is 

heated to 68.30C before entering the drier. The air leaving the drier has a wet bulb 

temperature of 37.80C and dry bulb temperature of 54.40C.Calculate the (1)consumption 

rate of wet air (2) humid volume of air before and after preheating.(3)wet bulb 

temperatures of air before and after preheating and (4) Dew point of the air leaving the 

drier. (May 2017) 

 
17. Explain briefly different regimes of drying. (May 2017) 

 
18. Explain the classification of dryers and discuss the construction and operation of a spray 

drier with neat diagram. (Dec 2017) 

 
19. A batch of the solid for which the following table of data applies is to be dried from 30 to 

6 percent moisture under conditions identical to those for which the data is given below. 

The initial weight of the wet solid is 400 kg and the drying surface 1sq.m/ 8 kg dry 

weight. Determine the time for drying: 
 
 

X 35 25 20 18 16 14 12 10 9 8 6.4 

N 100 30 30 30 26.6 23.9 20.8 18 15 9.7 7 

 

X: Moisture content in % (dry basis),N : Drying rate ,kg moisture evaporated/hour m2 

 
20. The weight of the dry material in the solid is 48kg/m2. Calculate the time required to dry 

the material from 25% to 8 % moisture (dry basis) 

Data: 

X 0.30 0.20 0.18 0.15 0.14 0.11 0.07 0.05 

N 1.22 1.22 1.14 0.90 0.80 056 0.22 0.05 

Where X is the moisture content in kg per kg dry solid and N is the drying rate in Kg/hm2 

(Dec 2018) 

 
21. Explain the effect of operating parameters in drying during constant rate period. (Dec 

2017) 

 
22. Discuss briefly about the mechanism of moisture movement in solids during drying. (May 

2017) 

 
23. With neat sketch explain the classification of dryers. (Dec 2018) 

 
24. A wet solid is dried from 35 to 8 % moisture in 5 hrs under constant drying condition. The 

critical moisture content is 15% and equilibrium moisture content 5 %. All the moisture 

contents are reported as percentage on wet basis. Calculate how much longer it would take 
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place under the similar drying conditions to dry from 8 % to 6% moisture on wet basis. 

(May 2017) 

 
25. A plant wishes to dry certain type of fireboard. To determine drying characteristics a 

sample of 0.3 x 0.3 m size with edge sealed was suspended from a balance and exposed to 

current of hot dry air. Initial moisture content was 75% .The sheet lost weight at the rate  

of 1x 10-4 kg/s until the moisture content fell to 60% .It was established that the 

equilibrium moisture content was 10 % . The dry mass of sample was 0.90kg .All the 

moisture content were on wet basis. Determine the time for drying the sheets from 75% to 

20% under same drying conditions. (May 2018) 

 
26. Discuss humidifier and dehumidifiers operations using enthalpy transfer unit concept. 

(May 2018) 

 
27. Discuss the various theories on moisture movement in drying a solid. With a neat sketch 

explain the construction and working of a rotary dryer. (May 2017) 

 

 

UNIT V - Crystallization 
 
 

C303.5 Students would have knowledge in crystallization and its application different 

types of crystallizers 

 

1. A solution of sodium sulfate in water is saturated at a temperature of 40OC. Calculate the 

weight of crystals and the percentage yield obtained by cooling this solution to a 

temperature of  5OC.The    solubilities are as follows:    at 40OC: 32.6% Na2SO4    at   

5OC: 5.75% Na2SO4 

Note: At a temperature of 5OC the decahydrate will be the stable crystalline form. 

(i) Explain the classification of crystallizers. (May 2017) 

(ii) Explain with neat sketch, the working of a Swenson-Walker crystallizer. 

(MAY14) (NOV14,17) 

 
2. 5000 kg of KCl solution at a temperature of 80OC is cooled to 20OC in an open tank. The 

solubilities of KCl at 80OC and 20OC are 55 parts and 35 parts per 100 parts of water. 

Estimate the yield of KCl crystals by: 

(i) Assuming 5% water is lost by evaporation (ii) Assuming no loss of water by 

evaporation. 

 
3. Explain Mier’s supersaturation theory.(MAY 2012)(Dec 2018) 
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4. 1000 kg. of Na2CO3 solution containing 30% Na2CO3 is subjected to evaporative cooling, 

during which 15% of the water present in the solution is evaporated from the 

concentrated solution and Na2CO3.10H2O crystallizes out. Calculate the quantity of 

crystals that would be produced if the solubility of Na2CO3 at the reduced temp. is 21.5 

grams per 100 grams of water. 

 
5. After crystallization, crystals of NaSO4.10H2O are obtained .In a particular process, 2000 

kg of NaSO4.10H2O are obtained and the mother liquor was found to contain 20% 

Na2SO4 (anhydrous) by weight. If the feed solution contained 30% Na2SO4 (anhydrous) 

by weight and 20% of the original water is lost by evaporation, calculate the weight of 

the feed solution, weight of the mother liquor left and weight of water evaporated. (Dec 

2018) 

 
6. A saturated solution of MgSO4 at 353K is cooled to 303K in a crystallizer. During 

cooling, 4% of the solution is lost by evaporation of water. Calculate the quantity of the 

original saturated solution to be fed to the crystallizer per 1000 kg. crystals of 

MgSO4.7H2O Solubility’s of MgSO4 at 303K and 353K are 40.8 and 64.2 kg. per 100  

kg. of water respectively. Date :Solubility of FeSO4 at 100C = 20.51 gms of 

FeSO4/100gms of water. (May 17) 

 
7. Elucidate the construction and working of Swenson walker crystallizer. (May 2018) 

 
8. How much feed is required when 10,000kg of crystal as FeSO4.7H2O is produced per 

hour by a simple vacuum crystallizer? The feed containing 40 parts of FeSO4 per 100 

parts of total water, enters the crystallizer at 800C. The crystallizer vacuum is such that 

crystallizer temperature of 300C can be produced. 

Data: Saturated solution at 300C contains 30 parts of FeSO4 per 100 parts of total water 

vapour enthalpy is 612 cal/gm (neglect superheat).The enthalpies of saturated solution, 

the crystals leaving the crystallizer and feed are -1.33,-50.56,26.002 cal.gm. (May 2018) 

 
9. Explain briefly (1)Yield and purity of crystal (2) Initial and needle breeding. (May 17) 

 
10. A Swenson walker crystallizer is to produce 500kg/hr of FeSO4.7H2O crystals. The 

saturated solution enters the crystallizer at 322K and the slurry leaves at 300K. Cooling 

water enters the crystallizer jacket at 288 K leaves at 294 K.The overall heat transfer 

coefficient has been estimated to be 200W/m2k.There are 1.2 m2 cooling surface per 

meter of crystallizer length. Calculate the cooling water requirement in kg/hr and the 

number of crytallizer sections each section being 3 m long. (Dec 2018) 

(i) Solubility at 322K and 300K are 14 parts and 70 parts of FeSO4 

(ii) Average specific heat of solution is 2.9 KJ/kgK 

(iii)Heat of crystallization is 66 KJ/kg 

 
11. Briefly discuss the following: 

i)Secondary Nucleation. ii) Importance of crystal size. iii) Kelvin equation. (MAY14) 



Unit-1 

1: Define specific gravity and write the relationship between specific gravity and API 

gravity?  

Ans: The specific gravity is defined as the weight of unit volume of oil to the weight of same 

volume of water at a standard temperature. The relationship between the specific gravity and API 

is 

2. What are the terms Characterization factor and correlation index. How are they 

important? 

Ans: Characterization factor is developed by UOP (Universal Oil Products Co.).It correlates the 

boiling point with specific gravity, given by:  

                                                         K=Cubicrt(TB)/S 

to the following expression.  

CI= (48640/TB ) +473.7 S-456.8 TB is the average molal boiling point (0F ) and S is the specific 

gravity at 600 F. This gives a relative idea about the Paraffinic, Naphthenic and Aromatic nature 

of the crude oil. Correlation index (CI) developed by US Bureau of mines. It correlates the 

boiling point with specific gravity, according. 

3. What is performance number?  

Ans: Performance number = ((Octane number – 100) *3) + 100 It is used to estimate knocking 

characteristics of aviation gasolines of octane number higher than 100.  

4. What is cetane number?  

Ans: Cetane number = % n-cetane + 0.15 (% heptamethyl nonane). The shorter the ignition delay 

period, higher is the cetane number of the fuel.  

5. What is diesel index?  

Ans: Diesel index is an indication of the ignition quality of a diesel fuel. It can be determined by 

calculation from the specific gravity and the aniline point of the sample Diesel index = (Aniline 

point * °API) / 100.  

6. What is cloud point and pour point?  

Ans: Cloud point of petroleum products is the temperature at which a cloud or haze of wax 

crystals appears at the bottom of the test jar when the oil is cooled under prescribed conditions. It 

is generally determined for products that are transparent in a 40-mm thick layer and have cloud 



points below 49 °C. Pour point is the lowest temperature expressed in multiple of 3°C at which 

the oil is observed to flow when cooled and examined under prescribed conditions. 

7. What is the crude composition of Indian crude? 

 Ans: Crude compositions of Indian crude are as below C: 84-87%, H: 11-14%S: 0-5%, N: 0-1%, 

O: 0-2%.  

8. What does pour point of an oil signify? 

 Ans: The pour point of the crude oil, in o F or oC, is a rough indicator of the relative paraffin city 

and aromaticity of the crude.The lower the pour point, the lower the paraffin content and the 

greater the content of aromatics.  

9. What is a Characterization factor?  

Ans: Characterization factors: K=(TB) 1/3/d. It correlates boiling point with sp.gravity Here TB 

is the average boiling point in degrees Rankine and d is the specific gravity 60 o F/60o F. 

10. What is correlation index? 

 Ans: The correlation index is useful in evaluating individual fractions from crude oils. The CI 

scale is based upon straight-chain paraffins having a CI value of 0 and benzene having a CI value 

of 100 and is defined as follows: C.I = 87552/TB + 473.7 G – 456.8  

11. What is gasoline?  

Ans: Gasolines are complex mixtures of hydrocarbons having typical boiling ranges from 100 to 

400 °F (38 to 200 °C). It is consist of mainly C5-C10 HC (mainly n-paraffins, isoparaffins, 

naphthenes and aromatic hydrocarbons). 

12. What is motor octane number?  

Ans: MON testing uses a similar test engine to that used in RON testing, but with a preheated 

fuel mixture, a higher engine speed, and variable ignition timing to further stress the fuel's knock 

resistance. Depending on the composition of the fuel, the MON of a modern gasoline will be 

about 8 to 10 points lower than the RON. 

 13. What is petroleum?  

Ans: Petroleum is a mixture of gaseous, liquid, and solid hydrocarbon compounds that occur in 

sedimentary rock deposits throughout the world and also contains small quantities of nitrogen, 

oxygen, and sulfur-containing compounds as well as trace amounts of metallic constituents. Q27: 

What is ‘fraction’ or ‘cut’ in petroleum refinery? A27: The separation of crude oil by 

atmospheric and vacuum distillation into groups of hydrocarbon compounds of different boiling 

point ranges called “fractions” or “cuts”. 



14. What are the type of hydrocarbon found in crude oil? 

 Ans: The hydrocarbons found in petroleum are classified into the following types: Paraffins, 

cycloparaffins (naphthenes) and aromatic. 

15. What is pour point?  

Ans: Pour point is the lowest temperature at which oil will move, pour , or flow when it is chilled 

without disturbance under definite conditions (ASTM D97) 

 16. What is carbon residue?  

Ans: Carbon residue is determined by distillation to a coke residue in the absence of air. The 

carbon residue is roughly related to the asphalt content of the crude and to the quantity of the 

lubricating oil fraction that can be recovered. Q35: What are the methods to determine carbon 

residue? A35: In most cases the lower the carbon residue, the more valuable the crude. This is 

expressed in terms of the weight percent carbon residue by either the Ramsbottom (RCR) or 

Conradson (CCR).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT-II 

1: Define Viscosity Index?  

Ans: Viscosity Index (VI): Used to characterize a Lube oil and provides the effect of change of 

temperature on the viscosity of any oil. High VI lube oils are desired.It is defined by VI= (L-U) 

×100/(L-H) U=kinematic viscosity at 400C of the oil whose VI is to calculated. L= kinematic 

viscosity at 400C of the oil whose 0 VI. H= kinematic viscosity at 400C of the oil whose 100VI. 

2. What is the composition of kerosene oil? 

 Ans. Kerosines are distillate fraction of crude oil in the boiling range 0f 150-2500C.There are 

various types of hydrocarbon present in kerosines like paraffin, naphthenes, aromatics, and non-

hydrocarbons containing sulphur, nitrogen, oxygen, and metals. In the hydrocarbon tendency to 

smoke decrease in the order Aromatics>Naphthenes>Isoparaffins>Paraffins.Kerosene is treated 

with sulphur dioxide to decrease aromatic content.  

3. What is the significance of cloud point and pour point?  

Ans: Cloud point generally determined for products that are transparent in a 40-mm thick layer 

and have cloud point below 49oC.It gives a rough idea of the temperature above which the oil 

can be safely handled without any fear of congealing or clogging. Pour point is a well-

established test to estimate the temperature at which a sample of oil becomes sufficiently solid to 

prevent its movement by pumping.  

4. What is the different type of reflux used in distillation column?  

Ans. Overhead reflux: Part of light naphtha returned to column Pump around reflux: Liquid 

withdrawn at a point below a side stream tray that is cooled by the cold crude feed and then 

returned to the column a few trays above the draw tray. Pump back reflux: In this arrangement 

reflux is provided at regular intervals. 

 

 

 

 

 

 

 



Unit-III 

1. Define the term ‘Gas Oil’?  

Ans. It is the general term for describing any distillable refinery stream boiling above 350°F. 

Diesel, turbine and jet fuels are blended from gas oils. Higher boiling gas oils are called heavy 

gas oils.  

2. What is LPG?  

Ans. LPG stands for Liquefied Petroleum Gas. Generally, any light hydrocarbon fuel that must 

be compressed to keep it from boiling away. Commercial LPG usually contains mixtures of 

propane (C3H8) and butane (C4H10).  

3. What is Visbreaking?  

Ans. Visbreaking is a mild form of thermal cracking, significantly lowers the viscosity of heavy 

crude-oil residue without affecting the boiling point range. Residual from the atmospheric 

distillation tower is heated (800°-950° F) at atmospheric pressure and mildly cracked in a heater.  

4. What is catalytic cracking?  

Ans. It major secondary refining process of conversion of heavy fractions ( vgo 3700 C+) into 

lighter fuel products (LPG, gasoline, diesel)circulating fluid bed reactor system (reactor-

regenerator configuration).It is a multi-component catalyst system in which catalyst tailored for 

each unit based on unit objectives and constraints.  

5. What is thermal cracking?  

Ans. It is process of cracking of heavy residues under severe thermal conditions. Liquid products 

are highly olefin, aromatic and have high sulfur .Hydrogen treatment required for the liquid 

products to improve properties .Thermal cracking follows free radical mechanism.  

6. What are the feed for Visbreaking?  

Ans. Feed stock: Asphalt, Short residuum to residuums,and medium oil.  

7. What is the main reaction involved in catalytic cracking?  

Ans. (a) Cracking of Paraffins (b)Naphthenes and side chain of aromatics . (c) Isomerisation of 

olefins Dehydrogenation of Naphthenes and Olefins (d) Cyclization and condensation of olefins 

.Alkylation and dealkylation.  

 

 



8. What is the different type of catalytic cracking used in industries?  

Ans. (1)Fixed bed, Houdry (2)Moving beds-Air lift-Thermofer catalytic cracking Houdry flow. 

(3)Fluidized Beds (a) Gulf Resrearch (Fluid catalytic cracking ) FCC,UOP,Texaco. 

(b)Kellog(Ortho flow) (c)ESSO-Flexi cracking (d)Standard –Ultra cracking 

9. How the olefin reactivity varies with carbon number in cracking? 

 Ans. Olefins cracks at a much faster rate compared to paraffins and subject to rapid 

isomerization 

10. What is the effect of temperature and pressure on cracking?  

Ans. Pressure retards cracking reactions. But in practice a positive pressure of 10 to 15 Kgs/cm2 

is used to minimize coke formation. Recycling increases refractory nature of stocks and hence 

recycling should not exceed 2 to 3 times of fresh stock for economic operation  

11. How the paraffin reactivity varies with carbon number in cracking?  

Ans. Rate of reaction increases with carbon number but rate of coke formation also increases 

with (carbon number) molecular weight characterized by high production of C3 and C4 in the 

cracked gas  

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT-IV 

1. What is gas oil.?  

Ans. General term for a product boiling above 1800 C. Diesel , turbine and jet fuels are blended from gas 

oil.  

2. What is typical feed range used for reforming?  

Ans: Typically, the feed to a cat reformer unit for gasoline production is heavy straight-run 

naphtha with an initial boiling point (IBP) of 194°F and final boiling point (FBP) of 284°F. 

Benzene is an undesirable component in the gasoline because of environmental pollution 

concerns. It is therefore important to minimize or exclude any benzene precursors in the cat 

reformer feed by keeping the feed IBP higher than 1800 F. The cat reformer feed is hydrotreated 

in a naphtha hydrotreater unit to remove any sulfur, nitrogen, and other impurities which can 

poison the reforming  

3. What is steam reforming and why it is important in petroleum refining process?  

Ans. Hydrocarbon steam reforming is an important process for hydrogen production. Hydrogen 

is a valuable raw material for chemical and petrochemical industry and it is also used as a clean 

combustible. Steam reforming process transforms a liquid hydrocarbon stream into a gaseous 

mixture constituted by CO2, CO, CH4, and H2.  

4. What is catalytic reforming?  

Ans. Catalytic reforming is a chemical process used to convert petroleum refinery naphthas, 

typically having low octane ratings, into high-octane liquid products called reformates which are 

components of high-octane gasoline (also known as petrol)  

5. What is the catalyst used in reforming? 

 Ans. Most catalytic reforming catalysts contain platinum or rhenium on a silica or silica-alumina 

support base, and some contain both platinum and rhenium.  

6. What is the purpose of reforming process?  

Ans. The purpose of Reforming process is to produce high octane number reformate reformate, 

which is a main component for motor fuel, aviation gasoline blending or aromatic rich feedstock. 

Hydrogen rich gas hydrogen gas Due to the nature of the reactions, reforming process produces 

LPG.  

7. What are the desirable reactions during reforming?  

Ans. Naphthenes dehydrogenation Paraffin's Dehydrocyclization Linear Paraffin Isomerization 

Naphthenes Isomerization Q9: What is the effect of pressure on reforming? A9: Low pressure 



encourage dehydrogenation reaction , while no noticeable effect of pressure on isomerization 

may be expected. Coke formation is more at low pressure. Increase in pressure causes 

dealkylation very much. Hydrocracking and elimination reaction are directly related to partial 

pressure of hydrogen.  

8. What is effect of temperature on reforming? 

Ans. Except hydrogenation reaction which exothermic all other reaction are favoured by 

increasing temperature. With increase of temperature, chance of degradation of product, and 

coke deposition are likely.  

UNIT-II 

1. What is hydrodesulphurization?  

Ans.In this process sulfur is converted to hydrogen sulfide (H2S) Added hydrogen breaks 

carbon-sulfur bonds & saturates remaining hydrocarbon chains.  

2. What is hydrocracking?  

Ans. Distillate hydrocracking is a refining process for conversion of heavy gas oils and heavy 

diesels or similar boiling-range heavy distillates into light distillates (naphtha, kerosene, diesel, 

etc.) or base stocks for lubricating oil manufacture. The process consists of causing feed to react 

with hydrogen in the presence of a catalyst under specified operating conditions: temperature, 

pressure, and space velocity. 

 3. What are the catalyst used in hydro treating? 

 Ans. Cobalt molybdenum : sulfur removal & olefin saturation Nickel molybdenum: nitrogen 

removal & aromatic saturation  

4. What are the catalyst used in hydrocracking?  

Ans. Crystalline silica alumina base with a rare earth metal deposited in the lattice Platinum, 

palladium, tungsten, and/or nickel.  

UNIT-V 

1. What is Flash pyrolysis?  

Ans. Flash pyrolysis is the fast thermal decomposition of biomass in the absence of oxygen. The 

results of this pyrolysis are: gases, biofuels and char. It takes place at high temperature between 

700-1000 0 C and residence time in the reactor is below 1 second.  

 



2. What is the permissible limits of pollutants in discharged water?  

Ans. Parameters public sewer irrigation water surface water Oil and grease (ppm) 20 20 10 

 BOD (ppm) -350, 100, 30  

COD(ppm) -250   

Phenol (ppm)- 5 5 1 Hg (ppm ) 1.0 1.0 0.01  

3. Name the process used for oxidation of sulphur? Along with the overall reaction.  

Ans. Claus process :- H2S oxidation process)  

Overall reaction H2S + 1/2 O2 S + H2  

4. Describe how presence of mercaptans can affect petroleum products?  

Ans. Alkyl & aromatic mercaptanes :-Important S compounds distributed in petroleum products. 

Cause foul odour oxidative determination towards metals. Also mercaptans cause oxidation 

determination as well as inhibit the performance of various additives (TEL,antioxidants) in 

finished products. Removal of is essential (sweetening process). 

 5. Describe mercaptans removal Process?  

Ans. (1)Caustic scrubbing, merox extraction.(2)Convation of mercaptous to disulfide include 

doctor sweetenies ,merox sweetening ,copper chloride sweetening.(3)Acid treating ,clay treating 

,catalytic process. Q6: What are sources of waste water generated from refinery? 

A6:(1)CoolingTowers.(2)Boiler Feed water treatment units.(3)Process Units(.4) Desalter 

brine.(5)Tank Farms(.6)Chemical waste.(7)Sanitary and miscellaneous use(7)Fire protection 
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	2. Write the modes of Heat Transfer?
	3. State Fourier’s Law. (Nov 2013, May 2014)
	4. What is effect of temperature on Thermal Conductivity? (May 2016)
	5. Define thermal conductivity. ( Nov 2013)
	6. Difference between Thermal conductivity and thermal resistance. (Nov 2014)
	8. What is film coefficient?
	9. Classify Convection.
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	12. What is heat transfer coefficient?
	13. What is Radiation?
	14. What is TEMA?
	15. When LMTD correction factor is to be used in heat exchanger design?
	16. Write one dimensional heat conduction
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	17. Write the three dimensional equation for unsteady state condition and with heat source
	18. Write the S.I. units of Thermal conductivity and heat transfer coefficient.
	19. What is Steady state conduction?
	20. What is heat transfer coefficient?
	21. Explain the fact for negative sign in the Fourier’s law of heat conduction
	22. Write briefly on analogy between flow of heat and flow of electricity.(May 2015)
	24. State the significance of contact resistance. (May 2017)
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	(ii) State the application of conduction in liquids in a chemical plant.
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	3. What is the effect of presence of Air in condensation process
	4. What are the types of heat exchangers?(Dec. 2012)
	5. What is subcooled boiling? (May 2015)
	6. What condenser can be used for sub cooling?
	7. What steps can be taken to change the film wise condensation to drop wise one?(May 2016)
	8. Differentiate the film boiling and nucleate boiling
	9. What is meant by Nucleate boiling
	10. Define Fin Efficiency.(Nov 2015)(Dec 2019)
	11. Write various design procedures widely used in Heat exchanger design
	12. Compare Kern’s method and Bell’s method
	13. What is critical heat flux in pool boiling of water?
	14. Write the physical significance of Reynolds number
	15. Write the types of boiling ?(May 2016)
	16. Mathematically, differentiate natural and forced convection
	17. Write about natural convection (Dec 2019)
	18. What is steam trap?
	19. What is Equivalent Number (De)?
	20. What is NTU? (May 2015)
	21. Concise on the regimes of boiling. (May 2017)
	2. Differentiate between grey and black body. (May 2015)
	3. Define steam economy.(Dec. 2012)

	Stefan – Boltzmann law states that the total energy radiated per unit surface area of a black
	the black body’s thermodynamic temperature, T.
	 5.670400X108
	5. What is monochromatic radiating power?(Dec. 2013)
	6. Write the types of evaporators.
	7. What are the common operational problems of an evaporator? (Nov 2015)
	8. When the liquor is dirt, what type of evaporators can be used?
	9. When the liquor is too viscous, what type of evaporators can be used?
	11. Classify the evaporators, based on the mode of feed supply.
	12. What is the wavelength of thermal radiation?
	13. Differentiate Evaporation and drying.
	14. What is Absorptivity, Reflectivity and transmissivity?
	15. Differentiate White body and Black body.
	16. What is view factor?
	17. Differentiate Specular and diffuse radiation.
	18. Write the types of steam trap.
	19. Write the types of evaporators.
	20. Define multiple effect evaporators.
	21. What is meant by capacity of evaporator? (Dec 2019)
	22. What is the effect of roughness of surface on radiation? (May/June 2016)
	23. What is Planck’s constant and where it is used?
	24. Write the effect of BPE in multiple effect evaporators.
	25. What are the factors should be taken into account during the selection of Evaporator?
	26. List the advantages of multiple effect evaporators. (May 2017)
	27. State the importance of wien’s displacement law. (May 2017)

	13. A feed of 3000 kg/hr of a 1.2 wt% NaOH salt solution at 311 K enters continuously in a single effect evaporator and is being evaporated to 3.0 wt%. The evaporation is at atmospheric pressure and the area of the evaporator is 72 m2. Saturated steam...
	15. Explain the constructional details of short tube evaporator.(May 2014)
	17. Explain the experimental determination of emmisivity. (June 2014)
	19. Consider to rectangular surfaces perpendicular to each other with a common edge which is equal to 1.8m long, the horizontal surface is 0.8m wide and the vertical surface is 1.5m high. The horizontal surface has an emmisivity of 0.75 and is maintai...
	21. The absorber surface of solar collector is made of aluminium coated with black chrome (α=0.87 and ε=0.09). Solar radiation is incident on the surface at the rate of 650 W/m2. The air and the effective sky temperatures are 25˚C and 15˚C respectivel...
	23. An aqueous solution at 15.5˚C and containing 4% solids is concentrated to 20% solids. A single effect evaporator with a heat transfer surface area of 37.2m2 and an overall heat transfer coefficient of 2000 Wm-2 K-1 is to be used. The calandria con...
	3. Distinguish between heat transfer with and without phase change. (June, 2013)
	4. What is Baffle spacing?
	5. Differentiate Heat exchangers and condensers. (May 2015)
	6. What are compact heat exchangers?
	7. Write various design codes widely used.
	8. What is tube pitch? (Nov 2014)(Dec 2019)
	9. Write the applications of heat exchangers in process plants
	10. Write the various parts of shell and tube heat exchangers.
	11. Write about Schedule Number.
	12. Why baffles are used in heat exchangers
	13. Write the advantages of Spiral type heat exchangers
	14. Write the optimum velocity range of tube side fluid in heat exchangers
	15. Why tube sheets are used in heat exchangers
	16. Write the standard lengths of tube for the construction of heat exchangers
	17. When the pressure drop across the tube is low, what changes can be done to improve pressure drop in heat exchanger design?
	18. When the pressure drop across the shell is low, what changes can be done to improve pressure drop in the heat exchanger design?
	19. Write the significance of floating head heat exchangers
	20. What is Diffuse Gray?
	21. What is Effectiveness of heat exchanger? (Nov 2015)
	22. Write the flow arrangements in heat exchangers
	23. Write the types of tube layout of a shell and tube heat exchangers.
	24. State the advantages of compact heat exchangers. (May 2017)
	26. What is Fouling and how it can be prevented in heat exchangers(Dec 2018)

	12. A chemical plant produces 300 metric tons of sulphuric acid per day. The acid is to be cooled from 333 K to 313 K by 500 metric tons of water per day, which has an initial temperature of 288 K. A counter flow cooler consisting of concentric pipes ...
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