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I YEAR 





I SEMESTER
	S.No.
	Group
	Subject
	L
	T
	P
	Credits

	1
	BS
	Mathematics-I
	4
	1
	0
	4

	2
	BS
	Engineering Physics
	3
	1
	0
	3

	3
	BS
	Applied Chemistry
	3
	1
	0
	3

	4
	EAS
	Computer Programming and Data Structures
	4
	1
	0
	4

	5
	EAS
	Engineering Mechanics
	4
	1
	0
	4

	6
	BS
	Engineering Physics Lab
	0
	0
	3
	2

	7
	BS
	Applied Chemistry Lab
	0
	0
	3
	2

	8
	EAS
	Computer Programming and Data Structures Lab
	0
	0
	3
	2

	
	
	NSS/NCC *1
	
	
	
	

	
	
	Total Credits 
	18
	5
	
	24


I YEAR 





II SEMESTER
	S.No.
	Group
	Subject
	L
	T
	P
	Credits

	1
	BS
	Mathematics – II
	3
	1
	0
	3

	2
	EAS
	Basic Electrical &

Electronics Engineering
	3
	1
	0
	3

	3
	BS
	English
	3
	0
	0
	3

	4
	EAS
	Engineering Graphics
	2
	0
	3
	4

	5
	EAS
	Environmental Science
	3
	0
	0
	3

	6
	BS
	Computational Mathematics
	2
	0
	0
	2

	7
	EAS
	Engineering Workshop
	0
	0
	3
	2

	8
	BS
	English Language Communication Skills Lab
	0
	0
	3
	2

	9
	BS
	Computational Mathematics Lab
	0
	0
	3
	2

	
	
	NSS/NCC*1
	
	
	
	

	
	
	Total Credits 
	16
	2
	12
	24


JNTUH COLLEGE OF ENGINEERING HYDERABAD

(AUTONOMOUS)

CHEMICAL ENGINEERING
COURSE STRUCTURE
II YEAR 





I SEMESTER
	S.No.
	Group
	Subject
	L
	T
	P
	Credits

	1
	BS
	Mathematics – III
	3
	1
	0
	3

	2
	BS
	Analytical & Physical  Chemistry
	3
	1
	0
	3

	3
	DC
	Chemical Process Calculations
	3
	1
	0
	3

	4
	DC
	Chemical Engineering Fluid Mechanics
	4
	1
	0
	4

	5
	DC
	Chemical Engineering Thermodynamics-I
	3
	1
	0
	3

	6
	EAS
	Basic Electrical &

Electronics Engineering Lab
	0
	0
	3
	2

	7
	DC
	Fluid Mechanics Lab

	0
	0
	3
	2

	8
	BS
	Analytical & Physical  Chemistry Lab
	0
	0
	3
	2

	9
	HSS
	Human Values and Professional Ethics
	2
	0
	0
	2

	
	
	TOTAL
	18
	5
	9
	24


II YEAR 





II SEMESTER
	S.No.
	Group
	Subject
	L
	T
	P
	Credits

	1
	DC
	Chemical Technology 
	3
	1
	0
	3

	2
	BS
	Organic Chemistry
	3
	1
	0
	3

	3
	DC
	Chemical Engineering Thermodynamics-II
	4
	1
	0
	4

	4
	DC
	Mechanical Operations
	4
	1
	0
	4

	5
	DC
	Process Heat Transfer
	4
	1
	0
	4

	6
	DC
	Process Heat Transfer Lab
	0
	0
	3
	2

	7
	DC
	Mechanical Operations Lab
	0
	0
	3
	2

	8
	DC
	Chemical Technology &  Organic Synthesis Lab
	0
	0
	3
	2

	
	
	TOTAL
	18
	5
	9
	24


JNTUH COLLEGE OF ENGINEERING HYDERABAD

(AUTONOMOUS)
CHEMICAL ENGINEERING
COURSE STRUCTURE
III YEAR 





I SEMESTER
	S.No.
	Group
	Subject
	L
	T
	P
	Credits

	1
	
	Open elective-I
	3
	1
	0
	3

	2
	DC
	Process Modeling & Simulation
	4
	1
	0
	4

	3
	DC
	Chemical Reaction Engineering-I
	4
	1
	0
	4

	4
	DC
	Mass Transfer Operations-I
	4
	1
	0
	4

	5
	DC
	Instrumentation & Process control
	4
	1
	0
	4

	6
	HSS
	Advanced English Language Communications skills lab
	0
	0
	3
	1

	7
	DC
	Process Dynamics & Control Lab
	0
	0
	3
	2

	8
	DC
	Mass Transfer Operations lab
	0
	0
	3
	2

	
	
	TOTAL
	19
	5
	9
	24


III YEAR 





II SEMESTER
	S.No.
	Group
	Subject
	L
	T
	P
	Credits

	1
	OE-II
	Open Elective-II 
	3
	0
	0
	3

	2
	DE-I
	Departmental Elective-I 
	3
	0
	0
	3

	3
	DE-II
	Departmental Elective-II
	4
	0
	0
	4

	4
	DC
	Mass Transfer Operations – II
	4
	1
	0
	4

	5
	DC
	Chemical Reaction Engineering-II
	4
	1
	0
	4

	6
	DC
	Chemical  Reaction Engineering Lab
	0
	0
	3
	2

	7
	DC
	Separation Processes Lab
	0
	0
	3
	2

	8
	DC
	Process Simulation Lab
	0
	0
	3
	2

	
	
	TOTAL
	18
	2
	9
	24


Industry Oriented Mini Project: Between III & IV Year Summer
JNTUH COLLEGE OF ENGINEERING HYDERABAD.

(AUTONOMOUS)

CHEMICAL ENGINEERING

COURSE STRUCTURE
IV YEAR 





I SEMESTER
	S.No.
	Group
	Subject
	L
	T
	P
	Credits

	1
	
	Department Elective – III
	4
	0
	0
	4

	2
	
	Department Elective – IV
	4
	0
	0
	4

	3
	
	Department Elective – V
	4
	0
	0
	4

	4
	DC
	Transport Phenomena
	4
	1
	0
	4

	5
	DC
	Chemical Engineering Plant Design & Economics
	4
	1
	0
	4

	6
	DC
	Chemical Process Equipment Design Lab
	0
	0
	3
	2

	7
	DC
	Industry Oriented Mini Project
	
	
	
	2

	
	
	TOTAL
	20
	2
	6
	24


IV YEAR 





II SEMESTER
	S.No.
	Group
	Subject
	L
	T
	P
	Credits

	1
	
	Open Elective – III 
	3
	0
	0
	3

	2
	
	Management Science
	4
	0
	0
	4

	3
	
	Seminar 
	0
	0
	3
	1

	4
	
	Energy & Environmental Lab
	0
	0
	3
	2

	
	
	Major Project
	
	
	
	14

	
	
	Total Credits 
	7
	
	3
	24


Open Elective-I
	S.No.
	Subject
	Offering Department

	1.
	GIS & Remote Sensing 
	Civil Engineering 

	2.
	Non Conventional Power Generation 
	Electrical & Electronics Engineering 

	3.
	Operations Research 
	Mechanical Engineering 

	4.
	Electronic Measurements & Instrumentation 
	Electronics & Communication Engineering 

	5.
	OOPS through JAVA
	Computer Science & Engineering 

	6.
	Data Structures and Analysis of Algorithms 
	Computer Science & Engineering

	7.
	Operating Systems
	Computer Science & Engineering

	8.
	Material Science
	Metallurgical Engineering 

	9.
	Nano Technology
	Physics 

	10
	Engineering Management 
	Humanities & Social Sciences

	11
	Industrial Pollution Control Engineering


	Chemical Engineering


Open Elective-II

	S.No.
	Subject
	Offering Department

	1.
	Estimation, Quantity survey & Valuation
	Civil Engineering 

	2.
	Energy Storage Systems 
	Electrical & Electronics Engineering

	3.
	Mechatronics
	Mechanical Engineering 

	4.
	Principles of Communication Systems 
	Electronics & Communication Engineering

	5.
	E-Commerce
	Computer Science & Engineering 

	6.
	Computer Graphics
	Computer Science & Engineering 

	7.
	Database Management Systems
	Computer Science & Engineering 

	8.
	Nano Materials 
	Metallurgical Engineering 

	9.
	Intellectual Property Rights
	Humanities & Social Sciences 

	10.
	Entrepreneurship
	Humanities & Social Sciences 

	11
	Solid Waste Management
	Chemical Engineering


Open Elective-III
	S.No.
	Subject
	Offering Department

	1.
	Industrial Safety & Hazard Management
	Chemical Engineering 


Departmental Elective-I
1. Interfacial & Colloidal science
2. Petroleum and Petrochemical Technology

3. Computational methods for Chemical Engineering 
Departmental Elective-II

1. Corrosion Engineering
2. Technology of Pharmaceuticals and Fine Chemicals

3. Food Processing Technology
Departmental Elective-III

1. Membrane Technology

2. Biochemical Engineering
3. Design & Analysis of Experiments

Departmental Elective-IV

1. Computational Fluid Dynamics
2. Energy Engineering 

3. Fluidization Engineering
Departmental Elective-V
1. Polymer Engineering & Technology

2. Chemical Process Optimization
3. Process Intensification
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MATHEMATICS – III

UNIT-I: Single Random variables and probability distributions.

Random variables – Discrete and continuous. Probability distributions, mass function/ density function of a probability distribution. Mathematical Expectation, Moment about origin, Central moments Moment generating function of probability distribution. 
Binomial , Poisson & normal distributions  and their properties . Moment generating functions of the above three distributions. and hence finding the mean and variance.

UNIT-II: Multiple Random variables, Correlation & Regression

Joint probability distributions- Joint probability mass / density function, Marginal probability mass / density functions, Covariance of two random variables, Correlation -Coefficient of correlation, The rank correlation.

Regression- Regression Coefficient, The lines of regression and multiple correlation & regression.

UNIT-III: Sampling Distributions  and Testing of Hypothesis 

Sampling: Definitions of population, sampling, statistic, parameter. Types of sampling, Expected values of Sample mean and varience, sampling distribution, Standard error, Sampling distribution of means and sampling distribution of varience.

Parameter estimations – likelihood estimate, interval estimations . 

Testing of hypothesis: Null hypothesis, Alternate hypothesis, type I, & type II errors – critical region, confidence  interval, Level of significance. One sided test, Two sided test, 

Large sample tests:

(i)
Test of Equality of means of two samples equality of sample mean and population mean (cases of known varience & unknown varience, equal and unequal variances)

(ii) 
Tests of significance of difference between sample S.D and population S.D. 

(iii)
Tests of significance difference between sample proportion and population proportion & difference between two sample proportions.
Small sample tests:

Student t-distribution,its properties; Test of significance difference between sample mean and population mean; difference between means of two small samples

Snedecor’s F- distribution and it’s properties. Test of equality of two population variences

Chi-square  distribution , it’s properties, Chi-square test of goodness of fit.
UNIT-IV: Functions of Complex Variables  

Complex functions and its representation on Argand plane, Concepts of limit Continuity, Differentiability, Analyticity, Cauchy-Riemann conditions, Harmonic functions – Milne – Thompson method. 

Line integral – Evaluation along a path and by indefinite integration – Cauchy’s integral theorem – Cauchy’s integral formula – Generalized integral formula. 

Radius of convergence – Expansion in Taylor’s series, Maclaurin’s series and Laurent series. Singular point –Isolated singular point – pole of order m – essential singularity

UNIT – V: Contour Integration
Residue – Evaluation of residue by formula and by Laurent series – Residue theorem.

Evaluation of integrals of the type 

(a) Improper real integrals 
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Conformal mapping.

Transformation of z-plane to w-plane by a function, Conformal transformation. Standard transformations- Translation; Magnification and rotation; inversion and reflection, Transformations like
[image: image5.wmf]z

e

, log z,  z2,   and Bilinear transformation.  Properties of Bilinear transformation, determination of bilinear transformation when mappings of  3 points are given .

Text Books:

1) FUNDAMENTALS OF MATHEMATICAL STATISTICS BY S C GUPTA AND V.K.KAPOOR

2) PROBABILITY AND STATISTICS FOR ENGINEERS AND SCIENTISTS  BY SHELDON M.ROSS,ACADEMIC PRESS

3) PROBABILITY AND STATISTICS FOR ENGINEERING AND THE SCIENCEC BY JAY L.DEVORE.

4) HIGHER ENGINEERING MATHEMATICS BY B S GREWAL.

5) ADVANCED ENGINEERING MATHEMATICS BY PETER  V O’NEIL, CENGAGE LEARNING

6) ENGINEERING MATHEMATICS BY ERWIN KREYSZIG,10TH EDITION WIELY PUBLICATIONS 

References:

1) MATHEMATICS FOR ENGINEERS series –Probability Statistics and Stochastic process  BY   K.B.DATTA AND M.A S.SRINIVAS,CENGAGE PUBLICATIONS

2) Probability, statistics and Stochastic process  by Prof.A R K Prasad., Wiely  india

3) ADVANCED ENGINEERING MATHEMATICS BY SAHANAZ BATHUL, PHI PUBLICATION 

4) PROBABILITY AND STATISTICS BY T.K.V.IYENGAR &B.KRISHNA GANDHI  etel

5) MATHEMATICS FOR ENGINEERS series- advanced mathematics for engineers BY K.B.DATTA  AND  M.A S.SRINIVAS, CENGAGE PUBLICATIONS

6) Advanced Engineering  Mathematics for Engineers by Prof.A R K Prasad., Wiely  india
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ANALYTICAL & PHYSICAL CHEMISTRY

UNIT I
Principles of Analytical Methods: Quantitative analysis - Gravimetry :  Precipitation- types of precipitates, impurities, co-precipitation , post-precipitation-conditions for participation-precipitation from homogeneous solution-Gravimetric determination of Fe, Ni and Cu. 

UNIT II

Molecular Spectrophotometry: UV-Visible Spectroscopy: Absorption spectra-Lamberts Law, Beer’s Law - Combined law equation; Deviation from Beer’s Law. Block diagram of a double beam UV- visible spectrophotometer – quantitative analysis; Direct method for the determination of metal ions; Chromium, Manganese, Iron etc in alloys; Infrared Spectroscopy: Interaction of infra-red radiation with molecules- Sources of IR Radiation-Spectral regions- Block diagram of IR Spectrometer- Function of each component; Sampling Techniques- Applications of IR Spectroscopy to functional group analysis ( -OH, -NH2, -CHO, -CO-R, -CONH).
UNIT III

Chromatography: Column chromatography-Principle-terminology- retention time, retention volume, RF value. Thinlayer chromatography-identification of spots by spraying and other methods; Gas Chromatography: Principle of Gas Chromatography-block diagram of gas chromatograph- Functions of each component, Detectors- (FID, ECD)-stationary phase for column, mobile phase, chromatogram, qualitative analysis, quantitative analysis, retention time, retention volume, capacity factor, area normalization method; HPLC: Principles of high performance liquid chromatography, Block diagram of HPLC- functions of each component, stationary phases, eluting solvents, pumps, detectors- quantitative applications of HPLC.
UNIT IV

Colloids & Surface chemistry:

Colloids: Classification of colloids- preparation & purification of colloids, properties of colloids – electrical properties, zeta potential and its measurement-Stability of colloids- protective action of colloids – gold number  and factors affecting their stability. Applications of colloids.

Surface Chemistry: Concept of adsorption, factors influencing adsorption-Adsorption isotherms – Freundlich, Langmuir- B.E.T theory of adsorption. Determination of surface area using B.E.T method. Adsorption of gases on solids – physisorption and chemisorptions, Applications of adsorption.

UNIT V

Chemical Kinetics: Order, molecularity– definitions with examples. Introduction to first order, second order, third order kinetics-Theories of Reaction rates – Collision theory and transition state theory. Theory of unimolecular reactions – Lindemann’s theory-Kinetics of Photochemical reactions: Chain reactions and their characteristics-Steady state treatment – dissociation of HI, reaction between H2 & Br2 and H2 & O2
Prerequisites:  The student who is intended to study this paper, should have a concept of electromagnetic radiation, to understand the  principles of  spectrophotometry. He should also 

have the knowledge of stationary and mobile phases to learn the chromotography. The basic ideas about adsorption and speed of reactions are required to understand surface chemistry and kinetics.

Objectives :

1. To understand the basic Principles of analytical methods and detailed methods of u.v. visible, 

     I.R.Spectroscopy are required for B.Tech chemical Engineering students to analyse the Chemical 

     compounds.

    The chromatographic techniques and the knowledge of colloids and adsorption are required for further understanding and analysis.

Outcomes: 
    The student will gain a thorough knowledge of GC & HPLC techniques and spectroscopic Principles. The Principles of Kinetics, adsorptions colloidal Chemistry are clearly understood.
TEXT BOOK
1. Quantitative analysis, R.A. Day & A.L.Underwood Prentice-Hall of India, Pvt. Ltd. 5th edition, 2000.

2. Vogel’s Text book of Quantitative chemical analysis, J.Mendham, R.C Denny, J.D. Barnes, M 

     J.K.Thomas, pearson education, 6th edition, 2002.

3. Elements of Physical Chemistry – Peter Atkins, Oxford Uni Press, 3rd edition, 2010.

4. Advanced Physical Chemistry – Gurudeep Raj, Goel Publishing house, 2000.

5. Instrumental Methods of Chemical Analysis, BSP Galen W. Ewing.

6. Essentials of Physical Chemistry – Bahl, Tuli and Arun Bahl, S.Chand and Company Ltd., New Delhi.
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CHEMICAL PROCESS CALCULATIONS

UNIT I

Stoichiometric & Composition relations: Stoichiometric relation, basis of calculations, methods of expressing compositions of mixtures and solutions, density and specific gravity, Baume and API gravity scales.

Behavior of Ideal gases: Kinetic theory of gases, application of ideal gas law, gaseous mixtures, gases in chemical reactions.

UNIT II

Vapor pressure: Liquefaction and liquid state, vaporization, boiling point, effect of temperature  on vapor pressure, Antoine equation, vapor pressure plots, estimation of critical properties, vapor pressure of immiscible liquids and ideal solutions, Raoult’s law, Non volatile solutes.

Humidity and Saturation: Partial saturation, Humidity- Absolute Humidity, Vaporization process, Molal humidity, Relative and percentage saturation, dew point, humid heat, wet bulb and dry bulb temperatures, use of humidity charts, adiabatic vaporization.
UNIT III

Material balances: Tie substance, Yield, conversion, limiting reactant, excess reactant, processes involving reactions, Material balances with the help of Stoichiometric equations, Material balances involving drying, dissolution, & crystallization. Material balance calculations for processes involving recycle, bypass and purge.
UNIT IV

Thermo physics: Energy, energy balances, heat capacity of gases, liquid and mixture solutions. Kopp’s rule, latent heats, heat of fusion and heat of vaporization, Trouton’s rule, Kistyakowsky equation for non polar liquids enthalpy and its evaluation.

Thermo chemistry: Calculation and applications of heat of reaction, combustion, formation and neutralization, Kirchoff’s equation, enthalpy concentration change, calculation of theoretical and actual flame temperatures.

UNIT V

Combustion Calculations: Introduction, fuels, calorific value of fuels, coal, liquid fuels, gaseous fuels, air requirement and flue gases, combustion calculations, incomplete combustion, material and energy balances, thermal efficiency calculations.

TEXTBOOKS

1. Chemical process principles, Part -I, Material and Energy Balance,   Hougen O A, Watson K.M. and Ragatz R.A. 2nd Edition, John Wiley and Sons, New York, 1963.

REFERENCES:

1. Basic principles and calculations in chemical engineering by D.H. 
    Himmelblau, 7th Ed. PHI, 2013

2. Stoichiometry by B.I. Bhatt and S.M. Vora (3rd Ed.) Tata McGraw Hill 
    publishing company, Ltd. New Delhi (1996)
OBJECTIVE: 
To develop the basic concepts of stoichiometry in chemical reactions and to solve material & energy balances in a simple flow sheet related unit operations and unit processes.

OUTCOME: This course will enable the students to evaluate the efficiency of a process in terms of yield, energy and provide guidance to improve upon them.
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CHEMICAL ENGINEERING FLUID MECHANICS 

UNIT I

Unit operations and unit processes, unit systems, basic concepts, nature of fluids, hydrostatic equilibrium, applications of fluid statics.

Fluid flow phenomena-Laminar flow, Shear rate, Shear stress, Rheological properties of fluids, Turbulence, Boundary layers, Basic equation of fluid flow –Mass balance in a flowing fluid; continuity equation,  differential momentum balance; equations of motion, Macroscopic momentum balances, Bernoulli equation, pump work in Bernoulli equation.

UNIT II

Incompressible Flow in pipes and channels- shear stress and skin friction in pipes, laminar flow in pipes and channels, turbulent flow in pipes and channels, friction from changes in velocity or direction, Dimensional analysis including Buckingham π Theorem and Rayleigh’s method.

UNIT III

Flow of compressible fluids- Definitions and basic equations, Processes of compressible flow, Isentropic flow through nozzles, adiabatic frictional flow, and isothermal frictional flow.

UNIT IV

Flow past immersed bodies, Drag and Drag coefficient, friction in flow through beds of solids, Kozey-Carman, Blake-Plummer and Ergun equations, and motion of particles through fluids. 

Fluidization, Conditions for fluidization, Minimum fluidization velocity, Types of fluidization, Expansion of fluidized beds, Applications of fluidization. Continuous fluidization; slurry and pneumatic transport.

UNIT V

Transportation and Metering of fluids- Pipes, fittings and valves, Fluid- moving machinery, Fans, blowers, and compressors. 

Measurement of flowing fluids- variable head meters- Orifice meter, Venturi meter, Pitot tube; Area meters- Rota meter.
TEXTBOOKS

1. 
Unit Operations of Chemical Engineering by W.L.McCabe, J.C.Smith & Peter Harriot, McGraw-Hill,  7th ed, 2007

REFERENCES:

1. Transport processes and unit operations by Christie J. Geankoplis, 
     PHI

2. Unit operations, Vol-1 –Chattopadhya, Khanna publishers

3. P rinciples of Unit Operations, Foust et al,  2nd ed., John Wiley, 1999

4. Chemical Engineering, Vol-I, Coulson and Richardson, Pergamon Press.
OBJECTIVE: The behavior of fluids is important to process Engineering and constitutes foundations for the study of unit operations. An understanding of fluids is essential to students not only for accurately treating problems on the moment of fluids through pipes, pumps, but for dealing with all kinds of process equipment.
OUTCOME: To apply the concept of hydrostatic equilibrium and to have knowledge on fluid flow phenomena and to determine engineering design quantities for laminar and turbulent flow.
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CHEMICAL ENGINEERING THERMODYNAMICS-I

UNIT I

Introduction: The scope of thermodynamics, temperature, defined quantities; volume, pressure, work, energy, heat, Joules Experiments. 

The first law and other basic concepts: The first law of thermodynamics, thermodynamic state and state functions, enthalpy, the steady-state steady-flow process, equilibrium, the phase rule, the reversible process, constant-V and constant- P processes, heat capacity, isobaric, isochoric, isothermal, adiabatic and polytrophic processes.

UNIT II

Volumetric properties of pure fluids: The PVT behavior of pure substances, virial equations, the ideal gas, the applications of the virial equations, second virial coefficients from potential functions. Cubic equations of state, generalized correlations for gases, generalized correlations for liquids, molecular theory of fluids.

Heat effects: Sensible heat effects, Internal energy of ideal gases: Microscopic view, Latent heats of pure substances, heat effects of industrial reactions, heat effects of mixing processes.

Standard heat of reaction, Standard heat of formation, Standard heat of combustion, temperature dependence of heat of reaction 

UNIT III

The second law of thermodynamics: Statements of the second law, heat engines, thermodynamic temperatures scales, thermodynamic temperature and the ideal gas scale

Entropy, Entropy changes of an ideal gas, mathematical statement of the second law, the third law of thermodynamics, entropy from the microscopic view point, calculation of ideal work and lost work.

UNIT IV

Power cycles: Carnot cycle, Rankine cycle, Otto cycle, Diesel cycle.

Refrigeration and liquefaction: The Carnot refrigerator, the vapor compression cycle, the comparison of refrigeration cycles, the choice of refrigerant, absorption refrigeration, the heat pump, liquefaction processes.

UNIT V

Thermodynamic properties of fluids: Property relations for homogeneous phases, residual properties, two phase systems, thermodynamic diagrams, tables of thermodynamic properties, generalized property correlation for gases.

TEXT BOOKS

1. J.M.Smith and HC Van Ness, Introduction to Chemical Engineering Thermodynamics, 6th ed, McGraw Hill,2003. 

REFERENCES
1.Y.V.C.Rao, Chemical Engineering Thermodynamics, University  publications.

2. K. V. Narayanan, Chemical Engineering Thermodynamics, PHI, 2001
OBJECTIVE:

1. Students will be able to understand the role and relevance of     thermodynamics properties, processes, reversibility, equilibrium, phases, components; the relationship between heat and work by understanding  thermodynamic laws.

2. Students will be able to understand and analyze steam power cycles; refrigeration cycles

OUTCOME: This course will enable the student to understand the spontaneity and energy efficiency of a process. 
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 BASIC ELECTRICAL & ELECTRONICS ENGINEERING LAB

LIST OF EXPERIMENTS:
PART A: ELECTRONIC WORKSHOP PRACTICE (in 3 lab sessions):

1. 
Identification, Specifications, Testing of R, L, C Components (Color Codes), Potentiometers, Switches (SPDT, DPDT, and DIP), Coils, Gang Condensers, Relays, Bread Boards, PCB’s

2. 
Identification, Specifications and Testing of Active Devices, Diodes, BJT’s, Low power JFET’s, MOSFET’s, Power Transistors, LED’s, LCD’s, SCR, UJT.

3. 
Study and operation of

· Multimeters (Analog and Digital)

· Function Generator

· Regulated Power Supplies
· CRO.

PART B: (For Laboratory examination – Minimum of 12 experiments)

1. PN Junction diode characteristics   A) Forward bias B) Reverse bias.

2. Zener diode characteristics and Zener as voltage Regulator

3. Input & Output characteristics of Transistor in CB / CE configuration

4. Full Wave Rectifier with & without filters

5. Input and Output characteristics of FET in CS configuration

6. Measurement of h-parameters of transistor in CB, CE, CC configurations

7. SCR Characteristics.

8. Verification of KVL and KCL.

9. Serial and Parallel Resonance – Timing, Resonant frequency, Bandwidth and Q-factor determination for RLC network.

10. Verification of Superposition and Reciprocity theorems.

11. Verification of maximum power transfer theorem. Verification on DC, verification on AC with Resistive and Reactive loads.
12. Experimental determination of Thevenin’s and Norton’s equivalent circuits and verification by direct test.
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FLUID MECHANICS LAB
List of Experiments:
1. Identification of laminar and turbulent flows 

     Major equipment - Reynolds apparatus 
2. Measurement of point velocities 

    Major equipment - Pitot tube setup
3. Verification of Bernoulli’s equation

     Major equipment – Bernoulli’s Apparatus
4. Calibration of Rotameter

     Major equipment – Rotameter Assembly
5. Variation of Orifice coefficient with Reynolds Number

    Major equipment - Orifice meter Assembly
6. Determination of Venturi coefficient

    Major equipment – Venturi meter Assembly
7. Friction losses in Fluid flow in pipes

    Major equipment - Pipe Assembly with provision for Pressure  

    measurement 
8. Pressure drop in a packed bed for different fluid velocities

     Major equipment - Packed bed with Pressure drop measurement
9. Pressure drop and void fraction in a fluidized bed

     Major equipment - Fluidized bed with Pressure drop measurement
10. Studying the coefficient of contraction for a given open orifice

     Major equipment - Open Orifice Assembly 
11. Studying the coefficient of discharge in a V-notch

     Major equipment - V-notch Assembly
12. Studying the Characteristics of a centrifugal pump

     Major equipment - Centrifugal Pump 
Objectives:

· Know the different types of flow using Reynolds apparatus.

· Verify the Bernoulli’s equation by using Bernoulli’s apparatus.

· Calibrate the Rotameter.

· Find out the variation of orifice coefficients with Reynolds Number.

· Determine the venturi coefficient by using venturimeter.

· Find out the frictional losses in flow through pipes.

· Study the coefficient of contraction in an open orifice.

· Study the coefficient of discharge in V- Notches.

· Study the characteristic of a centrifugal pump.

· Find out the pressure drop in packed bed for different velocities.
Outcomes: 

· Student will be able to understand the concept of fluid flow phenomena and types of flow by calculating Reynolds number

· Calibrate the flow meters with actual discharge

· Characterize of a centrifugal pump and its efficiency.

· Calculate the pressure drop in packed bed for different velocities.
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ANALYTICAL & PHYSICAL CHEMISTRY LAB
1. To determine the partition coefficient value by studying the adsorption of acetic acid on animal 

    charcoal. 

2. Chemical kinetics: 

     Study of first order kinetics of Acid catalysed hydrolysis of Methyl acetate.
3. Complex preparations:

    a) [Ni(DMG)2]    b) [ Co(NH3)4Cl] Cl2   c) [ Cu(NH3)4 ]SO4
4. Estimation of Iron in cement using Spectrophotometer.

5. Thin Layer Chromatography:

    a) Determination of the purity (No. of compounds present) of a given sample by thin layer chromatography (TLC).

    b) Monitoring the progress of chemical reactions by thin layer chromatography (TLC)

6. Estimation of Dissolved oxygen in water.

7. Determination of stability constant by Job’s method.

8. Determination of sulphates through turbidometry.

9. Assay of paracetamol / Ibuprofen sample using spectrophotometer.

10. Redox titrations by potentiometry.Estimation of Ferrous
TEXT BOOKS

1. Vogel’s Text book of Quantitative Chemical Analysis, Sixth Edition – 

    J.  Mendham et al, Pearson Education.

2. Chemistry Practical – Lab Manual by Chandra Sekhar and Jayaveera.

3. Practical Manual of Analytical Chemistry- Neelam, Singh, Navneet

    Kaur and Kanchan Kohli.
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Human Values & Professional Ethics

Unit 1 Human Values: Morals, values, ethics – integrity – work ethics –service learning –civic virtue – respect for others- living peacefully - Caring –sharing –honesty – courage –valuing time – cooperation – commitment –empathy – self-confidence –spirituality – character- Mini-Cases

Unit II Professional Ethics: Profession- and professionalism  - Two models of professionalism –Professional etiquette -Three types of Ethics or morality Responsibility in Engineering – Engineering standards –Engineering Ethics – Positive and Negative Faces. Professional Codes and Code of conduct (as given by ASME, ASCE, IEEE, IETE, Institute of Engineers as Guidelines for ethical conduct).  Mini-cases.

Unit III Professional Responsibilities: Ethical standards Vs Professional Conduct – Zero Tolerance for Culpable Mistakes – Hazards and Risks- Risk benefit analysis– congeniality, collegiality and loyalty. Respect for authority – conflicts of interest – occupational crime ––Mini-Cases.

Unit IV Professional Rights: professional rights and employee rights communicating risk and public policy – Whistle blowing - collective bargaining. Professionals /engineers as managers, advisors, experts, witnesses and consultants – moral leadership- Regulatory compliances, Monitoring and control- Mini-Cases
Unit V  Ethics in global context: Global issues in MNCs- Problems of bribery, extortion,  and grease payments – Problem of nepotism, excessive gifts – paternalism – different business practices – negotiating taxes.  Mini-Cases.

Mini-projects 

Project 1: The student of this course should invariably attend (or watch on internet/any TV channel/you tube/social media) two speeches of 30 minutes duration each dealing with spiritual discourse  and submit a report on the contents of the lecture proceedings.

Project 2:  Visit any organization (including shops/ hotels or shopping malls in your region) of your choice and observe how the professionals perform the given job with a focus on professional ethics and human values. 

References

1. Aryasri, Human Values and Professional Ethics, Maruthi Publications.

2. S B George, Human Values and Professional Ethics, Vikas Publishing.

3. KR Govindan & Saenthil Kumar:Professional Ethics and Human Values, Anuradha Publications.

4. S K Chakraborthy & D.Chakraborthy: Human Values and Ethics, Himalaya.

5. M. Govindarajan, S. Natarajan, & V.S. Senthilkumar: Engineering Ethics(Includes Human Values), HI Learning Pvt. Ltd., New Delhi – 110001
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CHEMICAL TECHNOLOGY
UNIT – I

Water and Air: Importance of water, sources, plant location factors related to water, water shortage problems, methods of treating fresh water, methods of obtaining fresh water from saline waters, waste water treatment and disposal, air as a chemical raw material. 

Soda ash, caustic soda and chlorine, Glass: manufacture of special glasses 

UNIT – II

Industrial gases: carbon dioxide, hydrogen and oxygen – products of water gas, producer gas. Nitrogen industries: synthetic ammonia, urea, nitric acid (ammonium nitrate), ammonium chloride, ammonium phosphate and complex fertilizers

   Sulphur and sulphuric acid, manufacture of sulphuric acid, hydrochloric
   acid and some other chemicals –Aluminum sulphate and alum.
UNIT – III

Cement manufacture, special cements, miscellaneous calcium compounds, magnesium compounds.

Manufacture of phenols, formaldehyde, vinyl chloride and vinyl acetate, manufacture of phenol- formaldehyde resin and polyvinyl chloride polymer, SBR

UNIT – IV

Oils: Definition, constitution, extraction and expression of vegetable oils, refining and hydrogenation of oils. 

Synthetic fibers: Classification, manufacture of Nylon 66, polyester fiber and viscose rayon fiber.

Soaps and detergents: Definitions, continuous process for the production of fatty acids, glycerin and soap, production of detergents.

  UNIT – V

Pulp and paper industry: methods of pulping, production of sulphate and sulphite pulp, production of paper –wet process
Pharmaceutical Industries: Classification, Alkylation, Carboxylation and Acetylation, Condensation and Cyclization, Dehydration,Halogenation, Oxidation, Sulfonation, Amination, Radio isotopes in Medicine, Fermentation and Life processing for Antibiotics, Hormones, and Vitamines, Biologicals, Steroid hormones, isolates and Animals.  

Text books:

1. Shreve’s Chemical Process Industries edited by Austin, Mc.graw-Hill.5th ed.1985.

2. Dryden’s Outlines of Chemical Technology edited by M. Gopal Rao and M. Sittig, 2nd ed. 1973.

References: 

1. Industrial Chemistry by B.K. Sharma, 

2. Hand book of industrial chemistry Vol 1& II K.H.Davis & F.S. Berner Edited by S.C. Bhatia, CBS publishers

3. Chemical Technology: G.N. Panday, Vol 1& Vol II.

Objective:

· Unit operations, unit processes involved in manufacture of important and widely employed organic and inorganic chemicals.

· Impart clear description of one latest process along with its Chemistry, Process parameters,Engineering Problems and Optimum Conditions.

· Demonstrate the importance of updating the latest technological developments in producing products economically and environment friendly.
Outcomes:

· Upon successful completion of the course the students will be able to:

1. Make a neat and easy to understand the plant process flow sheet.

2. Keeps up the productivity while maintaining all safety norms stipulated, during their job.

3. Solve Engineering problems that are likely to come across during the operation of plants.

4. Suggest alternative manufacturing process in terms of Economic viability of the product.
Pre-requisite:---Nil---
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ORGANIC CHEMISTRY
Prerequisites: The fundamental knowledge of formation of various types of bonds, their energies and electron movements in organic molecules is required. The information about heterocyclic compounds that build the drugs is necessary to understand drugs and heterocyclics.

Objectives:

The fundamental basic mechanisms of various types of Chemical reactions and isomerism are necessary to understand the procedures  of synthetic techniques.

The classification of drugs and mechanism of drug action, and heterocyclics as basic components of various drugs are very important for a chemical engineer.

UNIT I

 Bond fission: Homolytic and heterolytic fission of covalent bond. 

Types of Reagents: Electrophiles, nucleophiles and free radicals – structure, reactivity, characteristics. Polar effects – Inductive effect- electromeric effect- resonance- hyper conjugation- The influence of these effects on the acidity and basicity of organic compounds- steric inhibition of resonance .

UNIT II

Electrophilic reactions:Introduction – Mechanisms, and synthetic applications - a) Friedel-Crafts reactions b) Riemer- Teimenn Reaction c) Beckmann rearrangement
Nucleophillic reaction : Introduction ,mechanisms and applications -  a) Aldol condensation b) Suzuki Reaction c) Heck reaction. 

Free radical reactions:  a) Halogenation of Alkane b) Addition of HBr to Alkene in the presence of peroxide. c)Allylic halogenation Using N-Bromo succinimide (NBS) 

Stereo isomerism; Optical isomerism- Symmetry and chirality- Optical isomerism in lactic acid and tartaric acid- Sequence rules- Enantiomers, diastereomers- Geometrical Isomerism; E-Z system of nomenclature- conformational analysis of ethane and cyclohexane.

UNIT-III : 

Classification of drugs: Introduction -Classification by pharmacological effects by chemical structure by target system and by site of action. Phamacophores - Introduction. Mechanism of drug action: action at enzytmes and at receptors. Introduction to structure-activity relationships. Classification and examples of Antihistamines, antibacterial, anti inflammatory, antifungbal, antibiotics, anti cancer agents. Chemotherapy.
UNIT IV:

Green Chemistry:

Introduction,principles of Green Chemistry - Green synthesis,- atom economy, solvent free reactions, reactions in solid phase,. micro-wave assisted organic synthesis- green catalysts-introduction to phase- transfer catalysts- ultra sound assisted reactions-use of Ionic liquids as green solvents-advantages and disadvantages of green synthesis.

UNIT V

Heterocyclic compounds: Nomenclature-preparation, properties and uses of (1) Pyrrole (2) Furan (3) Pyridine (4) Quinoline (5) Iso-quinoline.

Dyes - Classification of Dyes with examples- Theories of Colour and Constituion- Witts’ Theory and Modern theories-preparation and uses of (1) Malachite green (2) Congo red (3) Bismark brown (4) Floroscien.  

Outcomes:

A student will get a complete information about the mechanism of various reactions which are helpful for the designing of drugs. The student also learn about the green methods for the synthesis. A good knowledge of dyes and properties of  Heterocyclic Chemistry is gained.

TEXTBOOKS
1. Text book of Organic chemistry – Ferguson, LN East– West Press.

2. Text book of Organic Chemistry – Morrison and Boyd.

3. Medicinal Chemistry by Ashutosh Khar , New Age Publications.

4. Heterocyclic Chemistry by T.Gilchrist

5. Heterocyclic Chemistry – J.A.Joule, K.Mills and G.F.Smith
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CHEMICAL ENGINEERING THERMODYNAMICS –II

UNIT I

Solution Thermodynamics: Theory, Fundamental property relation, chemical potential as a criterion for phase equilibrium, partial properties, ideal gas mixtures, fugacity and fugacity coefficient for pure species, fugacity and fugacity coefficient for species in solutions, generalized correlations for Fugacity coefficient, The ideal solutions, excess properties.

UNIT II

Solution Thermodynamics: Applications: The liquid phase properties from VLE data, models for the excess Gibbs energy, property changes of mixing

VLE at low to moderate pressures: The nature of equilibrium, the phase rule, Duhems theorem, VLE: Qualitative behavior, the gamma /Phi formulation of VLE, Dew point and bubble point calculations, flash calculations, solute (1)/solvent (2) systems

UNIT III

Thermodynamic Properties and VLE from Equations of State: properties of fluids from the virial equations of state, properties of fluids from cubic equations of state, fluid properties from correlations of the Pitzer type, VLE from cubic equations of state

Topics in Phase Equilibria: Equilibrium and stability, Liquid-Liquid Equilibrium (LLE), Vapor- Liquid–Liquid Equilibrium (VLLE), Solid-Liquid Equilibrium (SLE), Solid Vapor Equilibrium (SVE).

UNIT IV

Chemical Reaction Equilibria: The reaction coordinate, application equilibrium criterion to chemical reactions, The standard Gibb’s energy change and the equilibrium constant, effect of temperature on equilibrium constants, relation of equilibrium constants to composition, equilibrium conversion for single reactions, Phase rule and Duhem’s theorem for reacting systems.

UNIT V

Introduction to Molecular Thermodynamics : Molecular Theory of Fluids, Second Virial Coefficients from Potential Functions, Internal Energy of Ideal Gases: Microscopic view, Thermodynamic Properties and Statistical Mechanics , Hydrogen Bonding and Charge-Transfer Complexing , Behaviour of Excess Properties , Molecular Basis for Mixture Behaviour, VLE by Molecular Simulation.
TEXT BOOK:

1. Introduction to Chemical Engineering Thermodynamics, 6th ed., J.M. Smith, H.C. Van Ness and M.M. Abbott, Tata McGraw-Hill, New Delhi, 2003.
REFERENCE:

1. Chemical Engineering Thermodynamics, Pradeep Ahuja, PHI Learning
     Pvt. Ltd., New Delhi, 2009

2. A Text Book of Chemical Engineering Thermodynamics,
   K.V. Narayanan, PHI Learning Pvt.Ltd., New Delhi, 2001.
Objective: To introduce the concepts of chemical potential, partial properties, property relations for ideal gases, fugacity excess properties and to develop the theoretical foundation for applications of thermodynamics to gas mixtures and liquid solutions and to perform the phase equilibrium calculations using simple models for VLE, Gamma/Phi approach and equation of state approach. 
Outcome: Students will be able to understand the procedures for estimating the thermodynamic properties and perform thermodynamic calculations oriented to the analysis and design of chemical processes. 
Pre-requisite: students should have completed Chemical Engineering thermodynamics-I 
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MECHANICAL OPERATIONS

UNIT I

Properties, handling and mixing of particulate solids: Characterization of solid particles, properties of particulate masses, storage and mixing of solids, types of mixers, mixers for cohesive solids, mixers for free flowing solids.

Transportation of solid particulate mass, belt, screw, apron conveyers, bucket elevators, pneumatic conveying.

UNIT II

Size reduction: Principles of comminution, computer simulation of milling operations, size reduction equipment-crushers, grinders, ultra fine grinders, cutting machines, Equipment operation. Laws of crushing: Kick’s law, Bond’s law, Rittinger’s law

Screening, Industrial screening equipments, Effectiveness of the screen, differential & cumulative analysis.

UNIT III

Filtration, cake filters, centrifugal filters, cyclone separators, electro-static precipitators.

Principles of cake filtration. Clarifying filters, liquid clarification, gas cleaning, principles of clarification.

Cross flow filtration, types of membranes, permeate flux for ultra-filtration, Concentration polarization, particle rejection of solutes, micro filtration.

UNIT IV

Separations based on motion of particles through fluids, gravity settling processes and centrifugal settling processes, float and sink method, differential settling, coagulation, Flotation-separation of ores, flotation agents

Agitation and mixing of liquids: Agitation of liquids, circulation velocities, power consumption in agitated vessels. Blending and mixing of liquids, suspension of solid particles, dispersion operations.

UNIT V

Crystallization: crystal geometry, principles of crystallization equilibria and yields, nucleation, crystal growth, ∆L law, crystallization equipment including MSMPR crystallizers.

TEXT BOOK:

1. Unit Operations in Chemical Engineering by W.L. McCabe and J.C. Smith and Peter Harriott, Mc Graw Hill 7th  ed. 2001.
REFERENCES:

1. Chemical engineers hand book, J.H. Perry, 7th ed. Mc-Graw Hill

2. Introduction to Chemical Engineering by J.T.Banchero & W.L.    Badger, TMH, 1997.

OBJECTIVE: This course deals with the different mechanical unit operations in chemical engineering. Specific attention is given on particle and separation techniques.

OUTCOME: Student will gain knowledge on various mechanical separation operations used in chemical industry.
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PROCESS HEAT TRANSFER

UNIT I

Introduction: Nature of heat flow, conduction, convection, natural and forced convection, radiation.

Heat transfer by conduction in Solids: Fourier’s law, thermal conductivity, steady state conduction in plane wall & composite walls, compound resistances in series, heat flow through a cylinder, conduction in spheres.

Unsteady state heat conduction: Equation for one-dimensional conduction, Semi-infinite solid.

UNIT II

Principles of heat flow in fluids: Typical heat exchange equipment, countercurrent and parallel current flows, energy balances, rate of heat transfer, overall heat transfer coefficient, electrical analogy, critical radius of insulation, logarithmic mean temperature difference, variable overall coefficient, multi-pass exchangers, individual heat transfer coefficients, resistance form of overall coefficient, fouling factors, classification of individual heat transfer coefficients, magnitudes of heat transfer coefficients, effective coefficients for unsteady-state heat transfer.

UNIT III

Heat Transfer to Fluids without Phase change: Regimes of heat transfer in fluids, thermal boundary layer, heat transfer by forced convection in laminar flow, heat transfer by forced convection in turbulent flow, the transfer of heat by turbulent eddies and analogy between transfer of momentum and heat, heat transfer to liquid metals, heating and cooling of fluids in forced convection outside tubes.

UNIT IV

Natural convection: Natural convection to air from vertical shapes and horizontal planes, effect of natural convection in laminar-flow heat transfer. 

Heat transfer to fluids with phase change: Heat transfer from condensing vapors, heat transfer to boiling liquids.

Radiation: Introduction, properties and definitions, black body radiation, real surfaces and the gray body, absorption of radiation by opaque solids, radiation between surfaces, radiation shielding, radiation to semi transparent materials, combined heat transfer by conduction, convection and radiation.

UNIT V

Heat exchange equipment: General design of heat exchange equipment, heat exchangers, condensers, boilers and calendrias, extended surface equipment, heat transfer in agitated vessels, scraped surface heat exchangers, heat transfer in packed beds, heat exchanger effectiveness (NTU method)

Evaporators: Evaporators, performance of tubular evaporators, capacity and economy, multiple effect evaporators, methods of feeding, vapor recompression.

TEXT BOOK:

1. Unit Operations of Chemical Engineering, 6th ed., W.L. McCabe, J.C. Smith and P. Harriot, 

    McGraw-Hill, New York, 2001

REFERENCES:

1. Process Heat Transfer, D.Q. Kern, Tata McGraw-Hill, New Delhi, 1997.

2. Heat Transfer, 4th ed., J.P. Holman, McGraw-Hill, New York, 1976.

3. Chemical Engineering, Volume-I, J. Coulson and R.F. Richardson, Pergamon Press
OBJECTIVE: To impart the students about knowledge on modes of heat transfer and design of heat transfer equipment evaporators etc.
OUTCOME: Student will be able to use the heat transfer principles in selection and design of heat exchanger, evaporator, etc. for a chemical industry.
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PROCESS HEAT TRANSFER LAB

1. Determination of total thermal resistance and thermal conductivity of composite wall.

       Major equipment - Composite wall Assembly

2. Determination of thermal conductivity of a metal rod.

      Major equipment - Thermal Conductivity apparatus

3. Determination of natural convective heat transfer coefficient for a vertical tube.

     Major equipment - Natural convection heat transfer apparatus 

4. Determination of critical heat flux point for pool boiling of water.

     Major equipment- Pool boiling apparatus

5. Determination of forced convective heat transfer coefficient for air flowing through a pipe

      Major equipment – Forced convection heat transfer apparatus

6. Determination of overall heat transfer coefficient in double pipe heat exchanger. 

     Major equipment - Double pipe heat exchanger apparatus

7. Determination of heat transfer coefficient for a helical coil in an agitated vessel.

     Major equipment – Helical coil in a agitated vessel.

8. Study of the temperature distribution along the length of a pin-fin under natural and forced convection conditions

     Major equipment - Pin fin apparatus

9. Estimation of un-steady state film heat transfer coefficient between the medium in which the body is cooled.

     Major equipment - Heat transfer coefficient determination apparatus

10. Determination of Stefan – Boltzmann constant. 

    Major equipment - Stefan Boltzmann apparatus

11. Determination of emissivity of a given plate at various temperatures.

     Major equipment - Emissivity determination apparatus
OBJECTIVE: This lab will provide practical knowledge on various heat transfer process and equipment like heat exchangers and evaporators.
· Learn basic Heat transfer principles.

· Impart the knowledge in heat transfer measurements and different heat transfer equipment

· Learn about natural and forced convection and gain knowledge of different types of heat exchangers.
OUTCOME:The student will be able to understand the thermal conductivity measurement, heat transfer coefficient, calculation in natural and forced convection and some of the radiation aspects.

· Demonstrate basic Heat transfer principles

· Design heat exchangers.

· Understand the concept of boiling & condensation processes.
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               MECHANICAL OPERATIONS LAB
List of Experiments:
1. To determine the time of grinding in a ball mill for producing a product   with 80 % passing a given screen.

     Major equipment - Ball mill Apparatus, Sieve shaker, Different sizes of   sieves, weighing balance.
2. To verify the laws of crushing using any size reduction equipment like crushing rolls or vibrating mills and to find out the working index of the material.

 Major equipment – Jaw Crusher, Sieve shaker, Different sizes of sieves, Weighing Balance, Energy meter.
3. To find the effectiveness of hand screening and vibrating screen of a given sample.

     Major equipment - Vibrating Sieve shaker, Different sizes of sieves, Weighing Balance.
4. To achieve beneficiation of a ore using froth flotation technique.

    Major equipment - Froth flotation cell
5. To obtain batch sedimentation data and to calculate the minimum thickner area under given conditions.

    Major equipment- Sedimentation apparatus 
6. To determine the specific cake resistance and filter medium resistance of a slurry in plate and frame filter press.

    Major equipment -  Plate and frame filter press.
7. To separate a mixture of particles by Jigging.

    Major equipment - Jigging apparatus 
8. To calculate separation efficiency of particles in a mixture using cyclone separator.

    Major equipment - Cyclone separator
9. To determine reduction ratio of a given sample in a pulverizer.

    Major equipment - Pulverizer 

10. To Verify Stoke’s law.

    Major equipment – Stoke’s law apparatus

11. To determine reduction ratio of a given sample in .a grinder Major equipment - Grinder  
Objective:
This lab will give practical knowledge on size reduction, different types of crushing   equipment and different mechanical separation techniques.
Outcome: 
Students will gain practical knowledge on various mechanical separation techniques like filtration, sedimentation, screening and centrifugation.
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     CHEMICAL TECHNOLOGY & ORGANIC SYNTHESIS LAB

List of Experiments
A. Analysis of oils:

1. Acid value

2. Iodine value

3. Saponification value 

B. Miscellaneous analysis:

4. Analysis of lime: Estimation of acid insolubles, available lime and calcium carbonate

5. Analysis of bleaching powder: Estimation of chlorine content.

6. Analysis of starch/glucose: Estimation of total reducing sugars

7. Analysis of saw dust: Estimation of total cellulose and –cellulose

C. Miscellaneous preparations:

8. Preparation of soap

9. Preparation of phenol formaldehyde resin
D.Synthesis of organic compounds.
10. Preparation of benzanilide from benzophenone via the oxime
       by Beckmann rearrangement.

11. Cycloaddition of anthracene with maleic anhyhdride by Diels –
      Alder Reaction.

12. Preparation of acetyl salicylic acid (aspirin) from salicylic acid.

13. Estimation of glucose by Fehling’s solution.

14. Synthesis of styryl benzimidazole.

15. Synthesis of N.arylphthalimide from phthalic anhydride and 
      p.toluidine.

16. Synthesis of 2-methyl quinolone from aniline and ethyl
     acetoacetate.

TEXT BOOKS

1) "Quantitative and Qualitative analysis in Organic Chemistry”, Vogel

2) "Practical Organic Chemistry”, Mann and Saundersw.

3) "Laboratory Organic Manul”, R.K.Bansal.
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OPEN ELECTIVE-I

GIS & REMOTE SENSING

UNIT – I

Introduction to Photogrammetry: Principle and types of aerial photographs, stereoscopy, Map Vs Mosaic, ground control, Parallax measurements for height, determinations.

Remote Sensing – I: Basic concepts and foundation of remote sensing – elements involved in remote sensing, electromagnetic spectrum, remote sensing terminology and units.

UNIT - II

Remote Sensing – II: Energy resources, energy interactions with earth surface features and atmosphere, resolution, sensors and satellite visual interpretation techniques, basic elements, converging evidence, interpretation for terrain evaluation, spectral properties of water bodies, introduction to digital data analysis.

UNIT – III

Geographic Information System: Introduction, GIS definition and terminology, GIS categories, components of GIS, fundamental operations of GIS, A theoretical framework for GIS.

Types of data representation: Data collection and input overview, data input and output. Keyboard entry and coordinate geometry procedure, manual digitizing and scanning, Raster GIS, Vector GIS – File management, Spatial data – Layer based GIS, Feature based GIS mapping.

UNIT – IV

GIS Spatial Analysis: Computational Analysis Methods (CAM), Visual Analysis Methods (VAM), Data storage-vector data storage, attribute data storage, overview of the data manipulation and analysis. Integrated analysis of the spatial and attribute data.

UNIT – V

Water Resources Applications-I: Land use/Land cover in water resources, Surface water mapping and inventory, Rainfall – Runoff relations and runoff potential indices of watersheds, Flood and Drought impact assessment and monitoring, Watershed management for sustainable development and Watershed characteristics.

Water Resources Applications – II: Reservoir sedimentation, Fluvial Geomorphology, water resources management and monitoring, Ground Water Targeting, Identification of sites for artificial Recharge structures, Drainage Morphometry, Inland water quality survey and management, water depth estimation and bathymetry.

TEXT BOOKS:
1.
Remote Sensing and its applications by LRA Narayana University Press 1999.

2. 
Principals of Geo physical Information Systems – Peter A Burragh and Rachael A. Mc Donnell, Oxford Publishers 2004.

REFERENCES:

1. 
Concepts & Techniques of GIS by C.P.Lo Albert, K.W. Yonng, Prentice Hall (India) Publications.

2. 
Remote Sensing and Geographical Information systems by M.Anji Reddy JNTU Hyderabad 2001, B.S.Publications.

3. 
GIS by Kang – tsung chang, TMH Publications & Co.,

4. 
Basics of Remote sensing & GIS by S.Kumar, Laxmi Publications.

5. 
Fundamental of GIS by Mechanical designs John Wiley & Sons.
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OPEN ELECTIVE-I

NON CONVENTIONAL POWER GENERATION

UNIT - I

Fundamentals of Solar Energy-Solar spectrum- Solar Radiation on Earth’s surface-Solar radiation geometry-Solar radiation measurements- Solar radiation data- Solar radiation on horizontal and tilted surfaces. Solar Thermal conversion- Flat plate collectors- concentrated collectors- construction and thermal analysis- Solar applications- Solar ponds- Heliostat systems-water heater-air heater-solar still.

UNIT - II

Solar-Electric Power generation- Photovoltaic cells- Equivalent circuit- V-I Characteristics- Photovoltaic modules – constructional details- design considerations- Tracking- Maximum power point tracking – algorithms - PV solar system design with energy back up- Solar Thermo electric conversion.

UNIT - III

 Wind Energy- Fundamentals of wind energy-power available in wind- Betz Limit-Aerodynamics of wind turbine- Wind turbines- Horizontal and vertical axis turbines –their configurations- Wind Energy conversion systems.

UNIT - IV

 Energy from Bio Mass- Various fuels- Sources-Conversion technologies-Wet Processes – Dry Processes- Bio Gas generation – Aerobic and anaerobic digestion-Factors affecting generation of bio gas –Classification of bio gas plants-Different Indian digesters- Digester design considerations- Gasification process-Gasifiers – Applications. Geothermal Energy-sources-Hydrothermal convective- Geo-pressure resources- Petro-thermal systems(HDR)-Magma Resources-Prime Movers.

UNIT - V

OTEC  Systems- Principle of operation-Open and closed cycles, Energy from Tides- Principle of Tidal Power- Components of tidal Power plants-Operation Methods-Estimation of Energy in Single and double basin systems- Energy and Power from Waves-Wave energy conversion devices-  Fuel Cells-Design and Principle of operation-Types of Fuel Cells-Advantages and disadvantages-Types of Electrodes- Applications-Basics of Batteries –Constructional details of Lead acid batteries- Ni-Cd Batteries.

TEXT BOOKS

1. John Twidell & Wier, Renewable Energy Resouces, CRC Press, 2009.

2. G.D.Rai – Non Conventional Energy sources,  Khanna publishers.

REFERENCES

1. 
D.P .Kothari, Singal,Rakesh, Ranjan, Renewable Energy sources and 

    
Emerging Technologies, PHI, 2009.

2. 
F.C.Treble, Generating Electricity from Sun.

3. 
C.S.Solanki , Solar Photo volatics- Fundamentls- Principles and 

    
Applications, PHI 2009

4. 
S.P.Sukhatme , Solar Energy Principles and Application - TMH
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OPEN ELECTIVE-I

   OPERATIONS RESEARCH

UNIT – I
Development – Definition– Characteristics and Phases – Types of models – Operations Research models – applications.

ALLOCATION: Linear Programming Problem - Formulation – Graphical solution – Simplex method – Artificial variables techniques: Two–phase method, Big-M method; Duality Principle.

UNIT – II

TRANSPORTATION PROBLEM – Formulation – Optimal solution, unbalanced transportation problem – Degeneracy.  

Assignment problem – Formulation – Optimal solution - Variants of Assignment Problem;  Traveling Salesman problem.
UNIT – III

SEQUENCING – Introduction – Flow –Shop sequencing – n jobs through two machines – n jobs through three machines – Job shop sequencing – two jobs through ‘m’ machines
REPLACEMENT:  Introduction – Replacement of items that deteriorate with time – when money value is not counted and counted – Replacement of items that fail completely- Group Replacement.

UNIT – IV

THEORY OF GAMES:  Introduction –Terminology– Solution of games with saddle points and without saddle points- 2 x 2 games –m x 2 & 2 x n games - graphical method – m x n games - dominance principle.

INVENTORY:  Introduction – Single item, Deterministic models – Types - Purchase inventory models with one price break and multiple price breaks –Stochastic models – demand discrete variable or continuous variable – Single Period model with no setup cost.  

UNIT – V

WAITING LINES:  Introduction – Terminology-Single Channel – Poisson arrivals and Exponential Service times – with infinite population and finite population models– Multichannel – Poisson arrivals and exponential service times with infinite population. 

DYNAMIC PROGRAMMING:
Introduction – Terminology- Bellman’s Principle of Optimality – Applications of dynamic programming- shortest path problem – linear programming problem.

TEXT BOOK:

1. Operation Research /J.K.Sharma/MacMilan.

2. Introduction to O.R /Taha/PHI

REFERENCE BOOKS :

1. Operations Research:  Methods and Problems / Maurice Saseini, Arhur Yaspan and Lawrence Friedman

2. Operations Research /A.M.Natarajan, P.Balasubramaniam, A. Tamilarasi/Pearson Education.

3. Operations Research / Wagner/ PHI Publications.

4. Introduction to O.R/Hillier & Libermann (TMH).
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OPEN ELECTIVE-I

ELECTRONIC MEASUREMENTS AND INSTRUMENTATION

UNIT I:

Block Schematics of Measuring Systems: Performance Characteristics, Static Characteristics, Accuracy, Precision, Resolution, Types of Errors, Gaussian Error, Root Sum Squares formula, Dynamic Characteristics, Repeatability, Reproducibility, Fidelity, Lag ;Measuring Instruments: DC Voltmeters, D’ Arsonval Movement, DC Current Meters, AC Voltmeters and Current Meters, Ohmmeters, Multimeters, Meter Protection, Extension of Range, True RMS Responding Voltmeters, Specifications of Instruments.

.UNIT II:

Signal Analyzers: AF, HF Wave Analyzers, Harmonic Distortion, Heterodyne wave Analyzers, Spectrum Analyzers, Power Analyzers, Capacitance-Voltage Meters, Oscillators. Signal Generators: AF, RF Signal Generators, Sweep Frequency Generators, Pulse and Square wave Generators, Function Generators, Arbitrary Waveform Generator, Video Signal Generators, and Specifications

UNIT III:

Oscilloscopes: CRT, Block Schematic of CRO, Time Base Circuits, Lissajous Figures, CRO Probes, High Frequency CRO Considerations, Delay lines, Applications: Measurement of Time, Period and Frequency Specifications.

Special Purpose Oscilloscopes:  Dual Trace, Dual Beam CROs, Sampling Oscilloscopes, Storage Oscilloscopes, Digital Storage CROs. 

UNIT IV:

Transducers:  Classification, Strain Gauges, Bounded, unbounded; Force and Displacement Transducers, Resistance Thermometers, Hotwire Anemometers, LVDT, Thermocouples, Synchros, Special Resistance Thermometers, Digital Temperature sensing system, Piezoelectric Transducers, Variable Capacitance Transducers, Magneto Strictive Transducers.  

UNIT V:

Bridges:  Wheat Stone Bridge, Kelvin Bridge, and Maxwell Bridge.
Measurement of Physical Parameters:  Flow Measurement, Displacement Meters, Liquid level Measurement,  Measurement of Humidity and Moisture, Velocity, Force, Pressure – High Pressure, Vacuum level, Temperature -Measurements, Data Acquisition Systems.

TEXT BOOKS:

1. Electronic Measurements and Instrumentation – K. Lal Kishore, Pearson Education 2010.

2. Electronic Instrumentation: H.S.Kalsi – TMH, 2nd Edition 2004.

REFERENCES:

1. Electronic Instrumentation and Measurements – David A. Bell, Oxford Univ. Press, 1997.

2. Modern Electronic Instrumentation and Measurement Techniques: A.D. Helbincs, W.D. Cooper: PHI 5th Edition 2003.

3. Electronic Measurements and Instrumentation: B.M. Oliver, J.M. Cage TMH Reprint 2009.

4. Industrial Instrumentation: T.R. Padmanabham Springer 2009.
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OPEN ELECTIVE-I

OBJECT ORIENTED PROGRAMMING THROUGH JAVA
UNIT I :

Object oriented thinking and Java Basics- Need for oop paradigm, summary of oop concepts, coping with complexity, abstraction mechanisms. A way of viewing world – Agents, responsibility, messages, methods, History of Java, Java buzzwords, data types, variables, scope and life time of variables, arrays, operators, expressions, control statements, type conversion and casting, simple java program, concepts of classes, objects, constructors, methods, access control, this keyword, garbage collection, overloading methods and constructors, method binding, inheritance, overriding and exceptions, parameter passing, recursion, nested and inner classes, exploring string class. 

UNIT II :

Inheritance, Packages and Interfaces – Hierarchical abstractions, Base class object, subclass, subtype, substitutability, forms of inheritance- specialization, specification, construction, extension, limitation, combination, benefits of inheritance, costs of inheritance. Member access rules, super uses, using final with inheritance, polymorphism- method overriding, abstract classes, the Object class.

Defining, Creating and Accessing a Package, Understanding CLASSPATH, importing packages, differences between classes and interfaces, defining an interface, implementing interface, applying interfaces, variables in interface and extending interfaces.

Exploring java.io.

UNIT III

Exception handling and Multithreading-- Concepts of exception handling, benefits of exception handling, Termination or resumptive models, exception hierarchy, usage of try, catch, throw, throws and finally, built in exceptions, creating own exception sub classes.

String handling,Exploring java.util.Differences between multi threading and multitasking, thread life cycle,creating threads, thread priorities, synchronizing threads, interthread communication, thread groups, daemon threads. Enumerations, autoboxing, annotations, generics.


UNIT IV :

Event Handling: Events, Event sources, Event classes, Event Listeners, Delegation event model, handling mouse and keyboard events, Adapter classes.

The AWT class hierarchy, user interface components- labels, button, canvas, scrollbars, text components, check box, check box groups, choices, lists panels – scrollpane, dialogs, menubar, graphics, layout manager – layout manager types – border, grid, flow, card and grid bag.

UNIT V :

Applets – Concepts of Applets, differences between applets and applications, life cycle of an applet, types of applets, creating applets, passing parameters to applets.
Swing –  Introduction, limitations of AWT, MVC architecture, components, containers, exploring swing- JApplet, JFrame and JComponent, Icons and Labels,  text fields, buttons – The JButton class, Check boxes, Radio buttons, Combo boxes, Tabbed Panes, Scroll Panes, Trees, and Tables.

TEXT BOOKS :

1. Java the complete reference, 7th editon, Herbert schildt, TMH.

2. Understanding OOP with Java, updated edition, T. Budd, pearson eduction.

REFERENCES :

1. An Introduction to programming and OO design using Java, J.Nino and F.A. Hosch, John wiley & sons.

2. An Introduction to OOP, third edition, T. Budd, pearson education.

3. Introduction to Java programming, Y. Daniel Liang, pearson education.

4. An introduction to Java programming and object oriented application development, R.A. Johnson- Thomson.

5.    Core Java 2, Vol 1, Fundamentals, Cay.S.Horstmann and Gary  

       Cornell, eighth   Edition, Pearson Education.

6.  Core Java 2, Vol 2, Advanced Features, Cay.S.Horstmann and    Gary Cornell, eighth Edition, Pearson Education

7.
Object Oriented Programming with Java,  R.Buyya,S.T.Selvi,X.Chu,TMH.

8. Java and Object Orientation, an introduction, John Hunt, second edition, Springer.

9. Maurach’s Beginning Java2  JDK 5 ,  SPD.

10. Programming and Problem Solving with Java, JM Slack, B S Publications.
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OPEN ELECTIVE-I

DATA STRUCTURES & ANALYSIS OF ALGORITHMS

Objectives:

· To understand the basic concepts such as Abstract Data Types. Linear and Non Linear Data Structure.

· To understand the notations used to analyze the performance of algorithms

· To understand the behavior of data structures such as Trees, Graphs and their representation 

· To choose the appropriate data structure for a specified application

· To analyze performance of algorithms

· To choose the appropriate data structure and algorithm design method for a specified application

· To understand how the choice of data structures and algorithms design methods impacts the performance of programs 

· To solve problems using algorithms design methods such as the greedy method, divide and conquer, dynamic  programming, Prerequisites Data structures, Mathematical foundations of computer science

Unit I:

C++ Class Overview- Class Definition, Objects, Class Members, Access Control, Class Scope, Constructors and destructors, parameter passing methods, Inline functions, static class members, this pointer, friend functions, dynamic memory allocation and deal location (new and delete), exception handling.

Function Over Loading, Operator Overloading, Generic Programming- Function and class templates, Inheritance basics, base and derived classes, inheritance types, base class access control, runtime polymorphism using virtual functions, abstract classes, streams I/O.

Unit II:

Algorithms, performance analysis- time complexity and space complexity. Review of basic data structures- The list ADT, Stack ADT, Queue ADT, Implementation using template classes in C++.

Dictionaries, linear list representation, skip list representation, operations insertion, deletion and searching. 

Unit III:

Trees: Definition, ADT, Trees Implementation Methods. Trees Traversal Methods

Graphs: Definition, ADT, Graphs Implementation Methods. Graphs Traversal Methods.

Priority Queues – Definition, ADT, Realizing a Priority Queue using Heaps, Definition, insertion, Deletion. 

Unit IV:

Algorithms: Pseudo code for expressing algorithms, Performance Analysis-Space complexity, Time complexity, Asymptotic Notation- Big oh notation, Omega notation, Theta notation and Little oh notation, Probabilistic analysis, Amortized analysis. 

Divide and conquer: General method, applications-Binary search, Quick sort, Merge sort, Stassen’s matrix multiplication.

Unit V:

Dynamic Programming: General method, applications-Matrix chain multiplication, Optimal binary search trees, 0/1 knapsack problem, All pairs shortest path problem, Travelling sales person problem, Reliability design.

TEXT BOOKS:

1. 
Data structures, Algorithms and Applications in C++, S.Sahni, University Press (India) Pvt. Ltd, 2nd edition, Universities Press Orient Longman Pvt. Ltd.

2. Data structures and Algorithms in C++, Michael T.Goodrich, R.Tamassia and .Mount,  Wiley student edition, John Wiley and Sons.

REFERENCES :

1. 
Data structures and Algorithm Analysis in C++, Mark Allen Weiss, Pearson Education.  Ltd., Second Edition.

2. 
Data structures and algorithms in C++, 3rd Edition, Adam Drozdek, Thomson

3. 
Data structures using C and C++, Langsam, Augenstein and Tanenbaum, PHI.

4. 
Problem solving with C++, The OOP, Fourth edition, W.Savitch, Pearson education
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OPEN ELECTIVE-I

OpERATING SYSTEMS     
Objectives:  

· Provide an introduction to operating system concepts (i.e., processes, threads, scheduling, synchronization, deadlocks, memory management, file and I/O subsystems and protection) as fundamental principles by reference to real systems  

· To give exposure to the professional responsibilities that are part of operating system design and development.

· To provide the student with the ability to write system oriented programs on Unix/Linux.

UNIT I:

Operating System Introduction, Structures - Simple Batch, Multi programmed, Time-shared, Personal Computer, Parallel, Distributed Systems,Real-Time Systems , System components, Operating-System services, System Calls, Virtual Machines, System Design and Implementation.

UNIX/LINUX Utilities - Introduction to Unix file system, vi editor, file handling utilities, security by file permissions, process utilities, disk utilities, networking commands, text processing utilities and backup utilities, 
Working with Bash shell: what is a shell, shell responsibilities, pipes and input Redirection, output redirection, here documents, the shell as a programming language, shell meta characters, shell variables, shell commands, the environment, control structures, shell script examples.
UNIT II:

Process and CPU Scheduling - Process concepts and scheduling, Operation on processes, Cooperating Processes, Threads, and Interposes Communication Scheduling Criteria, Scheduling Algorithm, Multiple -Processor Scheduling, Real-Time Scheduling.
System call interface for process management-fork, exit, wait, waitpid, exec,
Deadlocks - System Model, Dead locks Characterization, Methods for Handling Dead locks Deadlock Prevention, Deadlock Avoidance, Deadlock Detection, and Recovery from Deadlock.
UNIT – III:

Process Management and Synchronization - The Critical Section Problem, Synchronization Hardware, Semaphores, and Classical Problems of Synchronization, Critical Regions, Monitors.
Interprocess Communication Mechnisms: IPC between processes on a single computer system, IPC between processes on different systems, using pipes, fifos, message queues, shared memory, semaphores.
UNIT IV

Memory Management and Virtual Memory - Logical versus Physical Address Space, Swapping, Contiguous Allocation, Paging, Segmentation, Segmentation with Paging. Demand  Paging , Performance of Demanding Paging , Page Replacement ,Page Replacement Algorithm, Allocation of Frames, Thrashing.
UNIT V:

File System Interface and Implementation -Access methods, Directory Structure, Protection, File System Structure, Allocation methods, Free-space Management, Directory Management, Directory Implementation, Efficiency and Performance.
Unix/LINUX Files: File structure, directories, files and devices, System calls, library functions, low level file access, usage of open, creat, read, write, close, lseek, stat, ioctl.
TEXT BOOKS: 
1.  
Operating System Principles- Abraham Silberchatz, Peter B. Galvin, Greg Gagne 7th Edition, John Wiley

2.  
Operating Systems – Internals and Design Principles Stallings,  Fifth Edition–2005, Pearson Education/PHI

3. 
Unix the ultimate guide, Sumitabha Das, TMH.

4. 
Advanced programming in the Unix environment, W.R.Stevens, Pearson education.

REFERENCE BOOKS:
1. Operating System A Design Approach-Crowley,TMH.

2. Modern Operating Systems, Andrew S Tanenbaum  2nd edition Pearson/PHI

3. Operating Systems, Dhamdhere, TMH 

4. Unix system programming using C++, T.Chan, PHI.

5. Unix programming environment, Kernighan and Pike, PHI. / Pearson Education

6. Unix Internals The New Frontiers, U.Vahalia, Pearson Education.

7. Unix for programmers and users, 3rd edition, Graham Glass, King Ables, Pearson Education
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OPEN ELECTIVE-I

MATERIALS SCIENCE

UNIT – 1

Engineering materials. Mechanical properties. Structure-property relation. Grains and grain boundaries. Slip. Determination of grain size. Microstructure and strength. Crystal structure and ductility. 

UNIT – 2

Constitution of alloys. Necessity of alloying. Types of solid solutions. Hume-Rothery rules. Intermediate alloy phases.  Intermetallic compounds. Electron compounds.

Phase diagrams. Construction and interpretation. Isomorphous and eutectic systems. Cu-Ni and Pb-Sn phase diagrams. Lever rule. Phase rule.  

UNIT - 3

The iron-carbon phase diagram. Polymorphism. Phases. Structure and properties of hypoeutectoid and hypereutectoid steels and cast irons ( white cast iron, malleable cast iron, gray cast iron, nodular cast iron). 

UNIT-4:

Heat treatment of steels. TTT diagrams. Annealing, normalizing, hardening, tempering. Effect of alloying elements on the Fe-C diagram and TTT diagram. Hardenability.
Heat treatment of nonferrous alloys. Precipitation hardening. Al-Cu phase diagram. Composite materials I. Particle-reinforced composites (Cu-Al2O3, WC-Co). Manufacturing techniques.

UNIT-5:

Ceramics. Crystalline ceramics. Classification: Clay products, Refractories, Abrasives. Applications. Glasses. Strain point, annealing point, softening point, working point, melting point.  

Composite materials II. Fiber-reinforced composites. Role of fibre phase and matrix phase. Polymer-matrix, Metal-matrix, and tranformation-toughened ceramic matrix composites. Processing and Applications.

TEXT BOOKS
1. 
Materials Science and Engineering. An introduction, WD Callister, Jr., Adapted by R. Balasubramaniam, John Wiley & Sons, NY, Indian edition, 2007

2. 
Metallurgy for Engineers – Clark and Varney 

3. 
Elements of Materials Science – V Raghavan

REFERENCE BOOKS

1. 
Foundations of Materials Science and Engineering – WF Smith

2. 
C. Suryanarayana, Experimental Techniques in Mechanics and Materials, John Wiley, NJ, USA, 2006
3. 
Introduction to Physical Metallurgy , SH Avner, Tata McGraw-Hill edition, 1997
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OPEN ELECTIVE-I

NANOTECHNOLOGY

Unit 1: Background of Nanotechnology

Scientific Revolutions, Nanotechnology and Nanomachines,The Periodic Table, Atomic Structure, Molecules and Phases, Energy, Molecular and Atomic size, Surfaces and Dimensional Space, Top down and Bottom up approach.
Unit 2: Molecular Nanotechnology

Atoms by inference, Electron Microscopes, Scanning electron microscope, Modern transmission electron microscope, Scanning probe microscope-atomic force microscope, Scanning tunneling microscope, Self Assembly.
Unit 3: Nanopowders and Nanomaterials

What are nanomaterials? Preparation, Plasma arcing, chemical vapor deposition, Sol-gels, Electrodeposition, Ball milling, using natural nanoparticles, Applications of nanomaterials.

Unit 4: Nanoelectronics

Approaches to nanoelectronics, Fabrication of integrated circuits, MEMS, NEMS, Nano circuits, Quantum wire, Quantum well, DNA-directed assembly and application in electronics.

Unit 5: Applications

MEMS, NEMS, Coatings, Optoelectronic Devices, Environmental Applications, Nanomedicine.

Text Books

1. Introduction to Nanoscience and Nanotechnology Gabor L. Hornyak, NanoThread, Inc., Golden, Colorado, USA; H.F. Tibbals, University of Texas Southwestern Medical Center, Dallas, USA; Joydeep Dutta, Asian Institute of Technology, Pathumthani, Thailand; John J. Moore, Colorado School of Mines, Golden, USA
2. Introduction to Nanotechnology by Charles P. Poole Jr and Frank J.Owens Wiley India Pvt Ltd.

3. Introduction to Nanoscience and Nanotechnology, Chatopadhyaya.K.K, and Banerjee A.N, 

4. Introduction to nano tech by phani kumar

5. Introduction to Nano Technology by Charles P. Poole Jr and Frank J. Owens. Wiley India Pvt Ltd.

6. Introduction to Nanoscience and Nanotechnology, Chatopadhyaya.K.K, and Banerjee A.N, 

NANOTECHNOLOGY Basic Science and EmergingTechnologies by Michael Wilson, Kamali Kannangara  Geoff Smith, Michelle Simmons, Burkhard Raguse- CHAPMAN & HALL/CRC PRESS 2002.
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OPEN ELECTIVE-I

ENGINEERING MANAGEMENT

Course objectives:

1. 
to sensitise and orient the future engineers about the challenges in managing engineering enterprises 

2. 
to teach how to provide value through innovations, leadership in technology projects, and the application of emerging technologies through web-based tools

Unit-I

Introduction to Engineering Management -  Management Challenges For Engineers – Planning –Organizing –Leading- Controlling-Value Engineering Unit-II

Cost Accounting for Engineering Managers-Financial Accounting and Analysis for Engineering Managers- Managerial Finance for Engineering Managers

Unit-III

Project management – Total Quality Management –New product design – Production planning and control –Process planning – Maintenance Management – Marketing Management for Engineering Managers.

Unit-IV

Engineers as Managers/Leaders- Ethics In Engineering/Business Management. – Business Process Re-engineering-Ergonomics – Group Technology.

Unit-V

Advanced Manufacturing Technologies and systems  -Web-Based Enablers For Engineering And Management- Globalization- Engineering Management In The New Millennium

Text Book:

1.
C M Chang, Engineering Management: Challenges in the New Millennium, Pearson, 2013.

References:

1. 
Martand Telsang, Industrial Engineering and Production Management,S. Chand, Second edition.

2. 
A.K. Gupta, Engineering Management, S.Chand,2010.
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OPEN ELECTIVE-I

          INDUSTRIAL POLLUTION CONTROL ENGINEERING
UNIT-I
Introduction to industrial pollution and types of pollution from chemical industries, Effects of pollution as environment and ecosystems-global warming-green house effect; Environmental legislatures-standards and guidelines.
UNIT –II
Air pollution- Meteorological aspects of pollution dispersion-adiabatic lapse rate-Environmental lapse rate-Turbulence and stability of atmosphere, Richardson number-Plume raise-plume behavior and characteristics, effective stack height. Major air pollutants and their sources, measurement of air pollutants  
UNIT -III

General methods of control air pollutants removal of sulphur dioxide, oxides of nitrogen and organic vapors from gaseous effluents; Removal of particulate matter – principle and working of setting chambers, cyclone separators, fabric and fibre filters – electro static precipitators, Treatment of gaseous effluents.

UNIT -IV
Introduction to water pollution – water pollutants classification – characteristics of liquid effluents from fertilizer, pulp & paper and petroleum industries, estimation of oxygen demands – DO, BOD, COD, TOC – BOD curves, oxygen sag curve – modeling of BOD curves

Biological treatment of waste waters – aerobic and anaerobic methods – suspended and attached growth processes – bacteria – Reproduction in bacterial – Bacterial growth crushes, conventional activated sludge process – Trickling filters, Aerated lagoons – stabilization ponds – fluidized bed contractors.

UNIT -V

Physical Treatment methods : Principle and working of screening – sedimentation – flotation – filtration – flocculation, Tertiary Treatment methods – carbon adsorption – lon exchange – Reverse Osmosis, Boralin Chlorinating – Ultra filtration, Sludge treatment and disposal , removal of chromium and phenol from liquid effluents.

.

Text books: 

1. Pollution control in process industries by S.P. Mahajan TMH.,1985
2. Waste water treatment by M.Narayana Rao and A.K.Datta,Oxford and IHB publ. New Delhi
References:

1.  Environmental pollution and control engineering by Rao C. S. – Wiley Eastern       Limited, India, 1993.
2. Air pollution control by P.Prathap mouli and N.Venkata subbayya. Divya Jyothi Prakashan, Jodhpur.
OBJECTIVE: To expose the students to various types of industrial pollutions and controlling techniques. 

OUTCOME: The student will be able learn the sources of air, water pollution and also their treatment methods
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PROCESS MODELING AND SIMULATION
UNIT I
Introduction: Uses of mathematical models, Principles of formulation, fundamental laws: Continuity equation, component Continuity equation, energy equation, Equation of motion.  
Classification of mathematical models- steady state Vs dynamic models, lumped Vs distributed parameter models, deterministic Vs stochastic models. 
UNIT II 
Examples of mathematical models of chemical engineering systems: Series of isothermal constant hold-up CSTRs, CSTRs with variable hold-ups, two heated tanks, gas phase pressurized CSTR, Non-isothermal CSTR
UNIT III
Examples of mathematical models of chemical engineering systems: Single component vaporizer, batch reactor, reactor with mass transfer, ideal binary distillation column, batch distillation with hold-up.

UNIT IV
Empirical model building- method of least squares, linear, polynomial and multiple regression, non-Linear regression 
Process Simulation examples: VLE dew point and bubble point calculations, binary distillation column, gravity flow tank, batch reactor, Non- isothermal CSTR, counter current heat exchanger
UNIT V

Process simulation using modular and equation based solving approaches: Modular approaches to process simulation: Analysis Vs Design mode, sequential modular approach, Simultaneous modular approach, Equation solving approach, Introduction to various simulation software packages in chemical engineering 

TEXTBOOKS:
1. Process Modelling, Simulation and Control for Chemical Engineers, 
   2nd ed., W. L. Luyben, McGraw-Hill, New York, 1990.

2.  Process Plant Simulation, B.V.Babu, Oxford University Press, 2004    
REFERENCE: 

1. Numerical Methods for Engineers, S.K. Gupta, Wiley Eastern, New Delhi, 1995.

2. Introduction to Numerical Methods in Chemical Engineering, P. Ahuja, PHI learning Pvt. Ltd.,  New Delhi, 2010

OBJECTIVE: To impart knowledge on modeling of various 
                       equipment and their simulation using different
                       numerical techniques.

       OUTCOME: 
· Understand the stages involved in the development of a process model.

· Formulate a chemical engineering problem as a mathematical model from basic engineering principles.

· Identify the appropriate numerical method to solve the models

· Apply various simulation tools for solving the chemical engineering models developed.
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CHEMICAL REACTION ENGINEERING-I 
UNIT I

Overview of chemical reaction engineering- classification of reactions, variables affecting the rate of reaction definition of reaction rate. Kinetics of homogenous reactions- concentration dependent term of rate equation, Temperature dependent term of rate equation, searching for a mechanism, predictability of reaction rate from theory.

Interpretation of batch reactor data- constant volume batch reactor:- Analysis of total pressure data obtained in a constant-volume system, the conversion, Integral method of analysis of data– general procedure, irreversible unimolecular type first order reactions, irreversible bimolecular type second order reactions, irreversible trimolecular type third order reactions, empirical reactions of nth order, zero-order reactions, overall order of irreversible reactions from the half-life, fractional life method, irreversible reactions in parallel, homogenous catalyzed reactions, autocatalytic reactions, irreversible reactions in series.

UNIT II

Constant volume batch reactor–first order reversible reactions, second order reversible reactions, reversible reactions in general, reactions of shifting order, Differential method of analysis of data. Varying volume batch reactor–differential method of analysis, integral method of analysis, zero order, first order, second order, nth order reactions, temperature and reaction rate, the search for a rate equation.

UNIT III

Introduction to reactor design- general discussion, symbols and relationship between CA and XA. Ideal reactors for a single reaction- Ideal batch reactor, Steady-state mixed flow reactor, Steady-state plug reactors.

Design for single reactions- Size comparison of single reactors, Multiple- reactor systems, Recycle reactor, Autocatalytic reactions.

UNIT IV

Design for parallel reactions- introduction to multiple reactions, qualitative discussion about product distribution, quantitative treatment of product distribution and of reactor size.

Multiple reactions-Irreversible first order reactions in series, quantitative discussion about product distribution, quantitative treatment, plug flow or batch reactor, quantitative treatment, mixed flow reactor, first-order followed by zero-order reaction, zero order followed by first order reaction.

UNIT V

Temperature and Pressure effects- single reactions- heats of reaction from thermodynamics, heats of reaction and temperature, equilibrium constants from thermodynamics, equilibrium conversion, general graphical design procedure, optimum temperature progression, heat effects, adiabatic operations, non adiabatic operations, comments and extensions.Exothermic reactions in mixed flow reactors-A special problem, multiple reactions.

TEXT BOOK:

1. Chemical Reaction Engineering, 3rd ed., O. Levenspiel, John Wiely & Sons, 1999.

REFERENCES:

1. Elements of Chemical Reaction Engineering, 2nd ed., H.S. Fogler, PHI Learning Pvt. Ltd., New Delhi, 2010.

2. Chemical Engineering Kinetics, 3rd ed., J.M. Smith, McGraw-Hill, New York, 1981.
OBJECTIVE: To provide a foundation on deriving rate expressions for series, parallel, reversible reactions and the knowledge about product distribution in multiple reactions, recycle reactors and auto catalytic reactions.
OUTCOME: This course provides necessary knowledge for selection of the chemical reactors for a particular process, design and simulation of existing reactor.
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MASS TRANSFER OPERATIONS-I
UNIT I

Diffusion and mass Transfer- Mass Transfer Operations and their applications.

Molecular Diffusion- Fick’s first law- steady state molecular Diffusion in binary mixtures of gases, liquids and solids- Determination of Diffusivity in gases by Stefan’s method- estimation of diffusion coefficients in binary mixtures of liquids and gases by correlation.

Types of diffusion in solids:- Eddy diffusion- Basic concepts of mass transfer theories- Film mass transfer coefficients for the cases of equimolar counter diffusion and diffusion of one component (A) in stagnant component (B) – Correlations for mass transfer coefficients and Reynolds & Colburn analogies.

UNIT II

Interphase mass transfer- overall mass transfer coefficients- Two resistance theory- Gas phase & liquid- phase controlled situations. 

Equipment for gas- liquid contact- Description of continuous and stage wise contact equipment- packing for packed columns- Liquid distribution- Mass transfer coefficients in packed columns- Flooding in packed  and plate columns- Ideal- plate- Murphree, point, plate and column efficiency- Comparison of packed and plate columns.

UNIT III

Absorption and Stripping- counter current and co- current isothermal absorption and stripping of single component- Operating lines- Minimum flow rates- Determination of number of transfer Units and height of the Continuous contact absorbers. Multistage absorption and determination of number of plates- absorption factor- Kremser- Brown equation.
UNIT IV

Vapor, gas mixtures- Humidity and relative saturation. Dew point adiabatic saturation and wet bulb temperatures- psychometric Charts- Enthalpy of gas-vapor mixtures.
Humidification and Dehumidification- Operating lines and Design of Packed Humidifiers, Dehumidifiers and Cooling towers, Spray Chambers.
UNIT V

Drying- moisture contents of solids- equilibrium content, bound and unbound moisture. Drying conditions- Rate of batch drying and under constant drying conditions- Mechanism of batch drying- Drying time of batch drying- through circulation drying- Description of batch and continuous dryers. Crystallization, crystallization equipment, principles of crystallization.
TEXT BOOK:

1. Mass Transfer Operations, 3rd ed., R. E. Treybal, McGraw-Hill, New York, 1980.

REFERENCES:

1. 
Transport Processes and Separation Process Principles 4th ed., C. J. Geankoplis, PHI Learning Pvt. Ltd., New Delhi, 2009.

2. 
Fundamentals of Momentum, Heat and Mass Transfer, 3rd ed., J.R. Welty, C.E. Wicks and R.E. Wilson, John Wiley & Sons, New York, 1984. 
OBJECTIVE: To impart the basic concepts of molecular diffusion, mass transfer coefficients and analysis of different mass transfer processes.
OUTCOME: 
Students will gain knowledge on mass transfer mechanisms and

 operations like absorption, stripping, drying and humidification. 
They also learn about selection and design of the column internals like
packing, tray efficiency, calculation of transfer units, etc.
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INSTRUMENTATION AND PROCESS CONTROL

UNIT I: Elements of instruments, static and dynamic characteristics, basic concepts of response of first order type instruments, mercury in glass thermometer, bimetallic thermometer, pressure spring thermometer, static accuracy and response of  thermometers.
Thermo electricity: Industrial thermocouples, thermocouple wires, thermo couple wells and response of thermocouples. Thermal coefficient of resistance, industrial resistance thermometer bulbs and circuits, radiation receiving elements, radiation, photoelectric and optical pyrometers.
UNIT II: Introduction to process dynamics and control: 
Laplace transforms, Inverse Laplace transform, Response of First Order Systems.  Physical examples of first order systems- Liquid level, mixing process, R- C circuit. Linearization. 

Response of first order systems in series- interacting and non- interacting systems, second order systems, transportation lag.

UNIT III: Control system: Components of a control system, Servo Vs regulator problem, development of block diagram.

Controllers and final control elements: Control valve and its construction, sizing and characteristics, P, PD, PI, PID controllers.

UNIT IV: Stability: Concept of Stability, Stability criterion, Routh test for stability

Root locus: concept of root locus, plotting the root locus diagram.

Introduction to frequency response, Bode diagrams.

Control systems design by frequency response: Bode stability criterion, Gain and Phase margins.

UNIT V: Process identification: Step, frequency and pulse testing, process identification using response curve, tangent method.

Tuning of P, PD, PI, PID controllers, trial and error method, Ultimate gain and ultimate period, Ziegler- Nichols rules, Cohen and Coon rules. 

TEXT BOOK:

1. Process Systems Analysis and Control, 2nd ed., D.R. Coughanowr, McGraw-Hill, 1991

2. Industrial instrumentation by Donald P.Eckman, Wiley eastern, 1950.
OBJECTIVE: To impart the knowledge on different types of instruments and understand the process dynamics and controlling techniques
OUTCOME: Ability to model the dynamic processes, to analyze the dynamic processes, to design feedback control system for chemical, mechanical & electrical engineering systems and to design advanced control system for complex and normal processes.
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ADVANCED ENGLISH LANGUAGE COMMUNICATION SKILLS LAB
1. Introduction

The introduction of the Advanced Communication Skills Lab is considered essential at 3rd year level. At this stage, the students need to prepare themselves for their careers which may require them to listen to, read, speak and write in English both for their professional and interpersonal communication in the globalised context.

The proposed course should be a laboratory course to enable students to use ‘good’ English and perform the following:

· Gathering ideas and information to organise ideas relevantly and coherently.

· Engaging in debates.

· Participating in group discussions.

· Facing interviews.

· Writing project/research reports/technical reports.

· Making oral presentations.

· Writing formal letters.

· Transferring information from non-verbal to verbal texts and vice-versa.

· Taking part in social and professional communication.

2. Objectives:

This Lab focuses on using multi-media instruction for language development to meet the following targets:

· To improve the students’ fluency in English, through a well-developed vocabulary and enable them to listen to English spoken at normal conversational speed by educated English speakers and respond appropriately in different socio-cultural and professional contexts.

· Further, they would be required to communicate their ideas relevantly and coherently in writing.

· To prepare all the students for their placements.

Learning Outcomes 
· Accomplishment of sound vocabulary and its proper use contextually.

· Flair in Writing and felicity in written expression.

· Enhanced job prospects.

· Effective Speaking Abilities 

3.  Syllabus:

The following course content to conduct the activities is prescribed for the Advanced Communication Skills (ACS) Lab:

1. Activities on Fundamentals of Inter-personal Communication and Building Vocabulary - Starting a conversation – responding appropriately and relevantly – using the right body language – Role Play in different situations & Discourse Skills- using visuals - Synonyms and antonyms, word roots, one-word substitutes, prefixes and suffixes, study of word origin, business vocabulary, analogy, idioms and phrases, collocations & usage of vocabulary. 

2. Activities on Reading Comprehension –General Vs Local comprehension, reading for facts, guessing meanings from context, scanning, skimming, inferring meaning, critical reading & effective googling.

3. Activities on Writing Skills – Structure and presentation of different types of writing – letter writing/Resume writing/ e-correspondence/ Technical report writing/ Portfolio writing – planning for writing – improving one’s writing.

4. Activities on Presentation Skills – Oral presentations (individual and group) through JAM sessions/seminars/PPTs and written presentations through posters/projects/reports/   e-mails/assignments etc.

5. Activities on Group Discussion and Interview Skills – Dynamics of group discussion, intervention, summarizing, modulation of voice, body language, relevance, fluency and organization of ideas and rubrics for evaluation- Concept and process, pre-interview planning, opening strategies, answering strategies, interview through tele-conference & video-conference and Mock Interviews.

4.  Minimum Requirement:

The Advanced Communication Skills (ACS) Laboratory shall have the following infra-structural facilities to accommodate at least 35 students in the lab:

· Spacious room with appropriate acoustics

· Round Tables with movable chairs 

· Audio-visual aids

· LCD Projector

· Public Address system

· P – IV Processor, Hard Disk – 80 GB,  RAM–512 MB Minimum,  Speed – 2.8 GHZ

· T. V, a digital stereo & Camcorder

· Headphones of High quality

5.  Prescribed Lab Manual: A book titled A Course Book of Advanced Communication Skills (ACS) Lab published by Universities Press, Hyderabad. 
6.  Suggested Software:

     The software consisting of the prescribed topics elaborated above should be procured and used.

· Oxford Advanced Learner’s Compass, 8th Edition

· DELTA’s key to the Next Generation TOEFL Test: Advanced Skill Practice.
· Lingua TOEFL CBT Insider, by Dreamtech 

· TOEFL & GRE (KAPLAN, AARCO & BARRONS, USA, Cracking GRE by CLIFFS)

· The following software from ‘train2success.com’
· Preparing for being Interviewed

· Positive Thinking 

· Interviewing Skills 

· Telephone Skills

· Time Management

7. Books Recommended:                     
1. Technical Communication by Meenakshi Raman & Sangeeta Sharma, Oxford University Press 2009.

2. English Language Communication : A Reader cum Lab Manual Dr A Ramakrishna Rao, Dr G Natanam & Prof SA Sankaranarayanan, Anuradha Publications, Chennai 2008.

3. Advanced Communication Skills Laboratory Manual by Sudha Rani, D, Pearson Education 2011.

4. Technical Communication by Paul V. Anderson. 2007. Cengage Learning pvt. Ltd. New Delhi. 

5.  Business and Professional Communication: Keys for Workplace Excellence. Kelly M. Quintanilla & Shawn T. Wahl. Sage South Asia Edition. Sage Publications. 2011.

6. The Basics of Communication: A Relational Perspective. Steve Duck & David T. McMahan. Sage South Asia Edition. Sage Publications. 2012.

7. English Vocabulary in Use series, Cambridge University Press 2008.

8. Management Shapers Series by Universities Press(India)Pvt Ltd., Himayatnagar, Hyderabad 2008.

9. Handbook for Technical Communication by David A. McMurrey & Joanne Buckley. 2012. Cengage Learning. 

10. Communication Skills by Leena Sen, PHI Learning Pvt Ltd., New Delhi, 2009.

11. Handbook for Technical Writing by David A McMurrey & Joanne Buckely CENGAGE Learning 2008.

12. Job Hunting  by Colm Downes, Cambridge University Press 2008.

13. Master Public Speaking by Anne Nicholls, JAICO Publishing House, 2006.

14. English for Technical Communication for Engineering Students, Aysha Vishwamohan, Tata Mc Graw-Hil 2009.
15. Books on TOEFL/GRE/GMAT/CAT/ IELTS by Barron’s/DELTA/Cambridge University Press.

16. International English for Call Centres by Barry Tomalin and Suhashini Thomas, Macmillan Publishers, 2009.

DISTRIBUTION AND WEIGHTAGE OF MARKS:

Advanced Communication Skills Lab Practicals:

1. The practical examinations for the ACS Laboratory practice shall be conducted as per the University norms prescribed for the core engineering practical sessions.

2. For the English Language lab sessions, there shall be continuous evaluation during the year for 25 sessional marks and 50 End Examination marks. Of the 25 marks, 15 marks shall be awarded for day-to-day work and 10 marks to be awarded by conducting Internal Lab Test(s). The End Examination shall be conducted by the teacher concerned, by inviting the External Examiner from outside. In case of the non-availability of the External Examiner, other teacher of the same department can act as the External Examiner.

Mini Project: As a part of Internal Evaluation

1. Seminar/ Professional Presentation

2. A Report on the same has to be prepared and presented.

* 
Teachers may use their discretion to choose topics relevant and suitable to the needs of students.

* 
Not more than two students to work on each mini project.

*
 Students may be assessed by their performance both in oral presentation and written report.
JNTUH COLLEGE OF ENGINEERING HYDERABAD
III Year B.Tech. Chem. Engg.  I-Sem

    L   T   P   C







    0    0   3   2

PROCESS DYNAMICS AND CONTROL LAB

List of Experiments:

1. Calibration and determination of time lag of various first and second
   Order instruments  

Major equipment - First order instrument like Mercury-in-Glass thermometer and overall second order instrument like Mercury-in-Glass thermometer in a thermal well

2. Experiments with single and two capacity systems with and without interaction.

     Major equipment- Single tank system, Two-tank systems (Interacting and Non- Interacting)  

3. Level control trainer

    Major equipment - Level control trainer set up with computer 

4. Temperature control trainer

    Major equipment - Temperature control trainer with computer

5. Cascade control

    Major equipment - Cascade control apparatus with computer 

6. Experiments on proportional, reset, rate mode of control etc.

    Major equipment – PID control apparatus

7. Control valve characteristics

    Major equipment – Control valve set up

8. Estimation of damping coefficient for U-tube manometer

    Major equipment - U-tube manometer.
Objectives:

· To study the dynamic response of fist and higher order systems.

· Study the dynamic response of interacting & non-interacting systems.
Outcome: 
The will be able to understand the dynamics & control of different fist and higher order systems.
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MASS TRANSFER OPERATIONS LAB
List of Experiments:

1. Determination of diffusivity coefficient for a given Liquid-Liquid system.

2. Determination of diffusivity coefficient for a given Vapor-Gas system.

3. Determination of mass transfer coefficient for Surface Evaporation of a liquid.

4. Study of hydrodynamics of single drop extraction.

5. Study of Hydrodynamics of perforated plate tower.

6. Determination of mass transfer coefficient in a wetted wall tower.

7. Determination of mass transfer coefficient in packed bed absorption.

8. Determination of characteristic curves in a batch drying.

9. Mass transfer coefficient in Humidification and De-Humidification
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OPEN ELECTIVE-II

ESTIMATION, QUANTITY SURVEY & VALUATION

UNIT – I 

General items of work in Building – Standard Units Principles of working out quantities for detailed and abstract estimates – Approximate method of Estimating.

UNIT – II

Detailed Estimates of Buildings - Reinforcement bar bending and bar requirement schedules

UNIT – III

Earthwork for roads and canals. 

UNIT – IV

Rate Analysis – Working out data for various items of work over head and contigent charges.

UNIT-V

Contracts – Types of contracts – Contract Documents – Conditions of contract, Valuation -Standard specifications for different items of building construction.

NOTE : NUMBER OF EXERCISES PROPOSED :

1. Three in flat Roof & one in Sloped Roof

2. Exercises on Data – three Nos.

Text Books
1. Estimating and Costing by B.N. Dutta, UBS publishers, 2000.

2. Estimating and Costing by G.S. Birdie

Reference books :

1. Standard Schedule of rates and standard data book by public works department.

2. I. S. 1200 ( Parts I to XXV – 1974/ method of measurement of building and Civil Engineering works – B.I.S.) 

3. Estimation, Costing and Specifications      by M. Chakraborthi; Laxmi publications.

Objective: 

This lab gives an overall idea of various mass transfer operations used in the industry.
Outcome: The student will be able to learn  the calculation of different parameters in absorption, drying and evaporation.
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OPEN ELECTIVE-II

ENERGY STORAGE SYSTEMS 

Unit-1 Electrical Energy Storage Technologies

Characteristics of electricity, Electricity and the roles of EES, High generation cost during peak-demand periods, Need for continuous and flexible supply, Long distance between generation and consumption, Congestion in power grids, Transmission by cable.

Unit-2 Needs for Electrical Energy Storage
Emerging needs for EES, More renewable energy, less fossil fuel , Smart Grid uses, The roles of electrical energy storage technologies, The roles from the viewpoint of a utility, The roles from the viewpoint of consumers, The roles from the viewpoint of generators of renewable energy.

Unit-3 Features of Energy Storage Systems 

Classification of EES systems , Mechanical storage systems,  Pumped hydro storage (PHS), Compressed air energy storage (CAES), Flywheel energy storage (FES),Electrochemical storage systems , Secondary batteries , Flow batteries, Chemical energy storage , Hydrogen (H2),Synthetic natural gas (SNG).

Unit-4 Types of Electrical Energy Storage systems
Electrical storage systems, Double-layer capacitors (DLC) ,Superconducting magnetic energy storage (SMES),Thermal storage systems ,Standards for EES, Technical comparison of EES technologies.

Unit-5 Applications

Present status of applications, Utility use (conventional power generation, grid operation & service) , Consumer use (uninterruptable power supply for large consumers), New trends in applications ,Renewable energy generation, Smart Grid, Smart Micro grid, Smart House, Electric vehicles, Management and control hierarchy of storage systems, Internal configuration of battery storage systems, External connection of EES systems , Aggregating EES systems and distributed generation (Virtual Power Plant), Battery SCADA– aggregation of many dispersed batteries.

TEXT BOOK:

1. ‘’Energy Storage Benefits and Market Analysis’’ by James M. Eyer, Joseph J. Iannucci and Garth P. Corey.

2. The Electrical Energy Storage by IEC Market Strategy Board.

REFERENCE BOOKS:

1. Jim Eyer, Garth Corey: Energy Storage for the Electricity Grid: Benefits and Market Potential Assessment Guide, Report, Sandia National Laboratories, Feb 2010.

***
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OPEN ELECTIVE-II

MECHATRONICS

UNIT – I

INTRODUCTION: Definition – Trends - Control Methods: Standalone , PC Based ( Real Time Operating Systems, Graphical User Interface , Simulation ) - Applications: identification of sensors and actuators in Washing machine, Automatic Camera, Engine Management, SPM, Robot, CNC, FMS, CIM.

SIGNAL CONDITIONING : Introduction – Hardware - Digital I/O , Analog input – ADC , resolution, Filtering Noise using passive components – Registors, capacitors - Amplifying signals using OP amps –Software - Digital Signal Processing – Low pass , high pass , notch filtering

UNIT – II

PRECISION MECHANICAL SYSTEMS : 

Modern CNC Machines – Design aspects in machine structures, guideways, feed drives, spindle and spindle bearings, measuring systems, control software and operator interface, gauging and tool monitoring.

Note: (text book: Mechatronics HMT – chapter 5)

ELECTRONIC INTERFACE SUBSYSTEMS : TTL, CMOS interfacing - Sensor interfacing – Actuator interfacing – solenoids , motors Isolation schemes- opto coupling, buffer IC’s - Protection schemes – circuit breakers , over current sensing , resetable fuses , thermal dissipation - Power Supply - Bipolar transistors / mosfets
UNIT – III

ELECTROMECHANICAL DRIVES : Relays and Solenoids - Stepper Motors - DC brushed motors – DC brushless motors - DC servo motors - 4-quadrant servo drives , PWM’s - Pulse Width Modulation – Variable Frequency Drives, Vector Drives - Drive System load calculation.

MICROCONTROLLERS OVERVIEW : 8051 Microcontroller , micro processor structure – Digital Interfacing - Analog Interfacing - Digital to Analog Convertors - Analog to Digital Convertors - Applications. Programming –Assembly, C ( LED Blinking , Voltage measurement using ADC).

UNIT – IV

PROGRAMMABLE LOGIC CONTROLLERS : Basic Structure - Programming : Ladder diagram -Timers, Internal Relays and Counters - Shift Registers - Master and Jump Controls - Data Handling -Analog input / output - PLC Selection - Application.

UNIT – V

PROGRAMMABLE MOTION CONTROLLERS : Introduction - System Transfer Function – Laplace transform and its application in analysing differential equation of a control system - Feedback Devices : Position , Velocity Sensors - Optical Incremental encoders - Proximity Sensors : Inductive , Capacitive , Infrared - Continuous and discrete processes - Control System Performance & tuning - Digital Controllers - P , PI , PID Control - Control modes – Position , Velocity and Torque - Velocity Profiles – Trapezoidal- S. Curve - Electronic Gearing - Controlled Velocity Profile - Multi axis Interpolation , PTP , Linear , Circular - Core functionalities – Home , Record position , GOTO Position - Applications : SPM, Robotics.

TEXT BOOKS :

1. Mechatronics Electronics Control Systems in Mechanical and Electrical Engineering by W Bolton, Pearson Education Press, 3rd edition, 2005.

2. Mechatronics/M.D.Singh/J.G.Joshi/PHI.

REFERENCE:

1. “Designing Intelligent Machines”. open University, London. 

2. Michel B. Histand and David G. Alciatore,” 

3. Introduction to Mechatronics and Measurement systems, “Tata MC Graw hill

4. I. C.W. Desi ha, “Control sensors and actuators,” Prentice Hall. 

5. Mechatronics Source Book by Newton C Braga, Thomson Publications, Chennai.

6. Mechatronics – N. Shanmugam / Anuradha Agencies Publisers.

7. Mechatronics System Design / Devdas shetty/Richard/Thomson.
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OPEN ELECTIVE-II

PRINCIPLES OF COMMUNICATION SYSTEMS

Unit 1: 

Introduction: Communication Systems and types, modulation and multiplexing, Electromagnetic spectrum, Gain, Attenuation and decibels.

Unit 2:

Simple description on Modulation: Analog Modulation-AM, FM, Pulse Modulation-PAM, PWM, PCM, Digital Modulation Techniques-ASK, FSK, PSK, QPSK modulation and demodulation schemes.

Unit 3:

Telecommunication Systems: Telephones Telephone system, Paging systems, Telephony.

Networking and Local Area Networks: Network fundamentals, LAN hardware, Ethernet LANs, Token Ring LAN.

Unit 4:

Satellite Communication: Satellite Orbits, satellite communication systems, satellite subsystems, Ground Stations Satellite Applications, Global Positioning systems.

Optical Communication: Optical Principles, Optical Communication Systems, Fiber –Optic Cables, Optical Transmitters & Receivers, Wavelength Division Multiplexing.

Unit 5:

Multiple Access Techniques: FDMA, TDMA, CDMA, Packet Radio techniques-ALOHA, slotted ALOHA.

Cellular and Mobile Communications:  Cellular telephone systems, AMPS, GSM, CDMA, WCDMA.

Wireless Technologies: Wireless LAN, PANs and Bluetooth, ZigBee and Mesh Wireless networks, Wimax and MANs, Infrared wireless, RFID communication, UWB.

Text Books:

1. Principles of Electronic Communication Systems, Louis E. Frenzel, 3e, McGraw Hill publications, 2008.

2. Wayne Tomasi, Introduction to data communications and networking, Pearson Education, 2005.

Reference Books:
1. Tarmo Anttalainen, Introduction to Telecommunications Network Engineering, Artech House Telecommunications Library.
2. Theodore Rappaport, Wireless Communications-Principles and practice, Printice Hall, 2002.

3. Roger L. Freeman, Fundamentals of Telecommunications, 2e, Wiley publications.

4. Kennady, Davis, Electronic Communications systems, 4e, TMH, 1999.
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OPEN ELECTIVE-II

E-COMMERCE

UNIT-I

Electronic Commerce-Frame work, anatomy of E-Commerce applications, E-Commerce Consumer applications, E-Commerce organization applications.

UNIT-II

Consumer Oriented Electronic commerce - Mercantile Process models, Electronic payment systems - Digital Token-Based, Smart Cards, Credit Cards, Risks in Electronic Payment systems.

UNIT-III

Inter Organizational Commerce - EDI, EDI Implementation, Value added networks, Intra Organizational Commerce - work Flow, Automation Customization and internal Commerce, Supply chain Management.

UNIT-IV

Corporate Digital Library - Document Library, digital Document types, corporate Data Warehouses. Advertising and Marketing - Information based marketing, Advertising on Internet, on-line marketing process, market research.

UNIT-V

Consumer Search and Resource Discovery - Information search and Retrieval, Commerce Catalogues, Information Filtering, Multimedia - key multimedia concepts, Digital Video and electronic Commerce, Desktop video processings, Desktop video conferencing.

TEXT BOOKS:

1. Frontiers of electronic commerce – Kalakata, Whinston, Pearson.

REFERENCE BOOKS:

1. E-Commerce fundamentals and applications Hendry Chan, Raymond 

Lee,  Tharam Dillon, Ellizabeth Chang, John Wiley.

2. E-Commerce, S.Jaiswal – Galgotia.

3. E-Commerce, Efrain Turbon, Jae Lee, David King, H.Michael Chang.

4. Electronic Commerce – Gary P.Schneider – Thomson.

5. E-Commerce – Business, Technology, Society, Kenneth C.Taudon, 

Carol  Guyerico Traver.
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OPEN ELECTIVE-II

COMPUTER GRAPHICS

Objectives:

· To make students understand about fundamentals of Graphics to enable them to design animated scenes for virtual object creations.

· To make the student present the content graphically. 

Outcomes:

· Students can animate scenes entertainment.

· Will be able work in computer aided design for content presentation..

· Better analogy data with pictorial representation.

UNIT-I:

Introduction: Application areas of Computer Graphics, overview of graphics systems, video-display devices, raster-scan systems, random scan systems, graphics monitors and work stations and input devices  


Output primitives:  Points and lines, line drawing algorithms, mid-point circle and ellipse algorithms.Filled area primitives: Scan line polygon fill algorithm, boundary-fill and flood-fill algorithms 

UNIT-II:

2-D geometrical transforms:
Translation, scaling, rotation, reflection and shear transformations, matrix representations and homogeneous coordinates, composite transforms, transformations between coordinate systems 

2-D viewing :
The viewing pipeline, viewing coordinate reference frame, window to view-port coordinate transformation, viewing functions, Cohen-Sutherland and Cyrus-beck line clipping algorithms, Sutherland –Hodgeman polygon clipping algorithm

UNIT-III:

3-D object representation : Polygon surfaces, quadric surfaces, spline representation, Hermite curve, Bezier curve and B-Spline curves, Bezier and B-Spline surfaces. Basic illumination models, polygon rendering methods.  

3-D Geometric transformations: Translation, rotation, scaling, reflection and shear transformations, composite transformations.3-D viewing : Viewing pipeline, viewing coordinates, view volume and general projection transforms and  clipping. 

UNIT-IV:

Visible surface detection methods: Classification, back-face detection, depth-buffer, scan-line, depth sorting, BSP-tree methods, area sub-division and octree methods

UNIT-V:

Computer animation: Design of animation sequence, general computer animation functions, raster animation, computer animation languages, key frame systems, motion specifications

Text Books:

1. “Computer Graphics C version”, Donald Hearn and M.Pauline Baker, 


Pearson Education

2. “Computer Graphics  Principles & practice”,  second edition in C, 


Foley, VanDam, Feiner and Hughes, Pearson Education.

References:

1.
Computer Graphics”, second Edition, Donald Hearn and M.Pauline Baker, PHI/Pearson Education.

2.
Computer Graphics Second edition”, Zhigand xiang, Roy Plastock, Schaum’s outlines, Tata  Mc-Graw hill edition.

3. 
rocedural elements for Computer Graphics, David F Rogers, Tata Mc Graw hill, 2nd edition.

4.
Principles of Interactive Computer Graphics”, Neuman and Sproul, TMH.

5.
Principles of Computer Graphics, Shalini Govil, Pai, 2005, Springer.

6. 
Computer Graphics, Steven Harrington, TMH 
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OPEN ELECTIVE-II

DATABASE MANAGEMENT SYSTEMS

Objectives:

· To understand the basic concepts and the applications of database systems.

· To master the basics of SQL and construct queries using SQL.

· To understand the relational database design principles.

· To become familiar with the basic issues of transaction processing and concurrency control.

· To become familiar with database storage structures and access techniques.

UNIT  I :

Data base System Applications: data base System VS file System, View of Data, Data Abstraction ,Instances and Schemas, data Models ,the ER Model, Relational Model, Other Models, Database Languages, DDL, DML, database Access for applications Programs ,data base Users and Administrator ,Transaction Management, data base System Structure, Storage Manager, the Query Processor. History of Data base Systems. Data base design and ER diagrams, Beyond ER Design Entities, Attributes and Entity sets, Relationships and Relationship sets, Additional features of ER Model ,Concept Design with the ER Model, Conceptual Design for Large enterprises.

UNIT II:

Introduction to the Relational Model: Integrity Constraint Over relations ,Enforcing Integrity constraints , Querying relational data , Logical data base Design ,Introduction to Views, Destroying /altering Tables and Views. Form of Basic SQL Query, Examples of Basic SQL Queries, Introduction to Nested Queries ,Correlated Nested Queries Set, Comparison Operators, Aggregative Operators, NULL values ,Comparison using Null values ,Logical connectivity’s, AND, OR and NOT, Impact on SQL Constructs  Outer Joins, Disallowing NULL values ,Complex Integrity Constraints in SQL Triggers and Active Data bases, Oracle, SQL Server,DB2.

UNIT III:

Relational Algebra :Selection and projection set operations, renaming ,Joins ,Division, Examples of Algebra overviews, Relational calculus, Tuple relational Calculus, Domain relational calculus ,Expressive Power of Algebra and calculus.

Schema refinement: Problems Caused by redundancy, Decompositions, Problem related to decomposition, reasoning about FDS,FIRST, SECOND, THIRD Normal forms ,BCNF, Lossless join Decomposition ,Dependency preserving Decomposition, Schema refinement in Data base Design ,Multi valued Dependencies , FORTH Normal Form, FIFTH Normal Form.

UNIT IV:

Transaction Concept, Transaction State, Implementation of Atomicity and Durability, Concurrent Executions , Serializability, Recoverability ,Implementation of Isolation ,Testing for serializability,Lock Based Protocols , Timestamp Based Protocols, Validation- Based Protocols ,Multiple Granularity.

Recovery and Atomicity ,Log–Based Recovery ,Recovery with Concurrent Transactions, Buffer Management, Failure with loss of nonvolatile storage, Advance Recovery systems, Remote Backup systems.

UNIT V:

Data on External Storage, File Organization and Indexing, Cluster Indexes, Primary and Secondary Indexes, Index data Structures ,Hash Based Indexing ,Tree base Indexing ,Comparison of File Organizations ,Indexes and Performance Tuning, Intuitions for tree Indexes, Indexed Sequential Access Methods (ISAM), B+ Trees: A Dynamic Index Structure.

Text Books :

1. 
Data base Management Systems, Raghurama Krishnan, Johannes Gehrke, TATA McGrawHill 3rd Edition

2. 
Data base System Concepts, Silberschatz, Korth, McGraw hill, V edition.

References :

1. 
Data base Systems design, Implementation, and Management, Peter Rob & Carlos Coronel 7th Edition.

2. 
Fundamentals of Database  Systems, Elmasri Navrate Pearson Education

3. 
Introduction to Database Systems, C.J.Date Pearson Education

4. 
Oracle for Professionals,The X Team,S.Shah and V.Shah,SPD.

5. 
Database Systems Using Oracle:A Simplified guide to SQL and PL/SQL,Shah,PHI.

6. 
Fundamentals of Database Management Systems, M.L.Gillenson, Wiley Student Edition.
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OPEN ELECTIVE-II

NANOMATERIALS

Unit – 1

Introduction

What is Nano – Why Nano – Properties at Nano Scales, Advantages & Disadvantages, Applications in comparison with bulk materials (Nanostructure, nanowires, nanotubes, nanocomposites) 

Nano Particles

Introduction – Synthesis procedures – wet chemical approach & physical vapor synthesis approach – size effect & shape change and their properties – examples of systems involved – characterization techniques – properties & their applications 

Unit – II

Nano Wires

Introduction – various synthesis procedures (template assisted method, VLS method and other synthesis methods) – properties of nanowires – characterization procedures & principles involved. Applications of Nanowires.

Nanotubes

Introduction – Different systems involved in nanotubes – single walled, multi-walled, Carbon based, metal incorporated tubes. Synthesis procedures (Solid & gaseous carbon source based production techniques) Growth mechanism of carbon nanotubes – properties of carbon nanotubes – characterization – applications.

Unit – III

Nano Composites

Introduction, Synthesis procedures, various systems (metal-polymer, metal-ceramics and polymer-Ceramics). Characterization – procedures – Applications.

Unit – IV

Micro/Nano Fabrication Techniques

Introduction, Basic fabrication techniques (lithography, thin film deposition and doping) MEMS fabrication techniques, Nano fabrication techniques (E-Beam nano-imprint fabrication, Epitaxy and strain engineering. Scanned probe techniques)

Unit – V

Materials of Nano Technology

Introduction – Si-based Materials - Ge-based materials - Ferro electric materials – Polymer materials - GaAs & InP (III – V) Group materials, Nano tribology and materials - characterization using Scanning Probe Microscope, AFM, FFM.

Nano Biomaterials

Introduction, Biocompatibility; anti bacterial activity – principles involved – Applications.

TEXT / Reference BOOKS

1. Nano Materials:   A. K. Bandyopadyay, New age Publications

2. Nano Essentials:  T. Pradeep, TMH 

3. Springer Handbook of Nanotechnology

4. The Guest for new materials Auther S. T. Lakshmi Kumar, Published by Vigyan Prasar.

5. Nano – The Essentials: C – Pradeep (IIcue Professor), McGraw Hill

6. Nano Materials Synthersis, Properties and applications, 1996, Edlstein and Cammarate
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OPEN ELECTIVE-II

INTELLECTUAL PROPERTY RIGHTS 

Unit-I 

Introduction to Intellectual property law Basics-types of Intellectual property-Agencies responsible for intellectual property registration, internal organisations, and treaties the increasing importance of intellectual property rights. Foundation of trade mark law purpose types and function of trade mark A acquisition of trademarks rights. Selecting and evaluating   the application drawing mark a mark .preparing the application drawing of marks.
Unit-II 

Interparty proceeding, infringement, and dilution, inter parties proceedings infringement of trademarks dilution of trademarks related trade mark claims. New development in trademark law the internet protecting a domain names hyper linking and the first amendment other cyberspace trade mark issues. Applications in the United States based on foreign applications and registration.
Unit-III 

Foundations of copyright law  common law right and right under the 1976 copyright Act the united states copyright office-the subject matter of copyright, originality of material fixation of material work of authorship exclusion from copyright protection case study and activity. The right afforded by copyright law right of reproduction right to prepare derivative works   copyright ownership, transfer and duration.

Unit-IV 

Introduction foundations of patent law rights under federal law United States patent and trademark office design patents plant patents double patenting the orphan drug Act. Patent ownership and transfer sole and joint inventor’s disputes over inventor ship. New developments and international patent law
Unit-V 

The law of trade secrets unfair competition determination of trade secret status liability for misappropriation of trade secrets employer-employee relationships protection for submissions defences to trade secret misappropriation remedies for misappropriation trade secret litigation trade secret protection programs. Intellectual property audits and due diligence reviews.
TEXT BOOKS:
1. Deborah E. Bo choux : intellectual property, cengage learning , 2012.

REFERENCES:

1.
P.Narayana: Intellectual property Law 3rd Edition. Eastern Law House 2001-2002.

2. 
Dr S.R.Myneni: law of intellectual property 2nd edition, Asian law house 2003
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OPEN ELECTIVE-II

ENTREPRENEURSHIP

Aim: The aim of this subject is to inspire students to become entrepreneurs so that they will emerge as job providers rather than job seekers.  

Learning Outcome: By the end of this course the students should be able to understand the mindset of the entrepreneurs, identify ventures for launching, develop an idea on the legal framework and also understand strategic perspectives in entrepreneurship.

1. Understanding Entrepreneurial Mindset- The revolution impact of entrepreneurship- The evolution of entrepreneurship- Approaches to entrepreneurship- Process approach- Twenty first centaury trends in entrepreneurship.

Case1: Ready, Aim, Fire Fire (B. Janakiram, M.Rizwana, page 212),

Case2: Henry Ford, (B. Janakiram, M. Rizwana, page 214)

Case 3: From candle seller to CEO (Arya Kumar P.No. 48)

2. The individual entrepreneurial mind-set and Personality- The entrepreneurial journey- Stress and the entrepreneur- the entrepreneurial ego- Entrepreneurial motivations. Corporate Entrepreneurial Mindset- the nature of corporate entrepreneur- conceptualization of corporate entrepreneurship Strategy-sustaining corporate entrepreneurship.

Case : Globalizing Local Talent, (B. Janakiram, M. Rizwana, page 228).

3. Launching Entrepreneurial Ventures- opportunities identification- entrepreneurial Imagination and Creativity- the nature of the creativity process-Innovation and entrepreneurship. Methods to initiate Ventures- Creating new ventures-Acquiring an Established entrepreneurial venture- Franchising-hybrid- disadvantage of Franchising.

Case 1: Water, Water everywhere: but not a drop to drink, (Richard Blundel , Page 48).

Case 2: Critical Incident, Mark Robinson: Strategy Mapping Business  (Richard Blundel, Page 48).

Case 3: Pets.com (Arya Kumar P.No. 88)

Case 4: creativity in start-ups (Arya Kumar P.No. 166)

Case 5: Opportunity – Earthmoving Industry (Arya Kumar P.No. 211)

4. Legal challenges of Entrepreneurship-Intellectual property protection-Patents, Copyrights-Trade marks and Trade secrets-Avoiding trademark pitfalls. Formulation of the entrepreneurial Plan- The challenges of new venture start-ups, Poor financial Understanding-Critical factors for new venture development-The Evaluation process-Feasibility criteria approach.

Case 1: Victoria, Tomlinson; Network. (Richard Blundel, Page 99).

Case 2:  Tim Lockett, Knowing your Customers & Suppliers (Richard Blundel Page128).

Case 3: Google (Arya Kumar P.No. 248)

Case 4: Tata Motors – Nano (Arya Kumar P.No. 279)

5. Strategic perspectives in entrepreneurship- Strategic planning-Strategic actions- strategic positioning-Business stabilization- Building the adaptive firms-Understanding the growth stage-Unique managerial concern of growing ventures.

Case 1: 
To Lease or Not: A Cash flow Question (David H.Holt, Page 452).

Case 2:-
Public Sector - address seed capital (David H.Holt, Page 453).

READING

Text Book : 

1. D F Kuratko and T V Rao “Entrepreneurship- A South-Asian Perspective “Cengage Learning, 2012. 

Cases:

1. Arya Kumar “Entrepreneurship- creating and leading an entrepreneurial organization ” Pearson 2012.
2. Richard Blundel” Exploring Entrepreneurship Practices and Perspectives,Oxford,2011.

3. David H Holt” Entrepreneurship:New Venture Creation” PHI,2013. 

Journal : 

1. 
The Journal of Entrepreneurship, Entrepreneurship Development Institute of India, Ahmedabad, 

2.  
Journal of Human Values : IIM Calcutta.

References:

1. Vasant Desai “Small Scale industries and entrepreneurship” Himalaya publishing 2012.

2. Rajeev Roy “Entrepreneurship” 2e, Oxford, 2012.

3. B.Janakiram and M.Rizwana” Entrepreneurship Development :Text & Cases, Excel Books,2011.

4. Robert Hisrich et al “Entrepreneurship” 6th e, TMH, 2012.
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OPEN ELECTIVE-II

SOLID WASTE MANAGEMENT

Objectives: 

· To know the Classification of solid waste and characterization of the same

· Understand the sense of onsite handling storage and collection systems including transportation

· Understand the different processing technologies of solid waste 
Unit I

Introduction: Definition, characteristics and perspectives of solid waste. Types of solid waste. Physical and chemical characteristics. Variation of composition and characteristics. Municipal, industrial, special and hazardous wastes.


General aspects: Overview of material flow in society. Reduction in raw material usage. Reduction in solid waste generation. Reuse and material recovery. General effects on health and environment. Legislations.









Unit II

Engineered systems: Typical generation rates.Estimation and factors effecting generation rates. On site handling.Storage and processing. Collection systems and devices. Transfer and transport.

Unit III

Processing Techniques: Mechanical volume reduction. Thermal volume reduction. Component separation. Land filling and land forming. Deep well injection.





Unit IV
Material recovery: Mechanical size alteration. Electromagnetic separation. Drying and dewatering. Other material recovery systems. Recovery of biological conversion products. Recovery of thermal conversion products.




Energy recovery: Energy recovery systems and efficiency factors. Determination of output and efficiency. Details of energy recovery systems. Combustion incineration and heat recovery. Gasification and pyrolysis. Refuse derived fuels (RDF).  





Unit V

Case studies: Major industries and management methods used in typical industries – Coal fired power stations, textile industry, oil refinery, distillery, sugar industry, and radioactive waste generation units.










Text Books:

1. Howard S. Peavy, Environmental Engineering, McGraw Hill International Edition, 1986.

2. Dutta, Industrial Solid Water Management and Land Filling Practice,  Narose Publishing House, 1999.

Reference Books:

1. Sastry C.A., Waste Treatment Plants, Narose Publishing House, 1995.

2. Lagrega, Hazardous Waste Management, McGraw Hill, 1994.

Outcomes:  

The student will be able to 

· Apply the knowledge of characterization of waste and develop a suitable management plan 

· Assess the cost of transportation and laboratory processing of solid waste

· Identify hazardous nature of waste if any and can suggest suitable dumping methods.

· Suggest processing waste for material for energy recovery.
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INTERFACIAL & COLLOIDAL SCIENCE 

 (Departmental Elective-I)
(Qualitative treatment only)
UNIT I

Introduction to Interface and Colloidal Science: 
Examples of surface and colloidal phenomena in industry and nature, Historical perspective.areas where future research is needed, nature of interfaces, Surface free energy, Work of cohesion and adhesion, Surface activity and surfactant structures, Physical and chemical interactions between atoms and molecules interactions between surfaces and particles, Surface tension.

UNIT II

Adsorption: Gibbs Surface Excess, Gibbs Adsorption Isotherm, Adsorption at solid-vapour interface, Energetic considerations, Physical adsorption versus chemisorption, Chemisorption and catalysis.
Solid-Vapor adsorption isotherms:
Langmuir, Freundlich, BET, Adsorption at solidliquid interfaces. Adsorption at liquid-liquid interfaces, Gibbs monolayers.

UNIT III

Capillarity: Capillary flow, Driving forces, Interfacial tension, Contact angle, Laplace expression for pressure difference across a curved interface, Capillary flow and spreading processes, Contact angle effects, Some practical capillary systems such as wetting in woven fibers and papers, repellency control, detergency, enhanced oil recovery.

UNIT IV

Electrostatic Forces and Electrical Double Layer:

Sources of interfacial charge, Electrostatic theory, Coulomb’s law, Boltzmann’s distribution and the Electrical double layer, Double layer thickness, Specific ion adsorption and the stern layer, Overview of electrokinetic phenomena (Electro-osmosis and Electrophoresis).

Colloids and Colloidal Stability: Working definition of colloids, Practical applications of colloids and colloids phenomena. Mechanisms of colloid formation, Sources of colloidal stability, Steric or entropic stabilization, Coagulation kinetics, DLVO theory and its applications.

UNIT V

Emulsions:Emulsion formation, Classification of emulsifiers and stabilizers, Flocculation and coalescence. Adsorption at liquid-liquid interfaces, General considerations of emulsion formation and stability. Mechanistic details of stabilization, Solubility parameters, Hydrophilic-Lipophile balance. Phase inversion temperature, Association colloids such as micelles, Ionic and nonionic surfactants.Kraft temperature, Critical micelle concentration, Micro emulsions.

REFERENCE BOOKS:

1) Drew Myers, “Surfaces, Interfaces and Colloids: Principles and    Applications”, Second Edition, Wiley-VCH, 1999.

2) Adamson Arthur M.and Gast A.P., “Physical Chemistry of Surfaces”, Sixth Ed, John Wiley & Sons, 1997

3) Hiemenz P. C., Rajagopalan R., “Principles of Colloid and Surface Science”, Third Edition, Marcel Dekker, 1997.
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PETROLEUM AND PETROCHEMICAL TECHNOLOGY 
 (Departmental Elective-I)

UNIT I

Origin, formation and composition of petroleum: Origin and formation of petroleum, Reserves and deposits of world, Indian Petroleum Industry.

Petroleum processing data: Evaluation of petroleum, thermal properties of petroleum fractions, important products, properties and test methods.

UNIT II
Fractionation of petroleum: Dehydration and desalting of crudes, heating of crudepipe still heaters, distillation of petroleum, blending of gasoline.

Treatment techniques: fraction-impurities, treatment of gasoline, treatment of kerosene, treatment of lubes.

UNIT III
Thermal and catalytic processes: Cracking, catalytic cracking, catalytic reforming, Naphtha cracking, coking, Hydrogenation processes, Alkylations processes, Isomerization process.

UNIT IV
Petrochemical Industry – Feed stocks

Chemicals from methane: Introduction, production of Methanol, Formaldehyde, Ethylene glycol, PTFE, Methylamines. 

UNIT V
Chemicals from Ethane-Ethylene-Acetylene: Oxidation of ethane, production of Ethylene, Manufacture of Vinyl Chloride monomer, vinyl Acetate manufacture, Ethanol from Ethylene, Acetylene manufacture, Acetaldehyde from Acetylene.

TEXT BOOKS:

1. Petroleum Refining Engineering, 4th ed., W.L. Nelson, McGraw-Hill, New York, 1958.

2. Modern Petroleum Refining Processes, 4th ed., B.K. Bhaskara Rao, Oxford & IBH Publishing, 2002.

REFERENCES:

1. Shreve’s Chemical Process Industries, 5th ed., G.T.Austin, McGraw –Hill, New York, 1984. 

2. Chemical Technology of Petroleum, W.S.Gruese and D.R. Stevens, McGraw-Hill, 1980
OBJECTIVE: To study the origin of petroleum and production of different petrochemicals and their derivatives.

OUTCOME: The student will gain familiarity with various processes deployed in petroleum industries.
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COMPUTATION METHODS FOR CHEMICAL ENGINEERING
 (Departmental Elective-I)

UNIT I

Eigen values and Eigen vectors:  Introduction, Calculation of Largest and smallest Eigen Values and Corresponding Eigen vectors using power method.

Linear Algebraic Equations: Introduction, Gauss- Elimination, LU Decomposition, Gauss-Jordan Elimination, Gauss- Siedel methods. 

UNIT II 
Nonlinear Algebraic Equations: Introduction, single variable successive substitutions (Fixed point method), single variable Newton-Raphson Technique, Multivariable Newton-Raphson Technique.

UNIT III

Regression Analysis: Introduction, least squares curve-fit (linear regression), Newton’s forward formulae, Newton’s backward formulae. 

Interpolation Polynomial, Lagrangian Interpolation (Unequal Intervals), Pade’ approximations, (up to second order both in numerator and denominator) 

UNIT IV

Ordinary Differential Equations-Initial Value Problems (ODE-IVPs): Introduction, explicit and implicit Euler’s method, Runge- Kutta fourth order    method. 

Ordinary Differential Equations- Boundary Value Problems (ODE-BVPs):  Introduction, Galerkin Finite Element (GFE) Technique, Shooting Techniques. 

    UNIT V

    Advanced methods for Differential Equations: Introduction, the finite difference technique (method of     lines), Orthogonal Collocation, Finite Volume Method. 
TEXT BOOKS:

1. Numerical Methods in Engineering, S.K. Gupta., Tata McGraw Hill.,1998,1stEdition.

REFERENCE BOOKS:
1. Numerical Methods in Engineering &Science, B.S.Grewal ,Khanna Publisher, 6th Ed. 2005.

Objective: This course will focus on different numerical methods related to algebraic and ordinary differential equations
Outcome: The student will be able to learn different numerical techniques to solve the chemical engineering problems.
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CORROSION ENGINEERING
 (Departmental Elective-II)

Objectives:

The course will enable the students to:

1. The principles of electrochemistry as well as the essential elements of electrochemical corrosion.

2. Lay a foundation for understanding the forms of corrosion, the mechanisms of corrosion, electrochemical methods.

3. Develop the thermodynamic and kinetic aspects of electrochemistry, including potential-pH

4. Design methods for combating corrosion, the principles and methods leading to mitigation of corrosion problems that might occur in engineering practice.

UNIT- I: 

Introduction

Definitions of Corrosion - Overall classification of types of corrosion-Basic electrochemistry – Galvanic and electrolytic cells – Potential measurements - EMF and Galvanic series – Galvanic corrosion and bimetallic contacts – Eh – pH diagrams, Cost of Corrosion, Metallurgical properties influencing corrosion.

UNIT-II: 

Forms of Corrosion 

Uniform attack, galvanic, crevice, pitting, Inter granular, selective leaching, erosion and stress corrosion – Mechanisms, testing procedures and their protection.

UNIT- III:

Electrode kinetics and polarization phenomena 

Electrode – solution interface – Electrode kinetics and polarization phenomena – Exchange current density – Polarization techniques to measure corrosion rates – Mixed potential theory – Activation and diffusion controlled mixed electrodes.

UNIT IV: 

Methods of corrosion prevention and control 

Design, coatings and inhibition – Cathodic protection – Stray current corrosion – Passivity phenomena and development of corrosion resistant alloys – Anodic control.

UNIT-V:

Industry Approach

Selection for a given Chemical Engineering Service Environment- Materials for Chemical Engineering Industry to resist the given chemical Environment.-Ferritic, Austenitic steels and stainless steels- Copper and its alloys-Brasses, bronzes, Nickel and its alloys- Monel alloys-materials for a petroleum refinery industry.

TEXT BOOKS:

1. M. G. Fontana, Corrosion Engineering (Third Edition) McGraw-Hill Book Company.

2. Denny A Jones, Principles and Prevention of Corrosion (second edition), Prentice-Hall, N. J. (1996).

REFERENCE:

1. H. H. Uhlig and R. W. Revie, Corrosion and Corrosion Control, Wiley (NY) (1985).

Outcomes:

At the end of the course, the students will be able to:

1. Understand the electrochemical and metallurgical behavior of corroding systems.

2. Apply the electrochemical and metallurgical aspects of combating eight forms of corrosion.

3. Select or choose the testing procedures for corroding systems.
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TECHNOLOGY OF PHARMACEUTICALS AND FINE CHEMICALS 

 (Departmental Elective-II)

UNIT I

A brief outline of grades of chemicals, sources of impurities in chemicals, principles (without going into details of individual chemicals) of limit test for arsenic, lead, iron, chloride and sulfate in Pharmaceuticals.

UNIT II

Outlines of Preparation, properties, uses and testing of the following Pharmaceuticals - sulfacetamide, paracetamol, riboflavin, nicotinamide,

Outlines of Preparation, properties, uses and testing of the following fine chemicals - Methyl orange, fluorescence, procaine hydrochloride, paramino salicylic acid, isonicatinic acid hydrazide.

UNIT III

Manufacture with flowsheets, properties uses and testing of the following Pharmaceuticals – aspirin, penicillin, calcium gluconate.

UNIT IV

Manufacture with flowsheets, properties uses and testing of the following ferric ammonium citrate, pthallic anhydride and phenol flourobenzene process and benzene sulfate process, other processes in outline only.

UNIT V

Tablet making and coating, granulation equipments

Preparation of capsules, extraction of crude drugs.

Sterilization: introduction, risk factor, methods of sterilization, heat (dry and moist), heating with bactericide, filtration, gaseous sterilization and radiation sterilization, suitable example to be discussed.

TEXT BOOKS: 
1. Remington’s Pharmaceutical Science,16th ed, Mac publishing company, 1980.

2. Industrial Chemicals, 3rd ed., Faith, Kayes and Clark, John Wiley & Sons,. 1965.

REFERENCE:

1. Blently’s Text Book of Pharmaceutical Chemistry, 8th ed, H A Rawlins, 
    B Tindell and Box,. Oxford University Press, London, 1977.
OBJECTIVE: To acquaint the student with the preparation and testing of pharmaceuticals and fine chemicals and their industrial manufacture.

OUTCOME: The student will get an overview on the design, development and manufacturing of different pharmaceuticals and fine chemicals.
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FOOD PROCESSING TECHNOLOGY

 (Departmental Elective-II)

UNIT I

Food process engineering - Fundamentals: Fundamentals of food process engineering, application of quantitative methods of material and energy balances in food engineering practices.

UNIT II

Unit Operations in food industries: Fluid flow, thermal process calculations, refrigeration, evaporation and dehydration operations in food processing. 







UNIT III

Microwave heating: Theory of microwave heating, microwave properties of foods, comparison of microwave and conventional heating, benefits of microwave heating, applications in food processing, microwave heating equipment, hazards of microwave heating. 



UNIT IV
Mechanical Operations in food processing: Conversion operations, Size reduction and screening of solids, mixing and emulsification, filtration and membrane separation, centrifugation, crystallization, extraction.     


UNIT V

Preservation operations: Preservation methods & Strategies, Thermal Methods, Nabla Factor Sterilization Types Pasteurization Dehydro freezing Irradiation Dosimetry Transport of food & Preservation strategies Cheap and applicable everywhere.
TEXT BOOKS

1. R. T. Toledo, "Fundamentals of Food Process Engineering", AVI Publishing Co., 1980.

2. R. Angold,G.Beech   and  J.Taggart, " Food  Biotechnology", Cambridge University Press,  1989.

3. Fundamentals of Food Engineering, D G Rao, PHI, New Delhi, 2012.

REFERENCES

1. J. M. Jackson and B. M. Shinn, "Fundamentals of Food Canning Technology", AVI Publishing Co., 1978.

2. J. G. Bernnan, J. R. Butters, N. D. Cowell and A.E.V.Lilley, "Food Engineering Operations", 2ndEdn., Applied Science, 1976.

OBJECTIVE: To teach the student about different unit operations involved in the food processing industry.
OUTCOME: The student will enable to learn microwave heating and preservation methods and strategies in food technology.

Pre-requisite: Mechanical operations, Process heat transfer.
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MASS TRANSFER OPERATIONS-II

UNIT I

Distillation: VLE phase diagrams, Tie lines and mixture rule- Flash vaporization and differential distillation for binary mixtures- Steam distillation. Batch distillation with reflux for binary mixtures. 

UNIT II

Distillation: Continuous fractionation of binary mixtures, multistage tray towers – Ponchon and Savarit method,  Mc Cabe and Thiele method of determination of ideal plates for binary mixtures- enriching section, exhausting section, feed introduction, total reflux, minimum and optimum reflux ratios, use of total and partial condensers. Use of open steam. Types of Condensers and Reboilers. Packed bed distillation.  Principles of azeotropic and extractive distillation.

UNIT III

Liquid-Liquid Extraction:Solubilities of ternary liquid systems. Triangular and solvent free coordinate systems. Choice of solvent. Extraction with insoluble and partially soluble systems- single stage, multistage cross current and multistage counter current extraction without reflux and with reflux. Continuous contact extraction (packed beds). Equipments for liquid- liquid extraction operation.
UNIT IV

Leaching: Preparation of solid for leaching, Unsteady state operation, in- place leaching, heap leaching, percolation leaching, Shanks system, agitated vessels, Percolation vs Agitation. Steady state continuous operation- equipments- methods of calculation, stage efficiency and particle equilibrium. Single stage leaching, multistage cross current leaching, multistage counter current leaching. 

UNIT V

Adsorption: Principles of adsorption and their applications- Types of adsorption- Adsorbents- Adsorption equilibrium- Adsorption Isotherms for vapor and dilute solutions. Single stage and multistage adsorption- unsteady state adsorption, adsorption wave and breakthrough curve and fixed bed adsorption. Equipment for adsorption. Ion- Exchange.

TEXT BOOK:

1.  Mass Transfer Operations, 3rd ed., R. E. Treybal, McGraw-Hill, New York, 1980.

REFERENCES:

1 Transport Processes and Separation Process Principles 4th ed., C. J. Geankoplis, PHI, Learning Pvt. Ltd., New Delhi, 2009.

2 Principles of Mass Transfer and Separation Processes, B.K. Dutta, PHI Learning Pvt. Ltd., New Delhi, 2007.
Objective: To understand the principles and applications of distillation, liquid- liquid extraction, adsorption and leaching processes.

Outcome: student will have complete insight of stage wise contact processes absorption; distillation, extraction and leaching that are used in  processes in industries.
Pre-requisite:---Mass Transfer Operations-I
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CHEMICAL REACTION ENGINEERING – II
UNIT I

Basics of non-ideal flow: E, the exit age distribution function of fluid, the RTD, conversion in non-ideal flow reactors, diagnosing reactors (qualitative discussion only).

The dispersion model: axial dispersion, correlations for axial dispersion, chemical reaction and dispersion.

UNIT II

The tanks in series model: pulse response experiments and the RTD, chemical conversion. The convection model for laminar flow- the convective model and its RTD, chemical conversion in laminar flow reactors

Earliness of mixing, segregation and RTD: self-mixing of a single fluid, mixing of two miscible fluids.

UNIT III

Catalysis and Catalytic reactors: catalysts, steps in catalytic reactions, synthesizing a rate law, mechanism and rate limiting step. (From chapter 10, Fogler)

Heterogeneous reactions: Introduction to Solid catalyzed reactions: The rate equation for Surface Kinetics- Pore diffusion resistance combined with surface kinetics, Porous catalyst particles, heat effects during reaction, Performance equations for reactors containing porous catalyst particles.

UNIT IV

Solid catalyzed reactions- Experimental methods for finding rates. Deactivating catalysts- mechanisms of catalyst deactivation, the rate and performance equations.

UNIT–V

Fluid-fluid reactions: kinetics- the rate equation.

Fluid-particle reactions: kinetics- selection of a model, shrinking core model for spherical particles of unchanging size, rate of reaction for shrinking spherical particles, extensions, determination of rate controlling step.

TEXT BOOKS:

1.  Chemical Reaction Engineering, 3rd ed., O. Levenspiel, John Wiley & Sons, 1999.

2. Elements of Chemical Reaction Engineering, 4th ed., H.S. Fogler, PHI Learning Pvt. Ltd., New Delhi, 2010.

REFERENCES:

1. Chemical Engineering Kinetics, 3rd ed., J.M. Smith, McGraw-Hill, New York, 1981.

2. The Engineering of Chemical Reactions, 2nd ed., L.D. Schmidt, Oxford University Press, New Delhi, 2010

Objective: To understand the characteristic features of non- ideal flow and mixing of fluids in reaction vessels. To give the introductory aspects of the design for heterogeneous reacting systems.

Outcome: This course will give knowledge on selection of catalyst and design of multiple reactors and their evaluation of performance, concepts of heterogeneous reaction system applications.
Pre-requisite: Chemical Reaction Engineering-I
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CHEMICAL REACTION ENGINEERING LAB
List of Experiments:
1. Determination of the order of a reaction using a batch reactor and analyzing the data by (a) differential method (b) integral method.

     Major equipment - Batch reactor

2. Determination of the activation energy of a reaction using a batch    reactor

    Major equipment - Batch reactor 

3. To determine the effect of residence time on conversion and to determine the rate constant using a CSTR.

     Major equipment – CSTR apparatus

4. To determine the specific reaction rate constant of a reaction of a known order using a batch reactor.

    Major equipment - Batch reactor

5. To determine the order of the reaction and the rate constant using a tubular reactor.

    Major equipment – PFR apparatus

6. CSTRs in series- comparison of experimental and theoretical values for space times and volumes of reactors.

    Major equipment - CSTRs in series setup
7. Mass transfer with chemical reaction (solid-liquid system) – determination of mass transfer coefficient.

     Major equipment – beaker, stirrer 

8. Axial mixing in a packed bed. Determination of RTD and dispersion number for a packed-bed using a tracer 

   Major equipment - Packed bed set up

9.  Determination of RTD and dispersion number in a tubular reactor using a tracer.

    Major equipment - PFR set up
Objective:
· Student will learn about different types of reactors like CSTR, Batch, PFR .

· Analyze the concentration versus time data and determine the specific rate constant and the order of the reaction.

· Estimate RTD and model parameters in a CSTR, PFR, packed bed and CSTR in-series.
Outcomes: 
· The student will be able to understand about batch and continuous flow reactors. 

· Understand the concept of non-ideal flow.
Pre-requisite: Chemical Reaction Engineering.
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SEPARATION PROCESSES LAB
List of Experiments:
1. Steam distillation.

2. Differential distillation.

3. Determination of H.E.T.P of a packed bed distillation column.

4. Determination of Vapor-Liquid equilibria for a given system.

5. Determination of Ternary Liquid equilibria for a given system.

6. Determination of Liquid-Liquid equilibria for a given system.

7. Determination of oil content in the given sample of oil bearing material.

8. Determination of stage efficiency in single and multi stage liquid – liquid extraction

9. Ion Exchange
Objective: This lab gives an idea about distillation & extraction.
    Outcome: The student will be able to learn about the calculation of     different parameters in distillation and extraction
        Pre-requisite: Mass transfer operations.
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PROCESS SIMULATION LAB
The following experiments have to be conducted using C/C++/Simulink using MATLAB

1. Gravity Flow tank.

2. Three CSTR’s in series – open loop 

3. Three CSTR’s in series – closed loop

4. Non isothermal CSTR

5. Binary Distillation column

6. Batch Reactor isothermal; Batch reactor non isothermal – closed loop

7. Isothermal batch reactor – open loop

8. Heat Exchanger

9. Interacting System- two tank liquid level

10. Non interacting system-two tank liquid level

11. Plug flow reactor

12. Bubble point calculations

13. Dew point calculations
14. Using ASPEN Software simulating a flow sheet of a simple 

      process

TEXT BOOK: 

1. C++ and MATLAB for Chemical Engineers

2. Process Simulation and Control Using ASPEN by Jana, PHI Learning Pvt Limited, New Delhi, 2011
Pre-requisite: Fluid mechanics for chemical Engineers, Process heat transfer, Mass transfer operation, Chemical Reaction Engineering.

Objective:  To make the student familiar with different simulation software’s related to chemical Engineering.

Outcome: The student will be able to simulate different chemical processes
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MEMBRANE TECHNOLOGY 

             (Departmental Elective – III)

UNIT I

Introduction: Separation process, Introduction to membrane processes, definition of a membrane, classifications membrane processes.
Preparation of Synthetic membranes: Types of Membrane materials, preparation of Synthetic membranes, phase inversion membranes, preparation technique for immersion precipitation, and preparation technique for composite membranes.

UNIT II

Characterization of membranes; Introduction, membrane characterization, characterization of porous membranes, characterization of non-porous membranes.

Transport in membranes: introduction, driving forces, non equilibrium thermodynamics, transport through porous, non-porous, and ion exchange membranes.

UNIT III

Membrane Processes: Introduction, osmosis, pressure driven membrane processes: Introduction, microfiltration, membranes for microfiltration, industrial applications,  ultrafiltration: membranes for ultrafiltration, industrial applications, reverse Osmosis and nanofiltration: membranes for reverse osmosis and nanofiltration, industrial applications, Electrically Driven processes: Introduction, electrodialysis, Process parameters, membranes for electrodialysis, applications, Membrane electrolysis, Bipolar membranes, Fuel Cells
UNIT IV

Concentration driven membrane processes: gas separation: gas separation in porous and non porous membranes, membranes for gas separation, applications, pervaporation, membranes for pervaporation, applications, dialysis: membranes for dialysis, applications, liquid membranes: aspects, liquid membrane development, choice of the organic solvent and carrier, applications, introduction to membrane reactors,

UNIT V

 Polarization phenomenon and fouling: Introduction to concentration polarization, turbulence promoters, pressure drop, gel layer model, osmotic pressure model, boundary layer resistance model, concentration polarization in diffusive membrane separations and electro dialysis, membrane fouling, methods to reduce fouling, compaction. Module and process design: Introduction, plate and frame module, spiral wound module, tubular module, capillary module, hollow fiber module, comparison of module configurations.

TEXT BOOKS:

1. Membrane Separations, M.H.V. Mulder,  Springer Publications, 2007

2. Rate-Controlled Separations, P. C. Wanket, Elsevier Applied Science, London,1994.

REFERENCES:

1. Membrane Technology in the Chemical Industry, S.P. Nunes, K.V. Peinemann,  Wiley-VCH

2. Membrane Processes in Separation and Purification, J.G.Crespo, K.W.Bodekes, Kluwer Academic Publications.

3. Membrane Separation Processes, K. Nath, PHI Pvt. Ltd., New Delhi,2008.
Objective: This course will give the basic principles of membrane separation processes.

Outcome: The student will understand the underlined principles and importance of ultrafiltration reverse Osmosis, electro dialysis, nanofiltration, etc., in industrial waste water treatment.

Prerequisite: Fluid mechanics for chemical engineers, process heat transfer, mass transfer operations. 
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BIOCHEMICAL ENGINEERING 

             (Departmental Elective – III)
UNIT I

Introduction to microbiology: Biophysics and the cell doctrine, the structure of cells, important cell types, from nucleotides to RNA and DNA, amino acids into proteins. Kinetics of enzyme catalyzed reaction: the enzyme substrate complex and enzyme action, simple enzyme kinetics with one and two substrates, other patterns of substrate concentration dependence, modulation and regulation of enzyme activity, other influences on enzyme activity.
UNIT II

Immobilized enzyme technology: enzyme immobilization, industrial processes, utilization and regeneration of cofactors. Immobilized enzyme kinetics: effect of external mass transfer resistance, analysis of intraparticle diffusion and reaction.

Kinetics of cellular growth in batch and continuous culture, models for cellular growth – unstructured, structured and cybernetic models. Thermal death kinetics of cells and spores
UNIT III

Introduction to metabolic pathways, biosynthesis, transport across cell membranes, end products of metabolism, stoichiometry of cell growth and product formation. 

Design and analysis of biological reactors: batch reactors, fed-batch reactors,  enzyme catalyzed reactions in CSTR, CSTR reactors with recycle and cell growth, ideal plug flow reactors, sterilization reactors, sterilization of gases, packed bed reactors using immobilized catalysts. Fermentation technology: medium formulation, design and operation of a typical aseptic, aerobic fermentation process.

UNIT  IV

Transport phenomena in bioprocess systems: Gas-liquid mass transfer in cellular systems, determination of oxygen transfer rates, overall kLa’ estimates and power requirements for sparged and agitated vessels, scaling of mass transfer equipment, heat transfer.

UNIT  V

Downstream processing: Strategies to recover and purify products; separation of insoluble products-filtration and centrifugation; cell disruption-mechanical and non-mechanical methods; separation of soluble products: liquid-liquid extractions, membrane separation (dialysis, ultra filtration and reverse osmosis), chromatographic separation-gel permeation chromatography, electrophoresis, final steps in purification – crystallization and drying.

TEXT BOOKS:

1. Biochemical Engineering Fundamentals, 2nd ed., J.E. Bailey and D.F. Ollis, McGraw-Hill, New York, 1987.

2. Bioprocess Engineering, 2nd ed., M. L. Shuler and F. Kargi, PHI Learning Pvt. Ltd, New Delhi, 2009.

REFERENCES:

1. Biochemical Engineering, J. M. Lee, Prentice-Hall, New Jersey 1992.

2. Bioprocess Engineering Principles, P. M. Doran, Elsevier, Gurgaon, 2005.

Objective: To study the introductory aspects of microbiology, enzymes, growth kinetics and bioreactor design.

OUTCOME: This course will help the students to understand and apply the principles of biochemical engineering in analysis and design of industrial biochemical processes.
Prerequisite: Fluid mechanics for chemical engineers, process heat transfer, mass transfer operations, chemical reaction   engineering 
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DESIGN AND ANALYSIS OF EXPERIMENTS 
(Departmental Elective-III)

UNIT I 

Introduction to the role of experimental design; basic statistical concepts; sampling and sampling distribution;

Testing of hypotheses about differences in means- randomized designs and paired comparison designs; testing of hypotheses about variances

UNIT II 

Analysis of variance (ANOVA) –one-way classification ANOVA; analysis of fixed effects model; comparison of individual treatment means; the random effects model; the randomized complete block design

UNIT III

Factorial design of experiments; two-factor factorial design-fixed effects and random effects model;

General factorial design; analysis of 2k and 3k factorial designs.

UNIT IV

Conforming in the 2k factorial design in 2p block; confounding in the 3k factorial design in 3p block;

Fractional replication of the 2k factorial design and the 3k factorial design.

UNIT V

Regression analysis- Simple and multiple linear regression and hypothesis testing; response surface methodology-the method of steepness ascent : response surface designs for first-order and second-order models. Evolutionary operation(EVOP)

TEXT BOOK: 

1. Design and analysis of experiments, 2nd edn.,D.C.Montgomery,
   John Wiley and Sons, New York, 2003.
Objective: 


This subject provides knowledge on

· Design of experiments during research
· Find the most significant factor for an experiment.

· Calculate the factor levels that optimize the outcome of an experiment.

· Factorial Design of experiments.

Outcome:

The student will be able to learn about 
· Design of an experiment and calculate the factor levels that optimize a given objective.

· Use response surface methodology to optimize the process, by considering curvature effects.

· Understand strategy in planning and conducting experiments

· Choose an appropriate experiment to evaluate a new product design or process improvement
Prerequisite: Probability & statistics, Optimization of chemical processes and computational methods in chemical engineering
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COMPUTATIONAL FLUID DYNAMICS 

 (Departmental Elective – IV)

UNIT I 

Introduction - Finite difference methods- finite element method - finite volume method- Treatment of boundary conditions- Governing differential equations. Finite difference methods - Taylor’s series - Errors associated with FDE- FDE formulation for steady state heat transfer problems.
UNIT II

Cartesian, cylindrical and spherical coordinate systems- boundary conditions- Un steady state heat conduction Explicit Method - Stability criteria - Implicit Method - Crank Nickolson method - 2-D FDE formulation ADI- ADE. Finite volume method - Generalized differential equation, Basic rules for control volume approach, Source term linearization, boundary conditions. Un-steady state one, two, three dimensional heat conduction.

UNIT III 

Convection and diffusion, different methods i.e., upwind scheme, Exponential scheme, Hybrid scheme, power law scheme, calculation of flow field, staggered grid method, pressure and velocity corrections, SIMPLE Algorithms & SIMPLER (revised algorithm). Solution methods of elliptical, parabolic and hyperbolic partial differential equations in fluid mechanics - Burgers equation. 
UNIT IV

Formulations for incompressible viscous flows - vortex methods -pressure correction methods.
UNIT V

Treatment of compressible flows- potential equation, Navier - Stokes equation - flow field dependent variation methods, boundary conditions. Linear fluid flow problems, 2-I) and 3- 1) fluid flow problems. 
TEXT BOOKS:

1. Numerical heat transfer and fluid flow - S.V. Patankar

2. Computational Fluid Dynamics, T.J. Chung, Cambridge University 

3. Text Book of Fluid Dynamics, Frank Chorlton, CBS Publishers
OBJECTIVE: This subject deals with different mathematical methods like finite difference techniques to solve Navier - Stokes equations & other fluid flow problems
OUTCOME: The student will apply the principles of fluid dynamics to solve different problems of the industry 
Prerequisite: Fluid mechanics for chemical engineers, process heat transfer, mass transfer operations, chemical reaction   engineering, process modeling & simulation
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ENERGY ENGINEERING 

 (Departmental Elective – IV)

UNIT I

Sources of energy, types of fuels- energy and relative forms. Calorific value- gross and net value, calculation of calorific value from fuel analysis, experimental determination energy resources present and future energy demands with reference to India.

Coal: origin, occurrence, reserves, petrography, classification, ranking, analysis, testing, storage, coal carbonization and byproduct recovery, liquefaction of coal, gasification of coal, burning of coal and firing mechanism, burning of pulverized coal.

UNIT II

Liquid fuels: petroleum: origin, occurrence, reserves, composition, classification, characteristics, fractionation, reforming, cracking, petroleum products, specification of petroleum products, burning of liquid fuels.

Natural gas, coke oven gas, producer gas, water gas, LPG, burning of gaseous fuels, hydrogen (from water) as future fuel, fuel cells, flue gas, analysis: orsat apparatus

UNIT III

Steam Plant: Run time cycle, boiler plant, steam cost, steam distribution and utilization, combined heat and power systems, energy from biomass and biogas plants, gas purification, solar energy, wind energy, energy storage

UNIT IV

Waste heat recovery, sources of waste heat and potential application, various types of heat recovery systems, regenerators, recuperators, waste heat boilers

Energy conservation: conservation methods in process industries, theoretical analysis, practical  limitations.

UNIT-V

Energy auditing: short term, medium term, long term schemes, energy conversion, energy index, energy cost, representation of energy consumption, Sankey diagram, energy auditing.

TEXT BOOKS:

1. Fuels, Furnaces and Refractories, O.P.Gupta

2. Fuels and Combustion, 3rd ed., Samir Sarkar, Universities Press, 2009.

REFERENCES:

1. Non-conventional Energy Resources, G.D.Rai, Khanna Publishers

2. Fuel and Energy, Harker and Backhurst, Academic press London 1981

3. Fuel Science- Harker and Allen, Oliver and Boyd, 1972
Objectives: To acquaint the student with the conventional energy sources and their utilization. To understand the importance of heat recovery and energy conservation methods and energy audit.
Outcomes:Student will gain knowledge about conventional energy sources and their audit. Ability to apply the fundamentals of energy conversion and applications.
Prerequisite: Nil
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                      FLUIDIZATION ENGINEERING 

                         (Departmental Elective – IV)

UNIT I

Introduction: The phenomenon of fluidization; liquid like behavior of a fluidized bed; Comparison with other contacting methods; Advantages and disadvantages of fluidized beds.

Industrial applications of fluidized beds: Coal gasification; gasoline from other petroleum fractions; Gasoline from natural and synthesis gases; Heat exchange; Coating of metal objects with plastics; Drying of solids; Synthesis of phthalic anhydride; Acrylonitrile; Polymerization of olefins; FCCU; Fluidized combustion of coal; incineration of solid waste; Activation of carbon; gasification of waste; bio-fluidization.

UNIT II

Fluidization and mapping of regimes: Minimum fluidization velocity; Pressure drop vs. velocity diagram; effect of temperature and pressure on fluidization; Geldart classification of particles; terminal velocity of particles, Transport disengaging height; turbulent fluidization; pneumatic transport of solids; fast fluidization; solid circulation systems; Voidage diagram; Mapping of regimes of fluidization.

UNIT III

Bubbles in dense bed: Single rising bubbles; Davidson model for gas flow at bubbles; Evaluation of models for gas flow at bubbles.

Bubbling Fluidized beds: Experimental findings; Estimation of bed Voidages; Physical models: simple two phase model; K-L model.

UNIT IV
High velocity Fluidization: Turbulent fluidized bed; Fast fluidization pressure drop in turbulent and fast fluidization.

Solids Movement, Mixing, Segregation and staging: Vertical movement of solids; Horizontal movement of solids; Staging of fluidized beds.

UNIT V

Gas Dispersion and Gas interchange in Bubbling Beds: Dispersion of gas in beds; Gas interchange between bubble and emulsion; Estimation of gas interchange coefficients.

Particle to Gas Mass Transfer: Experimental interpolation of mass transfer coefficients; Heat transfer; Experimental heat transfer from the bubbling bed model.

TEXT BOOKS

1.Fluidization Engineering by Kunil, Diazo and Octave  Levenspiel, John Weiley & Sons Inc, Newyork, 1969.

2. Fluidization Engineering by J.R. Howard, Adam Heilgar.
Objective: 

To teach the student about the basic principles of fluidization and its application in chemical industry & learn the design aspects of fluidized beds
Outcome: 

The student will have knowledge on fluidization phenomenon, behavior of fluidized beds their importance and applications of fluidization in chemical and allied industries.
Prerequisite: Fluid mechanics for chemical engineers, process heat transfer, mass transfer operations and chemical reaction   engineering
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                                  POLYMER ENGINEERING & TECHNOLOGY

 (Departmental Elective-V)

Unit I 

Introduction; definitions: polymer& macro molecule, monomer, functionality, average functionality, co-polymer, polymer blend., plastic and resin. Classification of polymers: based on source, structure, applications, thermal behavior, mode of polymerization. Concept of average molecular weight of polymers, molecular weight distribution, poly disparity index. Determination of average molecular weights: End group analysis, osmometry, light scattering techniques, viscometer, Gel permeation chromatography.

Unit II 

Natural polymers: brief study of i) Natural rubber ii) shellac iii) rosin iv) cellulose v) proteins.

Mechanism and kinetics of: Addition or chain polymerization 

a) Free radical addition polymerization b) Ionic addition polymerizations

c) Coordination polymerization d) Coordination or step growth or condensation polymerization.

Unit III 

Methods of polymerization: mass or bulk polymerization process, solution polymerization process, suspension polymerization process and emulsion polymerization method comparison of merits and demerits of these methods. Properties of polymers: crystalline and amorphous status, melting and glass transition temperatures and their determination, effect of polymer structure on mechanical, physical, chemical and thermal properties.

Unit IV 

Degradation of polymers, Role of the following additives in the polymers: i) Fillers and reinforcing fillers ii) Plasticizers iii) Lubricants iv)Antioxidants and UV stabilizers v) Blowing agents vi)Coupling agents vii)Flame retardants viii) Inhibitors

Brief description of manufacture, properties and uses of: i) Polyethylene (HDPE&LDPE), ii) Poly propylene iii) Polyvinylchloride iv) Polystyrene v) Polytetra fluoroethylene vi) Polymethyl mehacrylate vii) Polyvinylacetate & Polyvinylalcohol.

Unit V 

Brief description of manufacture, properties and uses of: i) Polyesters (Polyethylene terephthalate polycarbonate and unsaturated polyesters) ii) Nylon(Nylon 66) iii) Phenol- Formaldehyde resins iv) Epoxy resins v) Polyurethane vi) Silicones

Compounding of polymer resins, brief description of: i) Compression and transfer moulding ii) Injection moulding iii) Extrusion iv) Blow moulding v) Calendaring vi) Laminating and pultrusion

TEXT BOOKS:

1. Polymer Science & Technology, 2nd ed., J.R. Fried, PHI Learning Pvt. Ltd., New Delhi, 2009

2. Plastic materials, J.A. Brydson, Newnes-Butterworth (London) 1989.

REFERENCES:

1. Text book of polymer science, F.W.Jr. Bill Meyer, (3rd ed.) John Wiely&sons 1984

2. Introduction to Plastics, J.H. Brison and C.C. Gosselin, Newnes-Butterworth, London 1968.
Objective: To understand the concepts of plastics, polymers and their 
                   manufacturing processes

Outcome: The student will be able get the knowledge on different
                   types of polymers and polymerization processes.
Prerequisite: Nil
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CHEMICAL PROCESS OPTIMIZATION 
 (Departmental Elective-V)

UNIT I

Nature and organization of optimization problems- introduction to optimization scope and hierarchy of optimization, examples of applications of  optimization, essential features of optimization problems, general procedure for solving optimization problems, Optimization of a manufacturing problem with a stepwise procedure, obstacles of optimization, constraints in optimization, examples and formulation of constrained optimization problems. 

Basic concepts of optimization: Continuity of functions, unimodal versus Multimodel functions. Convex and Concave functions, Convex region, Necessary and sufficient conditions for an extremum of an unconstrained function.

UNIT II

Optimization of unconstrained single variable functions: Region elimination methods: Fibonacci search, Golden section search. Polynomial approximation methods- Sequential search,. Methods specifying optimum by a point: Newton’s method, Secant method, Quadratic interpolation, Cubic interpolation. Applications of one- dimensional search methods to chemical engineering problems.

UNIT III

Unconstrained multivariable optimization: Random search methods, grid search, uni-variate search, multivariable Newton’s method, steepest descent method, Conjugate search directions, Conjugate gradient method, Powell’s method.

Constrained multi variable optimization- direct substitution, penalty function approach, slack variables, method of Lagrangian multipliers
UNIT IV

Optimization of Unit operations: Optimal pipe diameter, minimum work of compression, Economic operation of a fixed bed filter, optimizing recovery of waste heat, optimization of multiple effect evaporator, optimization of flow rates in Liquid- Liquid extraction column, Determination of optimal reflux ratio for staged distillation column.

UNIT V

Linear programming and applications: Basic concepts in linear programming, graphical solution, artificial variable technique, exceptional cases in LPP, non-existing feasible solution, degeneracy, duality in linear programming, dual simplex method, revised simplex method.
TEXT BOOKS:

1. Optimization of Chemical Processes, T.F. Edgar and D.M.
     Himmelblau, McGraw-Hill, New York, 2001.

2. Optimization for Engineering Design, Kalyan Moy Deb, PHI Pvt. Ltd., 
    New Delhi, 2000

Objective: 
· To learn problem formulation of optimization.

· To realize the numerical methods of un-constrained optimization.

· To learn linear programming and its applications

Outcome: 

· Knowledge of optimization to formulate the problems and analyze the optimization criterion for solving problems

· Apply different methods of optimization and to suggest a technique for specific problem
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PROCESS INTENSIFICATION 
 (Departmental Elective-V)
UNIT –I

Introduction to Process Intensification(PI): sustainability-related issues in process industry,  definitions of Process Intensification, fundamental principles and techniques of PI, the original ICI PI strategy, benefits of PI and obstacles to PI

Issues in designing of a sustainable, inherently safer processing plant

UNIT-II

PI Approaches: STRUCTURE - PI approach in spatial domain, ENERGY - PI approach in thermodynamic domain, SYNERGY - PI approach in functional domain and TIME - PI approach in temporal domain

Mechanisms involved in PI: Mechanisms of intensified heat transfer, mass transfer, electrically enhanced processes, microfluidics

UNIT –III

Application of PI techniques to heat transfer: Compact & micro heat exchangers

Application of Pi techniques to reactors:  Spinning disc reactors, oscillatory baffled reactors (OBR), Rotating reactors, Micro reactors, membrane reactors, micro reactors, Reactive separation/ super critical operation and other intensified reactor types.

UNIT-IV

Intensification of Separation Processes: Distillation, Centrifuges, membranes, drying, precipitation and crystallization

Intensified Mixing: Inline mixers, mixing on spinning disk, induction heated mixer

UNIT –V

Application areas of PI: Petrochemicals and Fine Chemicals : Refineries, Bulk Chemicals, Fine Chemicals, Fine Chemicals and Pharmaceuticals, bio processing

Offshore Processing, Nuclear Industries, Food and drink water sector, Textiles, Aerospace, biotechnology 

Text Books

1.David Reay, Colin Ramshaw, Adam Harvey, Process Intensification-        Reengineering for efficiency, sustainability and flexibility, Butterworth Heinemann, (Elsevier)2008.

2, Stankiewicz, A. and Moulijn, (Eds.), Reengineering the Chemical Process Plants, Process Intensification, marcel dekker 2003

Objectives: Understand the concept of Process Intensification. Know the limitations of intensification of the chemical processes. Apply the techniques of intensification to a range of chemical processes. 
Outcomes: At the end of this course, students are able to: Assess the values and limitations of process intensification, cleaner technologies and waste minimization options. Measure and monitor the usage of raw materials and wastes generating from production and frame the strategies for reduction, reuse and recycle. 
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TRANSPORT PHENOMENA

UNIT-I

Viscosity and the mechanisms of momentum transfer: Newton’s law of viscosity (molecular momentum transport), generalization of Newton’s law of viscosity, pressure and temperature dependence of viscosity, molecular theory of the viscosity of gases at low density, molecular theory of the viscosity of liquids. 

Thermal conductivity and the mechanisms of energy transport: Fourier’s law of heat conduction (molecular energy transport), temperature and pressure dependence of thermal conductivity, and theory of thermal conductivity of gases at low density.

Diffusivity and the mechanisms of mass transport: Fick’s law of binary diffusion (molecular mass transport), temperature and pressure dependence of diffusivities, theory of diffusion in gases at low density.

UNIT -II

Shell momentum balances and velocity distributions in laminar flow: shell momentum balances and boundary conditions, flow of a falling film, flow through a circular tube, flow through annulus, flow of two adjacent immiscible fluids, creeping flow around a sphere.

UNIT -III

Shell energy balances and temperature distributions in solids and laminar flow: shell energy balances; boundary conditions, heat conduction with an electrical heat source, heat conduction with a nuclear heat source, heat conduction with a viscous heat source, heat conduction with a chemical heat source, heat conduction through composite walls, heat conduction in a cooling fin, forced convection, free convection.

UNIT -IV

Concentration distributions in solids and laminar flow:  shell mass balances; boundary conditions, diffusion through a stagnant gas film, diffusion with a heterogeneous chemical reaction, diffusion with a homogeneous chemical reaction, diffusion into a falling liquid film (gas absorption), diffusion into a falling liquid film (solid dissolution), diffusion and chemical reaction inside a porous catalyst. 

UNIT -V

The equations of change: Derivation of the equation of continuity in Rectangular and Polar coordinates, the equation of motion, the equation of energy, the equation of continuity of a component in multi component mixture (in rectangular coordinates only) the equations of change in terms of the substantial derivative. Use of equations of change to solve one dimensional steady state problems of momentum, heat and component transfer, Introduction to Turbulent flow and Time smoothing

Text Book:

1. Transport phenomena by Bird R.B., Stewart W.C., Lightfoot F.N., 2nd ed. John Wiley & Sons  Inc,U.S.A,1960.

References:

1. Transport phenomena for engineers by L. Theodore, International text book     company, U.S.A.1971.

2.  Transport processes and unit operations by C.J. Geankoplis, PHI, 3rd
        ed.  1997. 

3.  Fundamental of heat, momentum and mass transfer, Welty, Wickson,
 
Wilson, John Wiley.
Objectives: Different types of fluids, their flow characteristics and different mathematical models applied to actual situations Mechanism of fluids in motion under different conditions

Outcome: Ability to analyze the processes involving simultaneous flow, heat and mass transfer, to design packed bed flows and fluidization processes, to calculate heat and mass transfer.

Pre-requisites:
 

Fluid mechanics for chemical engineers, process heat transfer, 

mass transfer operations and chemical reaction  engineering 

Codes / Tables:  

1. Leonard – Jones potential parameters and critical properties. 

2. Equations of change (from Bird)
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CHEMICAL ENGINEERING PLANT DESIGN AND ECONOMICS

UNIT I

Introduction: Process Design development, General design considerations, Cost and asset accounting. Cash flow for industrial operations, factors effecting investment and production cost, capital investments, estimation of capital investments, cost indices, cost factors in capital investment

UNIT II

Organizations for presenting capital investments, estimates by compartmentalization, estimation of total product of cost direction, production costs, fixed charges, plant overhead costs, financing.

Interest and investment cost, type interest, nominal and effective interest rates, continuous interest, present worth and discount annuities, cost due interest on investment, source of capital.

UNIT III

Taxes and insurances, type of taxes: federal income taxes, insurance-types of insurance, self insurance.

Depreciation : types of depreciation, services life, salvage value, present value, methods for determining depreciation, single unit and group depreciation.

UNIT IV

Profitability: alternative investments and replacements, profitability standards, discounted cash flow, capitalized cost, pay out period ,alternative investments, analysis with small investments, increments and replacements.

UNIT V

Optimum design and design strategy, incremental cost, general procedure for determining optimum condition, comparison of graphical and analytical methods, optimum production rates, semi continuous cyclic operation, fluid dynamics, mass transfer strategy of linearization

TEXT BOOK:

1. Plant Design and Economics for Chemical Engineering, 4th ed., M.S. Peters and K.D. Timmerhaus, McGraw-Hill,1991

REFERENCE:

1. Process Engineering Economics, Schweyer
Objectives: To familiarize the students about various economic aspects of chemical processes. Learn basics of Cost estimation, Working Capital and Capital Investment and understand the time value of money Learn the importance of Cash flow diagrams and Break-even analysis. 
Outcome: The student will be able to learn about various costs involved in a process industry and evaluate the tax burden of an establishment. Compute break even period for an investment and rate of return.
Prerequisite: Nil
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CHEMICAL PROCESS EQUIPMENT DESIGN LAB

LIST OF EXPERIMENTS:

1. Drawing of flow sheet symbols.

2. Drawing of instrumentation symbols.

3. Drawing of instrumentation diagrams.

4. Mechanical aspects chemical equipment design and drawing of following equipment.

a) Double pipe heat exchanger

b) Shell and tube heat exchanger

c) Evaporator

d) Distillation column

e) Batch reactor.

TEXT BOOK:

1. Process Equipment Design by M. V. Joshi

2. Chemical Process Equipment Design and Drawing, S.C. Maidargi, PHI, 2013

REFERENCES:

1. Process Equipment Design by Brownell and Young

2. Chemical Process Equipment Design by Bhattacharya

3. Process Equipment Design by Wallas

Objective: To make the student familiar with design and drawing aspects of chemical processes equipments.

Outcome: Students would gain knowledge to develop key concepts and techniques to design the process equipment in a process plant. These key concepts would be utilized to make design and operating decisions.
Pre-requisite: Chemical Process equipment design theory 
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INDUSTRIAL SAFETY & HAZARD MANAGMENT

(OPEN ELECTIVE-III)

UNIT I

Introduction: Safety program, Engineering ethics, Accident and loss statistics, Acceptable risk, Public perception.

UNIT II

Toxicology: How toxicants enter biological organisms, How toxicants are eliminated from biological organisms.

Industrial Hygiene: Government regulations, Identification, Evaluation, Control.

UNIT III

Fires and Explosions: The fire triangle, Distinction between fire and explosions; Definitions, Flammability characteristics of liquids and vapors, MOC and inerting, ignition energy, Auto ignition, Auto oxidation, Adiabatic compression, Explosions.

UNIT IV

Designs to prevent fires and explosions: Inerting, Explosion proof equipment and instruments, Ventilations, Sprinkler systems.

Introduction to Reliefs: Relief concepts, Definitions, Location of reliefs, Relief types, Data for sizing reliefs, Relief systems.

UNIT V

Relief Sizing: Conventional spring operated reliefs in liquids, Conventional spring operated relief’s in vapor or gas service, Rupture disc relief’s in liquid, vapour or gas service.

Hazards Identification: Process hazards checklists, Hazard surveys, Hazop safety reviews.
TEXT BOOK:

1 Chemical Process Safety (Fundamentals with applications), D.A.Crowl & J.F.Louvar, Prentice    Hall, New Jersey,(1990).

REFERENCES:

1. Safety and Accident Prevention in Chemical Operations, 2nd ed., H. H. Fawcett and W.S.  Wood, John Wiley and Sons, New York 1982

2. Coulson and Richardson’s – Chemical Engineering, Vol.6, R.K.Sinnot, , Butterworth-Heinmann  Limited 1996.

OBJECTIVE: The student will be exposed to various industrial hazards and prevention and control methods.

OUTCOME: The student will be equipped with the knowledge by which thorough safety is ensured in the organization.
Prerequisite: Nil
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MANAGEMENT SCIENCE
Unit I Introduction to Management  & Organisation: Concepts of Management and organization- nature, importance and Functions of Management, Systems Approach to Management - Taylor’s Scientific Management Theory – Fayol’s Principles of Management – Maslow’s theory of Hierarchy of Human Needs – Douglas McGregor’s Theory X and Theory Y – Hertzberg Two Factor Theory of Motivation - Leadership Styles, Social responsibilities of Management. Designing Organisational Structures: Basic concepts related to Organisation - Departmentation and Decentralisation, Types and Evaluation of mechanistic and organic structures of organisation and suitability.

Unit II Operations & Marketing Management: Principles and Types of Plant Layout-Methods of production (Job, batch and Mass Production), Work Study -Basic procedure involved in Method Study and Work Measurement – Business Process Reengineering Statistical Quality Control: control charts for Variables and Attributes, (simple Problems) and Acceptance Sampling, TQM, Six Sigma, Deming’s contribution to quality. Objectives of Inventory control, EOQ, ABC Analysis, Purchase Procedure, Stores Management and Stores Records – JIT System, Supply Chain Management Functions of Marketing, Marketing Mix, and Marketing Strategies based on Product Life Cycle, Channels of distribution.

Unit III Human Resources Management (HRM): Concepts of HRM, HRD and Personnel Management and Industrial Relations (PMIR), HRM vs PMIR, Basic functions of HR Manager: Manpower planning, Recruitment, Selection, Training and Development, Placement, Wage and Salary Administration, Promotion, Transfer, Separation, Performance Appraisal, Grievance Handling and Welfare Administration, Job Evaluation and Merit Rating – Capability Maturity Model (CMM) Levels – Performance Management System.  

Unit IV Project Management (PERT/CPM): Network Analysis, Programme Evaluation and Review Technique (PERT), Critical Path Method (CPM), Identifying critical path, Probability of Completing the project within given time, Project Cost Analysis, Project Crashing (simple problems).

Unit V Strategic Management and Contemporary Strategic Issues: Mission, Goals, Objectives, Policy, Strategy, Programmes, Elements of Corporate Planning Process, Environmental Scanning, Value Chain Analysis, SWOT Analysis, Steps in Strategy Formulation and Implementation, Generic Strategy alternatives.  Bench Marking and Balanced Score Card as Contemporary Business Strategies.

TEXT BOOKS:

1. Aryasri: Management Science, McGraw Hill, 2012.

2. Vijay Kumar and Appa Rao Management Science, Cengage, 2012.

REFERENCES:

1. Kotler Philip & Keller Kevin Lane: Marketing Management, Pearson, 2012.

2. Koontz & Weihrich: Essentials of Management, McGraw Hill, 2012.

3. Thomas N.Duening & John M.Ivancevich Management—Principles and Guidelines, Biztantra, 2012.

4. Kanishka Bedi, Production and Operations Management, Oxford University Press, 2012.

5. Samuel C.Certo: Modern Management, 2012.

6. Schermerhorn, Capling, Poole & Wiesner: Management, Wiley, 2012.

7. Parnell: Strategic Management, Cengage,2012.

8. Lawrence R Jauch, R.Gupta &William F.Glueck: Business Policy and Strategic Management, Frank Bros.2012.
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SEMINAR
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ENERGY & ENVIRONMENTAL ENGINEERING LAB
List of Experiments:
1. Estimation of chemical and physical parameters of Ground and Surface water: 

PH, TDS & Conductivity, Hardness, Turbidity, Fluoride, Color analysis. Pesticide Microbial analysis:  e-coli/ total coli forms bacteria
2. Estimation of physical parameters of waste water: 

PH, TDS, Hardness, Turbidity, Alkalinity etc.  

3. Estimation of chemical parameters of waste water: 

COD, BOD, TSS

4. Water and waste water treatment:

    Small RO system for treatment of ground water.

    Same above system with UF membrane for turbidity removal and water disinfection.

5. Analysis of Air: 


     Estimation of SPM, RSPM, Sox, Nox, CO and ozone in atmospheric air to study air pollution.

6. Fuel cell Test Kit [Energy]

     A small ½ watt to 1 watt fuel cell with water electrolysis  kit (H2 and O2 Generation) plus small volt meter and ammeter for measuring fuel cell performance.
7. One small transparent anaerobic/aerobic biological reactor with slurry pump and aerator for treatment of industrial effluents to reduce COD levels.
8. Measurement of Flash point, fire point and calorific value of petroleum products.

9. Energy auditing of your Department.

List of Equipment

PH  meter, Colorimeter, TDS meter, Aerobic /Anaerobic reactor 25L capacity, BOD incubator, High accuracy analytical balance (5 digit), Desiccators, RO system with domestic 2’’x12’’ Membrane module, H2S vial kit, Water analysis kit, UV-Vis spectrophotometer, High volume air sampler, Bomb calorimeter, Fuel cell test kit, Microscope.
Objective: The aim of this lab is to give knowledge about estimation of various parameters related to water, air and also estimation of calorific value of solid fuels
Outcome: The student will be able to understand various aspects of energy and environment which are very much essential in the industry
Prerequisites: Industrial pollution control engineering and Energy engineering

JNTUH COLLEGE OF ENGINEERING HYDERABAD

IV Year B.Tech. Chem. Engg.  II-Sem

    L   T   P   C







    0    0   0  12

PROJECT WORK

The project work may consist of any one of the following works. 

a) The project work should consist of a comprehensive design project of a chemical plant in the form of a report with the following chapters.

1. Introduction

2. Physical and Chemical Properties and uses

3. Literature survey for different processes

4. Selection of the process

5. Material and Energy balances

6. Specific equipment design, (Process as well as mechanical design with drawing), including computer programs where possible, of Heat Transfer equipments or separation equipments or reactors

7. General equipment Specifications

8. Plant location and layout

9. Materials of construction

10. Health and Safety factors

11. Preliminary cost estimation

12. Bibliography

b) Modeling & Simulation of any Chemical Engineering Process

c) Any experimental work with physical interpretations
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